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| Static pressure:  1013.25 hPa (or mb).
' 14.5 PSI,
29.92 Inches of Mercury “Hg.

Decreases by approximately 28 mb per
1009 ft altitude lncrease in the lower
stmorphere,

Tempersature: W C.
281.7°K.
Te convert from C to k add 173.

Decrenses by 1.980C per 1000 ft alttude
Increase up to the tropopause st
approximately 36000 ft.

Temperature ahove the Tropopsuse iy
approximately constant at -56.5'C up
to approximately 65000 ft.

To cakculate the ISA temperature In the tropesphere (below
the tropopause) use the formula:

ISA temperature = 15°C - (pressure altitude / 500)
Or
ISA temperature = 15°C — 2 degrees per 1000 ft shove msl.

For exsmple at 10000 ft amsk:
ISA temperature = 15°C - (2 x 10) =~ -5°C.

The 1ISA Temperature Deviation is the difference between
the actoal tezeperature at any paint in the atznosphere and
the temperature that would occur at that poiut it the ISA.
ISA Deviation = Actual Temperature — [SA Temperature

For example If temperature bs +10°C at 10000 ft amak:
ISA deviation = +10°C - (-5°C) = +15°C.
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| the standard equation:

' The movement of any object through the atmosphere tends |
ta increase the sir temperatyre (n the immediste vicinity of
the object.

Static Alr Temperature or SAT Is the temperature of the still
| air in the atmosphere before It Is affected by the motion of an
| aircraft or any other object passlug through )¢,

The Total air Temperature or TAT I the cemperature of the
| #ir after it has been Increased by the movement of ap object
| passing through the atmosphere,

| The Increase In femperature caused by the movement of an
| object Is called the RAM Rise,

| TAT = SAT + RAM Rise.

| Converslons between TAT and SAT can be carried out using

|
|

{
|
|

TAT = SAT1(1+(02xkx M)

|
1
|

Where: ks the ram recavery factor which is &
measure of the accuracy of the temperature
probe. For a ROSEMOUNT Probe k is

assamed to be 1,

M Is the Mach number of the alrflow relative
to the object,

 PRESSURE
J. ALTITUDE

b

f The static pressure g sy air &t any point in the atmosphere

malaly in ar upward direction, 5o that & greater proportion

of the atmasphere Is above any given point shave the surface,

Pressure Altitude is the aititede Indicated on 3 barometrle |
altimeter when the sub-acale Iy set to 1013.25 mb.

The pressure altitude at any point In the atmosphere can be

caiculated using the standsrd equations:
w d st Pressare sltitude ~ Elevarion + (30 x (1013 - QNH))
e | Pressure Altitude = (36 x (1013 - QFE)
j EFFECTS OF VARIABLES

As pressure altitude lucreases the local static pressure ;
decrenses. This means that Increasing static pressure
decreases pressure altinsde. '

bs determined by the mass of air sbove that point. Increaring
alr temperature canses the air to expand. This expansion Is

| This tncreases the static presaure at any given point. So

Increasing alr temperature decreases the pressure altitude st
any given polnt above the surface.

| This means that barometric altimeters under-read when alr
| temperature la greater than ISA and over-read when
| temmperature is lower tham [SA.

| Thiz over-reading ls potentisily dangerous in that It can
| cause alreraft to hit high ground or chstacles,

Thia danger Is reflected In the phrase * golng from bigh
temperatures to, low look out below”.

| tquation:
i Demsity Alc = Pressure alt +(118.6 = Temp Deviation)
| Where Temp deviation = Actusl Temp — ISA Temp

Always ose the above (ormulae to calculate Density Altitude
| [n JAR examinations because It s mare accurate thas any

|| Increasing static pressure decreases density altitude.

‘?"r‘ Increasing air temperature lncreases denasity altitude,
£

N cmb gradients,

e Ground speed mast be in the same units. This can be done
| using the standard equations:

- Stitl air % gradient =

he alr

| Whenever the actual temperasure differs from I1SA, 1
density st any point in the stmosphere will abto differ fmmIl
ISA, The term Density Altitude means the sltitude st whic
the prevailiog air deasity would occur In the ISA,

| Density altitude car be calculated uning the standard

| analogue navigation caleulstor,
EFFECTS OF VARIABLES

Headwinda increases climb gradients and tatiwinds decrease
i )

" Wind effective gradieat = 100% x ROC / Ground speed
All of the speeds In the above equation, ROC, TAS and

ROC in {Vmin x 6000
TASin Kt 1 6080




J Wind effective % gradient =
! o il Ground speed In Kis 1 6080 |

} Radius of turn in metres can be calculated using the
| standard equation:

Radius of turn in metres = z
g TAN Angle Of Bank
Where: 8 = gravitational scceleration (9.81 m/s’)
V = True airspeed or TAS is Kt,
TAN AOB = the tangent of the angle of bank.
0.515 ia che conversion factor used to convert
the TAS in Kis Into m/s,

| The rate of turn {a redians per second can be calculated
using the standard equation;

ROT in radians per second = L£TAN AQB
(VinKex a.51%;
Where: & = gravitationai accelerndon (9.8§ m/s")
V = True alrspeed or TAS In Kts,

TAN AOQB = the tangent of the angle of bank.
0.515 is the conversion factor used to convert
the TAS in Kts into m/s,

ROT inm radtans per second can be converted Into degrees

per se::ond by multiplying by the conversion factor 1 radian
=57.3%

So ROT in degrees/second = |
{Vin Ktax 0.515) !

RATE ONE TURN

A rate one tura is one in which the turning rate s 3 degrees
per second. This mesns that a rate ope fure requires 2
minutes to execute a full circle of 360°,

An approximate value for the angle of bank required to
exécute a rate ohe turn can be caleulated asing the standard
equation:

| Required AOB (In degrees) = (TAS In Kes / 10y + 7

and speeds up to about 500 Kits,

| Note: The above equation Is valid oaly for rate one turny

-

- The Pitot probe senses pltot or total pressure which Is |]
Prasi = Poyasmie * Psonc I

.Stntk pressure is sensed by vots in the side of the probe or
vents on the surface of the aircraft.

- | Position errors are caused by the position of the sensors
affecting the pressures sensed.

Posltion errors are grentest at high angles of attack,
Large sircraft use » static vent on each side to balance out
errore when side slipping.

+ | BLOCKED PITOT SOURCE
| Altimeters and VSIs are unaffected because they use only
statle pressure.

The AS! and Mach meter over lndicate in chmb.

The ASI and Mach meter under Indicate in descent.

WMN altimeter are all affected.
The altfmeter freezes on altitude at which blockage occurred.
The VS falls to zero.

-The ASI and Mach meter over lndicate In cHmb.

The ASI and Mach meter under Indicate In descent.
W changes but Instruments are
accurnte in any constant altitude (for static source) or
constant CAS (for pitat source) condition.

The VSI under rends when ciimbing or descending.

Debris or iclng adjacent to, but not blocking the pressure

sources, can cause fluctusting and lnsccurate lndications due
ta turbulent boundsry lsyer.




"EAROMETRIO T Static pressure decreases o sititude Incresses,

: : This Statie pressure acting on the ouiside of an gneroid
i ' capaule couses the capsuie to'expand and contract with
_J . changes in altitude.

i . | EFFECT OF VARIABLES
i | Increasing the sub-scale setting Incresses indicated altitude,

By T i3 ) | Preasure altitude is Indicated with 1613.25 mb set on sub

| scale.

| Altimeters under .lndlcale If temperature increases,

i “. Altimeters over indicate If temperature decreages.

| Altimeters freeze if static source becomes blocked.

| Alimeters are stuggish if the static scurce Is partly blocked,
5 Altimeters nader Judieste when side stipping towards a

blocl;ed ftatic part (when the port on the other side remains
open).

_ | Altimeters over Indicate when side slipping awsy from s

blocl;‘ed statie port (when the port ox the other alde remains
open

A lesking static plpe within a pressurised cabin silows

pressure to enter the static nes. This canses the
ltimeter to indicate cabin altitude,

The static pressure Inside & ton-pressurised alvcraft is
:thﬂyhuthuluﬂnm“pnm statlc pressure, So 4
leakiug statte pipe within & sou-pressurised cabin allows this

altimeter te over indicate shightly,

in RoR-pressurised aireraft breaking the sltimeter giad
in
emergeacy allows cabin static pressure into allimf:u “

therby giving an te | Py
gl iy :t‘pmm ndicntioa of altitude when

The Radio altimeter transmits a nency medulated (FM) |
radic wave towards the ground m t;? aircraft. The
Phase difference between the modulation of the transmitied
wave sod the reflected wave gives an indication of thie time of
travel of the signal This is then wsed to calcolate the height
of the alrcraft above the groned,

Radlo aitimeters Indicate the height of the alrcraft above the
terrain Immediately below e

Radjo altimeters use the Super High Freguency (SHF)
wavehand between 4200 and 4400 MHz.

Radio sitimeters in commercial alrcraft are effective
between 2500 ft and zero ft agl,

Fallure of the system is Indicated by the appearance of a
warnlog flag and the needle moving behind a mask.

Static pressure is applied to both the lnaide and the outside
of a differential capsule, Changes In altitude cause the statc
pressure to change. The rate of change of static pressure Jg
determined by the rate of change of sltitude.

The supply of static pressure to one side of the capsule Js

through a small diameter hole or choke. Thls reatricts the

| rate of change of static pressure on that slde of the capsule.

- | The supply of static pressure to the ather side of the capaule
is unrestricted so this varies only with vertical speed.

Whenever the aivcraft Is cimbing or descendlng the choke
causes the pressures on the two side of the capsule to differ
slightly. This pressure diference gives an indication of
vertical speed,

EFFECTS OF VARIABLES

A biocked static source will cause the vertical speed
Indication to ali to

2aro,

A partly blocked static source will cause the VSI to under
read the verticz) speed.

The Local Speed OF Sound Is the speed at which pretsure
waves move through the alr. It s determined by the absolute
temperature of the alr and can be calculated using the
formula:

LSS (In kts) = 38.94 YAbsoluteTemperature.

Where the absolute teraperature = temperature In degrees
Centigrade + 273,

| At mesn sea level Int the ISA for example where the outside
air temperature is approximately 15°C, the 158 [s:




LSS at [SA msl = 38.94%(15 + 273) = 660.8 kes

As altitude increases up to the tropepause In the 1SA, the

| temperature and LSS gradually decrease. Above the
tropopause up to 85040 {t pressure altitude, both
temperature and LSS remain constant,

PMACH NUMBER.  Mach umber 13 the TAS of an aircraft expressed as
fraction of the local speed of sound. So Mach 1 means that
the TAS is equal io the Local Speed of Sound,

| True Mach number = TAS /LSS

| !I‘l;dlcated Mach Number Is the Indication given by & Mach
| Meter.

| Indicated Mach number is equal to the ratio of dynamic
| pressure (Pyyo) and static pressure (P,o,).

Sa Indicated mach number =Py} / (Pou).

Changes in air temperature cause thanges in air density,

f But changes In air density affect Puyp and Po,, t0 the same
degree. This means thac Mach Meters are not affected by
| changes in air temperature.

8¢ when flying st constant mach number lncreasing
temaperature does not affect CAS but Increases TAS.

e e et o= - 1
COMMONLY IAS is the speed shown on the Alrspeed Indicator (ASI). It

| USED AIRSPEEDS | includes Instrurment errors.
| CALIBRATED AIRSPEED (CAS)
| CASis the IAS corrected for position (pressure sensing
€rTor) errors which are caused by the location of the pitat
static probes and changes in the aircraft attitude,

As airspeed increases, the Increasing dynamle pressure

) compresses the air in the pltot probe. This increases the alr
) el density, thereby causing the ASI to over read &t high speeds.
. | EAS i the CAS corrected for this compressibility error.

IRUE AIRSFEER {TAS)
| TAS is the true speed of the alreraft relative to the alr
| around it. TAS Js CAS corrected for density errors, ASh
| are calibrated such that LAS Is equal to TAS at mean sea
level In the ISA. As sltleude increases, the decreasing alr
denyity causes the TAS at any given IAS to lncrease.

"MIACH NUMBER

TRELATIONSHIPS
BETWEEN
| VARIATIONS IN

. | ALTITUDE AND
| AIRSPEEDS

|
i

“Mach Number is the TAS expressed as a fracton of the local

. spred of seund.

| Mach Number = TAS/ Local speed of Sound.

The airspeed indicator produces #n Indicated Atrspggj
output (1AS) that is proporticoal to % p¥l. Where pisair
denslty and V is TAS.

Any given value of % pV’ will always produce the same 1AS,
regardiess of altitude, Cllmbing at constant FAS therefore
means climbing at constant ¥ pV’. But p decreases with
Increasing attitude, so The TAS equating te any glven [AS

| must inerease, such that the rate of decrease In p is equai to

| the rate of Incresse in (TASY. At 46000 feet in the standard

| stmosphere, p Is approximately 4 of its sea level value, so

| TAS is approxlmately twice IAS.

An altitude Increases up to the tropopause at 36004 feet, air
tempernture and the locel speed of sound decrease. Above
| 36000 feet alr temperature and the local speed of sound

| remain constant. Climbleg at constant mach sumber

| therefore means 1AS and TAS decrease up to 36000 feet,

| Above 36000 feet IAS continues to decrease but TAS remains
| constant. The relationship between EAS, CAS TAS and

‘ Mach pumber in various atmospheric condittons can be

i determined using the dlagrams below:

| EASCAS TAS MACH

For altimdes below 16000
feet the speed linea all

move further apart as
altitude increases.

Draw the chart such that
the constant parameter is

Alt vertical, The effect on
the other three ls then
Indicated by the lines.
The chart at the left

indlcates a constant TAS
climb with EAS and CAS
decreasing, while Mach
lncreases.

For descents follow the Hnes down the chart.

Correct for 1SA to Y6004 It.

| For altitudes befow sea level the lines may be extended below

| thelr crossover point.




.

CLIMBING IN AN | Eas CAS TAS und MACH

In isotherma) layers and

above 36000 feet the

; temperature is constant

, and so the TAS: MACH

R Alt ratlo is constant. Sa both

are represented by a
slagie line. The EAS,
CAS and the combined
TAS and MACH Huoes
mave apart with
Increasing slttude
Indicating that the EAS

and CAS equating to any

given TAS or Mach
number decreases with

| Increasing sltitude,

| The chart sbove indicates that in a constant CAS cHmb

| above 36600 feet, TAS and Mach number increase, while
| EAS decreases.

Correct for aothermal layers
and above the tropopause

EAS CAS MACH Tas In an loversion the

normsl temperature
lapse rate is reversed
causing the temperstare
to incresse as altitude
increases. But the TAS
at any glven MACH
numibrer is determined by
tempersture. So as the
altitude increases In am In
an luversion, the MACH
at any glven TAS
decresses. The overall
effect of this [s » reveraal
of the order of the TAS and MACH tfues in the graph
above. This Indicates that in & constant CAS climb ty an

lnversion, the EAS decreases, while the MACH and TAS
both Increase.

Alt

Correct for Inversions.

Ptot pressure is fed into 2 differentis! capaule, and static
pressure is fed to the outside. The ditferential capsule
subtracts static pressure from pltot pressure to feave

| dynamic pressure. The capsitle expands snd contracts
| In responge to changes in dynamis pressure.

EFFECT OF VARIABLES
| Any given dynamic pressure will give the same indicated

alfrspeed (JAS), regardless of aititwde or other varinbles,

FiATER | This means that climbing at constant 1AS requires constmt—[
, dynamic pressure,

TAS st any given JAS Increases with Increzsing altitude.

TAS at any glven IAS increases with Incressing temperatere.

| WHITE ARC Vo te Vg,

! | GREEN ARC Vsig 10 Vio/ Vo or Vi

| YELLOW ARC Vmo/Vio OF Vi to Vi,

RED RADIAL LINE Ve

BLUE RADIAL LINE Vyse Beat single engine climb
speed in a twin engine atreraft.

RED AND WHITE Indicates CAS vahue of VMO at

STRIPED POINTER low altitude and MMO at high

(BARBERS' FOLE) altitude,

Employ x spiuning mass to create properties of rigidity and
precession.

RIGIDITY The tendency of the spin sxis to remain saligned
with one point in space.

| PRECESSION A externsl force tending to change the
alignment of the spin axis, xets not at ity point of application
| but at & point 99 degrees Iater In the direction of rotation.

Degrees of freedom do not include spin, and are cqual to the
number of gimbals.

SPACE GYRO Has two gimbals, two degrees of freedom,
Remaing aligned with ome point in space.

TIED GYRO Has two gimbals and twe degrees of freedom,
but itz spln axis Is tied to some specific orlentation by some
external force. An example is & DGY where the spin sxis is
ted to the yawing plane of the atrcraft by a spring.

" EARTH GYRO A tied gyro, where the spin sxiz s tied to
the earth vertical direction. Used in an artificial horizon.

RATE GYROQ Has only one gimbsl and one degree of
freedom. Semses rate of change of orlentation of ity spin axis,
rather than the degree of change. Used In & turn and stip
|_indicator.




| RING LASER
| GYROSCOPES

L

RATE INTEGRATING GYROQ A special form of rate gyro
used [n RS systema and in some autopilots. but not in ENS

*, systems. lntegrates accelerations once to caleulate velocities
and & second time to calculate displucements.

DRIFFE Is when the spin xis shifts in the horizontal Plane.

TOPPLE s when the spin axis shifts in the verticst plane.

WANDER I3 amy change vertical or borizontal in the
dlrection of the spin axis. Wander is the vector sum of drift
and topple,

REAL WANDER When the spin axls shifts relatlve to

pace. It is caused by mechanicsl imperfections, including
tmbalances and frictton.

APFARENT WANDER When the spio axls appears to shift
| Telative to any given polnt on the earth but does not shift

relative to space, Made up of earth rate drift and transport
| wander.

| EARTH RATE DRIFT it is caused by rotation of the anrth,

Earth rate drift in degrees per hour = 15% x the sine of the
| latitude.

EARTH RATE TOPPLE It is caused by rotation of the
| earth,

Earth rate topple in degrees per hour = 15° x the costne of
the latitude.

DRIFT DUE TO DGl TRANSPORT WANDER

TW drift rate in degrees per hour = { East West
| component of groundapeed (in Kts) 1 Tan of Iatitude) / 60
| Where westerly ground Spteds are negative,

LATITUDE NUT is fitted to DGs to compensate for earth
rate drify,

| Ring Laser Gyros have replaced conventional spioning rotor
gyros in medern Inertiai Reference Systems (IRS).

They sense angular accelerations and velocities by messuring

changes in the resanant frequency of two beams of laser
Light,

‘They have no rotating parts, so they do not requlre any spin-
up time and have longer service lives than eanventional

| gyros.

They suffer from laser luck, which reduces their ability to
sense small movements.

Laser lock is prevented or avercome by 2 dither motor,
which vibrates the entire gyro unit.

Luser gyros are used in modern strapped down IRS
platforms.

 INS, IRS & FMS Inertizl Reference Systems (IRS) use three accelerometers
set 5t 90 degrees io each other to form a tribedron to sense
vertical lateral and longitudinal accelerations.

.i Inertial Navigation Systems (INS) use two accelerometers

| sligned North/South and East/West.

| Three gyros arranged in a simllar manner detect angular
accelerations.

FMS systems coupled to antopilots fly great circle routes.

. INS rystems use conventional gyros and stabillsed
platiorms, which must be physlcally aligned with true aorth
| and earth horizontal before Might.

IRS systems use ring iaser gyros and strapped down

platforma, whick are not physically aligned with true norch
| or earth horizontal before flight. Alignment is carried out

mxthematically instead of physically aligning the platform

The IRS alignment process involves the computer calculation
. the orientation of the trihedeon or platform relative to true

[m;‘!g"f- o -1 north and esrth horizeatal.

ERS and INS cannot be realigned in the air following a shut
| down or power loss, But IRS can sdll give attitede
information for the remainder of the flight.

IRS and INS suffer Schuler errors due to their pendulum
| effect, and corriolis effects because of earth rotation.

The schuler period is 84.4 minutes and the greatest errors
| occur af 25.1 and 63.3 minutes. The errors are zero at 42,1
and 84.4 minutes,




I produced'_t;y the magnetic materialy In the Earth’s core,
Magnetic |

ATTITUDE
INDICATORS

{

| tura are tilustrated below.
|

The North pole of the Ea
| {Blue) Pole of magnet.

| Lives of magnetic force or
| south pole of the Earth an

| The magaetic and geogra

CLASSICAL OR AIR DRIVEN TYPE

They employ an erection chamber and pendulous v;nes o
| erect the gyro and keep i earth vertical,

-

They spin antl-clockwise viewed from above,

i The nertia of erection chamber and pendyl
indication errors when Accelerating or turning.

ACCELERATION ERROR

A right turn due (o inertia of the erection chamber,
| pltch up indication due to inertia of the pendulous

DECELERATION ERRORS

| A left turn due to inertig
| pltch down due to the tne

| TURNING ERRORS

WS Yanes ca

plus 2
yanes.

of the erection chamber, plus a
rtiz of the pendulous vanes.

| A turn constitutes a deceleration in the longitudinal

| direction and an accelera
combined effects of these

direction and magnjtude of the turn. The errors for a right

tion in the lateral direction. The
accelerations depends upon the

alignment, such that the

rb is the equivalent of the South

flux flow out of the Magnetic
d [nto the Magnetic North Pole.

Phic poles are slightly out of

! magnetic north pole is slightly to the
west of the geographic north pole.

= IR,

T

b

" 90" at the Magnetic Polet and zero at the Magnetic Equaior.

ko | ISOCLEINALS are lines on charts joining points of equal

| | ACLINIC LINES are lines on charts joloing polots of zere

| the magnetic Poles,

hic

| difference between magnetic north and geograp

| ::l:ﬁ is called the Magnetic Yariation and changes
gradually with the passing of time.

VARIATION is the angle between True North and Magnetic
| North,

| Vartation Esst mesns that Magnetic North ix to the east of
| True Nerth.

: Varistion West means that Magnetic North s to the west of
| True North.

i To convert from magnetic to true use the reminders below:
|

' EST This

' VARIATION WEST MAGNETICIS B

! means that if the variaton Ls west thea the magnetic
heading is greater than the true heading.
VARIATION EAST MAGNETIC IS LEAST This
menns that if the variation is east then the magnetic
heading Is less thas the true heading.

ISOGONAL LINES are ilnes of constant variation on charty
and are marked as pecked (or dashed) lines.

AGONIC LINES are Hines on charta joinimg polnts of zero
variation.

The positions of the Magnetic North and Senth Poles varies
gradually with the passing of ttime.

al at the maguetic
The lines of magnetic force are horizont:
equater and dip downwards as they approsach the pales.

Thia dipping of the lines of magnetic force is called dip and is

" magnetic dip. ‘

i_ dip.

! the
| The di ing of the lines of magnetic force reduces

. |[ munpcg of magnetic compasses. So such compasses are .
| most accurate at the Magnetic equator end least accurate &
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| MAGNETIC
J COMPASSES

K The horizontal (H) conponent of the fleld glves an indication
i | of true north,

| force of the Earth’s magnetic field,

Ay Intitude increases towards the north and south poles, the

| limes of force assume an increasing vertical component as

| they dip towardy the centre of the earth. Thls dipping of the
| lines of force reduces the accuracy of magnetic compasses,
|

:' Are most accurate at the equator where the lines of force sre
| borizontal and least accurate af the magnetic poles where the
| nes of force dip vertically tnto the Earth.,

| The dipping of the lines of force make magnetic compasses
| virtualy ununsable at Iatitudes greater tham 70 degrees norih
. and south.

| DEVIATION is the angle betweon the local magnetic

| meridisn and the direction in which the compass magness
| are aligned.

1 il Deviation is East or + when the red end of the compuaas
i T magnet points to the East of magretic north.

: Deviation is West or - when the red end of the compasy
magnet points to the West of magnetic north.

| Use a magnetic needle, which aligns itself with the lines of "|

| When spplying deviation use the following reminders:

DEVIATION WEST COMPASS IS BEST This mesans

that if the devistion Is west then the compass heading is
greater than the magnetic heading.

DEVIATION EAST COMPASS IS LEAST This mesns
that if the deviation s east then the compass heading is
less than the magnetic beading,

' Damping wires and short magnets are used to damp ot
oscitlations making the compass aperiodic or desd-beat.

l Pendulous suspension systems are used to minlmise the effect
| of the dipping of the Hies of magnetc force.

¥

Suffer from errors when accelerating on East-West
beadings, except xt the magnetic equator.

| Suffer from terning errors wheg turning through North-

p 857000 ¢ South headings.

| on system to reduce the
reading compasses eraploy a pendulous suspeas
| DfITrrc‘: of dl;'hut this causes errors when accelerafing or decelerating sy
effec

summarised below.

H;;.: JEUVRE HEADING ACCELERATION ERRORS
" \CCELERATING NORTH ::i:
8 THE NORTIERS ::%:H COMPASS UNDER READS
[RRAASFHERE WEST COMPASS OVER READS
e
' : NORTH NIL
DECELERATING
' THE SOUTH NIL
1 b m;'l; E e EAST COMPASS OVER READS
ke WEST COMPASS UNDER READS
ACCELERATING :gg;: :g
E SOUTHERN
&Iﬂsmm EAST COMPASS OVER REAZS)S
WEST COMPASS UNDER RE
DECELERATING ggg;rllli :&
sOUTHERN
- ::EP.‘;?F[R ¥ EAST COMPASS UNDER READS
s WEST COMPASS OVER READS

A su mmn:r.). of maguoetic compass turning errors is provided below.

e 1 Tx Effectof | Compam
Hemisphare 1 aft | Magnety | Rendhg | Tam
foasi ..‘ ::; {arm stendol | mustbe tiquid condition
torn atopped awird
Ntk | 3T A Ant :::-m Early Tacretis | Shaggish
clotkwive | clochwise o
18 e Slotkwise | clochwise :
Nerth 115¢t9 48 | Clockwie | Clochwise ;.:;ltln Earty mm Steggish
1A e 138 | Clatkwhe | Atk Mors Late Deeressss | Lively
chockwise | thes 218 Hrer NE
238 0 18T A Clackwiva :;mu Lats Dermsa
thoiowies iy
T8 Wi | At Clackwist :.].;u thag | Lamy “Damm Lively
A 1 _clockwin
[Sesth | 3150048 | Clackwie | Ant- :;:u.m Late Decreass | Lively
L clockwisse ik Lias
w___'ii_iu'::‘ Clockwise | Clackwina !ﬁ.:l.hl Early Increnms | Shigghh
Seuth AT AT Ant- More Early Totrasses | Stegghk
L. | chekwise T clockwlye | (han IS i d

SLUGGISH mesns hat the esmpast beading b ixgging bebiad the sircraft besding.

LIVELY means that the comipast beading is beading the aleeraft bending.

——
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the Earth’s magnetic field.

The gyro provides a short

term reference (o prevent errory
when the aircraft is acceie

The magnetic compass Provides a long term reference using
STABILISED
COMPASSES
3 rating or turning,

| The Flux Valve senses the Earth’s magnetic fleld and sends
[ | signaisto the Error Detector. Error signaly are amplified
_ | und sent to the Precesston Cails 1o precess the gyro to keep it
,;{" | aligned with north.
e

e Wy | Initial ereciion ls achieved by » torque motor, which
A I} precesses the gyro into Ita north aligament,

o
f""f; | The annunciator indicates when the compass l correcily
| aligned.

The power suppites to precesslon motors are cut off

whenever the sircraft Is turning or accelerating ¢o prevent
errory.

The turn indicator uses » rate gyre with one gimbal, one
degree of freedomn and its spin axis tied to the
yawing plane of the sircraft,

The sitp or balance indicator Iy a balj in » turved tube.

The ball is posttioned by

the vector sum of the aceeleration
forces scting upon I,

In belanced flight the ball Is central,

In side stipping flight the ball move ¢o the side towsrds which
the alrcraft is side alipping.

ECAM is an AIRBUS system

BASIC ECAM
Uses a left and ri

ght display and does not provide any engine
data,

The left display shows written metsages, while the 'rlght
dispiay shows diagrams,

If a single dispiay fails, material (words or diagram) from
that display are loat.

| ADVANCED ECAM
| Uses upper and lower displays.

 The top part of upper dispiny shows engine primary data.

- Bottom part of upper dispiay shows warnings and csutions
| cogether with corrective actions to be taken by the pilot.

The lower display showa engine secondary datz or system
data depending on the mode selected.

ECAM MODES .
Both baslc and advanced ECAM uses the following modea:

rimary data
NORMAL  The upper dispiay shows engine p
while the lower display is biank. In basic
ECAM both screens are bisnk.

ADVISORY Indicates any non-emergency change in the
status of the sircraft or its systems,

ritten

LURE  The left or upper display provides » w

Al stntement of the nature of the problem, plus &
list of actions to be taken. The lower or right
display shows the relevant dingrams.

d the

The t selects systems {rom & menu an

MARUAL ECAp.hrﬂlnlnwer dizplay shows the status of the
selected system.

EICAS Is 2 BOEING SYSTEM

pper dats, while the
The u display sbows engine primary

lower display s clther blank or showing relevant secondary
engine or system datn.

single he ather will go into
Ifa display fails on basic EICAS, ¢
compacted display mode ta show s much as possible.

If both displays in ithe basic EICAS fail engine primary data
is shown on an emergency LED.

ed atreraft, the
K both EICAS displays fall in an EFIS fite
EICAS dats can be transferred to one of the EFIS displays.
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[ OPERATIONAL MODE
The upper display shows englue primary data while the
f lower Is blank.

i Warnings cautlons and advisory messages are shown on the
left side of the upper display, The lower screen then shows
| | Felevant secondary data,

| STATUS MODE

The pitot selects systems from a menu and
th
shows their status, L

| MAINTENANCE MODE
Is available oniy on the ground te provide equl
t
Information and servictng reeords.p Apment usage

MODES BASIC GPWS ADYANCED GPWS
Alerty Warnings Alerts Warnings
1. Excess ROD NIL Whoop Whoop | Sink rate Whoop Wheop
pull up pull up

2. Excessive terrai

clasure raie NIL Whoop Whoop | Terrain Terrain Whoop Whoop

pollup pull up
3. Attitude loas NIL Whoop Wh i
after take-off or pult ul:a 0P | Bons sink it
go-arvund
4A. Unsafe terrain | NIL Whao|
p Whaop J Too low gear W
clearance with pull up * h:;:? yhocn
gear not loc e
down
4B, Unsafe terrain | NIL Whoop Wh.
el ot 1 gp oop [Toolow flaps | Too low terrsin
flaps oot fn
tanding
configuration
5. Descent below | Ghidesto NIL
ILS Glideslope 5 ilisiope e
6. Descent below [ NIL NIL Minimums NIL

minimums

26

ALTITUDE Required for JAR certlfication of: ‘]

ALERTING

SYSTEM a. All turbine powered aircraft with take-ofV mass
over 5T00 Kg or 9 or more passenger seats,

b. All sircraft of take-off mass over 8700 Kg after 1

Apr 1995,
Must provide at teast an avral signal to indicate when the
| alreraft is approaching , or deviating above or below & pre-
| selected altitude,
| In Boeing 737 aircraft:

a. A steady amber Hght iluminates and a 1 second C
tene sounds when approaching withln 900 ft above
or below the selected altitude.

b. The light excinguishes when within 306 ft.

c. ‘The Dght flashes and 1 second C tone sounds when
devistion from selected altitude reaches 300 ft.

d.  Lght extinguishes when devlation reaches 900 ft.
: TCAS | TCAS uses airborne transponders to provide warning of

| potentiai conflicts between traffic.

i
| TRAFFIC ADVISORY (TA) indicates approximate positions
| relative to own alrcraft, of other aircraft which may become

& threat.

RESOLUTHON ADVISORY (RA} is an anrsl and visual
d recommendation of manoceuvres (o be made or avolded In the
| vertical plane in order to conflicts with aireraft transponding

Y| in SSR mode C.

| CORRECTIVE ADVISORY s & resclution advisory
* | advising the pitot to devlate from the current rate of citmb or

| descent In order to resolve a conflict.

| PREVENTIVE ADVISORY s a resolution advisor advising
| the pilot of the rates of climb or descent that are to he

1 avoided to avoid conflict.

1

| INTRUDER i sn aircraft transponding in SSR mode A, C
5 | or S that is predicted to enter the TCAS collision srea.
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LSl | PROXIMATE TRAFFIC Transponding airerafe within 6
f | nen radius and plus or minus £200 f

i OTHER TRAFFIC Transponding alrcraft not classlfied as
| proximate but within plus or minus 2700 ft and within the
,] selected TCAS disptay range of 16, 8 or 4 nm.

|

1

TCAS | provides only TA.

TCAS 11 provides both TA and RA in the vertical plane,

RahEbE L TCAS I (when introduced) will also provide RA In
e azimuth,

TCAS is displayed on:

SRR n. Dedicated TCAS displiay units,

D b, Comblned TCAS EVS| displeys,

e, EFIS

d. Weather radar (in some alreraft types)

¢ Other instruments in some types of smell afrcraft.

AP amdh ¥

| iﬁﬁ"+;.§f;=

| SOLID RED SQUARE RA indicating intruder

(immediate threat) eraffic.
| HOLLOW AMBER CIRCLE TA Indicating other traffic.

HOLLOW CYAN DIAMOND TA tndicating proximate
traffic.

Y
| “Monltor Vertical Speed™ This means that the VSI shoutd

be checked and the vertical Speeds indicated by red ares
| should be avoided,

“Climb, Climb, Climb™ Thls means that the sircraft should

1 climb st a rate equal to or grester than that indleated on the
VSl

“Descend, Descend, Descend” This means that the aircraft
| shouid descend at & rate equal to or greater than that
| indlcated on the VSI.

“Reduce Climb, Reduce Climb™ This menns that the ROC
must be reduced to that indicated on the VSI,

. “"Reduce descent, Reduce descent” This means that the ROD |

T mvst be reduced th that indicated va the V5L

RESPONSE T TCAS M I{SS.-\(}ES\ o
Avaoiding action Is not reguired for TA mt:ssagt:s. w0 ATC
approval must b abtained prior (o changing flight path,

: Appropriate avoiding action must be immediutely taken in

“hang, ATC awthorised
| response to RA messages. Changes from A i !
I ﬂigll):t pith must be conducted smoothly and by the minimunt |
amount necessagy to avoid or n:.wlv? conflict.
A'FC must then be informed of the situation.

F — e —— .__\__..\.__._.._,_.I_..,_.. . _r‘D]i. o e = 2 e il oy < -l
' E | Registration date CVR o
‘ ggg;:)g‘(/g:%) .-\ffer | Apr 1998 I hours if vver 25 houl:s if over
| AND FLIGHT 5700 Kg 5700 Kg |
s A RECORDS 30 minutes if 10 hours if 570i |
g‘A'D’II.{] MINIMUM 5700 Kg or less kg or less i
' ggckgzg::g ¥ Both C¥R and FDR raust start recording before the nircr:.ift
| TIMES is capable of moving under its own power and stop recording
only after it becomes no longer capable of doing se.
" B - A statle map with
gggf‘:l'?lMODEs Retive route oriented

to true morth,

Active route from the
FMUL [y shewn in
available, magenta.

Nao wind speed or
divection information is

Changes to the route may be selected thowgh FMO,

Weuther rudar Infarmatlon is inhibited in this mede.

PLAN MODE



i

- Tle weather PALE Current
- radar data can distance  heading
- also be displayed,

| The wind directiun A white triangle
i und speed are at the bottom of

i Im this mode the EHSE displays flight plan dats
CEMC against a muving mup.

|
i
|
[
|
f
| 73°N and 687,
|
[
|
f

below 5%,

MAP MODE

| The display is oriented o magnetic north when between

‘Fhe display is eriented o true north when above 73N and

The active route
fromt the FMC

| shown at the the display is shown in
i b odom beft corner represents the magenta,
afreraft.

from the

i The display covers 45" on either side of instantancous track,

Magenta bog indicaies
selected hending

ME

distance

Wind
direction
and
spred

Selected course is i
indicated by a magenia

. 1]
Current heading  needle, currently 150

VOR White fram/to Selecied

source pointer YOR ;
: frequency !
Fromim :

Magenita course !

deviation har

indication

Weather radar data is not avaiatble in this mede.

FULL VOR MODE



Weather radar data can also be displayed. f

Magenta Selected course is
bug indicated by a
indlcates DME Current  magents needle,
selected  distance heading  currendy 150°
heading

A white triangle at

“.f'i nd VOR bettom of display SFIected
direction  seurce represents the YOR

and aircraft, frequency
speed

Magenta course
deviation bar

EXPANDED VOR

Magenta Selected

buyg loculiser vourse

indicates is indicated by a

setected magenia teedie,

heading Careent currenthy 150" Fult
CUMLPHSS .

DME heading —

distance

’ o . White glideslope
. figenta deviation bar and |
Yind . I
direction Ly L‘:’u“:::er magents triangle to |
SOIrce represent the :
and deviation N p. !
speed b aircraft .
- Ar
ILS
frequency

Displayed when an F.5 (requency is selected.

Weather radar data cannot be displayed in this mode.

_ FULLILS MODE




Magenta by
indicates
scelected heading

Warher \

radar '1'
data o \
\ \
\
;
i
| 3
I
Wind /
direction LS /
and source [
spead

=

With an ILS frequenc
of the compass rose.

Magenta ILS
course
deviution bar

DME
distance

Seleeted
localiser

CIFLEr S i
indicated in g

Current
heading

White
irigngle at
hattom of
display
represems

the aircraft, ’

LS

frequency

nLtgenta
aeedle,
currently 5"

White glidestope
devintion bar and
magenta triangle :
to represent the I'
aircraft

i
i
¥ selected this mode dispisy abouc 90" |
i
i
i

‘The runge of the display in nn can be selected. The outer

Fange are of the compass rose is the furthest range sclected. |

EXPANDED ILS MODE

International Standard Atmosphere (ISA)
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SECTION 2

QUESTIONS

Subject Pages
Pitot static systems. k1 ta 50
Barometrle Altimeters, 50 to 64
Radio Altimeters. 643  to 70
Yertical Speed Indicators. 709 to 72
Alrspeed Indicators. 72 to 86
Alrspeeds. 86 to 91
Mach Meters. L H te 2]
Gyroscopes. 9 o 121
Attltade Indicators, 12 to 124
Turn and Slip Indicators. 124  te £33
INS, IRS and FMS. 133 to 146
EFIS. 146 1o 174
Automatic Flight Systems. 14 o 106
Flight Directors 6 to 252
EICAS and ECAM. 13w 123
Engine Monitaring Instruments. 24 243
‘Temperature Indicators. 44 o 248
Fuel System Monitoring. 48w 251
Compasses. 251 to 264
Warning and Recording Systems. 265 to 176
TCAS. 276 to 90

CRPS. 290 o 293




1
1o case of accidental closing of an alrcrait's left static preasure port (rata, birds),
the aitimeter?

a. Over reads the altitude in case of 2 side-slip to the right and displays the
correct information during symmetric flight.

b. Keeps on providing relisble reading in sl situations.

€. Under reads the altitude.

d. Over reads the altitude in case of & sidestip to the left and displays the
correct information durlng symmetric flighe.

FITOT STATICS 3.
if an nircraft is equipped with one altimeter which is compensated for posltion
error and another altimeter which is not, and all other factors being equal?

[ At high speed the non-compensated sitimeter will indicate & lower altitude.
b. There will be no difference between them If the alr data computer (ADC) is
functioning normally.

<. ATC will get an erroncous altitude report SSR.
d. At high speed, the non-compensated altimeter will indicate a bigher
altitude
T
An Air Data Computer (ADC)?
A Measures position error in the static system and transmits this information

10 ATC to provide correct altitude reporting.

b. Transforms air data measurements into electric Impulses driving servo
meotors in instruments,

. Is an auxilisry system that provides altitude informadon in the event
that the statie source is biocked.

d. Converts alr dats messurements given by ATC from the ground in
order 1o provide correct altitude and speed information.

RITOT STATICS 4, ’
In An Air Data Computer (ADC), acroplane altitude is calculated from?

a. The difference between absolute and dynamic pressure at the fuselage.

b. Measurement of ontside air temperature (QAT).

c. Measarement of elapsed time for a radio signal transmitted to the ground
surface and back.

d. Measurement of absclute barometric pressure from s static source on the
fuselage,
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PITOT STATICS 5.

In 8 non-pressurized aireraft, if one or several static pressure ports are damaged,

there is an ultimate emergency means for restoring a practically correct static
pressure intake?

a. Breaking the rate-of climb indicator glass window.
. Slightly epening a window to restore the ambient pressure in the cabin,
c. Descending as much as possibie in order to fly at a pressure as close to
1013.25 hPa as possible.

d. Calculating the ambient static pressure, allowing for the aititude and QNH
and adjusting the lustruments.

PITO
The altimeter consists of one or severai aneroid capsules located in g sealed
casing. The pressures in the aaerold capsule (i) and casing (i) are respectively?

i (I} Seatic pressure {i) Total pressure,

b. () Yacaum (or very jow pressure} (H} Static pressure.

c. (1) Static pressure at time ¢ (1) Static pressure at time t — ¢
d. (£ Total pressure (i) Static pressure.

PIT

From the I1SA table at Page 35, the atmospheric pressure at FL 70 in & "standsrd +
10" atmosphere 15?

a. TBL.85 hiPs.
b. 942,13 kPa,
€. 10E3.25 hPa.
d. 644.45 hPa,
PITOT S

The QNH is by definitlon the vaiue of the?

2. Altimeter setting so that the needles indicate zero when the aircrafe
i 0B ground at the location for which it is provided.

b, Atuospheric pressure at the levei of the ground over flown by the
alrceaft. ’

c. Altimeter setting so that the needles of the altimeter indicate the
altitude of the location for which it is given.

d. Atmospheric pressure a¢ the sea ievel of the lecation for which it is
given.

41}

9
During & climb after take-ofT from » contaminated runway, if the total pressure
probe of the girspeed indlcator is blocked, the pilot finds that indicated airspeed?

a Decreases abruptly towards zero.
b. Increases steadily,

< Incresses abruptly towards VNE.
d. Decreases steadily.

P

With a pitot probe blocked due to ice build up, the sircraft airspeed indicator will
indicate in descent a?

a Increasing speed.
b. Fluctuating speed.
€. Decreasing speed.
d. Constant speed.

P!

After an aircraft has passed through a volcanic ciowd which has blocked the total
pressure probe inlet of the airspeed indicator, the pilot begins a stabillzed descent
and finds that the indicated sirspecd?

i. Increases steadily.
b. Decreases abruptly towardy zere.
€. Decreases steadily,
d. Increases abruptty towards VINE,

P
The static pressure error of the static vent on which the altimeter is connected
varies substandally with the?

a. Static temperature.

b. Mach number of the aircraft.

[ X Deformation of the sneroid capsuie.
d. Alrcraft sltitude.

PITOT STATICS 13,
The pressure altitude is the altitude corresponding?

In standard atmosphere, (o the reference pressure Py.

Tn ambient atmoaphere, to the pressure Ps prevailing at this point,
Ip standard atmosphere, to the pressure Ps prevailing at thix point,
In amblent atmasphere, to the reference pressurve Ps.

an gy
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PITOT STATICS 14,
The response time of & vertical speed detector may be increased by adding a?

&, Correction based on an accelerometer sensor,
b, Bi-metalllc strip,

c. Return spring.

d. Secand calibrated port.

P H

The density altitude is?

A. The sltitude of the standard atmosphere an which the density is equal to
the actual density of the stmosphere.

b. The tempernture altitude corrected for the difference between the real
temperature and the standard temperature,

c. The pressure altitude corrected for the reiative denaity prevailing at this
point.

d. The pressure altitude corrected for the density of air at this point.

PITOT

On board an sircrsft the altitude is measured from the?

% Standard altitude,

b. Pressure altitude,

<. Density altitude,

d. Temperature alttude,

Pl

The advantages provided by sn air datz computer to indicate the aititude are?

Position/pressare error correction,

Hysteresls ervor correction.

Remote dats transmission capability,

Capability to feed data to a large number of instruments simultaneously,

el

The combination of correct statementy ks?

3
4.
3
4

BT

1
If the static source to an sirspeed indicator (ASE) becomes blocked during a descent
the instrument will?

Read zero.
: Continue to Indicate the speed applicable to that at the time of the blackage.
' Under-read.
d. Over-read.
PITOT STATICS 19,

Ef the static source (o an sitimeter becomes blocked during & climb, the instrument
will?

a. Continue to indicate the resding at which the blockage occurred,

b. Under-read by an amount equivalent to the rexding at the time that the
instrument became blocked.

< Over-read.

d. Gradually return to zero.

P T,
If the static source of an altimeter becomes blocked during 2 descent the
tnstrument witl?

Giradually indicate zero.

Under-rend.

Indicate a height equivalent to the setting on the milltbar subscaie.
Continue to display the reading st which the blockage occurred.

argyp

2
A leak in the pitot totai pressure line of a non-pressurized aircraft ta an airspeed
indicztor would cause it to?

a. Under-read.

b. Over-read.

. Qver-read in a climb and under-read in & descent.
d. Under-read in a climb and over-read in & descent.

PITOT STATICS 22.

The pressure measured st the forwerd facing orifice of & pitot tube is the?

a. Total pressure pius static pressure.
b. Dynamic pressure,

€. Tuotal pressure.

d, Static pressure.

43



PITOT STATICS 23,
The airspeed Indicator circuit consists of pressure sensory, The pltot tube directly
suppHes?

‘The total pressure,

The static pressure.

The total pressure and the statlc pressure.
The dynamic pressure.

ares

PITOT STAT 24,

The error in altimeter readings cavsed by the variation of the static pressore near
the source Is known as?

®. Positlon pressure error.
b. Barometric error.

[ Instrument error.

d. Hysteresis effect.

P

A pitot biockage of both the ram ai¢ input and the drain hole with the static port
NPER Ciuses the mirspeed indicator to?

a Read a little high,

b. Read a little low,

. Freeze at zero.

d. React like an altimeter.
PITO

A pitot tube covered by ice which biocks the ram air inlet will affect the following
instroment(s)?

a. Adrspeed indicator, altimeter and vertical speed indicator,
b. Alrspeed indicator only.

e Altimeter only.

d. Vertical speed indicator only.

PITQT STATICS 27,

Given: Ts 1 the static temperature (SAT).

Tt is the total temperature (TAT).
Kr is the recavery coefficient.
M is the Mach number,

The toial temperaimre can be expressed approximately by the formula?

44

e Tt=Ts{1-0.2 M.
b, Tt=Ts(1+0.2 Kr.M*.
e, Te=Ts/(1+6.2 Kr.MY.
4. Tt=Ts(1+0.2 M,

BITOT STATICS 28,
The altimeter Is fed by?

a Differential pressure.
b. Static pressure.

¢ Dynamic pressure.
d.; Total pressure.

BITOT STATICS 29,
The vertical speed indicator (VSE)is fed by?

Differential pressure.
Static pressure.
Dynamic pressure.
Total pressure.

LRl

PITOT STATICS 30, ‘
The operating principle of the vertical speed indicator (VSI) is based on the
measurement of the rate of change of?

2, Kinetic pressure.
b. Static pressure.

£ Dyaamic pressure,
d. Total pressure,

PITOT STATICS 31,

What advantages are provided by an ADC, campared to traditional pitot static

systema?

n Instrument ag is reduced or eliminated.

2 Posltion error Is automatically correct for.

(3 Compressibility error is avtomatically corrected for.

) A large number of instruments can be fed from one ADC.

(%) 1t provides emergency altimeter following main system failure.

(1), (3), (4}, (5).
€1, (2), (3), (4.
(2, (3), (4), (5).
€1 (2), (4}, (5).
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PITOT STATICS 32,
If the static vents in an un-pressurised alrcraft become hiscked?

Breaking or opening the windows will enable the altimeter to fuaction,
Breaking or opening the windows will enable the AST to function.
Breaking the front glass will enable the attimeter to function,

Oaly instruments fed from sn ADC will function.

anwE

From where does the ADC obtaln ity altitude data?

a Barometric Information from the static pressure ports.

b. Barometric pressure from the pitot probe.

<. The difference between pitot and static pressures.

d. The time take for a radio signal to rebound from the earth,
Fl T

What inputs are fed to the ADC?

{1 ADA,

(¥ TAT.

{3} OAT.

(4} Dynamic pressure,
(5) Static pressore.

(6)  Total pressure.

(M} AC electrical power.
{8 Autopiiot commands,

. (D (2), (4, (5), (7).

b (), (2) (), (5D (7).

e (1}, (23, (5) (&), (7).

do (2, @ (5, (T 8.
LITOT STATICS 38,

Which of the follawing is correct?
. Pra= Psiae + Pp,,.

b. Pm - PD,. - Pg‘ﬂ.

C. P])“ = P‘rq - PM

4. Priee = Pra + PDy-

BITOT STATICS 36,
Entering ground effect ig jikely to?

a. Decrease static pressure but increase pitot pressure.
. Decrease pitot pressure but increase static pressure.
¢ Encrease positon errors.

d. Decrease position errors.

1 A
If the pitot tube leaks and the pitot drains are blocked in an unpressurised
wircraft?

The ASI will over indicate.

The ASI will under indicate,

The alimeter will under indicate.
The altimeter witl over indicate.

el

PITOT STATICS 38,
Ef the static tube and drains become blocked?

a. The ASI will under indicate.

b. The ASI will over indicate.

< The ASI will under or over indlcate depending on altitude.
d. The ASI will indicate zero.

PITOT STATICS 39.
If the static tube and dralns become blocked?

a. The altimeter will uader indicate.

b. The altimeter will indicste zero.

< The altimeter will over indicate.

d. The altimeter will under or over indlcate depending on altitude.

PITOT STATICS 40, :
It the statle slots of a pitot probe become blocked but the pitot tspping remains
clear?

a. AS] acts as an altimeter.

b. ASI acts in the oppotite sense to an aitimeter,
c. ASI indication freezes.

d. ASE indjcation falls te zero.
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PITOT STATICS 41,
If the pitot tapping becames blocked it wii affect the operation of?

i ASI

M Altimeter,

kR Radslt.

4. Mach meter.
£ ¥Sl.

ArTE
——

Pi 3

What will happen ta the altimeter indicatfons in an aircraft in level fNight if the
right static vent becomes blocked and the left remaing clear?

a, Over indicate when side slipping righe.
b. Over indlcate when side stipping lef.
C. Under indicate in il conditions.

d. Over indicate in alt conditions.

ol |

What will happen to the ASE and mach meter indications in an sircraft In level
flight if the right static vent becomes blocked nnd the left remains clear?

a. They will not be affected.

b. They will both over indicate.

e Both will vnder Indicate when side slipping right.
d. Both will under indicate when side slipping ieft.
P

If the static source becomes blocked I a descent the ASI will .... indicate, the VSI

will ... indicate and the altimeter will ..... indlcate?

q Under under uwnder.
b. Uoder over over.

[ Over uader under
d Over under over,

L]

Pl 4 5.
A blocked pitot probe will affect”
4. ASIL.
h ¥SL
c. Altimeter.
d. All of the sbove.
T
A blacked static vent will affect?
. ASL
b. VSI.
¢, Altimeter.
d. All of the above.

4
Debris on the sides of 2 pitot probe not blocking the air tappings might cause?

% Total losa of 1AS indications.

b Total loss of Altitude indications,

c. Erratic or inaccurate [AS and altitude readings,
d. Total loss of VSI indications.

Pi
If the static vents in an unpressurised sircraft become blocked?

Breaking or opening the ‘wlndown will enable the altimeter to function.

N
b. Breaking or opening the windows will enable the AS] to function.
e Breaking the front glass will cause the alttmeter to under indicate,
d. Ouly instruments fed from an ADC will function.

EITOT STATICS 49,
What inputs are fed to the ADC?

(1)  AOQA.

() TAT.

3)  OAT.

{4)  Dynamic pressure.
(5}  Static pressure,
&) Pitot pressure.

(T TAS.

L] Mach number.
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B, (1} €2), (5) (7).

b. (D @), (43 (5.

. 1) (2}, (5), (6).

d. (2h (5} (7N (8).
(4]

A blocked pitot probe wili uffect?

a, Mzch meter.

b. VSI,

c. Altimeter.

d. All of the above.

ALT |,

The hysterests error of an altimeter varles substantially with the?

a. Time passed at a given altitude.
2 Mach number of the aircraft.

c, Adrcraft altitude.

d. Static temperature,

When flylng from a sector of warm air into one of colder air, the altdmeter will?

1, Under read.

b, Be just as correct an before.

c. Show the actual beight sbove ground,
d. Over read.

ALT )

At sea ievel, on & typlcal servo altimeter, the ¢ "
o San level » the tolerance im feet from indicated must

R +/-60 feet.
b. +-75% feet.
<. +/=-34 feet.
d. +/-70 feet.

sa

4
The aititude indlcated on bosrd an aircraft flying in an atmosphbere where all the
atmosphere layers below the aircraft are cold is?

'R Equal to the standard sltitude.
b. Lower than the real altitude.
¢ The same a3 the real altitude,
& Higher than the real slttnde.

ALLS.
TFhe purpose of the vibratlng device of an altimeter is to?

a Allow demping of the measurement in the vnit.
b. Reduce the hysteresis effect.

(X Reduce the effect of friction in the Linkages.

d. Enform the crew of & fajlure of the instrument

ALT ¢
The vertical speed Indicator of an nircraft flying at a true sirspeed of 100 ke, in a

dexcent with a slope of 3 degrees, indicates?

a -300 ft/min.
b. -150 fi/min.
¢ -250 Nt/min.
d. -504 ft/min.

ALTT.
The altitude indicated on board an aircraft flying in an atmeosphere where alt
atmosphere layers below the aireraft are warm is?

i Equal to the standard altitude.
b. Higher than the real altitude.
€. The same as the real aliltude.
. Lower than the real aldtude.

ALT S,

Fhe primary factor which makes the servo-assisted sitimeter more aceurate than
the simple pressure altimeter is the use of?

a, A sub-scale logarithmic function,

bh. An induction pick-off device.

€, More effective temperature compensating leaf springs.
d. Combinatton of counters/polnters.
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ALT9.
What will happen to the altimeter reading in 2 vight sideslip, if ap aircraft has a

statlc vent at each side of the fuselage, but the left one is blacked?

a, Over resd.

b. Linder read.

<. No change,

d. Depends on altitude.
ALT i

From what Is true altitude derived?

Pressure altitude.

Density altitude.

Temperature altitude.

Difference between total pressure and static pressure.

acgs

ALT 11,
What is QNH?

Amblent pressure at the airfield.

Sea level pressure based on ambiens pressure at the alrfield.
Sea level pressure,
Sen level pressure in the 1SA.

LR

ALT 12,
What is QNH?

a. Ambient pressure at msl.

b The pressure to be set on the altimeter subscaie to obtain an indication of
zero on the runway.

[ The pressure to be set on the altimeter sithscale to obtaln a reading of the
pressure altitude of the runway.

d. ‘The pressure to be set oo the sttimeter subscale to obtain density altitude
when on the runway.

What is the true altitude of an alreraft if its altimeter indicated 1600 ft when the
ambient temperature was -30° C?

EN 15200 rt.
b. 15404 Ie.
e 16200 ft.
d. 164040 Ft.

4
What will happen to the indicated altitude if an aircraft in level flight passes into &
warmer tir mass?

Over indicate,

Under indicate.

Not change.

Remain constant oaly if above the tropopause.

g0 om

ALT 1S,
What is density altitude?

Pressure altitude corrected for ambient temperature.
True altitude.

Pressure altitude corrected for density changes.
True altitude corrected for density changes.

peFn

6.
What will happen if an aircraft bas two aitimeters, one of which is compensated for
position error, whilst the other is not?

a One will over read at high atrapeeds.

b. One will under read at high airspeeds.

c One willt uader read close to the ground.

d. The ADC will compensate automatically, so both with read correctly.

ALT 17,

Why are vibrators sometimes fitted in zitimeters?
a. Overcome friction.

b, Overcome [nertls,

[ Overcome hysteresis.

d. Reduce lag.

ALT18,

What will happes to altimeter indication if ap aircralt in level fight enters a cold
front?

1, Over indication.

b. Under indication.

<. No change.

¢ Ne change sbove the tropopause.



ALT 19.
A baromeiric altimeter comprises of?

a, An anerold capsule sensing static pressure.

h. An aneroid capsule senslng pitot pressure.

¢ A differential capsule sensing pitet and static pressures.
d. A bellows sensing temperature and static pressure.
ALT 3

If pressure altitude is 30004 ft, indicated TAT is —10, mach number is 1.82, what is
the density altitude?

a. JHHM) #x,

b. 30472 it

c. 30573 ft.

d. 30674 ft.

ALT 21,

11 QNH is 999 hPa, what Is the pressare altitude at an elevation of 25000 ft?
a, 25100 ft.

b. 15200 i,

¢ 25300 fe.

d. 15400 ft.

ALT 22,

[f pressure altitude is 22800 ft, ar an elevation of 22000 ft, what is QNH?
a. 485 hPa.

b. 976 hPa.

c. 1034 hPa.

d. 1026 hPa.

A

If fleid elevation ts 4004 it amsl and QNH Is 900 mb, what is the pressure altitude?

a, 13494,
b. 0390,
L% 610,

d. 5544

If field elevation is 3500 ft amsl and QFE ts 1020 mb, what is the pressure altitude?

a. 150,
b, ~2H
c. N
d. 3296.
ALT 23,
If pressure aititude is 3700 ft amsl and QINH is 1006 mb, what i fieid elevation?
. 3310
b. 310.
¢ 399,
d. 494,
2

Density altitude is?

a, The aldtude at which the exlating density would occur in the ISA.

b. The deasity at which the existing tempersture would occur in the ISA.
c. The clevation at which the existing density woald oceur in the 15A,

d. The pressure altitude corrected for density deviation.

ALT 27.

The pressure altitude of the field can be found by?

8. Setting QNH on the alttmeter subscale,

b, Setting QFE on the altimeter subscale.

<. Setting 1013 mb cn the altimeter subscale.
d. From an ABC only.

ALT 28
If fleid pressure altitude is 5000 ft amsl and OAT i 25°C, what is the density
altitude?

5000 + 118025 - (15- (51 1.98))) = 7348.21t.
5000 - 118(25 - (15 + (5 x 1.98))) = 4988.2 ft.
5000 + 118025 + (15 - (5 3 1.98))) = 8551.8 1t.
5000 - 118(25 + (15 + (5 x 1,9%)}) = L0888.2 Fi.

o ee
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ALT 29.
IFQFE 1s 1022 hPa what is the pressure altitude of the fleld?

an g

270 £t amsl.
-270 fc amsl.
30660 1t ams).
500 it amsl.

ALT 30,
IFQNH is 1000 hPa and field elevation is 4500 ft amsl, what ls QFE?

1
b,
c.
d

850 hPa.
163 hPa,
-850 hPa.
90 hPa.

ALT 31,
Pressure altitude is?

N

The alttude above sea level,

The altimeter indication when QFE Is set on the sub-scale.
TFhe altimeter indicetion when QNH is set an the subscale.

The altimeter indication when 191 3.25 kPa is set on the sub-scale.

ALT 32,
Which of the following cause uir density to decrease?

BP Ty

Inereasing humidity, increasing sltitude, increasing temperature.
Incressing humidity, increasing altitude, decreasing temperature,
tncreasing humidity, decreasing altitude, increasing temperature.

Decreasing humidity, bncreasing aititude, decreasing temperature,

ALT 33,
Lf QNH changes from 1013 hPa to 1022 hPa this wil]?

a
b.
c
d

36

Lncrease Aeld elevation.
Decrease field cievation,
Not affect feld elevation.
Decrease QFE,

ALT J4.
Lt QFE changes from 1413 hPa o 1022 hPa will?

Increase field elevation.

a
b. Not affect QNH.
c. Increase QNH,
d Decreaze QNH.
ALT 35,

As pressure altitude increases?

R

Temperature decreases.
Teinperature (Rcreases.
Temperature increases then remains constant.
Temperature decreases then remains constaat.

ALT 36,

At a fixed pressure zltitude an Increase in temperature will?

a. Decrease density but increase density altitnde.
b. Decrease density altitude.

¢ Not affect density ajttude.

d. Increase density but deceease density sltitude.
ALT 37.

What will happer to the altimeter readiog in a right sideslp, if an aircraft has a
static vent at each side of the fuseigge, but the right one is blocked?

& Over read.

b. Under read.

L8 No change,

d. Depends on altitude,
ALT 38,

What wil a cabin sltimeter read with QFE set.

BrTe

The same 33 with QNH set.

Height AGL.

Height above sea level.

Field elevation when on the runway.
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The altimeter of an alreraft with a static pressure source on each slde of the

fuselage will ....... if one becomes blocked ?

i, Over read when slde slipping,

b. Over read when slde slipping towards the blocked source.
€ Over resd when side slipplng towards the clesr source.

d. Under read when side slipping.

ALT 40,

A servo altimeter is .... it employs an electrical pick-eff?
a. Maore accurate because..,.....

b Less accurate because....

3 Less reliable because

d. More rellable because. .........

ALT 41,

What will happen to the altimeter reading if an alrcraft Rying at a fixed heading
meets a colder air mas?

Read Jess than true altitude.
Read more than true altitude.
Read zero.

i« Readlngs will not he affected.

g0 T

ALT 42,
What is the true altitude of an aircraft flylng at 16000 ft indlcated altltude with an
OAT of -16 degrees C?

a. 13200 ft,
b, 14200 ft.
[N 16050 fr.
d. 16200 ft,
ALT 43.

From where does the ADC obtain altltude data?

Radio Altimeter.

OAT sources,

Barometric altltude source.
Dynamic minus total pressure.

& Ep

SR

True alt:Itude is obtained from ...... on hoard an alrcraft?

a Denslty altitude.

b. Temperature altitude,

. Pressure altitude.

d. International standard altitude.

45,
What is densley altitude?

a. Pressure gltitude corrected for density.

b. Temperature altitude corrected for density.
<. Temperature altitude corrected for pressure.
d. Pressure altitude corrected for temperature,

4b.

How will altimeter readings be affected if the layers of air below an aircraft are

colder than the standard temperature?

a. Read true altltude, only the alr ubove matters,
b. Rezd zero.

e Reazd higher than true.

d. Read lower than true.

ALT 47,

How will altimeter resding be affected if the static vent pipe becomes blocked?

Read true altitude, only the air above matters.
Readings will freeze.

Read higher than true.

Read lower thap true.

[

4
One definttion of pressure altitude i3?

Altitude Indlcation with QFE set.

Altitude Indication with 1013.28 hPa set.
Altitude indication with QNH ser.

A

Pressure 2t that belght in the standard simosphere.
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ALY 49,

H tcing ar debris cause pressure disturbances at the static source, the effect wili be?

a. Increased compressibility error.
b. Increased instrument error.

c. Decreased altltude indication.
d. Increased position error.

ALT 50,

If an sircraft flylng at constant helght over a level surface meets a hotter alr mass,
the altimeter wili?

a Indlcate higher than true,

b. Endleate lower than true,

€, Indicate randomly varylng altitude.
d. Indlcate zerp,

ALT 5¢,

Servo altimeters are more accurate because?

a They employ  logarithmic scate.

h. They sense pressare changes more accurately.

< They employ a vibrator to minlmise friction errors.
d. They employ electromagnetic pick-offs,

ALT 52,

The ADC obsalns tts altitade data from?

a. A barometric altimeter.
b, A radio alrimeter.
¢ The TAT and OAT protbes.
& A barometric static pressure sensor simllar to a servo altimeter.
ALT 53,
A servo altimeter Is ........ than a conventionsd one, because .......7
8, More accurate electrical servay.
b, More accurate electrical plek-off colly.,
c. Less recurate electric servos.
d. [.ess accurate Electelcat pick—off colls,
6ft

In & barometric altimeter ....... Is fed into the capsule and .... ¥ fed into the case?
A Statlc pressure dynamlc pressure,

b. Yacuum statle pressure.

e Pynamic pressure vacuum,

& Total pressure static pressure.

If the static pressure source in an un-gressurlsed aircraft became biocked the

altimeter would........... but might be rectified by .......... i
a. Read zero break the altimeter glass.

b. Read zero open the windows.

c. Freeze break the xltimeter glass.

d. Freeze open the windows.

If the pitot source becomes blocked the barometric sltimeter wil?

a. Freeze.

b. Read zero.

C. Read sttdtude a¢ which It blocked.
d. Be unaifected.

ALT 57,

If the static vent becomes partly blocked in & descent the Indlcstions will?
a. Be too high when descending but correct when at constant sititude,
b, Be too high when descending but correct when at constant height.
€. Be too low when descending but corvect when at constant altitude.
d Be too low when descending but correct when at constant helghi.

A vibrator is sometimes fitied In an altimeter to?

a Overcome gauge parallax error.

b, Reduce instrument errors,
< Reduce sensing errors.
d. To act a3 zn aural warnlng.

ai



ALT 59,
In & banked wirn & baremetric altimeter using a single static source?

a. Will over indlcate,

b. Will under indicate.

<. Might over or under indicate, depending on the position of the static source.
d. Will rerd zero.

ALT 6{.

True aititude is showe from ....... on board an alreraft?
a. Deasity altitude.

b. Pressure altitude.

. Radio altitude.

d. Temperature altitude,

ALT 6.

Dengity altltude Is?

4. Temperature altitude corrected for density,
b. Temperature altitude corrected for pressure.
'3 Pressure altitude corrected for temperature,
d. Pressure altitude corrected for density.

ALT 62,

H an aircraft has two altlmeters, only one of which Is corrected for posltion error?

a ATC transponder replies will be inaccurate.
b. At high altitude and high speed the non-corrected altmeter will over

indlcate,
£ At high altitude and high speed the non-corrected altimeter will under
indleate,
d. At low altltude and low speed the corrected aldmeter will over indicate.
ALT 63

Some altimeters employ vibraters In order to?

a Minlmise hysteresis.
b. Minimise inaccuracies due to lnterpal friction,
€. Provide audible warning of low altitudes.
d. Eliminate instrument error.
62

64

ALT 68, _
il‘ an aircraft with two static ports, sideslips towards the blecked port, the aititude

Indication will?

Increase.

Decrease.

Remuin unchanged.

Increase ur decrease depending on sideslip angle.

e e

ALT 65,
If an aireraft with two static porty, sldeslips towards the unblocked part, the
aldtude indication will?

Increase.

Decrease.

Remain unchanged.

Increase or decrease depending on sidesllp angle.

LR

Barometric altimeter readlngs can become erratic during landing becsuse?

a Static ports can hecome blocked by debris.
b. Static pressure )3 changed by ground effect.

c The air is warmer close to the ground so dynamic pressure changes.

d. Static ports become shietded by other parts of the aircraft at high angles of
attack.

ALT 67.

What type of pressure sensor is employed in a barometric altimeter?

2 Aneroid capsule.

b. Differential capsule.

' Bellows.

4 Bourden tube.

If the glass of & barometric altimeter in a pressurised aircraft becomes cracked and
the static ports become blocked, the altimeter wili?

a Over read.
b. Under read.
c. Read zero continuously.

o d Read cabln altitude.
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ALT 69,

1€ the pressure feed line to a baremetric altimeter becomes detached from the back
of the Instrument ia Nlght the instrument will?

LTIN RS
The low-altitude radio altimeters used ln prechsion approaches;

1. Operate in the 1540-1660 MHz range,

a, Read zero continuously. 1. Are of the pulsed cype.
b, Read cabin altitude. 3 Are of the frequency modulation rype.
< Over read. 4. Have an operating range of 0 to 5000 fr.
d. Under read. 5 Have a preclsion of +/- 2 feet between 0 and 300 f1.
The combination of the correct statements Is?
0]
During the approach, & crew reads on the radio altimeter the value of 650 ft. This Is ™ 3,5,
an ludication of the true? b. 3, 4.
[ 2‘ Jv 4.
a, Helght af the lowest wheels with regard to the ground at ray time. d. 1,2,5
b, tielght of the alreraft with regard to the ground at any time.
. Helght of the sircraft with regard to the runway.
d. Althrude of the aircraft.
In low altitude radlo altimeters, the reading Is zero when main landlng gear wheels
are on the ground, For this, It is necessary to?
RA
For most radio altirgeters, when a system error occurs durlng approach the? n Change the display scale In short final, In order to have » precise
readout,
a. Height Indication it removed. b. Compenaate resldual altitude due to 2atenaas helght abave the ground
b. DH lamp flashes red aad the sudio signal sonnds, and coaxial cables length.
c. DH lamp fiashes ved, ' Account for signal processing time In the unit and apply 3 correction factor
d. Audie warning signal sounds.

¢o the reading.
d. Place the antennas on the bottom of the aeroplane.

A radio sltimeter can be defined ss a?

The operating frequency range of a low altitude radio aldmeter Js?
a. Ground radio aid used (o measure the true helght of the aircraft.

Ground radio aid used to measure the true altitude of the sircraft.

4 - 2700 MHz to 2900 MHz.
<. Self-contained on-board aid used to measure the true helght of the b. SGHz
zireraft. : e 4200 MHz to 4400 MHz.
d. Seli-contained on-board aid used to messure the true altitude of the d 5400 MHz or 9400 MHz.
alrerafl,

!y o Mocdern low altitude radto altimeters emit waves In the following Irequency band?
The data suppiled by a radie altimeter?

" HF (High Frequency),
a. Indicates the distance between the ground snd the aircrafe, b. UHF {Ulira High Frequency).
b. Concerns oaly the decislon helght. ¢ SHF (Super High Frequency).
<. !s used ouly by the radio altimeter tadicator. d VLF (Very Low Frequency).
d. I3 used by the automatic pllet In the altitude hald node,
64
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RADIO ALTIMETERS &,
The nperation of the radio sitimeter of 2 modern sircraft is based on?

Puise modulation of the carcler wave.

A combination of frequency modulation and pulse modulation.
Frequency modulation of the carrier wave.

Amplltude modulation of the carrier wave.

anww

RADIG AL TIMETERS 10,
In tow altitude radlo aitimeters height measurement {above ground} is based upon?

a A triangniar amplitude modulation wave, for which niodulation phase
shift between transmitied and received waves after ground reflection Js
measured.

b, A frequency modulation wave, for which the frequency variation between
the transmitied wave and the recelved wave alter ground reflection is
measured.

<. A pulse transmlsslon, for which time between transnysston and reception
is measured on & circular scanntag sereen.

4. A wiave transmisslon, for which the frequency shift by DOPPLER effect
alter ground reflection Is measared.

RADIO ALTIMETERS 11,

The aircraft radie equipment which emlts on a frequency of $400 MHz s the?

Weather radar.

Primary cadar,

Radie altdmeter.

High altitude radlo altimeter,

po Ty

RADIO ALTIMETERS 12,
A radio altimeter is?

Aircraft based and indicates true sititude,
Alreraft based and lndicates pressure altitude.
Alrcraft based and indicates true helght.
Ground based and employ microwaves,

eErow

Radio altimeters are based on the principle of?

a. Freguency modulated carrier wave,
b. Pulse medulated carrier wave.
. Amplitude modulated carrier wave,
d. Contihuous wave,

Hh

For the landing configuration a radio altimeter lndicates?

n~ Height of the sircraft above the ground.
b. Helght of the flight deck sbave the ground.
c. Height of the main wheel above the ground.
d Aldtude.

RADIO ALTIMETERS 15.
Low altitude radio altimeters operate on the .......,. wavelength?

a Metrie.

. Decimetric.
< Centimetric.
d Millimetric,

RADIO ALTIMETERS 6.
Low sltitude altimeters use the ........ waveband?

a. HF.

b. YHF.
c. UHF.
d. SHF.

RADIO ALTIMETERS 17.
if there is a fuult in the system the radalkt display will?

'8 Needle will disappear and an alarm flag will appear, possibly sccompanied
by an audie warning.

b. Freeze.

(A Turm red and activate sn sarst warning.

d. Tuorm red agd activate visusl snd aursl warnings,

BARIO ALTIMETERS 18,
A radie altimeter measures?

a, True Altdtude.

b. Pressare altitade,

(X Height above sea level,

d. Height sbove the ground or water over which the sircraft bs flying.
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RADIO ALTIMETERS 24.
A RADALT employs ....... waveband?

A radalt Is?

a. Ground based aud measures true altitude. A HE.
b. Ground based and measures true height. b. VHF.
<. Alrcraft based and measures true altitude. & LHF.
d. Alrersft based and measures true helght. d SHF.

A RADALT provides? Radio altimeters employ?
a, Radlo altitude. s FM,

b. Pressure sltitude. b. AM.

c. Drensity altitude. < Pulsed FM.

4. Height above terrain. 4. Pulse modulation.

RADIO ALTIMETERS 26,
The faliure of the radio altimeter would cause? A radio sltimeter will indicate zeco when the aircraft is on the ground because of?

& Loss of pressure altdtude dats. 1. Frequency modulation of the transmlitied signal.

b. Loss of denaity slititude data. 1. Allowance jor the signal path through the aircrafi.

e L.oss of altitude dat. 3 Allowance for tive helght of the xerials above the rmaln wheels.
d. Loss of height data. 4. Beam width compensation.

s Reduction In gain rate very close to the surface,

RADIO ALTIMETERS 22, s L2
A radio altimeter has a maximum eifective helght because? b. 13
c. )4
a, At greater heights the signal will be fo0 weak, d. 4, 5.
b. At greater helghts the signat will be undetectabie.
<. At greater helghts the signal will be absorbed by molsture in the air.
d. At greater heights signal from different modulation cycles will overlap,
Radio altimeters are accurate only within the belght range?
BADIO ALTIMETERS 23, a  Lerowsin .
Radio altimeters work oz the principal of? b. Zero to 300 ft. A T
[ 50 1t to 2700 f¢. Y =
R. Frequency moduladion. d. Zero ft to 2500 fi. —
b. Amplitude modulation. et
A Pulse modulation.
d. Pulse aad amplitude mudulation.

RADIO ALTIMETERS 28, :
The {requency range used by & low altitude radio altimeter i § 7

a. S GHz.

b. 115 GHz to 750 GHz,

[ 1200 MHz to 1500 MHz.
d. 4200 MHz to 4400 MHz.

&R




A RADALT rystem is?

a Ground based and measures trie altitude,
b. Ground based snd measures true helght.
c. Alreraft based and measures troe altitnde.
d. Alrcraft based and mensures true hetght.
Ysii

If the pitot plpe becames partly blocked?

A The VSI lodication will be too low when cHimbing.

b, The VSI will be too low when descending.

c. The VSi will not be affected,

d. The V51 will be too low when descending snd (oo high when cltmbing.

If the static pipe becomes partly blocked?

a. The VSI indication will be too high when descending,

b. The VSI lndication wilk be tpo high whez sccelersting,

' The VSI Indication wili be too low when climbing or descending.
d. The VSI indication will be unaffected.

Y813,
VSI lag Is reduced by?

a, Two dashpots responding to scceleration,
b, Two return springs.

[ Bi-metailic strips,

d. Electronic systems,

Yol4
If the choke In the VSI becomes partly blocked?

2 The VSI Indication will be too high whez climbing,

Ir. The VS] indicution will be too low when descending,

¢, The V51 indication will be tog high at al) times,

d. The VSI indleation will be tog bigh when climblag or descending.

70

Y813,
The correct action {a be taken when the static vent blocks on an uRpressurised
aircraft is to?

' Break the VSI glass.

b. Use the standby static source.

' Calculate ROC using mathematicaily.
d. Open & window to cqualise presaures,

Yl 6
If the casing of & VS] In presturised aircraft develops a leak?

a. V51 Indlcations will be 100 low when climbing or descending,

b. VSI [ndtcations will be tog high whea climbing or descending.

<. VSI indications will be 100 low whes climbiag sad too high when
descending,

d. VSI Indications will be 1o high when climbing snd too tow when
descending,

Y§i1.
A VSI?

a Produces an output proportionat to ambient pressure,

b. Measures the difference between total pressure and atatic pressure,

e Mesasares the difference between the pressure inside and outside a capsule.
d. Measores only dynamic pressare,

A VSIindicates increasing ROD by?

a VSI needle meving downwards.

b. VSi needle moving upwards.

c VSI needls stationary,

d. The VSI indicates only vertical speeds, not accelerationa.

|«

Y31,
As an alreraft moves close to the ground durieg a landing the VSE might?

A Become Inaccarate due to ground effect,

b. Become insccurate due to turbulence.

.8 Stick due to losa of pitot source.

d. Become Insceurate due to aireraft attitude changes,

n



hi)

‘What should the VSI Indicate when an aircraft on a 3 degree glideslope is flying at

100 Kis TAS?

ar oy

V5] i

124 (pm descent.
324 fpm descent.
424 fpm descent.
524 fpm descent,

I{ the static plpe becomes partly blocked?

. The VSI Indication will be too high when descending.

b. The V51 Indieation wili be too high when accelerating st copstant altitude,
<. The V51 indication will be too low at ail times.

d. The VSI Indleation will be toc low when descending.

VS 12,

tf the pitot plpe becomes partly blocked?

'S The VSI wilt over read when climbing or descendlng,
b. The VSI will be unz(fected.

C. The VSI will over under read at all imes.

d. The VSI will read zero at 2ll times.

VSE 13,

The response rate of a ¥S§1 can be Improved by fitting a?

a. Accelerometer system.
b. Choke system.

c. Bl-meealic compensator.
d. Return spring.

¥S1 14,

IT the port static vent of a Iarge aireraft is blocked, what will appen to the VS1
indlcations when it Iy side sipping to the Jeft in & descent?

galzs
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Over Indicate,
Under indicate.
Be unaffected.
Fluctuate.

Whet does the “barber's pole™ used on some ASI's indicate?

2. Mmo

b. Ve

e TAS.

d. Temperature and ¥Vpmo.

ASl 2

What speed is Vyo?

' That which may only be exceeded with caucion and in still air.

b. That which may never be exceeded.

e That which may be exceeded only in emergencies.

d. The maxiium st which fully controk deflection In poasible without

oversiressing the aircraft structure.

From what I3 Vo calculated?

n,
b.
<
d.

TAS.
EAS.
CAS
RAS.

ASL4,
What wilk be the efTect If the drain hele and pitot tapping in a pitet probe are
blacked, whilst the siatic source remains open?

s
b.
€.
d.

The ASI will respond te changes In pressure altitude onty.

The ASI wil not respond.

The ASE will under read as all speeds.

The ASI will over read when accelerating, decelerating, climblog or
descending.

What do the upper and lower imits of the yellow arc on an ASI represent?

e o

¥y and Vxo.
VNO and VNE'
VMO and VNI'
VNO and VM{).
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ASl 6,
If the pltet source and drain become blocked by ice when In cruise fight, how will
the AS! respond when descending?

a. ¢ whit under read,

h. it will over read.

<, bt will read zero tn all conditions.
d. It will remain Azed at the reading at which I became blocked.
ASE2.

At msl ip the ISA?

'R CAS = TAS,

b. [AS = TAS.

[ EAS = EAS,

d. CAS <TAS,

ASL 8,

In an ASI system, what does the pitot probe measure?

& Total presyure.

b. Dynamic pressure.

€. Static pressure.

d. Armbient pressure,

ASI 9,

What does the blue line on a twin engine piston slrcraft ASI indicate?
a. vxs;.

b. Yo

[N ¥ug-

d, Visz.

ASL10,

What are indicated by the lower and upper ends of the white arc on an ASI?
a. Va1 and Vi,

b. Ve and Vn.

¢ Vn; and Vm

d. Vg aad Vg,

74

Vre s the?

Maximum speed st which the aircraft s permitted to fly with lts flaps
extended.

Mazimum speed at which the flaps can be extended or retracted.

The minimum speed for fiaps up fMight.

The maximum tpeed for flaps up Right.

L

i

What will be the efTect on the ASI if the pltot tube of au unpressurised alrcraft s
fractured and the pitot drain Is blocked?

5 It will aver read.

b. 1t will under read.

e 1t will give a coustant reading.
4 1¢ will read 2ero st afl speeds,

At any given welght or altitude, an sircraft will always Hfi-off at the same?

. CAS.

b. TAS.

c Ground speed.
d EAS.

AS] 14,

CAS ix?

a EAS corrected for position error and compreasibility error.
b. IAS corrected for position error and instrursent error.

e TAS corrected for lnstrument error and ram effact,

d IAS corrected for density error and poshtion errvor,

When descending from FL400 and attempting to maintaln maximam groundspeed,

sirspeed will be limited by?

. Vg then Y.
b. Vg then Vg,
[ Muo them Vo
d, Vo then Mmo.

75



AS) 16

et
What will happen to TAS when descending through an lsothermal layer at constant

CAS?

a. Decrease.

b. Increase.

c Remain constant.

d Decrease then increase.

When descending through aa Inversion st constant TAS?

Mach aumber increases.

Mach number decreases,

Masch number remains constant.
CAS decreases,

BO TR

When climbing through an Inversion at constant TAS?

Mach aumber Increases.

Mach number decreases.

Mach number remalns constant.
CAS Increases.

eEn g

ASI 19,

When descending through an lnversion at constant CAS?

a. TAS increases.

b. Mach number inereases.

< Mach number remains constant.
d. TAS remzins constant.

ASL20,

When climbing through sn Inverslon a¢ constant CAS?

TAS increases,

Mach number decreases.

Mach number remains constant.
TAS decreases,

Bar e
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When climbing through an inverslon at constant mach number?

2. CAS Increases.
b. TAS decreases.
' TAS remauins constant,

d. TAS Increases.

When descending through an inversion at constant mach number?

s. TAS Increases.
b. TAS decreases.
C. TAS remains constant.
d. CAS decresses.

AS| 23,
When ciimbing through an Inversion at constant mach number?

s CASincreases,

b. LSS decreases.

€. TAS remalns constant.

d. TAS incresses,

ASI 24,

When descending through an Inversion at constant mach number?
A CAS decrenses,

b LSS increases,

. LSS remalns constant.

d. TAS decreages.

ASL2S,
When climbing through an inversion at constamt CAS?

Iy TAS increases.

b, TAS decreases.

e TAS remalns constant.
4. Mach number decreases.

17



When descending through an inversion at constant CAS?

& TAS incresses,

b. TAS decreases,

<. TAS remains constant.
d. Mach number increases.
AS1 27,

When descending through an isothermal Iayor ai constant TAS?

a Mach number increases.

b. Mach number decreases.

¢ Mach number remaing constant.
d. CAS decreases.

AS] 28,
When climbing through an isothermal inyer at constant TAS?

a Mnach number increases,

i Mach rumber decreases.
. Mnch aumber remaing constant.
d. CAS decreases.

ASL 29,
When descending through an isothermal layer at constant CAS?

Mach number increases.

Mach number decreases.

¢, Mach number remaina constant,
d. TAS increases.

e

A3l 36,
When clirabing through sn (sothermal Inyer at constant CAS?

Mach number increases.

Mack namber decreases,

c Mack number remains constamt,
d. TAS decreases.

7.

78

When climbing through sn isothermal Iayer at constant mach number?

TAS increases,
TAS decreases.
TAS remalins constant.
CAS increases.

powe

When descending through ap isothermal layer st constant mach number?

~ TAS increases,
b. TAS decrenses.
e TAS remains constant.
d. CAS decreases,

When climbing through an isothermal Inyer at constant mech number?

~ CAS Inerenses.
b. CAS decreanes.
(3 CAS remalns constaat.
d. TAS decrenses.

When descending through an isothermal layer at constant CAS?

a LSS increases.

b. LSS decreases.

[ LSS remalns constant.

d. TAS Increases.

ASLS,

When climbing through an isothermat Iayer &t constant CAS?
& TAS incresases.

b, TAS decreases,

< TAS remains constant,

L Mach number decresses.



ASL36,

When descending through an isethermal layer at constant CAS?

a. TAS increases.

b. TAS decreases.

e TAS remains constant.

d. Mach number increases.

ASI 37,

If pressure remalns constant as temperature lncreases?

w Density will increase, causing the CAS : TAS ratlo to increase.
b. Density will incresse, causing the CAS ; TAS ratio to decrease.
e Density will decrease, causing the CAS : TAS ratio to incresse.
d. Denaity wilk decrease, causiag the CAS : TAS ratio to decrease.

If the pltot pipe becomes partly blocked?

a
b.
€
d.

The IAS reading will be too low when climbing.

The IAS reading will be too low when descending,

The IAS reading will be too low at all dmes.

The LAS reading will be too low when descending and too high when
cltmbing.

ASI 39,
If the pitot pipe becomen partly blocked?

S

The 1AS will be too high when descending.

The TAS wilt be too high whea accelerating,
The IAS will be too low st all times.

The LAS will be too low when accelerating,

AS] 40,
If the static pipe becomes partly blocked?

= 4

an
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The 1AS and ROC will be too low when climbing.

The IAS and ROC wiil be too low when descending.

The IAS and ROC will be too low at all times,

The IAS will be too low when descending and too high when climbing.

If the static pipe becomes partly blocked?

The EAS will be too high when descending at constant IAS,

The FAS will be too high when accelerating at constant altitude.
The 1AS will be too low at all times.

The 1AS will be too low when accelerating at constant altitude.

pr e

ASL 43
If the pitot plpe becomes partly blocked?

'y The ASI will over read and the error will be grester when climbing at
constant CAS than when climbing at constant TAS.

b. The ASI will aver read and the error will be greater whea climblag st
constant TAS than when climbing at constant CAS,

3 The ASI will under read and the error will be greater when climbing st
constant CAS than when climbing st constant TAS.

d The ASI will under read and the error will be greater when climbing at
constani TAS them when climbing at constant CAS.

ASlL 43,
CAS is [AS correcied for?

a Position error.

b. Instrament error.

¢ Compressibillty error,
d. Temperature error.

What does the white arc on an ASI indicate?

Vsa it the lower end and Vg at the upper end.
Vg ot the lower end and Vg at the apper end.
¥Yg; at the lower end and Vyx at the upper end.
V. at the lower end and Vo at the upper ead.

enFpe

ASl1
If the pitot source becomes blocked while the static source remzins open, an
will?

a Under read at ail speeds.

b. Over read of all speeds.

c. Read zero at all speeds.

d. Glve aa indication proportional to altitude.
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AS] 46,

The pitot source in an AS] system provides?

a. Dynamlc pressyre,

b. Static pressure.
e Kinete pressure,
d. Total pressare.

The barber’s pole on an ASI indicates?

| 5 VN 'y

b. Vmo.

<. Vmo aad tempersture,
d. Vio.

ASl 4,

If s aireraft is climbed with » constant mach meter indication in the ISA, how
should the ASI indication respond?

a. Iacrease.
b. Decrease.
c. lacresase them remain conatant.
d. Decrease then remain constant,

AS] 49,

The biue Hae on the ASI of & twin prop aircraft indicates?
A Vn.

b. ¥he.

[ ¥ysr.

d. Voxse.

The yellow arc on sn ASI indicates?

Vo at lawer end and ¥z at upper end,
¥re ot lower end and Vo st opper end.
Yo ot lower end and Vrx at upper end.
Vro at lower end aud Vg at upper ead.

pres

1

ASISL
Vg la?

a. The speed that must never be exceeded.

b. The maximum speed for normal operations.
c. The best climb speed.

d. The best descent speed.

What Is Vgg?

. The maximum speed for extending or retracting the flapa.
b. The maximum speed for flight with the flaps extended.

18 The maximum speed for the flight envelope.

4. The minimum speed for extending or retracting the Raps.

ASL33.

What is V o7

L The mazimum speed with landing gear out.

b. The maximum speed for retracting or extending the landing gear.
o The minitoum speed for fight with ianding gear out.

d. The minimum speed for flight when operating the landing gear.
Ajl 54.

What does the green are on an ASI Indicate?

a, Vig ot the lower end and Vi at the upper end.

b Vrg at the lower end and Vg at the upper end.

[ Vst at the lower end and Mo 2t the upper end,

d. ¥s¢ at the lower end and Vg at the upper end.

Al 53,
What is Vpuo?

Maximum eperating speed.
Mazimum emergency speed.
Maztmum croise speed.

d. Mazimum dive speed.

r e
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Yup 9 o and Is Indicated by the ........ on an ASI?
. Minimum night envelope speed upper end of white arc.
. Mazimum night envelope speed lower end of green arc.
c, Never exceed speed red radial tine at the upper
end of the yeliow arc.
d. Normal endurance speed green radiai at the upper end of

the green arc.

A

Considering the maximum operational Mach number (MMO) and the maximum

operational speed (VMO), the captsin of n pressurized aircraft begins his descent
from a high flight levei. In order to meet bis scheduled time of arrival, he decides
to use the maximum ground speed at oy time of the descent. He will be limited”?

a2 By the MMO.

b. By the VMO in still air.

€. Tnitislly by the MMO, then by the VMO below a certain Qight level.
d. , Initlally by the VMO, then by the MMOQ below a certain flight levei.
AIRSPEEDS 2.

To a standard atmosphere and st the sea levei, the calibrated airspeed (CAS) #s?

a Eower than the true airspeed (TAS),

b. Equal to the true sirspeed (TAS).

€. Independent of the true airspeed (TAS).
d. Higher than the true airspeed (TAS).

A

With a constant weight, irrespective of the airfield altitude, an airersft abways takes
off at the same?

a. Calibrated airspeed.
b. Ground speed.

£ True airspeed.

d. Equivalent airspeed.
AIRSPEEDS 4

The calibrated airspeed (CAS) ls obtained by applying to the indicated afrspeed
(TAS)?

a8 A compressibility and denslty correction.

b. An instrument and position/preasure error correction.
e, An antepna and compressibility corvection,

d An instrument and density correction.

PEE.
The velocity maximum operating (VMO) is a speed expressed In?
a True airspeed (TAS),
b. Computed airspeed (COAS).
e Calibrated airspeed (CAS).
d. Equivalent airspeed (EAS).
AIRSPEEDS 6.

The limits of the white scale of an girspeed indicator are?

s VSl for the lower limit and VFE for the upper limit.
b, V80 for the lower limit and VLE for the upper fimit.
& V81 for the fower ilmit and VLE for the upper limit.
d. V8O for the iower limit snd VFE for the upper limit.

AIRSPEEDS 7.

The Limlts of ¢the green scale of an alrspeed indicator are?

. V§1 for the lower imlt and VNE for the upper limit.
b. VS1 for the lower limit and VLO for the upper lmit.
<. VS1 for the lower limit and YNO for the upper limit,
d. V50 for the lower limit and VNO for the upper Hmit.
AIRSPEEDS 8§,

The limits of the yellow scale of an airspeed indicator are?

YLO for the lower limit and VNE for the upper Emit.
YLE for the iower limit and VNE for the upper limit.
VFE for the lower itmit and VNE for the upper limit.
VINO for the lower limit and VNE for the upper limit.

srgs

9

During & straight and upiform climb, the pilot maintains a constant calibrated
sirspeed (CAS)? .

a. The Mach number Increases and the true airspeed (TAS) increases.

b, The Mach number Increases and the true sirspeed (TAS) Is constaat.
c The Mach number is constant and the true airspeed (TAS) is constant.
d. The Mach number is constant and the true airspeed {TAS) decreases.
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AIRSPEEDS 10.

VLE is the maximum?

a. Speed authorized in flight.

b. Flight speed with landing gear down.

¢, Speed at which the landing gear can be operated with full safety.
d. Speed with flaps extended in 2 given position.

AIRS

VL is the maztmum?

Speed at which the ianding gear can be operated with full safety.
Flight speed with ianding gear down.

Speed with flaps exteaded in a given position,

Cruising speed not to be exceeded except én still air with caution.

ar o

I
V¥NE is the maximum speed?

&, At which the flight controls can be fully deflected,

b. With flaps extended in landing position.

€. Which must never be exceeded.

d. Not to be exceeded except In séil} air and with caution.

AIRSPEEDS 13,
¥NO is the maximom speed?

Which must never be exceeded.

At which the light contrals can be fully deflected.
With flaps extended in Ianding position,

Not to be exceeded except in sl »ir and with caution.

grEe

AIRSPEEDS 14,
For a constant Caiibrated Airspeed (CAS) and a level flight, a fall in ambient

tempergture will result in a?

a. Lower True Alrspeed (TAS) due to & decrease in sir density.
b. Lewer True Airspeed (TAS) due (o an increase in mir denysity.
€. Higher True Airspeed (TAS) due to a decrease in air density.
d. Higher True Airspeed (TAS) due to an increase in air denslty,
L1

X1 ED
When climbing at a canstant Mach number below the tropop L in 1SA
conditions, the Calibrated Alrspeed (CAS) wiil?

a Decrease.

b. Encrease a¢ 2 linear rate.

& Remain constant,

d. Increase ac an exponential race.
[1}

I the outside temperature at 35 000 feet Is -40° C, the local speed of sound js?

A 686 ke.

b. 596 ke,

¢. 247 kt.

d 307 ke

AIRSPEEDS 17,

When descending through an isothermal Iyer at 3 constant Caiibrated Airspeed
(CAS), the True Alrspeed (TAS) will?

. Decrease.

b. Increase at & linear rate.

3 Remaln constant.

4. Increase at an exponential rate.
AIRSPEEDS 18.

In a steady climb with che auto-throttle maintains » constant calibrated airspeed.
I the total temperature remains constant, the Mach number?

a Decreases.

b, Remains constant.

c. Decreases if the static temperature is lower than the standard
temperature.

d Increases,

AIRSPEEDS 19.

The airspeed indicator of a twin-engined aircraft comprises different sectors and
color marks. The blue ilne corresponds to the?

Maximum speed In operations, or VMO,

Optimum climbing speed with oae engine inoperative, or Vy.
Speed not to be exceeded, or VNE.

Minlmum control speed, ar VMC.

anFp
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Al
The atrspeed indicator of an airerafi is provided with a moving red and white
hatched pointer. This pointer indicates the?

a. Speed Indlcated on the auto-throttle controi box, versus temperature,
b. Speed indlcated on the auto-threttle contral hox versus alticude.

A Mazimum speed in YMO operation versus altitude,

d. Maximum speed in YMO operation, versus tempersature,

AIRS

VFE is the maxiroum speed?

a. At which the flaps can be operated.

b. With the fiaps extended in take-off position.

¢ With the flaps extended in a given position.

d. With the flaps extended in landing position.
w T

AIRSPEEEDS 22,

An airplane is in steady descent. The auto-throttle malniatns » constant Mach
number, If the total temperature remains constant, the calibrated alrspeed?

A, Remainys constant.

b, Decreases if the static temperature Is lower than the standard
temperature, increases If above,

c. Increases.

d. Decreases.

AIRSPEEDS 23,

An aeraplane is In steady descent below the tropopause in the ISA. The auto-

throttle maintatns a constant calibrated sirspeed. I7 the total temperature remains
constant, the Mach number?

a, Increases if the static temperature is lower than the standard temperature,
decreases if higher,

b. Decreases.

£ Increases.

d. Remains constant.

M}

S 2
An geroplane is in a steady climb. The suto-throttie malntains a constant Mach
number. If the total temperature remains constant, the calthrated afrspeed?

. Decreases if the static temperature is lower than the standard temperature,
Increases if higher.

b. [recreases,

. Increases.

d. Remains constant.

How wili mach meter Indication respond if an slreraft ls flying at constant CAS at
FL270 when it experiences & reduction in QAT?

5. No change.

b. Increase.

X Decrease.

d. Increase or decrease depending on TAT.

What is the LSS at 30000 ft if xmbient temperature is -40° C?

" £79 Kts.
b, 660 Kts.
[ 584 Kts.
d. 594 Ko,

Which of the fallowing best defines Mach number?

. The ratio of TAS:LSS.
b. The ratio of LSS:TAS.
< The ratio of CAS:LSS.
d. The ratio of ambient density to that at msi in the ISA.

A mach meter comprises of?

R A combination of ASI and altimeter.

b, A combination of VSI and altimeter.

<. An ASY with its scale marked in mach numbers.

d. An altimeter with its scale marked in mach numbers.
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MACH S,
What iy the LSS at $0000 ft in the 1547

I 542 Kits,

b. 660 Kis,

[ 573 Kty

d. 550 Kts.

MACH 6,

How will mach meter indication vary in & constant CAS cilmb?
a, Increase.

b. Decrease.

o Increase then remain constant,
d. remain constant,

MACH 7.

What i3 the 1SS at msi [S4?

i, 600 Kis

b. 550 Kis.

[ 750 Kts.

d. 661 Kis.

MACHS,

Mach meter Indications”

Vary with airspeed and tempersture,
Vary only with alrspeed.

Vary only with temperature,

Vary with density and altitude.

Boww

MaCH 9,
How will mach meter indication respond if an aircraft passes through a cold front
when flying 8t constant CAS and aititude?

Increase.

Decrease.

Remain constant.

incresse or decrease depending on aitityde.

R

10. ) )
How will the mach meter respond in a constant CAS climb if the static saurce

pecomes blocked?

5. [ncrease.

b. Decrease.

¢ Remaln constani.

d Increase or decrease depending on sirspeed.
H1l.

How will the mach meter respond In a constant TAS climb if the static source
becomes biocked?

i Increase.

b. Pecrease.

e Remain constant. .

d. Increase or decrease depending on airspeed.

How will t'he mach meter respond in a constant mach number climb if the static
source becomes blocked?

a. Increase.

b. Decrease.

€. Remain constant.

d. Increase or decrease depending on sirspeed.
MACH 13.

The indications on a mach meter are independent of?

& Dynamic presaure.

b. Amblent temperature.
C. Static pressure.,

d. Tota) pressure.

MACH 14,

What bappens to mach meter indication in & constant RAS climb?

Increases.

Decreases.

Increases then remainy constant.

Increases uniess tn an inverslon or isothermal kayer.

arge
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MACH 18,
What would happen if the static pipe became detached from the back of a mach
meter in 2 pressurised sircraft at high aftitude?

a, Under read,

b. Over read.

[ No effect.

d. t'nder read or aver read depending on temperature.
MACH 16,

i an alrersft climbs at constant TAS from FL 208 to FL 400 the mach me'ter
indlcation will?

a. Increase.

. Decrease.

& Increase then remain constant,
d. Decrease then remain constan,
MACH 17,

A mach meter iz made up of?

a. An altimeter with a density capsule.
b, Ant ASI with ar altitude capsule.
€. A VSI with a modifled scaie.

d. AR ASI with a modified scale.
MACH 18,

Vwo is caleulated based on?

a, TAS.

b, RAS,

[ CAS,

d. EAS.

MACH 19,

Mach number is the ratio o

a. IAS:TAS.

b, CAS:LSS.

T, TAS:LSS.

d. RAS:TAS.

4

Ef the static source becomes blocked the mach meter will ..., as an atreraft

climbs?

a Over indicate.
b. Under indicate,
¢, Not indicate,
4. Freere.

It tempera'tnre decreases when flying ac constant CAS at FL 209, the mach meter

indication wlll .......,. and the true mach number will .....?
a. Increase increase,

b. Decrease decrease,

' Not chasge not change.

d. Not change increase.

Mach meter indications?

a. Are temperature reiated.
b. Increase with temperature.
<. Decrease with temperature.
d. Are Independent of temperature,
MACH 23.
The speed of sound at ISA msl is?
a. 550 Kts.
b. 560 Kts.
<. 660 Kts.
d. 670 kts.
4
If smblent temperature is —10° C, what is the mach number when TAS is 594 K¢s?
a 0.5M.
b, 0.75M.
c. 0.94M,
d. 1.5M.
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MACH 25,
Fhe speed of sound at 25000 {t 1SA is?
a, 600 K1s.
b. 602 Kta.
€. 604 kis,
d. 606 Kts,
MACH 26,
What is true mach number at 25000 ft ISA if the TAS is 500 Kes?
8, 0.75M
b. 0.83M.
<. .90M.
d. 0.93M.
ACH 27

..\ mach meter indicates mach number brased on the ratio of?

a Static pressure to pitat pressure,

h. Pitot pressure io atatic pressure.

<. Drynamle pressure to static pressure.
d. Static pressure to dynamic pressure.
M

How will CAS respand if temperature lncreases by 5 degrees C when flylng ac a
constant indlcated mach number at FL2907

a Increases.
b, Decreases,

[ Remains approximately constant,

d Depends on conditions relative to 15A.

M
What happens te TAT when an aircraft descends at constant indicated mach
number?

4. Increases.

b. Becreases.

c. Remalin constant.

d, Remains constant then increases.
G

What is actuaily measured by & mach meter?

a. Pitot pressure,

b. The racio of (pitot pressure — stacic pressure) : static pressure.

c. The ratio of static pressure to dynamic pressure,

a, The ratlo of (static pressure + pitot pressure) : pitat pressure,

MACH 31.

When descending st constant CAS, the TAT and mach meter indications should?
A Increase ncrease.

b, Increase decrease.

¢ Incresase then remain constant decrease,

d Remain constant remain constant,

Mach meter indications ure derived from?

IR (Pr - Psy/Py.
b. (Ps — P1)/Ps.
C. (P‘r -P s}l‘Ps,.
d. (Ps — Pr)/Py.

If temperatyre increases by 5 degrees € during a constant mach number ucscent,
what will bappen to CAS?

Increase by 5 Kis.
increase by 10 Kits.
Remaln constant,

Increase or decrease depending oo whether conditions are above or below
ISA.

Br TR

MACH 3,

A mach meter compares?

a. (Pr— Ps) to Py
b (Ps - Pyito P,

€. {(P1 - P3) to Pg,
d. (Pg = P‘r) o P‘[.



MACH 15,
What does mach number represent?

s, The CAS of an aircraft as a fracton of the focal speed of sound.
h. The local speed of sound as a fraction of the CAS of an aircrafl
v The TAS of am aircrafe as a fractive of the locai speed of sound.
d, The local speed of sound as a fraction of the CAS of an aircraft.

MACH le.
What is the local speed of sound st sea level if the ambient temperature is 20 7

. 661 Kts.

b. 606 Kis,

<. 677 Kts.

d. 680 Kts.

MACEH 37,

I ambient temperature increases by 10 degrees, for an aircraft fiying at constant
TAS, the indicated mach number will ... . and the true mach number will .......?
a. fncrease increase

b, Decrease decrease.

.. Not change increase.

d. Not change  decrease.

MACH 38,

When climbing st constant mach number below the forpopause in the 1SA, the
CAS will?

#. Iicrease,

b. Becrease,

. Rematn constant,

d. Decrease then remaln constant,
MACH 39

When descending at constant CAS, if temperature remains constant the indicated
mach number will?

#. Remain constant.

b. lncrease.

[ Decrease .

d. Increase exponentiably,
YR

MACH 44.

What should the mach meter indicate wh

ambient temperatuore is 30" 7

o D.SIM.
b, ih62M.
e  O.TIM.
d. 0.8IM.
GYRO L

The building principle of a gyroscope,

concentration of the muss”

a. Close to the axis and with a low rotatlon speed.
b. Ou the periphery and with a high rotation speed.
<. Clase to the axis and with a high rotation speed.
d. On the periphery and with a low rotation speed.
GYROZ.

A Seandby horizow or emergency attitude indicator?

Only works of there Is a camplete electrical fallure.

Contains its own separate gyro.

Is automatically connected to the primary vertical gyro if the alternator

falls,

Is fully independent of external energy

CYRO 3,
The basls praperties of a gyroscope are?

il & B

The gyro's weight.
The rigidlty in space,
The inertia.

The high RPM.

The precession

The combination of correct statements is?

argm
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the best efficiency is abtained through the

en flving #t SO0 kis TAS at FL2S0, if the

resources in an emergency situation.
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GYRQ 4.
The indications of the directional gyro when used as an on-beard instrument are
valid enly for a short ieried of time. The causes of this iraccuracy are?

The earth's rotation.

1.

1. The longltudinal acceleration.

A The alecraft’s motion over the surface of the earth.
4 The mechanical defects of the gyro.

5. The gyro's welght,

6. The gienbal mount of the gyro rings.

The combination of correct statements fs?

a. L34

b ||z!31"$s'b'
c. 1,8,6.

& 1346
GYRQ 5.

The characteristics of the directional gyro (DG) used In a gyro stabilised compass
system are?

a. One degree of freedom, whose vertical axis, aligned with the real
vertical to the location is maintained in this direction by an avtomatic
evecting system.

h. Two degrees of freedom, whose horizontal axis corresponding to the
reference direction is maintained in the horizontal plane by an
antomatic erecting system,

e Twao degrees of freedom, whose axis aligned with the vertical to the
tocation is maintained in this directon by an erecting system.,

d. One degree of freedom, whose horizontal axis iz maintained in the
horizaptal plane hy an automatic erecting system. '

GYRO &.
A gravity type erector Is used in a vertical gyro device to correct errors
on?

a. An artificial horizon

b. A directional gyro unit.

c. A turn indicator.

d. A gyro-magnetic indicator.
100

GYROQ 7.
When an alircraft has turned 360 degrees with a constant attitude and bank, the
pilat observes the following on a classic artificial horizon?

% Tao much nose-up snd bank correct.
b. Too much nose-up and hank too high.
€. Attitude and bank correct,

d. Too much nase-up and bank too low,
CYRO 8.

When an atrcraft has turned 270 degrees with a constant attltude and bank, the
pilot observes the following on a classle artificial horizon?

a. Too much nose-up and bank too high.

b. Too much nose-up and bank too low,

<. Attitude and bank correct,

d. Too much nose-up and bank correct.
YRO 9.

Note: e this question, the degrees of freedom of & gyro are determined by the
number of gimbal rings it comprises. Among the flight control tustruments, the
artificlal horizon plays an essential part. It uses a gyroscope with?

0. Two degrees of freedom, whose axis is oriented and continvously
maintained to local vertical by an automatic erecting system.

b. Two degrees of freedom, whose horizontal axis corresponding to a
reference direction is malntained in & horizontal plane by an automatic
erecting system.

¢ One degree of freedom, whose horizontal axis is maintsined in a
herizontal plane by an sutomatic erecting system.

d. One degree of freedom, whose vertical axis oriented in the direction
of the real vertical to the location is maintained in this direction by an
automatic erecting system.

GYRO 18,

A slaved directional gyro derives it's directionsl signal from?

A direct reading magnetic compass.
The ftight director,

The flux valve,

The alr-dats-compuiter.

anrge
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GYRO 11, O 13

A turn indicatar s built arouad a gyroscope with? The indications oa a directional gyroscope or gyrocampass are subject o errors,
due to:

e 1 degree of freedom,

I Y degrecs of freedom. i. Rotation of Earth,

c. I degrees of freedom. . Aeraplane motion on Earth.

d. 0 degree of freedom, kX Laterut snd transversal aeropiane bank angles.
4, North change.
5. Mechanical defects,

GY I2.

Fhe diugram below shaws three gyro assemblies: A, B and C. Among these gyros, Chose the combination with true statements only?

me is a roll gyro (noted 1),

8. PN
(rre is a pitch gyro (noted 2). b. 1,335
(ne is a yaw gyro (noted 3) €. 14,5
d. 1, 14,8
‘The correct matching of gyros and assemblies is?
4, FC, IA, 3B, GYRO 14,
b, [B, 24, 3C. At a low banak angle, the measurement of rute-of-turn actually consists in
<. 14, 2B, 3C. measuring the?
d. 1B, 2C, 1A,
L 3 Angular velocity of the aircraft.
b. Yaw rate of the aircraft.
; c. Pitch rate of the atrcraft.
: d. Roll rate of the ajrcraft.
’ GYRO if.

An alrborne instrument, equipped with @ gyre with 2 degrees of freedom and a
horizontal spin axis is?

a An artificial horizon.
b. A turn indicator.

c. A fluxgate compass.
d. A directional gyro,

GYRQ 16,
When, in flight, the needle of » needle and ball indicator is on the left and the bal)
on the right. the sircraft is?

Turaing left with too much bank.
Turning right with not enough bank.
Turning right with too much bank.
Turning left with not enough bank.

[N
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17

When, in flight, the needle of a ncedle and bsli Indicator is on the right and the ball

on the left, the alreraft Is?

= Turning left with too much bank.
b. Turning right with not enough bank.
c. Turning right with too much hank.
d. Turning left with not enough bank

GYRO 18.
When, in filght, the needle and bal of & needle and balt ladlcator are on the
right, the aircraft is?

A Turning left with too much bank,

b, TFurning left with not enough bank.
€. Turning right with too much bank.
d. Turning right with not enough bank,

GYRO 13,
‘When, in flight, the needle and ball of & needle-and-ball Indicator are on the left,
the atrcraft ia?

Turoing right with toe much bank,
Turnivg right with pot enough bank.
Turning left with too much bank.
Turning left with not enongh bank.

anr o

2
On the ground, during x lefy turn, the ture indicator indicates?

i Needie o the left, ball to the left.

b. Needle in the middie, ball to the right.
c. Needie in the middie, ball to the left.
d. Needle to the left, ball to the right.

The rate-of-turn is the?

Pitch rate in a turn,
Change-of-besding rate of the aircrsaft.
Yaw rate in s turn sircraft.

Speed in 2 turn.

ar o

In & Turn-lndicator, the measurement of rate of turn consists for?

High bank angles, in measuring the yaw rate.
High bank angles, in messuring the roil rate.
Low bank angles, in measuring the yaw rate.
Low bank angles, In measuring the rofi rate.

okl

In & turn at constant rate, the turn indicator reading is?

& Proportonal to the aircraft true alrspeed,
b Independent to the sircraft true alripeed.

< PFroportional to the aircraft weight.

a Inversely proportional to the aircraft true alrspeed.

An sirborne lostrument, equipped with s gyro with 2 degrees of freedom und a
horizontal spis axis fs?

~ A directionsl gyro.
b. Aa artificial borizos.
(3 A fura Iadicator.

4 A {lax gate compass.
GYRO 35,

As sirbsrne instrument, equipped with & gyra with 1 degree of freedom and &
horizontsl spim axis fa a?

a. Fluxgate compass.

b. Direciionsl gyro.

< Turn indicator.

d Gyro-magnetic compass.

The vertieal reference unit of a three-axls dats generator s equipped with 2 gyro

with?
a 1 degree of freedom and horizontal spin axis.
b. 1 degree of freedom snd vertieal spin axls,

e 2 degrees of frecdom and vertical spin axis,
d. 1 degrees of freedom and horizontal spin axis,



GYRO 27
When an aircraft has turned 90 degrees with a consiant attitude and bank, the pilot
observes the following on a classic artificial horizon?

Too much nose-up and bank correct.
Too much nose-up and bank toe high,
Too much nose-up snd bank tos low.
Aftitude and bank correct.

& ok

GYRO 28,
On the ground, during a right turn, the tern indicator indicates?

Needle in the middle, ball te left,
Needle to the right, bail to left.
Needle to the right, ball to right.
Needle in the middle, ball to right.

powe

GYRO 29.
The heading reference unit of 8 three-axis data generator is equipped with a gyro
with?

a, 1 degrees of freedom nad horizontal spin axis.
b. 2 degrees of freedom and vertical spin axis,

c. L degree of freedom and herizontal spin xis.
d. 1 degree of freedom and vertical spin axls.

G

Following 180° stabilized turn with a constant attitude and bark, the artificial
herizon indicates?

Too high pitch-up and too low banking.
Too high pitch-up and correct banking.
Attitude and bapking correct.

Too high piteh up and too high banking,

epos

The gyro-magaetic compass torgue motor?

a. Causes the directional gyro unit to precess.
b. Causes the heading indicstor to precess.
3 Feeds the error deteitor system.
d. Is fed by the fux valve.
1o

32
The heading information originating from the gyro-magnetic conpass Rux vaive is

sent to the?

a Error detector.

b. Erector system.

c. Heading indicator.
d. Amplifier.

The input signal of the amplifier of the gyro-magnetic compass resetting device
ariginates from the?

a Directional gyro erection device.
b. Error detector,

& Flux valve,

d. Directional gyro unit.

GYRO 34,

A rate jntegrating gyro s a detecting element used in?

L. An inertial attliude unit.

2. AR automatic pilot.

3 A stabilizing servo system.

4, An inertisd navigation system.
5. A rate~of-turn indicator.

The combination of correct statements Is?

a. i, 4.

b. 1,2,14,5
C. 2,35

d. 2,34

Under normal operating conditions, whep an aircraft ia in a banked turn, the rate-
of-turn Indicator is a valuable gyroscopic flight control instrument ; when it is
sssociated with an attitude indicator it indlcates?

L. The anguiar velocity of the aircraft about the yaw axis.

3 The bank of the aircraft.

3 The direction of the aircraft turn.

4. The angular velocity of the ajrcraft about the reat vertieat.

The combination of correct statements Is?



4
The diagram representing » ieft turn with insuffictent rodder is?

. .
1 2
‘ ‘

o

€.
d.

“

&g
[ ™

GYRO 2§,
The gimbal ervor of the directionat gyro ia due to the effect of?

" A bagk or pitch attitude of the aircraft.

b. An apparent weight and an apparent vertical.

. Too slow precession on the horlzoutal glmbal ring.
d. The alreraft's track over the earth

The pendulum type detector system of the directional gyro feeds?

a, A torgue motor on the sensitive axls.

b. Z tarque motors arranged borizontally.

<. A jeveling erection torgue motor,

d, A nozzle integral with the outer gimbal ring.

The directional gyro axls spins sbout the local vertical by 15%hour?

A In the latitude 30°.
b. In the latitude 45°,
. On the equator.

d.  Onthe North pole. 3 4
. [ R 2.
b. 3,
Compared with » conventional gyro, 2 laser Dre? e 4.
d. L

A Consumes a lot of power.
b. Has n longer life cycle.,
c. Is influenced by temperature.

d Has & fairly loug starting cycle. A turs indicator is an instrument which indicates rate of turn. Rate of turn

depends upon:

1. Bauk angle.

b8 Aeroplane speed,
3 Aeroplane weight.

The combiostiom regrouping the correct statements is?




A 1,2, and 3.
b, ! and 2,
<. i and 3.
d. 2and 3,

Sar

During &n acceleration phase at constant attitude, the resetting principie of the
artifictat horizon results in the horlzon bar indicating a?

MNose-downt attitude,

Constant attitude.

Nose-down fallowed by a nose-up attitede,
Nose-up attitude.

an o

Heading information given by a gyre platform, is given by a gyro at?

a, 1 degrees-of-freedom im the vertical axis. f
b. ! degree-of-freedom in the hortzontal axis, !
e, I degree~ci-freedom In the vertical axis, ;
d. 2 degrees—of-freedom in the horizontal axis.
GYRQ 44. { !-

Among the systematic errors of the “directional gyro™, the errar due to the earth
rotatlon make the narth reference turn in the horizontai plane. At a mean latitude
of 457 N, this reference turns by?

GYRO 46,

. L5%hour to the right. The heading read on the diad of a directional g¥ro is subject to errors, one of which
b. 7.5%hour to the right. is due to the movement of the aircraft. This error?
e 7.5%hour ta the left.
d. 10.5%hour to the right. a. Is at its greatest value when the aireraft follows a meridional track.
b. Shows itsell by an apparent rotation of the horizontal axis of the Lyroscope
which seems to turn at }15° per hour to the right in the northern hemisphere.
GYRO 45 e Is dependeat on the ground speed of the aircraft, its true track and the
The diagram which shows a 40° Left bank and 15° nose down attitede is? average latitude of the fight.
d. Is, in spite af this, insignificant and may be neglected.
a. 1.
b. 1.
e k3 GYRG 47,
d. 4. A gravity erector system is used to correct the errors on?

Artificial horizon.

A directional gvro.

c. A turn indicator.

4, A gyra-magnetic compass,

FE
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GYRO 48,
The maximum divechonal gyro error due to the ¢arth rotation is?

R 1RO/ hour.
h. 5%hour.
c. 1 5°/haur,
d. 490° /hour.
GY RO 49,

A directional gyro 1s:

! A gyroscope free around two axis.

2 A gyroscope (ree around ane axis.

kR Capable of sel-orientation around an ¢arth-tied direction,
4 Incapable of self-ortentation around an earth-tied direction.

The combination which regroups all of the correct statements is?
a. 1, 4.

b. 2. 4.
c. 1,3
d 1,3
GYRO 56

For an aircraft flying a irue track of 360° between the 005° S and 005° N paraliels,
the precessiom ecror of the directional gyro due to apparent drift is equal to?

. Depends only on the aircraft’s ground speed.

b, 0°/hour.

c. +5%hour.

d. -5%hour.

GYRO 51,

What is the maximum gyre drift rate that can be caused by earth rotation?
A, 5° per hour.

b. 15" per hour.

e 2° per heur.

d 90° per hour.

GYRC) 52,

A DGl has ....... degrees of freedom and a ...... spin axis?
. | vertical,

b. 1 horizontal.

[ 3 harizonizal,

d. 2 vertlcal,

" ‘Which tnstrument uses a vertical gyroscepe fitted with a gravity erection device?

5. Artifictal horizon.
DGL

' Turn indicator.
Rate gyro.

GYRQ 54,
Integrating gyroscopes are used?

1. Auntitnde Indicators.
1nertial attitude onits,
3. Rate of turn Indicators.
4. Inertial navigation platformas.

‘% Autopilota.

A Jand 4
b. 4 and 5.
e 2,},and §.
d 2and4.

How many degrees of freedom and what spin axls will a two axis gyro measuring
vertical changes use?

1. 1 Vertical.
b 2 Lateral.
e 2  Longitudinal
d. 1 Vertical.

- GXRO 36,
The properties that are peculiar to a gyroacope are?

lo' lnm

2. Precession,

3 Rigidity.

4, Angular mementum.
. 1and 2.

b. 1and 4.

[N 1L 3and 4

d. 2and d.

13



GYRO 87,

Rigidity Incresses with?

a. Increasing RPM, and concentrating mass close to the centre,
b. increasing RPM and concentrating maas at the periphery.
<. Decreasing RPM and radius.

d.

Incrensing RPM and spin axis length.

GYRO 58,
A gravity erection device would be used on?

& ¥SI.

b, DGl

¢, Artificial horizon.

4. TFurn and slip Indicator.

The ysw damper system, uses s ...... ©yTo and produces rudder Inputs
proportional to ........ n?

a. Horizontat rate YAW rate,
b. Vertical rate yaw and roll.
e Horizontal displacement yAWw rate.
d. Vertical displacement rall rate.

Fo obtain hesding information a gyro-stabilised platform requires?

a. A horizontal axis and one degree of freedom.
b. A vertical axis and two degrees of freedom.
<. A jaters] sxins and two degrees of freedom.

d. A vertical axis sud one degree of freedom.

GYRO 61,
What will be the 2
from 05° S to 05° N.

a, 10° per howr.
b.  15° per howr,
[N Zero.

d.  120° per hour.

ti4

pparent wander on gyroscope when flying on a northeriy track

The number of degrees of freedom of a gyro is?

One more than the number of gimbals.

a
b. The ssme a3 the number of gimbais.
' One less than the number of gimbals.
d. Not related to the number of gimbals.
A directional gyre requires?

tal spim axis.
A One glmbal, one degree of freedows and & borizon
b. Twe gimbals, two degrees of freedom and a harizontal spin axis,
) Three gimbals, three degrees of freedom and = Interal spin axis,
d. Oue gimbal, one degree of freedom and a vertical spin axis.

What type of gyre has a horizontal spin axis and one degree of freedom?

&, Rate gyro.

b. Displacement gyro.

« Raie integrating gyro.

d. Space gyro.

GYRO ¢5.

The properties of a gyre are?

I. Mass.

p Rigidity in space.

3. Inerta.

4, Precession.

s Rigidity with reference to the earth.

L R 11,34

b. 1,3,4,5.

c. 1,2,3,8

d 1,3, 4,8

GYRO 66,

Gyro rigidity improves with?

A Increasing RPM, mass and radial displacement of mass.

b. Tncressing RPM snd msas but decreasing radial displacement of mass.
c Decreasing RPM but increasing mass snd radial displacement of mass.
4 Decreasing RPM and mass but increasing radisi displacement of mass.



CYRO 6T
‘The dither motor in a ring laser gyroscope

a. Stahilises the frequency or the laser source.
h, Prevents laser tock.

C. Prevents or minimises transport wander.
ik Increases accurncy at all rotation rates.
YR 68,

When viewed from above a2 gyro is seen (o rotate on & vertical spin axis, as
iltustrated in the diagram. If a force tends to push the right side downwards?

Front
a, It will tilt upwards at the front. o
b. Lt will tilt upwards at the left. e ™,
c. 1t will tilt upwards at the right. Left ,/ Right
& bt will ik upwards at the back, { @]

' Iys
View from sbﬁv}'\___///p/ Rotation
Back

GYRO) 69,

A 2 axis gvro mensuring vertical changes witl have?

One degree of freedom,
Two degrees of freedom,
Yertical axis,

Harizontal axls.

o e =

Il
Fd bd e omm
Lol

GYRO 70.
‘The properties unique to a gyro inctude?

t. Mass.

2. Tnertia.

3 Rigidity.
4. Precession.
5.

Rotational velocity,

THé

a, 1, .

b. 2,3

e 3. 4.

d. All of the above,
GYRO 7L,

Fhe gyro in a DG has.

I One degree of freedom.
2, Two degrees of freedom.
3. Vertical axls.

4. Horizontal axis.

a. 1.3

b. 1, 4

€. 2,3

d. 2,4

GYRO 72.

The gyro in a vertical reference data generator has?

L. One degree of freedom.
2. Two degrees of freedom.
3 Vertical axls,

i+, Harizontal axis.

N L, 3

b. i, 4

. 13,

d. 2,4,

GYRO 73.

The purpose of the torque motor in & gyro stzbilised magnetic compass is to?

a. Move the selsyn stator to calibrate the compass.

b. Remove flux valve errors.

€. Precess the directional gyro.

d. Align the heading pointer with true heading prior to flight.
GYRO 74,

Where would a rate integrating gyro be used?

Rate of turn Indicator.
Antopilot.

Inertial navigation unit.
Inertial attitude reference unit.

o

17



N

At a stabiliser for an instrument or inertial platform.

1 2.
2,3
A, 4.
4,5

ar Tk

GYRO 73,
DGI errors are caused by?

Mechanical lmperfeciions.
Earth rate.

Transport wander,

Banking when pitching.
Anpunl migration of the poles.

bt b

’

All of the above.
1,2,M4

343, 4.8

34,5

anrae

GYRO 76,
To lndicate true heading, the gyros in a gyro stabilised platform require?

1. Ore degree of Ireedom.
2. Two degrees of freedom.
LN Vertical axis.

4. Horizontal axis,

a, | O
b. 1, 4.
€. 1,3
d. 1. 4.

A gravity crector system ls used to correct errors (n?

8. A ROT Indieator.

b. A DGL

¢ An artificlal horizon,
d. An Inertial pistform.

1113

What error is caused by movement of the gyro relative to the earth in a DGI?

Treansport wander.
Earth rate.

Real wander.

Loagitude latitude crror.

GYRO 72,
The gyre in an artificial horizon requires.

P

R

One degree of freedom.
Two degrees of freedom.
Vertical axls.
Horlzontal axis,

e

PR
s

3

b b e

GYRO 80,
Gyroscope righdity Is Increased by ....... RPM snd concentrating the mass at the

. Of the rotor?

N Increasing  bub.

b. Incressing rim.

'3 Decreasing  hub.

4 Decreasing rim.

GYRO 81,

Which instrument employs a gravity erecting device on i3 gyro?
a. ASL

b. Directional gyro anit.

') Turn Indicator.

d. Artiftcial borizon.

GYRO 82,
A gyro with one degree of freedom is used in a?

Staved gyro compass.,
Directional gyro unit.
Turn indicator.
Artificlal horizon.

119



Transport wander when flying east at 400 Kts 2t 45 degrees novth is?

2 £.67 per hour.
b.  6.67° per hour,
¢ 767 per hour.
d. 8.67" per hour.

Transport wander when flylng esst at 30¢ Kis st 40 degrees south is?

%.  -4.2%per hour.
b. -5.2%per hour.
e 6.2"per hour.
d. 7.2%per hour.

Transport wander when flying west at 300 Kts at 15 degreed south ia?

a.  -2.33" per hour.
b.  -3.34° per hour.
c 2.33* per hour,

d. 134" per hour.

GYRO 36,
Transport wander when flying west at 300 Kis at 15 degrees north is?

. 1.33" per hour.
b.  3.34° per bour,
€. -2.33° per hour.
d. -3.34° per hour.

GYRO §7,
Earth rate at 25 degrees south Ia?

& 13.59* per hour.
b. 634" per hour.
€. -13.49" per hour.
d.  -6.34° per hour.

120

Earth rate at 45 degrees north is?

. -13.59° per hour.
b. -10.61° per hour.
3 13.59° per hour.
d 10.61° per bour.

Earth rate at the equator is?

'R Zero.

b. I5* per hour.
& -15 ‘per hour
d. 6.34" per hour.

ATTITUDE L
How many degrees of freedom and what is the spin sxis of zn attitude indlcator?

Local earth verticsl
Alrcraft lateral azis
Afrereaft horizontal axis
alrcraft longltudinal axis

pogr

two degrees of freedom.
twa degrees of freedom.
one degree of freedom.
three degrees of freedom.

ATTITUDE 2,
What would be the indication on an attitude indicator in 2 right turn?

1 Clizh due to penduious vanes.
b. No ctimb.
< Descent due to pendulous vanes.

d. Correct pitch and bank at all times.

AITITUDE D,
What will & classle artificial horizon indicate when turning through 90 degrees at

constant attitude and bank angle?

& Correct bank aogle and atiltude.

b. Teo much bank sud too much nose up attitude.
< Too little bank and too little nose up attitude.
d. Toa little bank and too much nose up attitude.

12t



ATTITUDE 4.
An Al has?

One degree of freedom and 2 tateral apin axis.
Twao degrees of freedom and a verticsl spin axis,
Two degrees of freedom and a harizontal spin sxls.
One degree of frecdom and & vertical spin sxis.

s e

i-low will & basic Al respond If ao aircraft performs » 270 degree turn at constant
bank angle and ROT?

8 Noge up and bank.

b. Nose down and bank.

c. Nase levef and banko

d Correct bank and pitch,

ATTITUDE 6.
Alrcraft attitude s indicated on?

. EICAS/ECAM primary dispiay.
b. EF1S ND.

c. EF15 PFD.

d. All of the above.

When furning through 90° at constant AOB snd pitch attitude, what wilt a ciassic
artificial korizon indicate?

. Too much nose up and too little bank angle.
b. Too much nose up and too much bank angle.
<. Too little nose up and too little hank angle.
d. Toe little nose up snd too much bank angie.
ATTITUDE 8.

When turning through 270° at constant AOB and pitch sttitude, what will a classic
artficial korizen indicate?

Too much nose up and too Hitle bank angle.
Toe much noze up and too much bank angle.
Toa little nose up and too litthe bank angle.
Too little nose up and too much bank angle.

an o

ATTITUDE 9,
An artificial horizon has?

Twao degrees of freedom and a vertical spin axls,

A

b. Two degrees of freedom and a longltudinal spin axis.
e Two degrees of freedom and » lateral spin sxis.

d. No degrees of freedom because it ls earth tied.
ATTITUDE 1¢.

The latitude nut .......... . ag artificlal borizon?

1 ¥ Compensates for transport error.
b, is not fitted to.

[ A Compensates for latitude error,

d. Compensates for earth rate errors.

ATTITURE 11.
The gravity sensing unlt in an artificial horizon Is used to?

E N Prevent tilting of the gyro.

b, Prevent precession of the gyro.
< Erect the gyro.

d. Pravide signals to the autopilot.

ATTITUDE 12.
Classic artificial korizon indications turning through 180° at constant AOB?

R Nose up and AOB too low,

b. Nose up and AOB too high.

[ X Nose up and correct AOB.

d. Pitch aititude and AOB correct.

ATTITUDE 13,

An artificis! horizon bas..... degrees of freedom in the ........ sxis?
'8 Two vertical.

b. Two horizontal.

c. One vertical,

d. One harizontal.
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P
A turn indicator used ln conjunction with an sttitude indicator will show?

14
Which or the following properties are possessed by a standby artificial horizon?

i Independent power supply. i. Turn directlon.
i Integral gyro. 2. Rate of turu.
3 Remote (external) gyro. 3, Angular veloclty about the true vertical axis.
4. Used only in emergencies. 4. Angular velocity about the atrcraft vertical axis.
5. At least one per pilot in JAR 25 alrcraft. X, Angular velocity about the longitudinal axis.
2. | N 2. 1, 2.
b. 2,3 b. 1,3
<. 34 c. 11,4
d. 4, 8. d. 2, 3,5
T
If an aircraft turns through 270° at a constant rate of turn and AOB, the ROT indications are?
indications on lts classic artificial horizon will be?
¥ Proportional to TAS.
a, Bank left nose up. b. Proportional to CAS.
b Bank right nose up. c. Proportional ta mass.
< Wings ievel nose up. d. Propertional to EAS.
d. AOB and pitch attitude corvect.
. A turn indlcator has?
The ball In » serviceable slip indicator is .......... BY (ecianenn cand ... ... Indicate/s
the state of slip? i A hortzontal spin axis.
2 A vertical spin axis.
a, Held central Gravity Does not always. 3 One degree of freedom.
b, Positioned Acceleration Does not always. 4, Two degrees of freedom.
. Held central Gravity Always. s, A spin axis tied to the yawing plane of the aircraft.
d. Puositioned Acceleration Alwsys, 6 A gravity erecting unlt,
A 1, .
TURN/SLIP 2. b L5
The turn indicator is affected by? < 3,8,
d. 4, 6.
1. AOB,
1, Alrspeed.
3. Weighe TURN/SLIP 6.
4, Ailtttnde. When both the needle and ball of & turn and slip indlcator are dispiaced to the
right the aircraft ls?
a, 1, %
b. 2,1 2. Turning right with insufficient bank.
< 14 b. Turnlng right with tee much bank.
d. 4, 5. <. Turring left with toe much bank.

d. TFurning left with insufficlent bank.

il §2%




JURN/SLIP 7,
When both the needle and ball of n turn and stip indicator sre displaced to the
right the streraft bb?

z. Turning right with toe much TAS.
b. Turning right with iasufficient TAS,
< Turning left with tos muck TAS,

d. Turning Jeft with Insufficient TAS.

TURNGLIE S,
When the needle is displaced right and the ball dispiaced left, in » turn aad slip
indicator, the aircraft is?

Turning right with insufficient bank.
Turning left with oo much bank.
Tarning beft with insufficient TAS.
Turning right witk toe much bank.

ey

The turn needle indicates ...... In » slightly banked turn?

% Angular velocity sbeut the vertical axis.

b. Anguiar acceieration abeut the vertical axis.
<. Angular velocity about the Inters) axis.

d. Yaw displacemeat.

TJURN/SLIE 19,
A rate 1 turm at 120 kis requires?

1" AOB.
20’ AOB.
30* AOB.
4%° AOB.

argp

TURNSLIP 1L
The correct turn and slip indications when turning right on the ground are?

Needle and balt right.
Needle and bail left.
Needio right and ball left.
Needie left and ball right.

Lo ol
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ROT Indications depend on?

Alrspeed.
Ma.
AOB.

Sk

L2
3,3
L3
1,23

vl

For & rate otte tura at 150 Kts the AOB maust be?

12"
33,
44,
55,

pe ey

TURN/SLEF 14,

redder to
Follawing a left cngine fallure the phiot of & multh-engine alrcraft uses
nrmttleyaw,whlbtsldnﬂppiuduwltrulwhldnwlnplddwbym
ailerons. What will the turn sud slip ladicator show in this condition.

'Y Poth acodle and ball central.
b.  Both needie and ball right.
< Both needle and bal left.
d.  Needle left and baBi right.

Following a left engine faillure the pilot of # multi-engine aircraft uses rudder to
wmwmmu:mRumwmmmmwmm
What will the turm and slip indicator show?

. Both needie and ball ceatral.
b.  Both oeedle and ball right.
€ Both peedle and bal left.

d Needle central and ball right.
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TURN/SLIP 16,

What will be the immediate turn and siip indications when 2 left engine fails in
climbing flight.

a, Needie and ball left.

b, Needle and ball right.

c. Needle left and ball right.
d. Needle right and ball left.

T

TURN/SLIP 1T,
What does it indicate if both the needle and ball in a turn and slip indicator move
out to the righu?

a. Turning right with too much bank.
b Turning right with teo Little bank.
c Turning left with toe much bank.
d. Turniog left with too Little bank.

When turnlng at constant bank angle the rate of turn la?

a. Determined by weight and TAS.
b. Deterntined by welgbt.

. Determined by TAS.

d. Determined only by AofA.

"l' .
A turn indlcator used In conjunction with an attitude indicater can show?

1. TAS In a turn.
1 Direction of tarn.
3 Angular velocity about the vertical axis of the aircraft.
4. Angular velocity aboat the true vertical axis.
a l,2
b. 1,3
[ P
d. ) 4.
V
What factors affect the turn indlcater?
1. AofA.
2 AOB,
3 TAS.
4, Welght.

5. L
b. 1,
e 2,3
d. 3, 4.

What sre the essential properties of a turn indicator?

1. Two degrees of freedom.
2. One degree of freedom.
3 Horizontsl spin axis.

4. Vertical spin axts.

£ Longitudinal spin axls.

2

.3
4.
5

—
-
ks

ep P
b T bt

L]
y e

What angle of bank would give a rate § turn &t 120 Kta?

a 10 degrees.
b. 14 degrees.
¢ 18 degrees.
d. 22 degrees.

TURN/SLIP 23,
What does it indicate when the turn needle is out to the left and the ball out to the
right?

a Right turn with toe much banlk.
b. Right turn with too little bask.
' Left turn with to0 muoch bank.
d. Left turn with too litile bank.

TURN/SLIF 24,
What should s turt and slip indicator show lo a right turn an the groumd?

N Needle left and ball left.

b. Needle left and ball right.
c. Needle right and bali left.
d. Needle right and ball right.



TURN/SLIP 23,
What will the turn needle indicate In s slightly banked lurg?

. Yaw rate.

b. RoH rate.

<. Pltch rarse.

d. Angular velocity about tive vertical axis.

TURN/SLLP 26,
What corrective action bs required if the batl fs out to the right in a jeft rura?

.. Mare right ruder.
b. More left rudder.
<. More right bank,
d. More ieft bank.

If both the ball and needle are out to the feft in a turn, the bail can be centralised
by?

2. Pushing the right rudder bar forward.
b. increasing left bank.

<. Decrensing TAS,

d. increasing TAS.

How should the turn and dip Indicator respond in a right turn when taxilng?

Needle left and batl left,

Needle left and bail right.
Needle right aud bal) right.
Neadle right and bail left.

pr e

TURN/SLIP 29.
For a coordinated rate 1 right turn st 258 Kts TAS, the correct AOB is
approximatety?

[N 32 degrees.
b, 11 degrees.
3 16 degrees.
d. 15 degreen.

130
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TURN/SLIP 30,
For a coordlaated 308 Kts TAS rate | right turn the AOB should be?

i 17 degrm
b. 27 degrees,
' 37 degrees.

d. 47 degrees.

TURNSLIF 31,
For s coordinated rate 1 left turn st an AOB of 27 degrees, the TAS should be?

. 00 Kt
b. 250 kty.
A 170 K
& 300 Ktn

TURN/SLIF 32,
The gyre i a turn indicator mast have ...... gimbal and ....... degrees of freedom?

A Oue ane,
b Two one.
t. Two two.
d. Three two.

TURN/SLIF 33,
If the twra indicator needie Is aut to the right and the ball is out to the ieft, it
indicates?

[ A beft turn with 100 much bank.
b. A left turn with too little bank.
' A right turn with too much baak.
d. A right tera with teo litthe bank.

JURN/SLIP 34,
What angle of bank Is required to conduct & balsnced rate | turn ln an sircraft at
125 kts TAS at a mass of 55009 Kg?

'S 15.5 degrees,
b. 17.5 degrees.
<. 19.5 degrees.
L3 11.5 degreas,
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if the mans of the alrcraft in question 34 above, was decreased to 45000 Kg?

It wouid increase the required AOB.

It would decrease the required AOB.

£ would not affect the required AOB, but less power would be required.
it would not affect the required AOB but more pawer would be required.

0 aTe

RN/S
The correct indications when taxiing to the left are?

2 Needle right. ball right.
b. Meedle right, ball centre,
c. Needle left, ball left
d. Needle left, ball right.
TURN/SLIP 37.
If the turn and stip indicator shows needle ieft and ball left in a banked turn, the
alreraft Is .......... and the required cerrective sction s .......7
a Skidding push ieft pedal forward.
b. Skiddlog push right pedal forward.
€. Silipping push left pedai forward.
d. Slipping push right pedal forward.
/SLL
If the turn 2nd stip indicator shows needle left and bait right in a banked turn, the
alreraftis ..o and the required corvective actionis .......7
a. Skidding push lefe pedal forward.
b. Skidding push rigbt pedal forward
3 Slipping push left pedal forward.
d. Slipping push right pedal forward.

TURN/SLAR 39,
If the turn and slip indlcator shows needle right and ball right in & banked turm,

the sircraftis .......... and the required corrective action s .......7
. Skidding push left pedai forward.

b. Skidding push right pedal forward.

<. Slipping pash left pedal forward.

d. Stipping push right pedal forward,

If the turn and siip indicatar shows needle right and hali left in 2 banked turn, the

airersftis .......... and the required corrective actton s ....... 3
a0 Skidding push left pedal forward.
b Skidding push right pedal forwsrd.
. Slipping push left pedal forward.
4. Slipping push right pedal forward.
INSARS(FMS L

What Is the Schuler period?

N 48 minutes.

b. 84 seconds.

c 18 seconds.

d. 84 minutes.

INVIRSFMS 2,
To obtain heading information from a gyro-stabillsed platform, the gyros shouvld
be?

1 degree of freedom and a horizontad azis-
1 degrees of freedom and & vertical axis.

2 degree of freedom and a horizontai axis.
2 degree of freedom and x vertical axh.

BEo T

While Inertial platform system is operating on board an aircraft, It is necessary to
use a device with the following characteristics, in order to keep the vertical fine
with the pendulons system?

o With damping snd s period of about 84 minutes.
b. With damping and & period of sbout 84 seconds.
e Without damping and » periad of abeut 54 minutes.
d. Without damping and a period of about 84 seconds.

INSARS/FMS 4
Headlng information given by a gyro platferm iz given by a gyro with?

N 3 degrees of freedom in the vertical axis,
b, 3 degrees of freedom in the horizontal axis.
< 2 degrees of freedont in the vertical stis.
d. 1 degrees of freedont n the horizontal axls.

13



INS/IRS/EMS &,
I'he amber ALERT light an an NS contrel and display unit?

1lluminates steadlly for 2 minutes before reaching the next waypoint.

b. Flashes for 2 minutes before reaching the next waypoint.

<. Illuminates if pawer from the sircraft bus bar has been lost and the system
is sperating on standby battery.

d. Hluminates steadily after passing a waypoint in manuai mede, untll the next

leg Is programmed in.

INS/IRSFMS 6.
At the second state of integration E/W speed Is coaverted into £/ distance gone.
Ta coovert this departure lute change of longitude it has to?

a, Be divided by the secaat of latitude.

b. Be multiplled by the secant of latitode,
c. Be divided by the iangent of latitude.
d. Be multiplied by the Cosine of latitude.
INS/IRS/FMS 7.

An FNS with the sccelerometers aligned NiS and E/W Is limited to use at lztitudes
below about 82", Thix Is because?

& It loses horizontal reference as dip becomes Jarge.

b. A1 high speed on East or West tracks the rate of convergency is faster than
(he azimuth motor can correct.

c. The functions of secant latitude and tangent latitude vsed In certaln

corrections In the computer start to apprasch infinicy and the computer
cannot haudie the rapld changes lnvoived.

d. The correction Tor the corlalis effect of the earth rotation approaches
infinity above 82° latitude.

INS/IRSYFMS §.
The disgram below shows a gyro-stabllised piatform. 1 isa ... gyro gimbal and 1
isa...... gimbal?

fall  Pitch.
Pitch Roll.
Roll  Yaw.
Pitch  Roil.

R FR
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o INS/ARS/EMS 9.
L : 'Fh:}:erticai reference unit of a three axis data generator is equipped with 1 gyro
with?
a. 1 degree of freedom and a hortzontal spin axis.
h. 1 degree of freedom and a vertical spin axis.
L. 2 degrecs of freedom and a horvizontsl spin arls.
d. 2 degrees of freedom and a vertical spin axis.

LyS/ARSEMS [,

:' VWith reference to lnerttal Navigation Systems, the functions of the integrator are?
- . 1. At the second stage integration to suppress unbounded errors {when in nav
E mode).
1 At the first stage of integration to convert accelerations with respect to time,
into speed, (when in nav mode).
3 At the second stage of integration to convert speed with respect to time, into
distunce gone, {when in pay mode).
4. To align the platform (whea in level and align modes).
* a. Al of the above statements are correct.
o b Onby statements 2, 3 and 4 are correct,
3 ¢, Only statements 1, 2 and 3, are correct,
¥ d. Omly statements 2 and 3 are correct.
¥ |




INS/ARS/IFMS 11,
Ring laser gyros use dither motors to?

&, Reduce random wander,

k. Prevent unbounded errors.

c. Level and align the gyros.

d. Prevent lock n af the laser beams.

INS/IRS/FMS 12,
The product of the first integration of the E/W acceleration sensed by an iNS
system [s7?

Departure.

Speed along the local parsilel.
Speed along the locai herizontal.
Distance.

ar

INS/ERS/FMS 13,
Why is an NS platform virtually unusable at very high latitudes?

. The value of the earth rate affecting the E/W accelerometer Is a component
dependent on the sine lat. At high latitudes this component Is nearly zero
and makes alignment to true north vietually impossibie.

b. The value of the exrth rate affecting the E/'W accelerometer is a component
dependent on the sine Jat. At high Iatitudes this compenent is neariy zero
and makes alignment to true magnetic virtually Impossibie.

. The value of the earth rate affecting the E/'W accelerometer is a component
dependent on the cosine lat. At high latitudes this component is nearly zere
and makes alignment to magnetic north virtually impoasible,

d. The value of the earth rate affecting the EfW accelerometer is a componeat
dependent on the cosine lat. At high latitudes this corsponent is neariy zero
and makes slignment to true north virtually impossible.

INS/ARS/FMS 14,
A longitude error In an INS will cause:

A failure to aligo.

Poor atignment and degraded accuracy.

Will be corrected for once the E/W accelerometer has aligned ¢o true north.
Will cause no problems at aii.

ange
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INS/IRS/FMS 13,
When wsing an INS piatform corfolis affecta?

P The N/S accelerometer,
b. The E/W accelerometer.
e Both 2, and b,

d Neither a, nor b,

JNSARS/FMS 16,
The tirory of an INS fall into three categories?

Bounded, unbounded and velocity.
Coriolis, unbounded and inherent.
Bounded, uobounded and inberent.
Bounded, unbounded and accelerometer.

pope

INSARS/FMS 17,
The fundamental difference between INS and IRS is that?

a.  TheINSis a strap dows system with 2 accelerometers mounted a¢ 9@' 0

each other,

b.  The RS Is a strap down system with 3 accelerometers mounted at 90° to
each other. _ .

. The INS is & sirap down system with 3 accelerometers mounted at 90" to
ench other. ' ' )

d. The IRS s 2 atrap down system with 3 accelerameters mounted st 9¢° 1o
each other. :

INSARSEMS 18,

The position accuracy of s RLG INS is? v

A 1 nm/hr.

b, 2 nm/hr.

d 10 nea'ber.

INSARS/FMS 19, .
The coutrol and display unit of an Inertal na?;ﬂon system Indicates s position of
4810.9°N 00812.2°W on a ramyp position 4807.5'N 00005.1°E. What Is the radial
etvor rate of the system if I¢ has been in NAY mode for 8 kours 20 minutes?

s 137 Kav/lr,
b. 1,37 Nm/hr.
€ t1.42 Nm/br,
d 14.3 Nm/br.
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:: afn INS 2 TAS Input is? Laser gyros are used in an IRS. Why must accurate tatitude and longitude be
inserted?

Not required.

Required for polar navigation.
Required for great circle navigation.

Reguired in order to provide a wind velocity read out.

2. To determine magnetic north.

b. To check the function of (the laser gyros.
< To determine the compwuted trihedron.
4. Tocompensate for alreraft movement.

[

INS/IRS/FMS 21,
I ? INS/IRSEMS 26,
In ap INS which s Schuler tuned, the largest unbounded errory are e i cavity s n RLG s with which combiaation of gasses?

a. Due to the output of the flrst stage integrators.
b. Due to the rea) wander of the platform gyroscopes. a. Helium and argon.
<. Due to accelerometer errors. b. Hydrogen aod neon,
d.  Track errors due to {nitial platforo misalignment. ¢.  Hellum sed neon.
d. Hydrogen and argon.
N

During lnitalisation of an INS the aircraft must not be moved uniil? INSARS/FMS 27,

Alignment of a RLG INS takes?
The ramp position has been inserted and checked.

The platform is levelled.

The gyroa and the accelerometers are all in the NULL position.

The greem READY NAY light ls lluminated and the mode selector switch
has been set to the NAV position.

s Less than 10 minutes.
b. H} to 15 migutes.

¢ 15 to 20 minutes.

d. 84.4 minutes.

poFe

INSARNEMS 13, INSIRYEMS 28,
An INS in the ALIGN mode will? In an INS the gyros should ..... be strap down. o an IRS the gyros sheald .... be

sivapped down?

2. Not sccept an error on 10° Intitude and 10* longitude of the inserted initial

posidon. A nlways never.

. Accept an error of 10° incitude and 10° of longitude of the inserted position. b, always always.

c. Accept ag error of 10° latitude but not an error of 10" longitude of the € never always,

inserted initial position. d. never never.
d.  Accept an error of 1¢* longitude but not one of 19" of Iatitude in the inserted

inittal position.

INS/IRS/FMS 29,

1 order to align s strap-down inertial unit, it is required to insert the local
INS/ARS/FMS 24, geographical coordinates. This Is necessary to?
An TRS with izser gyroa should (i)....... be Schuler tuned, snd (if)..... be strapped
down? ( EE Position the computing trihedron with reference to the earth.

Check operation of the laser gyros.

anws

R il) always (il alweys. Determine magaetic or true heading.
b, {1) nbways () never. Re-crect laser gyros.

€. (i) never (Ui always.

d. i never (il) mever,
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INSARKFMS 30,
When Initial position is put Inte an INS system?

a 1¢ rejects inldal iatitude or longitude errors.
b, It rejects initial longitude ervors, but will accept latitude errors.
c. 1¢ rejects initial latttude errors, but sccepts inithat longitude errors.
d. Lt accepts both longitude and latltude errors.
N

[RS is difTerent from INS in that 1t?

a, its stirapped down accelerometers are not rotated with the sircraft and
hence do pot suffer schuler ervors,

1t requires no corrections for central sccelerations or cortolis effects.
it suffers tnser bock but spins up faster,

d. it is not affected by vertical accelerstions due to gravity, but it requires »

oo

longer spin-up time.
i
An FMS database Is valid for?
a. 7 days.
b. 18 days.
c, 56 days.

d. it depends upon operational ares.

In an TRS system?

Both the platform and acceierometers are strapped down.
Both the platform and acceicrometers are gyro-stabilised,
The platform is strapped down but the accelerometers are gyro-stabilised.
The platform s gyro-stabilised but the accelerometers are strapped down.

argFe

The JAR 13 standard colour for an FMS active planoed route [y?

a, Cyan.

b. Magenta.
€. Red.

d. White.

(211

The sequences for switching on INS is?

s Off, Standby, Align, Nav.
b. Off, Align, Standby, Nav.
c. Off, On, Align, Standby.
d. Off, Align, On, Standby.

INSARS/FMS 36
The corcect latitnde must be put into INS?

Becsuse it cannot detect initlal Intitude.

Becxuse it cannot detect latitude changes.

Because small iatltude ervors will not be detected but will cause unbounded
errors during the subsequent fiight.

d. Large Iatitude errors will be undetected but cause iarge ervors during the
subsequent flight.

rEw

INS/ARS/FMS 37,
During initisl alignment the IRS must be given coordinates to?

a, Establish true magnetic north.

b. Test the accarscy and servicesbility of the laser ring gyros.
¢ Establish the trihedron with reference to the earth.

d. Input initial beading information.

INS/RSFMS 38.
The schuler period Is?

a 12 minutes.
b. 20 minutes.
<. 34 minutes.
d. 98 minunies.

INSARS/EMS 39,
The inputs to the FMS include?

Power pland data.

data computer informatior.
onb P Operating data.

Route dats.
Radio aids information.

bl b
o

1,2,3,4,5
1, 31 4, 5.
2,3, 4,5.
1,2,3,4.

F

an o
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4
The selection on an TRS mode paret are used in ¢the foliowing order?

OFF STBRY ALIGN ATT  NAV.
OFF ALIGN  STBY NAY ATT,
OFF ALIGN  STBY ATT NAV
OFF STBY ALIGN NAVY ATT.

an e

INSIRSEMS 41,
What Is the flrst page on an FMS CDU?

n. INDEX.

b. IDENT.

c. TAKE-OFF.
d. PRE-START.

INSTRYFMS 42,
Setting zero cost index on an FMS gives?

e Best range.

b. Best time,

c. Best endarance.
d. Lowest total costa.

I
Valid FMS CDUf waypoint entries inclade?

Runway nomber.
Navaid imitations.
Alrport ICACQ identfler.
Navaid identdfler.
Waypaint name.
Country code.

S

L1L)4
LA 4,8
1,4, 85,6
1,3 4,6

anpwe
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L
2.
3
4.
5.

o FR

INSARSFMS 44,
Where would a rate integrating gyro be used?

Turn and slip indicators.
Servo stabiliser mechanisms.
Autopilots.

Inertisl attitude units.
fnertial navigadon units.

b
FRtA b
-

dn T I
2
b g b

kotegraton of a yaw rate signal?

a. Glves beading,
b. Gives yaw dispiacement.
e Gives yaw accelerstion rate.
d. Gives track,
INS/IRS/FM
The schuler period is?
A 1 ascilatdiop In azimuth.
b. 22 minutes.
c. 66 minutes.
d. 84 minutes.

F 47

Why ls the Inertial strapdown uait in an IRS programmed with coordinates during
aftgement?

a
b.
¢,
d.

Fo compensate for earth rotation errors,

To establish the tribedron with reference to the earch.
To functionally test the ring laser gyroscopes.

To establish magnetic north and true north.
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INS/IRS/FMS 48,
Ohbtaining heading Information from a gyro stabilised piatform requires s gyro
with?

a. Two degrees of freedom and a2 vertical spin axis.

b. Twao degrees of freedom and & horizontal spin axis.
¢ One degree of freedom and a vertical spin axls,

d One degree of freedom and a horizontal spin axis.

When an IRS Iy first switched on it must be aligned in order to?

a. Establish true and magnetic north.
b, Establish Iatitude,

e Calculate the computed triehedros.
d. . Warm up the gyroscopes,

INS/IR

The Inpnts to an FMS include?

I Operating data.

2, Terminal data,

LN Alr dpia.

4. Route data,

5, Engine data.

[ Radio aids data.

a. L334

b. 2,348

c. 34,546

d. All of the above.

INS/IRS/FMS 51,

Which of the foilowing is closest to the schuler period?

2, 48 seconds.
b. 84 seconds.
c. 48 minutes.
d. 84 minutes.

MS 52
Modern systems employ ring laser gyros because they offer?
& More rapid run up.
b, More rapid alignment,
3 Eonger life.
d. Lower electrical power requirements,
3.

A rate integrating gyro is used in?

s Ariificial borizon.

b. Fligbt Director.

e Inertial navigation system.
d. Turn and sfip indicator,

With reference to an FMS, what does the term managed guidance mean?

2 The INS gives commands to the autapiiot.
b. The FMC gives commands to the sutopilot.

C e The autopilot gives commands to the FMC.
T4 The term managed guidance is not related to FMS,

; INS/IRS/FMS 53,
" What would be the FMC displayed position In an aircraft equipped with a twin

tmertial system dhd DME?

p

identicai to the primary inertial system position.

The mean of the radio fix position and the primary Inertial position,

The mean betweesf the radio fix and the mesn of the two inertial positions.
n The mean of the two inertial positivns.

an o

INS/IRS/FMS, 56,
What happens if an FMC that autorznes to DME stations for fixing purposes, does
not receive a satisfactory decode?

A The beacon frequency will be displayed instexd of Its identifier,

b, The MCDU wilt display » warning message.

s The identifier codes are retricved from memory and displayed in red.
d. Alternative DME's are selected and employed.

Ll
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INS/IRS/FMS 57,
A cost index Is?

a. ut FIVIS output code.

b. An FMS Input code teliing the FMS the required balance between
optimising fuel costs and secter time.

¢ A fixed code giving the best fuel efficiency for each aircraft type.

d. A flxed code giving best fuel efficlency for ¢ach roure.

INS/IRS/FMS 58,

What happens If an FMC operating in YNAY and LNAY modes reaches 3
waypolnt beyond which ne route has been input?

ar e

INS/E

The alreraft circies the waypolnt until commanded ¢o do otherwise,

The sircraft returns to the previous waypoiat.

The system reverts to heading mede.

The autapllot will disconaect and a warning will be sounded and illuminated
on EECAS/ECAM,

M

The fHight control uait in an FMS?

a. Control verdcai flight paths,
b, Conirols latersi fitght paths.
' Control atl flight paths.

d. Coatrols only heading.
INS/IRS/FMS 60.

When an INS Is terned on i1 Is aligned in order to?

a. Establish magaetic north,

5. Establish magnetic and true nerth.

<. Establish its position relative o magpetic and true north.
d. Allgn the trihedron with True North.

EFIS .

Cauttonary infermation on an EHSE is dispiayed in?

=] o=

tdé

Cysn.

Red orMagents.
Yeliow or Amber.
White.

“_l‘ [T

The Primary Flight Display (PFD} displays inforamtion dedicated to?

a. Weather.

b. Piloting.

c. Engines and alarms.
¢l. Systems.

EFLS 3.

Decision height is?

& Calculated by the Flight management Computer.

h. spiayed on the EADL, and set by the pilot using the EFIS control panel.,
& Displayed on the EADI using the FMC inputs.

d. Pre-set automatically by the autopilt system,

EF1S 4.

The symbol helow when shown on an EHS1 display represents?

I'he selected track and track reference.

b. The selected heading and heading refercnce, )

c. The heading orientation, current heading, heading reference and hesding
pointer.

d. The track orientation, curvent track, track reference and track pointer.

EFIS S,

In addition to altitude and auto-flight modes, what infermation is also typically
displayed on an EADE?

A
b.
€.

ik

Engine indications and systemns infermation.

Altitnde, speed and sometimes heading information,

$peed, altitude, 11.S Lacaliser and Glide Siope information, and sometimes
heading infarmation.

Altitude, groundspeed. heading and wind speed and direction.



EXIS 6, ' EF1S 1.

Regarding the Electronic Flight Lnstruments System (EFIS). o Weather Radar returns show as areas of precipitation in the following colours?
1 The Navigation Display (ND) displays Flight Director Bars. a. Green Magenta, Yeiiow and Red.
2 The altimeler setting is displayed on the Primary Flight Display (PFFD). b. Green, Orange, Yeltow and Red.
3 The Peimary Flight Display (PFD) is the main flying instrument. c. Green, Ycliow, Red and Magenta.
4 I'be Flight Mode Aanunciator (FMA) is part of the Mavigution IHsplay E . Green, Yeliow, Mageata and Red.
(ND}, ;

The combination regrouping all of the correct statements is? EFLS 11

In the diagram below the next waypoint to be overfiown is... and the estimated
., i, L St
b. 34
<. I 4
d. 2,5

B.b nm
EFIS 7.
Below which altitude does the radio altitude indication on an EADI sppear within
the circular seale as a digital readout?
ER Above 2500 ft.
b. Relow 1009 1,
€. Below 2500 1.
d. Aboeve 1000 t.
EFIS 8.
Which of the fallowing statements is true?
a Fhe Weather Radar display data is available on all medes of the EFSI,
b. In PLAN maode, the Weather Radar data is Inhibited on the EHSL.
c. The weather radar data is inhibited on the full and expanded NAV modes of
the EHSL

& The YWeather Radar data is only available on the PLAN mode of the EHSIE, . TIC, time of departure, (1:44.

b. TIC, time of arrival, 15:08,

' VLN, time of departure, 01:44.
EFiS 9. d. Y LM, time of arrival, 15:08.
Radlo aititude is shown on the EADI and changes from a oigital display to a
circular scale?

EFKIS 12.

At 2500 It

At 1000 fe and below AGL.
Below 1000 ft AGL.

AL DH,

The symbaol showp appears in white on the EHSI display. It represents?

g Tk

jA% e




. An off-raute waypoint.

b, ‘Fhe aeroplane.

e An {nactlve waypaint.

d, AVOR/DME.

EFIS 13,

On an EHSI display, wind velscity can be displayed in which of the following
modes?

a. Pian, Full ILS, Expanded VOR and Full VOR,

b. Map, Expanded 1LS, Full ILS and Full VOR.

¢ ap, Plan, Fuif ILS and Full VOR.

d. Expanded LS, Expanded VOR, Plan and Full ILS,
EFILS t4.

Command information is displayed in ...... on the EHSI?
a. White,

br. Green,

e, Red.

d. Magenta.

EFIS 15,
In which of the following EHSE modes are the Weather Radar returns visible?

. Any lull mode.

b. Plan mode,

¢ Map mode and in any expanded mode.
d. Any expanded mode,

EFIS 16,

Decision helght is dispiayed on the?

a, EADL, and beiow 2500 fi the dispiay changes to a circular scale with

magenta colonred marher.

b. EADI, and below 1600 ft is shown as a circular scale which is erased anti-

clockwise as the alreraft descends.

¢, EHSL. in Map mode, and below 1000 f¢ is shown ss a cireular display, which

is erused, anti-ciockwise as the aireraft descends.

d, EADE, and below 800 ft changes to & circular scale which is white with a

magenta DH marker.

1]

EFIS 17
TFhe heading reference used on the EHS| is?

a. True.

. True or Magnetic.

£ Magnetic.

. Compass.,

EFIS 18. ; N
On the FM A, engaged flight autematic (light modes are displaved in?
#. Blue.

b. Green.

€ Red.

d. Magenta.

EFiS 19,

The EF15 control panel allows selection of?

. EADI, eperating modes.

b. EHSI fail-operationat fall back mode,
I Autopliot operating modes.

d. Decision height.

EFIS 20,

Which colours are typically used on an EHSI?

Red and blue.

Biack, blue, purple, red, green and white,
Magenta, brown, back and green.

White, green, magenta, cyan, yellow and red.

&0 =
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EFIS 21,
Which inude is selected on the Navigetion Display in the diagram helow?

EFI1S 24.
In the displayed weather modes, the intensities of the returns in ascending order of
intensity are?

a Yellow, green, blue and red.

h. Yellow, green, red and magenta.
{ c. Green. yellow, red and magenta,
| d. Blue, green, veliow and red,

EFIS 25,

The green symbel of a circle with T/D on the EHS1 display below represents?

A, Expanded VOR mode.

h. Full VOR mode.

€. Plan mode.

d. Expanded ADF mode,

EFIS 22,

In PLAN mede?

a. The active flight path appesrs as a red Hine joining successive waypoints.

b. The Weather Radar display data is inhiblred.

¢ The display may be orlented to Grid North.

. The wind srrow is ariented to Frue North. a, The actual top-of-descent.
b, The FMC calculated top-of-climb.
€. An en-route waypoint.

EFIS 23, d. The FMC caleufated top-of-descent

Atwhat height does the DH, on the EADI display, start flashing yeflow?

At DH plus 190 fe, EFIS 26,

O reaching DH.
On teuchdown,
AT 1000 fc AGL.

The EHSI made in which the whole compasa rase is not visible and upon which the
relative bearing to the active waypoint Is shown aithough the waypolnts themselves
are not, is the?

g e

Fuil rase, VOR mode.
Centre MAP mode,

Expanded VOR mode.
Expanded NAV mode.

anTp




LUEES 27,
Phe Wearher Radar dispbay can he shown on (he?

. oy one ETINE ar o time.

b, The First Officer’s EHSI anly,

. The Captain's ERSL anly,

d. Fhe Captain's and the First Gfficer’s EHSE simultapcousky.
Eis 2%

Aireraft ebectronie display systems nermalby incorporate?

a. tne svmhol gemecator for each CRL
b, LED alphanumeric displays.

¢ Autermatic CRT brightness contral,
d. v single CRT for each pilot,

EFis 2y,

The speed tape an aa EADI is located?

a. On the feft side of the EADEL
bn. On the left side aof (e EHSL
< Al the top of the ADIL.

i On the vight side of (he EADI,

EV1S 3t
An EFIS installation in & Boving 737 consists of?

a4 Twa screens, one control panel and two symbol generators.
b. I'wo screens and one symbol generator,

c. Four screens and two symbol gencrators.

d. Four sereens and three symbol generators.

EFIS M.
Which of the followlng displays are part of the Electronic Flight fnstrumentation
Svstem (for Boelng Aircraft)?

a. NIY and Electronic Attitude Divector Indicator.

b. ¥HS1 and PFD.

€ Navigation Display and Primary Flight Display.

<k, Electronic Attitude Director Indicator and Electronic Horizontal Siteslion
Indicator,

FFIN 32 o .,
W hich made is selected on the EHSI itlustrated brelow

a Expanded VOR mode,

b. Expanded LS mode.
c. Full VOR mode,
d. Map Mode.

EF1S 33, ' N
The decision Height (DH) warning light illuminates when the aireraft?
& Passes over the outer marker.

h. Descends below a pre-set radio altitude,

c. Pescends below & pre-set harometric aldtude.

d. Passes the 1L.S inner marker,

EFIS 34. -~ .
The wind direction symbol displayed in all EHSL modes except PLAN is oriented?

With respect to aircraft heading,

To Grid North when Aying at high altitude.
Te True North.

Toe Magnetic North.

& FE



The Head Up Display (HUD) is u device allowing the pitot whife still looking
nutside, to have?

i A monitoring anly during CAV [§ precision approaches.
h. A Nying and fight path conteol aid,

. A synthetic view of the instrument procedure.

d. A monitoring of engine data,

EFIS 16,

o arder to know which mode of the auto-throttle is engaged the crew must check
the?

. ND (Navigatlon Display).
b. TCC (Thrust Contral Computer).
c. ‘Fhrottle position.

ik PFD {Primary Flight Display).

EF15 37,
The white arrow in the fower teft corner in the dlagran: below indicates?

L inm

. After passing BODAL waypoint in 8 minute the next heading will be 395"

b. The current wind of 365*8 kes Iy being experienced.

c. The active waypoint (BODAL) 1s located on radisl 305 and 8 am from VOR
tuned In the active NAV receiver.

I8 The active waypoint (T/D) Is located on radial 305° and 8 nm from a VOR

tuned in the active NAV recefver.

156

EFIS 38.

An aircraft is under yuidance mode following @ VOR radisl, From the AD} l:i:l(l
IiISI represented in the disgram below, it is possibie to deduce that the atreralt is?

nr T

Located to the teft side of the selected radial.
l.ocated to the right side of the selected radial,
Experiencing bef( side crosswind.
Experiencing right side crosswind.

EFIS 39,

4
Which of the diagrams below illustrates a 30° right bank and iS° nose down
attitude?

apzs

Eall ol
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.6 nm 150822

1-.2
3..4

EFIS 40,
With reference to the diagram is question EFIS 38, it is possible to deduce that the
aireraft is?

EFIS 42, )
What is the current sclive waypoint in the dixgram below is?

.0 nim

a. Foliowing a radial 240° trom OKL VOR.

. Following a radial 229° from OKL.

e Fiying towards OKL YOR.

d. Flying below the selected command speed, which is 220 Kes. |
EFIS 41.

In the disgram below the T/Cisa ... and it will be reached at approximately......”

a FMC calcunited top of climb: 5 nm from present position.

h. Actual tep of climb speed: 15.08Z, 2

. FMC waypoint: 15.08Z. :

i TCAS traffic: 10 nm from present position, -
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ILB.
VIW,
TIC.
TRA.

EFES 43,

In the diagram below, what is the rmeaming of the white circle with (INTC) next tg

ir?

bl

F

Thl

it denatesd an actlve wavpoint on the flight pian.

It indicates a lacation where you will Lntercept radia) 330" from FRE VOR
#nd track inbound.

TCAS indlcation — you are being inercepted by milltary alrcraft.

1t indictses a location of an intersecting alrway - a mandatory reporting
point,

Whimim

EFIS 44. ) .
What heading is the aircraft currently flying in disgram below”

o 109°,
b. 45
e i20’.
a4 15

Nz

EFIS 45,
What value is selected by the heading seiector (heading bug) in the diagram in
question EFIS 44 above?

a. 109°,
b. 115°,
c 120%
d. 125%,
EFIS 46,

On what track is the aircraflt currently Mying in the dingram in quiestion EFIS 44
on the previous page?

a. 109",
b. 1ts°.
c. 120",
d. (25",

tel



EFIS 47, EFI1S 48. .
Which mode is selected on the Navigation Display (EHS1) In diagram bejow? . Which mode is selected on the Navigadon Display {EHSE) in the diagram below?
&. Map made.

b. Centre Map mode.

[ Plan mode.

d. Centre plan mode.,

Full VOR mode.
Expanded YOR mode.
Full NAV mode.
Expanded NAY mode.

args




EFIS 49,

EFIS 50.
Which made Is selected in the Navigation Display (EHS1) in diagram below?

Which mode is selected on (he Navigatiion Display (EHSL} in the diagram helow?
i, Full VOR mode,

n ap mode.
h. Expanded YOR mode. b. Centre Map mode,
<. Full NAY maode. ¢. Plan mode.
i Expanded NAYV mode. d. Fuli NAY mode,
F 113947
40,0 nm 114057 !
|
!
|
|
- EMILA
Y RAST
l 1!
] |
|
|
L - EFIS L,

" When using the EHSI, the weather radar may be displayed on the 3 following
seitings?

’ Map, VOR/ILS.

b, YOR/ILS, Map, Expaladed pian.
e Expanded Map, VOR/ILS, Plan.
4. Map, Expanded VOR/ILS.
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EFIS 52,
What is the current active waypoint in the diagram helow?

EFIS 55.
The WXR display Is on?

. AMILON.

b ANCIH a. The Captxion’s CRT ondy.
c. .||I B ' b. The Co-pitot's CRT only.
(l., IR \ <. A specinl screen.

d. On both the Captain's and the Co-pilot’s CRTs,

EF]S 36.
Alrspeed is shown un?

1. Only on the Captain’s EHSL

b, On both EADL’s.

c. On both EHSI's.

d. Oaly on the Nlight maragement CRT.

In addition te a control panel, symbol generators and & remote light sensor, an

EFIS also has?

a. EADIs and EHSIs.
| b. EHSIEs and altitude Indicator.
| e EADI and EICASs.

d. EADI snd WXR display tubes.

EFIS 58,
Mades available for (EFIS) HSI on some unita are?

1. Alrspeed and Mach.
b. Map and Plan.
' VOR, ILS, Map and Auto Sefect.

EFIS 53,
d. Only from manometrie sources.

Decision height is adjusted and set on the?

a. Flight Management Computer. EFI3.58. Y e o T,
b, HSI section of the EF)S control panel. directo
<. AlM section of the EF1S control panel. bk RERGELT e
d. ADI or ESL Magnetic North onl
A. sgn: oaly.
b,  Magnetic North between 73°N and 65°S and True North above thess
EFIS 54, l‘ﬁt;netltd“ ¥
The WXR display is controlled from? “ :“;tudea. Narth betmetn €518 el ] M e o
. .
#, The Captain's EMSI only. d.  Magetlc North between 75°N and 75°S and True North abave thess
b, The Co-pilot's EHSF only. e
¢ A special control panel.
& Both the Capatain's and the Co-pilor’s ESI control paneis.

[
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EFIS 60.
In diagram below the data is is shown on (i).......which is displaying (il}......7

8. ity Primary Flight Display. (i} 608 Kts TAS,
b. () Navigation Dispiay. {ii) 608 fr RA.
€. (ty EADI. (i) 600 it RA,
d. (i) EHS1. {tf) 600 Kts GS.
600
EFIS 6.
The symbol below appears In yellow In place of the normal radlo altitude display
when?
a, The selected radio altitude has been reached.
h. The radio altitude needs re-setting on the EHSL
€. There is a failure of the radio altimeter.
d. The atrcraft has descended below 109 ft AGL.
EF)IS 62
In the dlagram befow the symbola A, C and E respectively are best described as?
a. ¢MT route waypolnt, airport, novigation ald.
b. Next waypoint, navigation ald, sirpert.
c. Off route waypoini, asvigation aid, a navigation point,
d. Active waypoint aireraft currently navigating to, navigation ald, off route
waypoint,
1R

+O P N A

A B C D E

In the disgrams below the symbols for a navaid and enroute wayoint are?

SO+
-\
c<g>+
A\
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EFIS 64,
In diagrams on the previous page, the fall VOR display is shown ob dlagram?

eanrEp
coOR»

EF1S 65, d,
In the disgrams in question EFIS 64, on which of the displays can westher be

dispinyed?

. B, Dand E.
b. A, CandF.
'R Band D,
d C,EandF.

EFI1S 66. Sy
In the disgranm In question EFIS 64, what would be the display which would result
from the selections as shown |a the diagram below?

e | HSI

v YORALA

pp o
gl al o
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EFI§ 67, s 31OM.
La ihe display below, what is the correct statement? b L30M,
c 360M.
d 180M.,

Im the dispiay below, the centre weather returns are?

s 106° reintive, 18 am,

b. 332° reiative, 13 nm.

c 108" Magoetic, 130 nm.

d. 30 nm lef? of track, 15 nin ghead.

2 The sircraft is closing the locallser from the right, heading 130°M and s
approaching the glide path from above.

b. When established on the locatiser the labound beading will be 165*M.

The localiser track is 165°M.

d. The localiser centre llne is 133°M.

o]

E
in the display below, the track from ZAPPO to BANTU ia?

EFIS 78,
The groundspeed [s indicated ln which of the following colours?

a. Magenta.

b, White.

c. Green,
Yelow.




EFIS 71,

With AFP selected on the MCP below 500 ft AGL, If more thas one dot for one
second In glideslope deviatlon or more than 1/5th dot for one second in localiser
deviation occurs?

b.

The respective localiser or glidesiope scales change colour from white to
magenta and the polnter flashes.

The respective localiser or glidestope scales change colour from white to red
and the pointer fashes.

The respective localiser or glideslope scales change colour from steady white
to flashing white.

The respective localiser or glidesiope scales change colour from white to
amber and the polater Nashes.

EFIS 72,
On a HS1 map mods, distance to go is dispiayed in the?

a Top left cormer.

b. Bottom left corner.
< Bottom right corner.
d. Taop right corner.
EFIS 73,

Weather radar data can not be dispiayed on the EHSI in whick of the foilowing
maodes?

s YOR

b. ILS.

€. MAP.

d, PLAN.

AUTOFLIGHT 1,
The purpoet of Aate Trim function in susopilot s te?

=

174

Tell the pilot when elevator trimming i required.

Help Auto Pilot to corapensste for crosswiud influence.
Trim throtties to obtain smooth engime power variation,
Control clevator trim tab In order to relleve elevator load

AUTOFLIGHT 2,
The purpose of Auto Throttle la?

Automatic shut down of one engine at too high temperature.

To desctivate manuai throtties and transfer engine control fo Auto
Pliot.

To synchronlze engines to avold "yawling".

To malntaln constant engine power or sirplane speed.

AUTOFLIGHT 3,
[m order to kmow in whick mode the auto-throtties are engaged, the crew will

check the?

a ND (Navigadon Display).

b. TCC (Thrust Control Computer).
' Throtties pesition,

d PFD (Primary Filght Msplay).

AUTOFLIGHT 4,
Mode “"Localizer ARM" active o Flight Director means?

a Locatizer ALARM, making localizer approach not anthorized.

b, Coupling has occurred and system provides control data to capture the
centreline.

'R Localizer is armed and coupling wil occur when flag warning disappears.

d. System is armed for localizer appronch and coupling will occur npon
capturing centre lne,

AUTOFLIGHT 5,

The Altitude Select System?

E N Disengages autopiot Auto Trim at selncted aititude,

b. Is annunciated by light and/or sound wihen sirplane Is approaching
selected altitude.

c. IDumiinades s light when selected altituche is stinined.

d. Engages sutopllot Aute Trim st selected altitude.

AUTOFLIGHT 6,

The correction of the control surface deflectiom made by the sutomatic pilot
calculator in order (o stabilize the longitudinal attitade will be all the more
significant as the?

b,

b

Difference hetween the reference attitucle and the instantaneons attitnde

is high.
Rate of change of the difference between the reference attitude and the
instantaneous attitude is high.
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kR Tempersture is low.
4, Pressure alttude is high.

The combination regrouping all the correct statements is?

L4,

1
[}
¥

+ 4

a3 b b

|
1.3,3
. 1 kR
2., 4.

The correction of the control surface deflection made by the auto-pikot calculator in
order to keep a given altitude will be all the more significant when the?

L Difference between the attitude necessary to keep the gives or reference
altitude and the instantaneous attitnde is high,

L Variation speed of the difference between the attitude necessary to
maintain the altitude and the instantancons sttitade is high.

3. Differcace between the altitude of reference and the instantancous
sltitude 1 high.

4, Variation speed of the difference between the reference altitude and the
instantaneeus altitude is high,

The combination regroaping the correct statements is?

E R i,2,3and 4.

b. I and 2,

c. 3 and 4.

d. 1.2 and 3.

AUTOFLIGHT §

An automatic Ianding is earried out when the antomatic pliot?

a, And the anto-throttle enture & correct final approach, &t least up to
ground roll

b. Ensures & correct flual approkeh, st least up to ground roil while the
bumsn pilot controls the power.

€ And the auto-throttle emsure & correct finsl approach, at least up to
fare-out.

d And the auto-throttie ensure a correct final approach, a¢ keast up to
flare-aut while the human pliot controls the power.

i76

9
A pilot has to carry out a single-pilot [FR fight on a light twin-engined

sircraft for cargo transport. The purpose of the autemastic pilot s at least to hold

the?

a. Heading.
Altitude.

b.
. Heading, to hoid the altitude and to have a radlo axis tracking function.
d

Heading and to hold the altitude.

AVITOFLIGHT 10,
The block diagram of sn autopilot is shown below,

Controt sirtece

m f control surface feadback

---+- -

4
=

Alrcralt S resporme leedbach

For each control channel (pitch, roll and yaw} the piloting law is the relationship
between the deflection of the control surface commanded by the computer (BETA

¢} and the?

a Real deflection of the control surface (BETA control surface feedback).

b. Offset EPSILON at the compauter input.
e Pilot command E.
d. Alrcraft response S.

AUTOFLIGHT 11,
In the automatic trim control system of s autopliot, automatic trimming ks
oormally effected about the?

Pitch axts only.

Roll and yaw axes only.
Pitch roll and yaw axes.
Pltch and roil axes only.

pe g
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AUTQFLIGHTY 12,
A closed loop control system In which & small power Input controls a much larger
power output ln s strictly proporticnate manner {s known as?

An ampilifier,
A [eedback control circult.
An autopilot.

A servomechanism,

o g

AVIOFLIGHT 1J.
Muach Trim ks & device (o compensate for?

a, Weight reduction reaciting from fuel conswmption during the cruise.

b, Backing of the acrodyasmic centre at high Mach sumbers by moving the
elevator (o nose-up.

c. The effects of fuel transfer between the main tanks and the tank located in
the horizontal tail.

& The effects of temperature variation during a climb or descent at constant
Mach.

AUTOFLIGHT 14,
Which one of the following statements fa true with regard to the operation of &
Mach trim system?

s 1< only operates above 3 pre-determined Mack number.

b, It operatea to counteract the Iarger than normal forward movements of
the wing centre of pressure at high subsonle sirspeeds.

<. 1t only operntes when the autopilot is engaged.

d. It operates over the full aircraft speed range.

A landing will be considered to be perl’ormed in the SEMI-AUTOMATIC
mode when?

L. The autopllot malatrins the airpiane on the ILS beam anntil the decision
height is resched then s didsengaged »

2, The aute-throttle maintaing & constant speed untllthe decision height is
reached then is disengaged astomatically.

3 The autopliot maintains the airpiane on the ILS beam untfl the flnre.

4, The suto-throttle decreases the thrast when the height ls spproximately
30 fx,

3 The Nare and the ground rofl are performed sutomaticatly.

The combination regrouping all the correct statements Is?
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.

b land4.
e 1,3amd5
& 1 snd 2,

When using the autopliot, the fanction of the pitck channel avtomatic trivs ks to?

1. Cancel the hinge mement of the clevater,

1. Ease a2 much st poseible the laad of the tervo-actusters.

3. Restore to the pllot & correcily trimmed sirplane during the awtopiiet
disengagement.

The combination regrouping all the correct statesents is?

& 1amd 2.
b. 1,2 amd ).
c 3.

[ 3 1and 3.

AUTOFLIGHT 17,
Among the fellowing fanctions of an sutopilet, those reiated to the alrpinse
guidence are?

Pitch sttitude halMling.

Hortzonts) wing holding.

k8 Indicated airspeed or Mach number holding.
4, Altitade bebding.

5. VOR axis bolding.

& Yaw damspicg

The combination regrouping all the correct statements ia?
a 1,3, 4 and 3.

b. J,4and S,

¢ 1, 2, amd .

d LL Yad &

P

AUTOFLIGHT 18;
Anoong the followiag fupctions of an autopilot, those reiated te the airplane
stabitization are?

1. Pitch attitude holding.

2, Horizomial wing holdiag.

3. Displayed heading or inertial truck holding,
4. Indicated sirspeed or Mach number holdleg.

5. Yaw dapaping.
& VOR ais helding.



The combination regrouping all the correct statements is?

A, 2,4, and &
b. 1,2 and 8.
c. 1, 2,3 and 6.
d. 3,4, 5and ¢

AUTOFLIGHT 19,
The interception of = localizer beam by the sutopilot takes place?

Accerding (o an interception versus radie deviation law,
According to an intercepiion versus range and angular speed law,

At o constant heading.
At » constant magnetic course.

anTs

AUVTOFLIGHT 20,
The yaw damper, which suppresses Duich roli?

F N Controls the silerons, with the sngular rate about the vertical axis as the
input sigual.

b. Controls the rudder, with the angular rate about the vertical axis as the
inpuat sigual.

<. Controls the allerons, with Mach Number as the imput signal,

d. Ceontrols the rudder, with Mach Number as the lmput signal.

AUTOFLIGHT 11,
Landing shail be considered as baving been carried out automsticaily when the
autopilof and the anto-throttie of an alrcraft are disengaged by flight crew?

a. At the outer marker.
b. During ground roll.

c. During the flare.

d. At the decizvion height.

AVTOFLIGHT 12,
The yaw damper indicator supplies the pllot with Information regarding the?

A Yaw damper action oa the rudder.

b. Rudder displacement by the rodder pedals,
¢ Yaw damper action only on the ground.

d. Rudder positon.

180
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An airpisue lo in steady croise at flight ievel 299, The auto-throttie maintains »
constant Mach number. If the total temperature increases, the calibrated

airspeed?

Decreases.

;: Increases If the static temperature is higher than the standsrd
temperature, decreases if lower,
Remains constant.
Intreases,

AVTOFLIGHT 24.
_ The calibrated airspeed (CAS) or Mach bolding mode is carried out by:

L The antopllot pitch channel In the climb mode at 2 consinnt calibrated
sirspeed (CAS) or Mach number.

1. The aute-throttles In the cHmb mode 2t & constant calfbrated airspeed
(CAS) or Mach number.

3. The autopilof pitch channel is the alitade or glide path holding mode.

4. The auto-throtites in the altitude or gifde path holding mode.

The combination regrouping all the correct statementy ia?

% 2 and 4.
b. I and 3.
'3 Iand 3,
d. I and 4.

AVTOFLIGHT 23,
When 28 sutomstic landing is interrapted by a go-around:

L. The auto-throttle reacts Immediately upon the pilot action on the TO/GA
{TakeofT/Go-aronnd) switch in order to recover the maximem thrust.

2. The natopilot monitors the cimb and the rotation of the alrplane.

kR The autepilet retracts the landing gear and reduces the fiap defiection in
order ts reduce the drag. i v

4. The pllot performs the climb and the rotatfos of the airplapes.

5. The pilot retracts the Ianding gear and reduces the fiap deflection In order
to reduce the drag.

The combination regroaping all the correct statements is?

. 1,3and 4.
b. 1,2 and 3,
T, 1,2 and 5.

d. 1,4 and 5.



AUTOFLIGHT 26,
A isnding will be considered to be performed in the AUTOMATIC mode
when:

. The sutopilot maintains the sirpisne on the [LS beam undil the decision
height is reached then is disengaged automaticaily.

2 The suto-throttie malutaine # constant speed until the decision helght is
resched then |s disengaged satomatically.

3. The sutopilot maintaing the airpiane an the LS beam until the fiare.

4, The suto-throttle decresses thrust when the beight s approximately 20 ft.

s, The flare and the ground roil are performed antomatically.

The combination regrouping all the correct statemaents is?

1 amd 2.
2, 3and 5.
1 and 4.
Y 4and S,

p e

AUTOFLIGHT 37,
An zutopliot capable of bolding at least altitade apd heading mode is compulsory?

a For IFR or night flights with ouly one pitot,
b. On multi-pilet alrplanes,

€. For VFR ard IFR flights with only one pilot
d. On airplanes over 8.7 ¢.

AUTOFLIGHT 23,
The automatic pawer control system (auto-throttle) of & transport sirplane has
the following mode(s):

L. Capiure and holding of specds.
2. Capture and holding of Mach sumber.
3 Capiure and holding of flight angls of atiack.
4. Capturs and helding of N1 or EPR (Engine Power Ratio).
s Capture and helding of flight patha.
The combinstion regrouping ail the correct statementy is?
a. 1,24,
b. 1,121,358
¢. 12, 4.
d. L, 4,5
182

From a fight mechanics polnt of view, the “guidance” functions of & transport
airplane sutopilot cossist in?

2 Stabilizing and monitoring the movements around the aerodynamic ceatre.

b Monltoring the movements of the centre of gravity ln the three dimensions
of space (path).

& Stabilizieg and monitering the movements around the centre of gravity.

d Maoaltoring the movements of the serodynamic centre in the three
dimensions of space (path).

AUTQFLIGHT 39,
The fusctions of as autopilot (basic modes) consist of?

G the nirpiane path.

:. sumw-. aod monitering the movement arcund the airplane asrodynamic
centre.

'3 Stabilizing and monitoring the movement around the slrplane centre of
gravity,

d Monltoring the movement of the airplane centre of gravity.

AUTOFLIGHT 31,
A engages the contrel wheel steering (CWS) of » conventional autopllet
nnpd“c:trrinm-mnmmhron. When the contrel whes! ls released, the

antopilet will?

" Restore the Night sttitode and tha rate of tars selected on the sutoptiot
cortrol display nnit.

b. Maintain the flight attitude obiained at that moment.

' Roll wings level and maintain the heading obiained at that moment.

d Malntain the track and the flight attitude obtalned at that moment.

the?

. Altdmweter.

b. Radio sitimeter,

« GPS (Glebal Positioning System).
d Encoding sitimeter.
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AUTOFLIGHT 33,
The purpose of an sirplane automatic trim system Is to trim out the hinge moment
of the?

a Rudder(s).

b. Elevator(s) and rudderts).

<. Elevator(s), rudder{s) 2ud allerons.
d. Elevator(s).

AUTOFLIGHT 34,
An sutomatic pliot is » system which can ensure the fumctions of?

a.  Plioting from take-off to landing without any action from the humss

plhlot.

b. Plioting and guldance of an alrcraft in both the horizontal snd vertical
planes.

<. Piloting only.

d Navigation.

AUTOFLIGHT 35,
When b:il' engaged, and without selecting a particular mode, an sutomatic pllot
enables

a A corstant speed on track, wings horizontal.
b. All seroplans piloting and guidawce functions except malutaining radio-

aavigation course lines. ‘
e Aeroplane stabilization with attitude hold or maintaining vertical speed and
possibly autematic trim,

d. Aeroplane plloting and guidance functions,

AUTOFLIGHT J¢.
Om an autepliot coupled approach, GO AROUND mode Is engaged?

By the pliet pashing a butten lecated on the throtties.

By the pilat selectiag G.A. made on the thrast computer control panel.
Autemstically in case of ag antopiiot or flight director alarm,

H the sircraft reaches the decision height selected on the radio altimeter at &
higher speed than the one selected.

po e

AUTOFLIGHTY 37.
In » transport airplene, an axtopilot comprises, in additdon to the mode display

devices, the following fundamentsl clements:

Alrflow valve.
Semsors.
Comparators.
Computers.
Amplifiers.

Servo-actuators.

]t

The combination regrouping all the correct statements is?

A t,3,4,6

b. 1, 12,6

< 1,3,4,56
d. 2,348
AUTOFLIGHT 38,

The engagement of an autopiloet is not possible whes:

There Is a fault In the electrical power supply.

The controlled-turn knob is not sef to centre-off.
There Is a synchroulzntion fislt in the plich channel.
There is » fault In the attitode reference unit,

e

The combination regrouping all the correct statements ls?

& 1, 2,4,
b. 1,34
€. LY 4
d. 1,2, 34

AUTOFLIGHT 39,
The purpose of the automatic trim is to:

L Reduce ta zero the hinge moment of the entire control surface in order to
relleve the load on the servo-actuntor.

A Ensure the seroplane i property trimmed when the autopilot is disengaged.

L8 Maiatain the ssme stability/manoeuverablity trade-off within the whole
flight envelope.

The combination regrouping all the correct statements ls?

LR

- o

bl S o
W
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AUTOFLIGHT 48.
In sutomatic landing mode, in case of fallure of oae of the two autopilots, the
systein s cenvidered?

"Fall soft” with minimized fallure effect.

"Fall passive™ or without failare effect bat with disconnectios.

"Fail survival" or witheut fallure effect with functon always ensured.
"Fail hard® or without fallure sffect and disconnection,

pr vy

AUTOFLIGHT 41,
In automatie landing mode, when the 1 sutepilets ars used, the rystam is

considercd?

a "Fail survival” or without fallure effect with fanction always ensared.
b. "Fail soft” or with minimpized faliure effect.

¢ "Fail passive” or without fallure effect hut with disconnection.

4 "Fail hard® sr with fallure ¢fTect and disconnection.

AUTOFLIGHT 42,
When ouly one autepiist b aved for climbing, cruising and approach, the system is

considered?

(8 "Fall survival® or without fallure effoct with fanctisa always ensured.
b. "Fail safs” with fallure effect without disconnection,

c. "Fall soft" vith misimized failure effect but with disconnection.

d "Fall pasgive™ or withowt fallure effect.

AUVTOFLIGHT 4).
The autopliet basic modes inclnde, amonag other things, the followlng functions?

1 Pitck attitads hold.

2 Fressare altitude hold.
kB Horizeatal wing hold.
4. Heading held.
The

AUTOFLIGHT 44.
The control law of a transport airplane autopiiot control channel may be defined as
the relstionship between the?

a Computer input deviation data and the signals received by the
servo-actuators,

b. input and cutput signals at the amplifier fevel respectively control
deviation data and control defiection signals.

< Crew Inputs to the compater and the detector responses (returned to the
airplane).

d. Compater iuput devistion dats and the output control deflection signals.

AUTOFLAGHT 45,
Four scenarios of VOR axis interception are represented below. The one

corresponding to the optimal interception path calculated by » flight director Ls
number?

poFp
P

/
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J
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A

) 3
.

i 4
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AUTOFLIGHT 46.
When an sircraft, epersting In the VOR coupled mode, approaches the "cone
of confusion” over a VOR station, the rall chanoei of the autopilot?

a, Remains alwayy coupled to the selected VOR radisl.
b. Is temporarily disconnected.

€. Maintsins its existing headiag.

d.

Is damped by a tyim input signal from the isterat trim system.

AVTOFLIGHT 47,
A landing ia performed automatically when the autopifot and auto-throtie
ensure good performance from the final approach?

a Undtil the flare,

b. Until reaching decision height.

¢ During the launding roll and sometimes until the aircraft comes to a complete
stop.

d. Until reaching 100 fi, height at which point the autopilot {8 sutomatically
disconnected.

TOF

A semi-automatic landing system disconnects [tself automatically?

a, On ground.

b. When going around,

' At approximately 104 ft.

d. At the dechion height.

AUTOFLIGHT 49.

A sutomatic landing system necessitating that the Innding be continued manually

in the case of & system failure during an sutomatic approach is
Called “FAIL....."?

a "OPERATIONAL".
h. "SAFE".

<. "REDUNDANT",

d. "PASSIVE".

£:1.]

AUTOFLIGHT 56.
An automatic landing system which can keep on operating without deterioration of
its performances following the failure of one of the autopilots iy called "FAIL...:?

a.

[
d.

"REDUNDANT"™.
"OPERATIONAL",
"PASSIVE",
"SAFE",

AUTOFLIGHT 51,
During sn sutomatic landing, from & height of about 50 ft the?

A,

b.

c.

Autopilot maintains a vertical speed depending on the radio altimeter
height.

Glideslope mode is disconnected and the sirplane continues its descent until
landing.

Autopilot maintains an angle of attack depending on the radio altimeter
height.

Loc and Glidestope modes are disconnected and the alrplane carries on iy
descent until [aoding.

Automatic trim is a component of the autopilot pitch channel, 1ts function is to?

Reset the attitude, afier engaging (the autopilot).

b. Set the attitude to an instantaneons value before engaging the autopilot,

c. Automatically disengage the autopilot in the case of an excessive pltch up.
d. Teansfer a stabilized aeroptane to the pilot during sutopilot disengagement,
The auto-throttte:

1. Enable to catch and to maintaln the N1 RPM.

1, Enable te catck and to muintain the N2 RPM.

kX Enable to ¢atch and to maintain an alrpiane indicated alrspeed (LAS).

4.

Is always engaged automatically at the same time as the autopilot.

The combtaation regrouping ail the correct statements is?

pee

-9
L

1 and 3,
X and ).
1 and 4.
1,3 and 4,



AUTOFLI
When the altitude acquisition mode is engaged on & jet transport airplape equipped
with autepilot (AP) and auto-throtite (ATS) systems the?

a. True airspeed (TAS) is maintained constant by the auto-throttle system,
b. Indicated airspeed (IAS) is maintained constant by the auto-throttle

systens.

(3 Indicated atrspeed (1AS) is maintained constant by the autopilot by means
of elevator.

d. True alrspeed (TAS) is maintained conseant by the autapilot by means of
elevator,

AUTOFLIGHT $5.
The synchronization of the autopilet control channel system:

l Epables the prevention of jerks during disengzgement.
b4 Enabies the cancellation of rudder control signsis.

kR Enables the prevention of jerks during engagement,

4 Functions in the heading, navigation, approsch modes.

The combination regrouping all the correct statements is?

bbpn

ares
bt =

In & seiccted axis capture mode, the sutopllot gives a bank attitude Input?

A, Propartional to the deviation between the selected heading and the current
heading but not cxceeding a given vaiue,

b. Of a fixed value equal to 27°,

Of a Qxed value equal ta 20°,

. Proportional to the sircraft true alrapeed but not exceeding s given value.

F

AUTOFLIGHT §7,
The computers of the electricai flight controis systers comply with programs
deflned by attitude control laws such as:

L. On the longitudinal axis, the law may combine the load factor and the
changes in the pitch rate as contro} dats sources.

2. The trimming iy antomatic and casores stabllity.

k8 The protections apply to pitch and bank attitudes depending on the speed.

4. These laws do not apply to the whole fight eavelope.

-hinatlon regrouping ali the correct statementa is?



AUTOFLIGHT 1,
When the suto-pilot s engaged; the role of the automatic trim is to?

. Relleve the pressure on the control column and return, the aircraft in trim
at AP, disconnect.

b. Reuct to altitude changes in Aitttude Hold mode,

c. Synchronize the longitudinal loop.

d. Relleve the A.P. servo motor and return the aircraft in-trim at A.P.
disconnection.

AUTOFLIGHT 62
Whaat happens to the glideslope signal at 50 ft agi in an autoland?

& Ft causes the sircraft to execute a flare.
b, [t is automatically disconnected.
€. It contioues to be followed sutomatically.

d. it changes gradient to reduce ianding impact.

AUTOFLICGHT 63,
When is the auteland considered to have been compieted and the autopllot
disconnected in an sutomatic landing?

2, At 104 ft agl.

b. At roll out.

c. At the flare.

d. At decision height.
A

Which of the following prevent engagement of the autopilot?

1. Attitude refereace unit fallure.

2. Synchronisation error.

3 Electrical supply failure,

4. Tura control knob not at centre off posidon.
5. Altlmeter mot 3¢t to correct QFE.

a8 1,2,3,4,5
b.  1,1,4,5
c 1,3,4,5
d 1,134
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AUTOFLIGHT 63,
What provides the required height information during s Cat 2 autoland?

. Central ADC.

b. Radalt.

¢ Baralt.

d. Giidesiope signal.

What is the term used for an autopilot system that can still conduct an automatic
janding safely fotlowing « single sysiem frilure?

I Fail active,
b. Fail passive.
) Fail safe.

d Fall operational,

What is the term used for an autopilot system that cznnot conduct an automatic
landing safely but does not endanger the alreraft following s single system fatlure?

1. Fail active.

b. Fail passive.

€. Fail safe.

d. Fall operational.

AUTOFLIGHT 63,
For what type of operations Is an sutopilot with heading bold and altitude hold the
minimum reqaivement?

a Ciass A aircraft operations.

b Commercial operations.

< Flight in [FR or at night by » single pilot.
d.  Flgbtin YMC or IMC by » single pilot.

AUTOFLIGHTY 69,
What happeos if sn sircraft fes over the cone of confusion with lis autopilot set to
VOR hold?

LR Eilsting heading will be beld until inteiligible signals are regalned.
b The pilot must immediatety desetect VOR hotd or the fiight path will

become crratic.
c. The systern will automatieally disengage YOR hold.
d. The cone of confusion Is not a pheaomenon of YOR,
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AUTOLFLIGHT 70,
The yaw damper Indicator showa?

#. Rudder position.

b. Rudder movements caused by the damper.
c Nothing until the system fails,

d. Nothing untll the system becomes active.

Localiser beam interception by the autopilot?

Uses & radlo deviation iaw.

Uses range computstion slgorithms,
Uses » consizat heading,

Uses the inner and outer markers.

apTw

A yaw damper system?

.

Moves the allerons in proportion to YAW rates,
Moves the sileroms in propertion to Dutch roll rates.
Moves the rudder in proportion to yaw rates.
Moves i rudder Iun proportion to Dutch rofl rates.

ap gy

AUTOFLIGHT 73.
When conducting an sutomatic innding the autopilot?

2, Controls attitude and the suto-throtile controls speed and altitude.
b. Controls attitude and aititade and the auto-throttie controls speed.

<. And the suto-throttle together coutral the aircraft until at least the roll out.
d. And the suto-throtte control the airersft until dectston height, when the

auto-throttie becomes inactive.

AVTOFLIGHT 74,
The roll commands geaersted by sn aatopilot system?

'y Are zero when AQB Is less than 25 degrees.
b. Are zero when heading error less than & degrees.

e Are proportional to the difference between the selected beading and the

actual heading.

d. Are proportional to TAS in order to avoid overshooting the desired heading.

AUTOFLIGHT 75,
The purpose of synchronieation in an autopilot system Is to?

L
2
3
4.

Prevent suatching on engagement.

Prevent spatching oo disengagement.

Prevents the engagement of s unserviceable autopilot system.
Csancels pliot-induced rudder inputs.

1,2,3,4,
L3
33,4
1,3

AUTOFLIGHT 76,
Fly by wire system employ control inws which?

A,

b.
.
d.

Determines how pilot input demsnds are translated into control surface
movement.

Determines how controls must move to maintalu steady state conditions.
Aznalyses ervor signals between pick-offy on the allerons and rudder.
Maintains constant aircraft sttitude.

AVTOFIIGHT 77,
The device in s closed loop that converts o small inpat signal Into » large output in

a proportionste manner 157

a. An nutosiah module.

b. An ampiifier.

< A servomechanism,

d. A negative feedback loop.

AUTOFLIGHT 78,
Autoirim is employed in an sutopiiot system in order to?

1.
2
3
4.
5.
6.

ope

Prevest snaiching on engagement.

Prevent snatching on discugagement.

Prevent the autopilot engaging when unserviceable.
Provide manual control.

To reduce control hinge moments.

Maintain menusl contrel suthority.

1, 6.
1,4,
3, 5, and 6.
LY and 5.
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AUVTOFLIGHT 79,
During & semi-automatic ianding the autopitot?

Controls speed down (o 38 it agl before automatically disengaging.

Controls the afreraft throughout the approach and untll at least the decision
helghe.

Controls the aircraft throughout the approack and untl) the end of the roll
aut.

15 not employed below 400 ft agl.

AUTOFLIGHT 89,
At 50 v agl in an sutomatic landing?

80w

Glideslope disconnects and the sircraft continues to descend.
Celideslope disconnects and the aircraft fiares,

Radalt reduces ROD to produce a fiare.

Radalt reduces ROD to zeru.

AUTOFLIGHT 81,
An autoland procedure is complete when?

a The aircraft reaches decision height.

b. The sircraft stops.

. The sirceaft starts its ground roll.

d, The flare is completed.

AUTOFLIGHT 83,

The mach trimmer system?

3. Prevents tuck under at low mach numbers,
b. Prevents tuck uader at high mach numbers.
<. Prevents tuck under oaly at mach 1.

d. Prevents tuck under at high altitudes.

AUTOLFLIGHT 83,
The autopilot causes an aircraft to pitch, roH and yaw?

Quly when it becomes unserviceable.
It zentre of pressure.

its centre of gravity.

Its manoeuvre point.

AUTOFLIGHT 84,
What will an autopllet provide If it is engaged with no modes selected?

A Autostab apd autotrim.

b. Autostab and constant attitude,
c. VNAY and LNAY.

d. Height hold.

AUTOFLIGHT 85,
Which of the following best describes what happens when the TOGA swiltch is
pressed during a missed approach?

i The pilot takes over and flies manualfy.

2, Go around power is selected automatically.

3 Muximum power is seiected antomatically.

4. Flaps and gear are retracted automatcsily.

5. The sutepllot controls the aircraft during the go around manceuvre.

2 1,
b 2, 4,
. 2,8
d, 3,5

AUVTOFLIGHT 86,
Under what conditions is a landing considered to be fully automatic?

1. Both flare and ground roll are conducted sutomaticaily.

1, The avtopilot follows the IL.S down to the flare.

1 The autopilot follaws the ILS down to declsion height, at which point it is
disengaged.

4, Auto-throttle is disengaged at 50 ft.

5. Auto-throttie maintaing speed down to decision height and is then

disengaged.
[ 1,25
b. 1,2
[ 13,
d. 2,34

AUTOFLIGHT 87,
A Category JA autoland procedure is complete when?

n At the flare.

b. At the end of the ground roik.
<. At the start of the ground roll.
d. At decision helght.



When a go arcund is initiated from an automatic approach?

+HT 93

Turning the barometric setting knob clockwise when ALT HOLD Is engaged witl?

I. The pilot takes over and flies manually. - Have no immediate effect.
1. Go around power Is selected autometically. » Make (ke aircraft ciimb.
3 Maximum power is selected automatically. o7 Make the aircraft descend.
4. Fiaps and gesr are retracted automatically, d. Cauase the sutopllot to disengage.
5, The autoptlot controls the sireraft during the go around manoeuvre,
. L2 ALUTOFLIGHT 94,
b. L4 The rate at which an sutopilot system moves the control surfaces?
c. 1,5 :
d. 3,8 L Varies greatly with altitude.
1 Varies greatly with the deviation from the selected condition.
kA Varies with rate of deviation from selected parameters.
AUVTOFLIGHT 89, 4 - Incomstant.
In straight and level cruising fiight, ........ holds speed and ........ holds heighe? '
1,23
&, Autostab sutopilot. : t, ::
b. Auto-throttle sutoplloet. . 2.3
<. Autepllot  autopilor. i 4.
d. Autopliot nute-ibrottle, :
ALTOFLIGHT 93,
AVTOFLIGHT 99, ‘A yaw damper?
What type of sutopllot system prevents the contins-
continue after ane sutoptlot fafls? £ Moves the rudder ta proportion to yaw displscement.
- & Moves the rudder In proportion to ysw rate.
a. Fall safe, 'S Meoves the radder to prevent spiral hnstability,
b. Fail passive, 4. Moves the rudder in proportion to mach number.
) Fail active,
d. Daplex,
AUTOFLIGHT 96,
If only one autopilst is employed to controf cilmb, cruise and approach, it must be?
AUTOFLIGHT 91,
What are the minimem s Fall safe snd antomatically disconnected In the event of its fnllare.
B Fafisoft and mansally disconnected in the cvent of ttx fallure.
a Heading * e Redundsnt und fadl safe.
b Hes d.  Fail operational.
'
d,

n
b

AUTOFLIGHT 97,
The pllot can check which auto-throttle mode Is engaged by looking at?

Thrust computstion computer,
EPR indicator.

EFIS ND.

EF18 PFD.



; 9
When Is the autoland fiare Initiated?

a, LK) 1% agl.
b. 400 1t agl.
e 104 fr agl.
d. 30 ft agl.

AUTOFLIGHT 99,
A pliot can check suto-throttle mode on the?

n EICAS or ECAM primary display.
b EFIS PFD.

<. EFIS ND,

d. Overhead panel,

AUTOFLIGHT 109,
At what height will the sutopilot he disengaged during a semi-sutomatic tandlog?

a. 400 ft.
b. 100 0.
c. S0

d. Decislon helght.

AUTOFLIGHT 101,
What is the minimum acceptable autopilot facility for single pilot flight at night or
in IFR conditions?

'R Two axis sutopilot providing altitude hold, heading hold, and VOR
tracking.

b. Two axis autopilot providing altitude hold snd heading hold.

e Single axis sutopllot providing sltitude hold,

d. Single axis autapilot providing heading hold.

AVIOFLIGHT 103,
An sutopllot capable of providing heading hold and altitude hold is the minlmum
requirement for?

Automatic {andings.
Single pilot IMC and VMC operations.

Single pilot night and IFR operations.
Class A alreraft.

ppr oy
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AVTOFLIGHT 193,
What s the meaning of an Hiuminsted “LOC ARMED” caption on the

annupclator?

s ILS capiured.

b. Locsliser b armed and awalting capture.

'R Localiser has been captured.

d. Localiser benm has [ailed.

AUTOFLIGHT 104,

An sutomatic landing b one in which?

1. The flare is conducted sutomatically,

2 The awto-throttie s disemgaged at 50 ft.

L8 The zutopilot follows the [LS down to the flare.
4. The auto-throttle controls nirspeed down to decision height then disengages,
5. 1,12

b. I,3.

. 2,3

d. 1,4,

AUTOFLIGHT 105,
What Is the purpose of antomatic rim In a0 sutopilot system?

To prevent snztching on engagement.
To prevent snatching on disengagement.
To prevent sysiem runaway.

To prevent mach tuck under.

AUTOFLIGHT 106,
If an aircraft ls provided with only » single autopilot to control ctimb, cruise and
descent, the failare of this system will?

Cause n6 problems becsuse it will be fall safe and discngage sutpmstically
upon failure.

Cause the system to run away unless immedintely switched off by the pliot.
Be redundant and hence fadl passively.

Will fail soft and hence not need switching off.

AUTOQFLICHT 107,
Which of the following can be heid by the auto-throttle system?

|
2.
kS
4,

Mach namber.
TAS,

Aldtude.

N1 and EPR.

plLif]
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VOR tracking.
Vertical speed.

£ a
-
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AUTOFLIGHT 108,
The purpase of the automatic trim facllity Iy to?

To retieve the forces on the control column prior t¢ hand over.
To reduce control hinge moments to zers,

To relieve forces on the sutopliot servos prior ta hand over.
To prevent sudden altitode changes im alt hold.

AUTOFLIGHT 109,
In the heading select mode the autopilot banke the alrcraft by inputting control
signa) that are?

;e =

h

BoTp

Praportional to the error between actusl heading and selected heading,
Within specific limits,

Sufficient to achieve 2 mazimum of 28 degrees of baok,

Sufficient to schieve a rate one turn.

1,2
i3
L, 4.
1,3

The most basic antopllot fanction is 0?

a.
b.
c.
d.

Level the wings,
Heading hold.
Altitede hold.
Pitch hold.

The effects of an aatomate trim function in an auntopllot system are to?

L.
1
3
4.

Cancef rudder controf Inpats to prevent runaway,

Prevent snatching on engagement.

Prevent snatching on disengagement.

to prevent system engagement if sutotrim is not abvallable,

EPrFe

1,2
1,3
1,4,
3 4

AUTOFLIGHI 112,
The TOGA facility is activated?

po R

By pressing the TOGA button on ar close to the throttle levers.

By pressing the pulling back on the controt column during an autoland.
If the awtopllot fails during an autoland,

When the glidesiope s lost.

AUTOFLIGHT 113,
Initiating a go-around during s» sutcmatic approach?

L

The pilot controls the aircraft in the climb.

FR The sutopilot comtrols the aircraft fn the citmb.

3 Aute-throttle selects maximam pewer.

4. Aute-thirettie selects go-areund pawor.

5 The pilot retracts flaps and gear,

6. The flaps and gear are retracted automatically.

(" | N

b. 4,5

'3 14, 6

d L6

AUTOFLIGHT 114,

A Tolly autemate Isadiog is one In which?

8 The sutopilot and suto-throttie control the aircraft until st lesst the roll out.
b. The sutopilot and aato-throttle conirol the sircraft dowa to the fiare.

< The antopliot and aute-throtthe contrel the aireraf awtd] it stopa. - _

8 The autopliet and auto-throttle contrsk the sireraff dews tb Jetiion height.

AUTOFLIGHT 113,
The terme used to describe an autopilot system that is unuble fo contite an
automstic Iandiog after s single autopllot failore is?

2.
b.
<
[ 9

Fail safe.

Fali pasaive,
Duplezed.

Fall operational.

m



AUTOFLIGHT 116,
Whst happens If the barometric altimeter pressure setting ls adjusted when the
autoplliot is fiying the aircraft altitude hold mode?

a, The changed pressure setting bas no effect.
h, The aireraft climbs or descend, depending on whichk way the setting is
changed.

[ The aircraft climbs.
d. The alreraft descends.

The sutepilot rotates the alrcraft around?

Ets Cof P

Ia Cof G.

Its aerodynamic centre.
d. Only when defective.

LU

AVTOFLIGHT 18,
A single pllot flylng IFR must bave an autoptlot providing at least?

a, Horizontal hold.

b. Attitude hold.

3 Aldtude and heading hold.

d. Attitude hold and aititude hold employing some form of radio navigation
ald.

A 2 .
What It the name for a closed loop system in which  small input cortrols a much
Iarger output in accordance with a set proportionality law?

a Autopilot.

b. Amplifier.

c Serve mechanism.

d.  Positive feedback loop.

AUTOFLIGHT 1360
What ia controlied by an auto Might system?

a Elevators to coutrol IAS.

b. Elevators to control heading.

c Auto-throttle to control altitnde.

d. Auto-thrattle (o control vertical speed.

204

At 50 fr agl?

" The sutopilot disengages.

b. The ILS and gildeslope disengage.

¢ The locallser and glideslope disengage.
d The glideslope disengages.

AUTOFLIGHT 123,
How |s the go around mode selected?

a Automatically when the glidestope s lost.

b. By the pilot pressing the TOGA button on the throttle quadrant.
LR By the pliot pressing the TOGA button oo the overhead panei.
d By the pilot pushing the throttle levers fully forward.

AVTOFLIGHT 123,

At 50 ft agl during an avetiand?

a. The horizountal stabitiser Is trimmed aose up.
b. The glideslope and localiser disengage,

c The flare mode becomes armed.

d The autopilot flare mode takes over pitch control from the glidestope.
AUTOFLIGHT 124,

The yaw damper Indicator?

s Shows rudder angle. .
b. Show rudder angle only when on the ground.
c Shows rudder rate of movement.

d. Shows the degree to which the yaw damper has moved the rudder.

AUTOFLIGHT 123,
If the autopliot is engaged without selecting asy modes it will provide?

& Nothing. :
b. Autematic stabllisation and in some cases automatlc irim.

€. Wings level only,
i Piteh attitade hold only.
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AUTOFLIGH 126,
The “LOC ARMED” caption indicates that?

a. The locaiiser systera bas failed.
b. The jocaliser beam has been captured.
€. The localiser has been armed and Is ready for capture,

d. Fhe glideslope bas been captured sad the locallser Is armed resdy for
capture.

ANTOFLIGKT 127.
When su sircraft kas both sutopilor and suto-throttie?

a WEeen climbiag the auto-throttie bolds EAS or mach number In the speed
mode and the sutopllot helds attitude in the climb mode.

b. When climbing the auto-throitie bolds thrust or EPR while the autopliot
holds IAS or mach axmber ix the LVL CHG mode.

<. When crulsing the suto-thretiie holds altitude In the ALT hold mode and
the autopilet holds 1AS or mach number in the speed hold mode.

d. When descending, the sute-throttie hoids vertical speed while the autopilot

holds TAS or mach nrmber.

AUTOFLIGHT 118,
What happems st 50 ft agl during an autoland?

"~ The glideslope signal flares the alreraft.
The glideslope signal Iy satomatically disengaged.

' The glidslope signal continues to be nsed to By the alrcraft but its angle
rednces.

d. The glidestope signat frequency imerease to lmprove accarscy,

L

If an alreraft clinsbe with its suto-throtile system in mach holi?

. EAS wil} imcresse.

b. CAS willf decrease.

¢ TAS will remain constant.

d. Throttle angle will remain constant.

FLIGHT DIRECTOR &,
On » modern alrcraft, the flight director modes are displayed on the?

2 Control panel of the fight director only.

b. Upper strip of the PFD (Primary Flight Display).

' Upper strip of the ND (Navigstion Display).

d. Upper strip of the ECAM (Electronic Centralized A/C Management).
206

The essentlal compopenta of a flight director sre:

1. A compuier,

1. An automatic pilot,
3. An autothrotte,

4. Command bars.

The comblnation of correct statements is?

2,4,
3
4
5,2

rEe

|
.

FLIGHT DIRECTOR J.
The aim of the ight director is to previde information to the pilot?

' Allowing him to returs to a desived path according to a 45° intercept angle.
b. Allowing hira o retarn to a desired path according to & 30° Intercept angle.
3 Allowlng him te retara te & desired path in an optimal way.

d. About his position with regard (o & radie-clectric axis.

FLIGHT DIRECTOR 4,
Fiight Director Information supplied by an FD computer s presented in the form
of command bars on the following instrument?

a  ADi Attitude Display Indicator.

b.  BDHI Bearing Distance Hesding Indicator.
< RMI Radio Magneds Indicator.

d. HSI Horizonial Situation Indicator.

m"m '&Mhuhmdummwww)wm;mu
steer of 180°, Your sircraft holds a heading of 160°. The vertical bar of the FD?

s Cannot be centreed.

b. Is centreed i the alrcraft ia op optimem path to join heading 180°,
<. Is centreed if the aircraft has a starboard drift of 20°,

d. Is centreed if the alvcraft has a port drift of 20°,
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E
The Flight Director bars are?

Always visible in flight.

Always visible in antoraatic flight.
Sometimes vistble In automatic fight.
Never vislble in antomatic filght.

ar e

FLAGHT DIRECTOR 7,

After having programmed your flight director, you see that the indications of your
ADI (Atiitede Director Indicator) are as represented In diagram below, On this
Instrument, the command bars indicate that you must bank your alrpiane te the

left and?
o o
.
a. Increase the Right actitude antll the cornmand bars recentre on the symbolie
sirplane,
b. Decrease the flight attitude until the command bars recentre on the
symbolic alrpinne.

c. Increase the flight aritude undi the command bars recentre on the horizoa,
d. Decrease the flight attitude until the command bars recentre ow the horizea.

F
The command bars of s fHght director are generally represented on an?

HSI (Horizonta) Situation Indicatar).
RMI (Radle Magnetic Indicator).
ILS (Tnstrument Landing System).
ADE (Attitude Director Indicator),

oo
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FLIGHT DIRECTOR 9,
An seroplane Iy equipped with a Flight Director (with crosshair trend bars),

heading 270°, in HDG mode (headling koid). A new heading, of 360° , is selected the
vertical trend bar? '

a Deviates to Its right stop as long as the acropigne is more than L10° off the
new selected bending,

b. Deviates to the right and will be centred s soon s you roll the sivcraft to

the bank angle calcaiated by the flight director.

< Deviates to the right and remalns In that position until the sircraft has
reached heading 360°,

d. Disappears, the new heading selection has desctivated the HDG mode.

ELIGHT RIBECTOR 18,
The flight director indicates the?

n Optimum path at the moment it is entered to reach a selected radial.
b. Path permitting reaching s selected radial in minimum time.

'R Path permitting reaching x selected radial over & minhwum dlstance,
d. Optimum instantancous path to reach selected radlal

FLIGHT DIRECTOR 11,
The poaition of a Flight Direcior command bars?

5. Indicates the manoewvers to execute, to achieve or malntain a fight
sitaation.

b. Repeats the ADI and HS] information.

€ Enables the messwrement of devistion {rom a glven positdon.

d. Only displays infermation reiating to radlo-electric deviation.

FLIGHT DIRECTOR 12.

After having programumed your flight director, you see that the indications of your
ADI (Attitmde Directar Indicator) are as represented In diagram beow, On this
Instrument, the command bars indicate that you must?




lucrease the flight attitude and bank your airplane to the left until the
command bars recentre on the symbolic acroplane.

Increase the flight attitwde and bank your xeroplane to the right untll the
command bars recenire on the symbolic seroplane.

Decrense the flight attitude and bank your sirplane to the left undl the
command bars receatre on the symbolic aeropiane.

Decresse the flight attitude and bank your alrplane te the right until

the command bars recentre on the symbollc acropliaae,

FLIGHT DIRECTOR 1.

What commands sre being jndicated by the
Might directer at the right?

a. Go down and right.

b, Go up and left.

<. Go down and Jeft.

d. Go up and right.

F B

What commands are belag indicated by the
flight director at the right?

a Go down and right.

b. o up and left.

. Go down and left.

4. Go op and right.

E H

What commands are being indicated by the
fNlight director at the right?

N Go down and right.

b. Go up and left.

<. Go dowa and left,

d. Go up and right.

FLIGHT DIRECTOR 16.
AR atreraft s flying on a heading of 275° and the awtopilet is In the heading select

mode. What will the flight director command bars do if hexding is changed to

350°

i

The roll bar will mave to the right oatl the AFDS angle of bank required te
Intercept is achieved. The bar will then centradise.

b. Rol bar moves hard right then gradually centralises as the difference
between actual heading and selected heading reduces.

'S Roll bar moves left until the actwal heading matchea the selected heading.

d The rell bar doas not move, but the system awtomatically regalns the
selected heading.

FLIGHT DIRECTOR 17,

Flight director modes are dispiayed?

o On the EFIS primary flight display.

b. On the EFIS nav displsy.

c On EICAS or ECAM.

4 Om the (light directer control panel

FLIGHT DIRECTOR 13,

What command are being indicated

by the FD at the right,

a Go up and right,

b. Go op and Jeft.

¢ Go down and right.

d Go down and left.

ELIGHT DIRECTOR 12,
Om which insirument are the FD) bars nermaily displayed?

ppmm

EFIS ND.

EFIS PFD,
EICAS or ECAM.
PPL
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FLIGHT DIRECTOR 20,
When wiil the ADI vertical bar become centralised with 150 degrees is selected
when flying op & heading of 168 degrees?

a When at the correct attitude to Intercept 180 degrees.
b. When on £ beading of 180 degrees.

¢ When on a heading of 160 degrees,

d. When within 26 degrees of 189 degrees.

FLICHT DIRECTQR 21,

Haviog programmed the flight director, s

pliot obaserves that the ADI indications are
8 Hlustrated in the disgram at the right.
The comoand bars Indicate that the

sircraft should?

s Bank left and increase nose up attitade until the bary centralise.
b. Bank left and decrease nose up attitnde untll the bars ceniralise.
c. Bauk right and increase nose op attitude wntll the bars centratise.
d Baak right sud decrease nose up attitade until the bars centralise.

FLIGMY DIRECTOR 22,
1f heading is set to 188 degrees when the sircraft is stable om 160 degrees, what will

happen te the vertical bar on the fiight director?

A

b.
o
d

Move left,
Move right.
Moeve down,
Remain central.

ELIGHT DIRECTOR 23.
Where are tho flight director modes displayed?

SN oe
o -

EFIS ND.
EFIS PFD.
EICAS/ECAM,
FD controlier.

FLIGHT DIRECTOR, 34.
* How will the FD bars respoud If a heading of 35¢ degrees Is selected, when the

atrcraft with heading hold engaged bs in steady flight on & heading of 270 degrees?

Move right unttl the turn commaend is executed, then centralise until a
heading of about 340 degrees is reached, when it will move left to execute &
roll out.

Move right until on 350 degrees then centralise.

Move right uatil on beading 260 degrees them move left to regaln 350
degrees.

Move right temporarily thes quickly centrsilise,

EICAS/ECAM L
In » basic ECAM system?

The left screen show lnformation in checkbist and memo form, whilst the
right screen shows relevant diagrams.

The right screen shows information In checklist or mema form, whilet the
left screen shows the relevant disgrams.

The left acreen is normally biank with the right showing primary engine
data,

The right screen ls normaily blank with the left showing primary eagine
dats,

EICASECAM 2,
The basic ECAM system haa?

ar e

Three automatic modes and one manus] mode.
Four automatic modes and one manual mode.
Three manual modes and one antomatic mode.
No manual imodes.

LICANECAM 3,
A message encloned within » box?

L8
b.
.

d

1s used in EICAS to show s systems which It unserviceable.

Is vaed in ECAM to show a system which is unserviceable,
nmn:mwm.mmmmm,nmam
non-operatisnal due to the fallure of & different system:.

In wsed i ECAM te show a system whick although serviceable, is readered
non-operstional due to the faflure of a different system.
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EICAS/ECAM 4,
ECAM provides?

Information In checklist or memo format on the left or upper display and »
synoptic diagram ou the right or lower displwy.

Information in checklist or memo format on the right or lower display and »
synaptic dingram on the left or upper display.

No information about the engines.

tnformation about the engines only on the right or jower digpiays.

EICASECAM 5.
H & sereen fadls In a basie (non-EFIS equipped) ECAM system?

The information that would aormaily appear on that sereen s displayed In
compacted format on the other screen.

The Informatien that would narmslly be dispisyed on that screen is
provided om couventional analogue displays.

The information that would normally be displayed on that screen [s Jost.

;:‘I:;]en;im primary dats ls dispiayed on the emergency engine data LED
ay.

EICASECAM ¢,
If & screen fails in an advanced (EFIS equipped) ECAM system?

i

The information that would normally appear on that screen is displayed in
compacted format on the other screen.

The information that would normsily be displayed on that screen is
automsatically transferred to one of the EFIS screens.

The Informastion that would normaly be displayed om that screen Is lost.

;r:;lenllm primary dats is displayed on the emergency engine data LED
ay.

EICAS/ECAM 7.
If & screen fails in & basie (non EFIS equipped) EICAS system?

a.
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Tllelnformtlnthuwonldnomallya r oM that screen iy displayed In
compacted format on the other screen, i A

The information that woald kormally be dispiayed on that screem is
autematically iransferred to one of the EFIS screens.

The Information that would sormally be displayed oo that screen is lost.

:‘l:elenﬂn primary dats is dispinyed on the emergency engine data LED
play.

ao

EICAYECAM 3,
If & screen fails in an advanced (EFIS equipped) EICAS syatem?

The information that would normaily sppear on that screen is displayed in
compacted format on the other sereen.

The Information that would normally be displayed on that screen is
automatically transferred to one of the EFIS screena.

The Information that would normally be displayed on that screea Is lost,
The engine primary data is diapiayed on the emergency engine datz LED

displny.

EICASECAM 9,
H an emergency occurs [n an sircraft employing advanced ECAM?

| N

b,

The nature of the problem is indicated in red at the bottom left of the upper
display, together with corrective Instructions in blue.

The nsture of the problem is indicate I amber at the bativm ieft of the
upper display, together with corrective lostructions in white.

The natare of the probiem is indicated in red at the top left of the upper
display.

The nature of the problem ls indicated [n red on the lower display.

EICASECAM 10, :
If an emergency oceurs in s sireraft employiag advanced EICAS?

"

b,

The nature of the problem is indicated Im red st the buttom left of the upper
dispiay, together with corrective instructions in blue.

The nature of the problems th (ndicate in amber at the bottom Ieft of the
upper display, together with corrective Instrmctions {a white.

The usture of the problem I indicated ln red at the top left of the upper
display. -

The zature of the problem 1y indicated In red on the lower display.

EICASECAM 11,

InEICAS? -

Englue primary dwta such as N1, EGT and EPR are displayed coustantly on
the lower screen, the upper screen remsining blagk in normal fight. .
Engine primary and secondary data pius flap, siat and flying control
positions sre displayed corstantly on the upper screen, the lower screen
remainlng blank throughout normal flight.

Engine primary and secondary dats plus flap, siat end flying contral
positions are dispisyed constantly on the Iower screen, the upper screen
remalaing blank throughowt normal fMight.

Engine primary data such as N1, EGT and EPR sre displayed constantly on
the upper screen, the lower screcn remaining blank n sormal flight,
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EICAS/RCAM 13,
The EFCAS display modes are?

powTp

Operntonal, status and malntenance,
Normal, failure, stztus, magual.
Operational, status, manual, tmergency.
Normal, manual, status.

A red message on an upper EICAS display?

b.

I2 2 warning of a situation for whick lmmediste corrective action is
required, ltmyormnymbeacmnmhdhynunlwamhg,
depending on the serfousaess of the situntion.

In @ warning of a situatioa for which Immediate corvective action Is
required. T¢ will be accompanied by an approprinte aural warning,
Advises the crew of a situation that does not require Immediste corrective
action, but maight do so in the near futare, Tt will alwzys be accompanied by
am saral w .

Advises the crew of a situation that does aot require immediate corrective
action, but might de 5o In the nesr fature. It may or may not be
.‘mmupnmm by an sural warning, depending upon the serlousness of the

EICAS.ECAM 14,
AR smber message on an upper EICAS display?

a.
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luwun!lgatullmdonrorwlﬂehlmmeﬂhumrncﬂveuﬂonh
required. ltmyormymheummnedbyuaarﬂwm;
depending on the seriousmess of the situation.

Is s warning of & situation for whick Immediate corrective action Is
reqdred.llwmbcweonpnledby_alappnpmunnlwmhg.
Advhubt:umofam:ﬂntkndmmuqmmuurmdw

t puightt do se In the near fature. It will always be

“nctlu,m ays be accompanied by
Advises the crew of » situation that dees net roguire Immediate corrective
mwmhwhmMMunltmyorwmbe

accompanied by an anral warning, depeading apon the seriousness of the
sitoation,

EICAS/ECAM 13,
A green bug oo an EICAS EPR gauge indicates?

The current EPR vaive.

Thie Inct that the current EPR value is the correct one for that stage of
fight.

The target EPR value.

The maximum safe EPR value.

EICAS/ECAM 16
The main advantages of EICAS and ECAM #re?

.2 T e

More sccurate indications.

Lighier and cheaper instruments.

Leat cockpit cluiter and betier information mansgement.
The ability to dispiay parsmeters for multiple englnes.

EICAS/ECAM 17,
How will a single EICAS fallure be displayed.

2.

pr o

If ome screen of s basic EICAS system falls the ather will go into compacted
display mods.

If ome computer of an EICAS systew falle am amober caption will sppear on
the upper dispiay but the system will continus to functien,

If one screen of an advanced EICAS system falls the luformstion from that
screen will be antomatically transferred to one of the EFIS navigation
displays, and an amber caption will appenr on the screen depicting EICAS
primary data,

52
£ 3
2,3

Al of the above.

EICASECAM 18,
If both diapisys Iall on a basic EICAS system?

Limited engine primary data (N1, N2, EGT) are displayed on an EFIS
SCrees. -

Limited engine primary dats (N1, N2, EGT) are dlsplayed on analogue
gauges. )

Limited engine primary data (N1, N1, EGT) are displayed on the standb:
engine LED indicator. :
All dats becomes anavallable.
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EICAS/ECAM 19,
AB EICAS ndvisory message?

& Appears In amber ou the upper dispiny, indented one diglt to the left.
b. Appemhnmbern&cwdhm.mdoummduﬂm
c. Appears (s green ou the lower display, indented ome digit to the right.
d. App«rallamberolthelewerscmn,hdumdondlmntheﬂgit.

EICANECAM 20,
For what is the colour red nsed in EICAS and ECAM displays?

a. Warning and cautions.
b, Cautiens and limits,

e Warnings and Himits,
d. Caations and limitn

How must a pilot react to sa amber EICAS or ECAM indication?

.. Take immedinte corrective action.

b. Take no action, it is for iufermadon only.

&, Take ne immedinte correciive sction but be aware of it and consider iy
potential effects In the event of other fafhires.

d. CuuhetATClmudmuyudavmhltommuplbhﬂrﬂeH.

EICANECAM 22,
What Indicstion Is given for an ECAM system [nilare?

s, Light only.

b. Light apd sural.

e A button s lleminated to indicate how te switch off warning.
d. Amiber inessage,

EICAYECAM 23,
Wlml;thpmoﬂhecaleelmdnul!bnthuunllCAﬁorECAM
system

a To delete unwanted messages and recover them If the situation saddenly

deterioraten

b. Tenrol!dﬂmandupmmulwlrunga,cuﬁoummuswm
they M more thas ons page. '

<. To deiete warnisgs if they cannot be rectified, and to recover them if it is
decided to make » further sttempt.

d. Todelehbwpﬂodtywhcommuonthehlglpﬂoﬂtym

Then to recall the low priority mexsages when the more lportant ones have
been deait with.
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EICASECAM 24.
When an ECAM warning has been dealt with?

a. The blue corrective Instructions wlll be replaced by a blue statement of the
new coofiguraton.

b. The red corrective instructions will be deleted.

¢ The blue corrective instructions will be deleted.

d. The blue corrective Instructions will be replaced by a green statement of the
new conflguration.

EICAVECAM 25,
When the ECAM T/O button is pushed?

a The sircraft takes-off, .

b. The system checks that the slccraft is in the take-off configuration.

<. The systems pats the aircraft into the take-off configuration.

d. The syatem prepares the alrcraft for take-ofl, then awalts the release of the
brakes before spooling up the engines,

EICAS/ECAM 26,
When the Take-off button on an ECAM system is puohed?

. The aircraft conducts an automatic take-ofT, to flap retraction helght,

b. The atreraft conducts an automatic ixke-off and climb out to crulse height.
€. The ECAM cenfirms that the sircraf) is In-the take-ofY conflguration.

d. The ECAM conflrms that the aircraft is in the lift-off attitude.

EICS/ECAM 27,
The basic ECAM system dhapinys?

a. Engine and alrcraft systems primary data.

b. Eungine and alrcraft systems primary and secondary data.
[ Alrersdt systems primary dats, :

d. Alrcraft systema primary snd secondary dats.

EICS/ECAM 28,
Both ECAM and EICAS?

2. Display cugine secondary data In snalogue formst only.

b. Display engine secondary and primary data ji digital format only.

c. Display engine primary azd 1econdary datydn analogue and digitst format.

d. Display engine primary data in anatogus and digital format, and secondary
only In analogue format -
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EICAS/ 9.
ECAM displays warnings and cautions?

At the right side of the left or upper display.
At the left side of the right or tower diapisy.
At the bottam of the left or upper displey,
At the top of the left or upper display.

an o

EICAS/ECAM 30.

The correct response to an EICAS red messege is to?

Take immediste corrective action.

Press the status button to get more Information sbout the failed system.
Press the cancel button to see if other fauits exist.

Press the recall bution to obtain & iist of carrective actlgns.

&0 TE

EICAS/ECAM 3},

The correct response to an EICAS amber and sural message [s?

a. Take the immediate corrective actions listed on the bottom of the upper
display.

b. Take no immediate action but be aware of the sltuation,

<. Take immediate corrective actions listed on the lower display.

d. Preas the recall button to obtain a list of corrective actions required.

EICAS/ECAM 12,

The correct response to an EECAS amber without aursl message is?

a. Tuke the immedlate corrective actions listed on the hottem of the upper
display.
i Take no tmmedilate action but be aware of the situation.
o Take immediate corrective actions listed on the lower dlspiay.

d. Press the recall button to obtain a st of corrective actiona required.

ESCAS/ECAM 3.

The correct response to an FCAM red message is?

& To take immediate corrective action as listed on the hattom of the left or
upper dHsplay.
b. To press the recell button to obtain detalls of corrective actions regnired.
c. Take no immedinte actions but be aware of the situation.
d. Carrective action will be taken automatically by the system.
120

E
Where are the flving control positions indicated on 2n advanced ECAM system?

a, The right stde of the upper dispiay.
b. The teft side of the upper display,
< Fhe bottom of the lower display.

d. The left side of the lower display.

Where are the flap and siat positions Indicated on an advanced ECAM system?

.. The right side of the upper dispiay.
b. The left side of the upper display.
€. The bottom of the lower display,

d. The iefi side of the lower display.

E
When an sircraft system failure accurs on an airceaft with a basic ECAM system?

s, The left disptay will indlcate the siteation in red or amber, together with the
required corrective actions In biue, The right display will show a dlagram of
the faudty aystem.

b. The left display will Indicate the situation In red or amber, together with the
required corrective actions in green. The cight display will show a diagram
of the fanity system.,

(3 The right display will Indicate the situation in red or amber, together with
the required corrective actions in biue. The left display will show a diagram
of the fauity systen,

&, The right display will indicate the situation in red or amber, together with
the required corrective actlons In green. The left display will show 2
diagram of the fauity system.

2

When the required corrective actions have been taken to remedy an alrcraft system
fault, an ECAM system wi?

8. The upper screen wilk continue to display the original fault statement
together with the biue corrective action list, but the iower screen will go
blank.

b. The upper screen will briefly continue to display the original fauit
statement, but the list of corrective sctions will become green. Beth screens
witl then revert to normal.

. The faukt Indications wili immedlately disappear as the screens return to
normal.
d. The origlnal fault statement will remain but the corrective actions Hst wili

turn green. The bower display will return 1o normal,
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EICA
In normal flight conditions an ETCAS systemn display is?

a. Both screens blank.

h. Upper screen blank and lower one Indicating primary engine data,

. Lower screen blank and upper screen lndlcating primary engloe dats.

d. Upper screen Indicating engine primary dats and lower screen Indicating
engine secondary data.

EICASIECAM 39,

An engine fire on an EICAS eguipped alrcraft would be indicated by?

&, Red caption oo the upper display and engine secondary data on the iower
dispiay. )

b, Red caption on the upper display, aural warning, engloe secondary datz on
the lower display.

c. Amber caption an the upper display and engine secondary data on the lower
dispisy.

L R Amber caption an the upper display, aural warnings, engine secondary dats
on the lower dlsplay.

EICAS/ECAM 49,
In an EICAS system, excessive EGT ls indicated by?

a, The position and figures on an analogne and digitai display.
b. The EGT display will turn red.

c. The EGT display will turn smber,

d. The EGT display will flash siternatetly red and amber.

ELCAS/E 5
1f the lower EICAS display fails but the EFCAS system does not detect the failure?

%, The iower dlapiay will remain blank, but the upper will show a series of
/' Signs whenever data sheuld be oa the lower displxy.
b. Dispiay fallures are aiwayy detected by EICAS.
c he lower dispiay will remain blank, but the upper will show 3 series of
Signs whenever data should be on the lower display.
d. The system wiil automatically go into compacted display mode.

The measage on an ECAM display | RADALT| indleates?

b.

€.

The RADALT s defective.

The RADALT fs not ttself defective but It has beea rendered unavallabie
due to the fallure of another systems which is not identified.

The RADALT is not itsetf defective but it has been rendered unavaifable
due to the [alivre of another systems which Is also Identifled by anather
message.

The RADALT has been switched on.

How is the lower screen in an EICAS system cleared when in status mode?

.
b.
c.

By pressing the CLR button.
By pressing the statua button.

By repeatedly pressing the status button until ali pages have been viewed.
By pressing the RCL buttor.

Modern commerclal transport alreraft wilt employ?

a,
b.
|
d.

ECAM, EICAS and EFIS,

ECAM and EICAS but not EFTS.
EFIS and either ECAM or EICAS
EFIS only.

The advaniages of EICAS and ECAM include?

I
2.
3
4.
5.
6.

L

Reduced cockpit clutter,

Reduced pilot worklosd.

Easler identification of fauits,

Easler interpretation of Informstion in difficult conditions.
Lighter indication systems,

Better Integration of information.

1,2,4.
2,3,4,6.
3,4,5,6
All of the abave,



ENGINE |1,
The temperature measured by the CHT (Cylinder Head temperature) probe Is

The?

4.

b.
<
d.

Temperature within the hottest cylinder, depending on its position in the
engloe block,

Average temperatere within the whole set of cylinders.

Tempersture of the exhaust gases.

Temperature of the carburetor to be monléored when the outslde sir
temperature is between -5° C and 10° C.

ENGINES 2.
The signsl supplied by a transmitter fitted with a 3-phase AC generator, connected
to RFM indicator, is & DC voltage varying with the RPM?

b.

The indicator is a plain voltmeter with a rev/min scale measuring an AC
voltage, the frequency of which varies with the RPM.

The Indicator converts the signal into square pulses which are then counted
as an AC voltage varying with the RPM.

The Indlcator rectities the signal via a diode bridge and is provided with a
volimeter & three-phase voltage, the frequency of which varies with the
RPM.

The Indicatar is provided with & moter, which drives s maguoetic
tachometer.

ENGINES 3,
The signal supplied by a tranamitter fitted with s magnetic sensor, connected to an
RPM Indicator Is o three-phase voltage frequency varies with the RPM?

b.

The indlcator is provided with a motor which drives a magnetic tachometer
a DC valtage varying with the RPM.

The indicator is a simpie voltmeter with & rev/min scale measuring sn AC
voltage varylng with ¢che RPFM?

The Indicator rectifies the signal via a diode bridge and s provided with a

voltnaeter messuring an AC voltage, the frequency of which varies with the
BPRL . .

The Indicator converts the siguai inlo square pulset which are then counted.

A vibration indicator recelves o signal from different sensors (accelerometers). I
indicates the?

[N

Vibration period expressed In seconds.

Vibration amplltude at a givea frequency.
Acceleration measured by the sensors, expressed in g.
Vibration frequency expressed in Hz.

ENGINES 5,
The transmitter of RPM indicator may consist of:

L
2.
3.
4,

A magnetic sensor supplying an Induced AC voltage.

A DC generator supplying a DC voltage,

A single-phase AC generstor supplying an AC voltage.

A three-phase AC generstor supplying s three-phase voltage.

The combination of correct statements Is?

¥ -y

4,

e Gk L
-

L2
1,2,
2'3'
1.4

ENGINES §,
The Engine Pressure Rato (EPR) is computed by?

a
b.
c.
&

Dividing turbiee dischargs pressure by compressor inlet presaure.
Dividing compressor discharge pressure by turbine discharge pressure.
Multiplying compressor Infet pressure by turblne discharge pressure.
Muldplying compressor discharge pressure hy turbine Inket pressure.

The principle of detection of a vibration monltoring system ls based oo the use of?

a
b,
e
d

2 acceleromeiers,

2 high and low frequency applifiers.
1 high sad low frequency filters.

A frequency converter.

ENGINES 8,
The green sector of the arc of a temperature gruge correspoads to?

An exceptional operating range.
A forbidden operating range.

A special operating range.

A normaal operating range.

ENGINES 9.
A synchroscope s used op aircraft to?

n

c
d

Reduce the vibration of each englne.

Reduce the rpm of each engine.

Achieve optimum control of on-board voltages.
Set several engines to the same speed.
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NGINES 10,
A thermocouple type thermometer consists of?

a. A single-wire metal winding.

b. Twa metal canductors of different type connected at ane point.
e Two metal conductors of the same type connected at two polnts,
d. A Wheatstone bridge connected to a voltage indlcator.

ENGIN 1.

‘Fhe yellow sector of the temperatere gauge corresponds to?

. A frequent operating cange.

b. A forbidden opersting range.

€. An exceptional operating range,
d. A normal operating range.
ENGINES 12,

In an engine vibratlon monitoring system for a turbejet any vibration produced by
the engine is?

a. Directly proportionai to engine speed.

b. Fed directly to the cockpit indicater without amplification or filtering.
c. Amplified and flitered before being fed to the cockpit Indicator.

d. Inversely proportional to englne speed.

ENGINES 13,

Pifferent presure sentors are used according to the lntensity of the pressure

measared (low, medlum or high). Classify the following sensors by arder of
increasing pressure for which they are suitable?

L. Bellows type.

1. Bourden tube type.

3 Anercid capsuie type.
a. .1, 3%

b. ez

<. 1,2,

d. 3L L1
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PRI S

P othe ke anilade -

The RPM Indicator (or tachometer) of 4 plston engine can include a smal] red arc
within the arc normally used (green arch. 1o the RPM range corresponding to this
small red arc the?

s Rating is the minimum usable in crulse propeller efficiency.
b. 1s minlmum »t tbkis rating.

e Propeller generates vibration, continuous radng Is forbidden.
& Rating I the maximum possible in continuoua mode.

1s order to messure temperature the cylinder head temperature {(CHT) gauge
utilises a7

s Thermocouple consisting of two dissimifar metais.
b. Wheatstone bridge circult.

€ Ratiometer clrcuit.

d.  Bourdon tube,

A manlfold pressare gauge of & piston engine measures?

a. Fuel pressure leaving the carburettor.

b. Vacuure It the carburettor.

e Absolute pressure In intake system near the inlet valve.
d. Absolute alr pressure entering the carburettor.

ENGINES 17.
If a manifold pressure gauge consistently registers atmospheric pressure, the cause
Is probably?

a Leaki In pressure gauge line.
b, Toa high float fevel.

c. Fuel of too low volatilicy,

¢ Ice in induction system.

" "
A millivoltmeter messuring the electramotive force between the hot junction” and
the "cold junction” of a thermocouple can be directly graduated in temperature
values provided that the temperature of the?

. Cold junction is malntained constant.
b. Hot junction is maintained constant.
c Cold junction js maintained at 15° C.
d. Hot junction is maintalned at §15° C.
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ENGINES 19,
The main advantage of a ratiometer-type temperature Indicator Is thai 1t?

' 13 simple.
b. Can operste without an electrical power supply.
[ Is very accurate.

d. Carries out an independent measurement of the supply voitage.

The probe used to messure the sir Intake pressure of a gas turbine engined
powerplant s?

a. A differentin} capsuie.
b. A Bourdon tube.

[ A bellows sensor,

d. An aneroid capsule,

The pressure probe used to messure the pressure of a low pressure fuel pump bs?

1. An soerold capsule,
b. A bellows sensor.

e, A Bourdon tube.

d. A differential capsule,

The disadvantages of a dlogle-phase A.C. generator tachometer are;

1. The presence of spurious signals dus to 2 D.C. generator commutstor,
1. The importace of Hne resistance o the informstion value.

3 The lefluence of temperature on the tachometer information,

The combiustion regrouping all the correct statements is?

8. 2

b 1,23
[ I, 2.
d. 1,1

The advantsges of single-phase A.C. gemerator tachometer are;

L. The suppression of spurlous signals due (0 a D.C. generator commutator,

o2 The importaace of Hoe resistance on the Infermation value.

3 The Independence of the information in reistion to the sirborne electrical
power supply.

28

4. The ease of transmisslon of the information.

The combination regronping all the correct statements Is?

A L3

b, 1,2,3,4.
¢ 1,34
d. 1,4,

The sdvantages of a D.C. generator tachometer sre:

i. Easy tranzmission of the information.
1. Independence of the information relative to the airborne electricsi

power supply.
3 Freedom from any spurious current due to the commutator.

The comblnation regrouping all the correct statements fs?

a 1,3
b. L3
) 1,2
d. 1,23

ENGINES 25,
The electronic tachometer sensor s composed of?

A The rotor of & single phase A.C. generator.

b. Tha rotor of a three phase A.C. generator,

8 A notched wheel rotating iu fromt of sn electro-magnet.
d. A circular magnet with four poles.

The sdvantages of an electrical induction tschometer are:

| 9 The display is ot semsitive to line reststance.

L The measurement Is Independent of aireraft power supply.

3 The messarement is independent of temperatare varistions.

4, The option to use without restriction several indicators connected in parailel
10 & single transmitter.

The combination regrouping all the correct statements 157

a 1,3,4,
b. L2334
< 2,3,4.
d. 1,2,4.
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The measurement of the tarbine temperature or of the EGT (Exhaust Gas
Temperature} is carried out at the?

a. Combustion chamber outlet.
b. Combuastion chamber lntake.
0. High pressure chamber fntake.
d. High pressure turbine outlet.

The sensors used to measure the exhaust gas temperature on an aircraft equipped

with turbojets are?

a Thermocouples.
b. Based on metallic parts whose expansion/contraction is measured.

[ Based on metallic conductors whese resistance increases linearfy with

temperature,
d. Capacitors whose capacity varles proportionally wlth temperature.

ENGINES 29,
The red pointer which is normally on the red line on the EGT {Exhaust Gas

Temperature) Indicators?

a. Altows the display of the parameter value to be adopted during take-off,

b. Shows the vibration level of the engine under consideration.

. Moves whean the corresponding valus ia exceeded and remalns positioned at

the maximum value that has been reached.
d. Showa the Hmit value not to be exceeded.

ENGINES 30,
A Full Authority Digital Engine Control (FADEC) has the following functions:

Flow regulation (fuel, decelerations snd accelerations monitoring),
Automstic starting seqaence.

Transmissions of engine data to the pilot's instruments.

Thrust maaagement sad protection of operation limits.

i Menltoring of the thrust reversers,

R

The combloaton regrouping all the correct statementy is7

Aa. L3485
b, L2,3. 4,5
c 2,4,8

d. 1,38

20
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ENGINES 31,
The operating principle of the “induction" type of tachometer Is to measure the?

a. Electromative force (EMF) produced by a dyname or an aiternator.

b. Frequency of the electric lmpulse created by s notched wheel rotating In a
magnetic fAeld.

. Magnetic fleid produced by a dynsmo or an ziternator.

d. Rotation speed of an asynchronous motor energized by sn alternator.

ENGINES 33,
The operating principle of an "clectronic” tachometer Is to measure the?

2. Rotatlon speed of an asynchronous motor energized by an alternator.

b. Magnetc field produced by s dyname or an alternator.

' Frequency of the efectric impulse created by a notched wheel rotating in a
magnetic fleld.

d. Electromotive force (EMF) produced by 2 dynamo or an sltermator.

In 2 3-phase synchronens motor type tachometer indlentor:

5. The transmitter Is & direct current generator.

1. The voliage is proporiional to ihe tranamitter drive speed.

3 The frequency Is proportional to the (rausmitter drive speed.

4, The speed Indlcating element is a galvanometer.

5. The speed indicating eiement is a synchronsas motor driving a magnetic
tachometer.

The combination regroupiog all the correct statements is?

a )5
b. 1,2
¢, 3,5
d. L4

ENGINES 34,
The two main sources of information used o calculate turbojet thrust are the?

. Fan rotation speed (or N1) or the total pressure at the low pressure turbloe
outlet.

b, Fan rotation speed {or N1) or the EPR (Engine Pressure Ratio).

' High pressure turbine rotation speed or the EPR (Engine Pressare
Ratlo).

d. Fan rotation speed (or N1) or the tota] pressure at the high pressure
compressor outlet.
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To permit turbine exit temperatures to be measured, gas turblnes sre equipped
with thermometers which work on the following principle?

& Gas pressure,
b. Thermocouple,

c. Bl-metallic strip.
4, Llquid expansion.

ERGINES 36,
On an aeroplane equipped with s conatant speed propeller, the RFM indicator
enables?

A Coatrol of power.

b. Selection of engloe RPM.

c. Ou a fwin-engine seroplane, automatic engine synchronisation.

d. Control of the propeller reguixtor and the display of propeller RPM,

ENGINES 37,
Torque cam be determined by measuring the?

L, Oil pressure at the flxed crown of an epicycioldal reducer of the maln englne
gearbox,

b. Phase difference between 2 impaise tachometers attached to & trassmission
shaft,

<. Frequency of an impuise tachometer attacked to a transmission shaft.

d. Quantity of light passing through a rack-wheel attached to 3 ramsmission
shaft,

What type of sensor is empioyed to measure compressor air Inlet temperature in a
typical turbojet engine fuel system?

a Temperatare probe.
b. Mercury thermometer.
¢ Alcohol thermometer.

d. Optical pyrometer.

ENG 35,
A millimetrie voltmetor messuring the PD across the hot znd cold junctions of a
thermocoupls, can be calibrated to jndicate temperature by?

a. The cold junction is kept at absolute zero,

b. The cold junction is kept a zere degree Celslus.

< The cold Junction temperature ta known.

d. The cold junction is kept at a constant temperature.
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4
The eiectrical supply for a basle thermocouple sysiem is?

% Provided by a dedicated transformer.

b. Provided from the essential services busbar.

c. Self genersted by the SEEBECK effect,

d. Self generated by the inductive reactance method.

ENG 41,

Cyllinder head tempersture on a piaton engine is measured using » ........ on the
2

. Thermocouple coolest cylinder.

b. Resjstive element hottest cylinder.

c. Resistive element exhaust manifold.

d. Thermocouple hottest cylinder.

ENG 43
Temperature is messured In aircraft engines by nzeans of?

L Thermocouples.

1 Mercury.

k8 Resistive elements.
4, Capacitive elements,

n 12
b. 2,4
¢ 3 4
d. L3

ENG 43,
If ome of the probes in a typical gas turbine engine EGT system becomes defective,
the indfcations would be?

(R Too high.

b. Too low,

¢ Not significantly affected.
d. Lost.
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Cytinder head temperaiore measurerment systems (ypically work on the ......
principle?

. Thermocoupie.

b. Resistive,

< Capacitive,

d. Thermal expansion (bi-metal strip}.
Thermocouples are?

i Twe dissimifar metals connected at one point.

b. Two dissimilar metals coanected at two polnts.

. Two dissimilar metals separated by » dieiectric material.
d. Two simllar meials connect st two points,

[et engine exhaust gac temperature bs measured using?

a, A thermocouple.

b. A number of thermocouples connected in series.
c. A number of thermocouples conaected in parallet.
d. A thermistor,

ENG 47,
The pointer that atigns with the red lne on a EGT gauge?

Indicates maximurn temperature.

fs movable and indicates maximum temperature exceeding the red tine.

Is adjustable to permit different limits to be set a8 required.

Is adjustable to permit higher limits to be set when taking-off at high mass
in high amblent temperatures.

apEs

ENG 48,
A temperature gauging aystem employing thermocouples can be graduated to
indicate temperatore by?

a. By keeping the cold junction at 15 degrees Celsins.

b. By keeping the hot junction above 15 degrees Cebsius.

c. By keeping the cold junction at a constant teraperature.

d. By protecting the hot junction from high temperatures.
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Which of the followlng is used to measure temperature?

1. The seebeck effece,

2. the variation of electrical reslstance with changes in temperature,
3 The variation of capacitance with changes in temperature,

4. Thermal expsosion of liquids and solids.

L]

A .

PN S P

1
1
1
1

R

-

A cylinder head tempersture gauge measures?

8. All of the cylinders and sumns the result.

b. All of the cylinders and averages the resuit.

c. The coolest cylinder anly to preserve the sensor.
d. The hottest cylinder only,

ENG 51,
Where b EGT measured?

5. At the HP turbine outlet.
b. At the LP turbine outlet,
. At the LP turbine tulet.
d. At the HP turbine Inlet,

ENG 32,

Where is EGT measured?

s, At the turbine outlet.

b. At the turbine Inlet,

[N In the jet pipe.

d. In the combustion chamber.

y

If a ratiometer Is used In the indicator of temperature measuring system rather
than an ameter?

a. It will be less affected by line resistance losses.

b. it will be more affected by line reslstance lossey.
< 1t will be ineffective due to line resistance losses.
d. Tt will always give accurate readings, regardiess of line reslatance losses.
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ENG 54,
What type of sensor is typically used to mensure lubricating ol temperature ln a

turbojet engine?

a. Reslstive probe,

b. Capacitive probe,

' Thermocoupie probe.
d. Bi-metal strip.

What type of sensors are used in an EPR gauge?

a. Bourden tubes.

b. Beilows.

3 Anerold capsules

d. Differential capsules.

ENG 56. .

What type of sensors are typically used to measure carburettor inlet temperatures?

a. Thermocouples,

b. Resistive probes.

e Resctive probes,

d. Capacitive probes.

ENG 87,

What type of sensors are typically used to measure englne ol temperature?
Thermocouples.
Resistive probes.

Reactive probes.
Capacitive prabes.

apr TE

What type of sensor iy normally used to measure inlet air temperature where the
signal is to be employed for altitude compensation In s conventional (non FADEC)
engine fuel system?

8. Liquid expansion.
b. Reslstive,

c. Bi-metalic.

d. Capacitive.

ENG 59.

What does the amber arc on an EGT gauge indicate?

A Maximum EGT for nermal operations.
b. Time limited EGT.

[ Altitude limited EGT.

d. Mass Hmited EGT.

ENG 6.

If = remote sensing pressure messurement Tystem uses s ratiometer rather chan an
ammeter as its Indicator, It wili be?

" More senaltive to line resistance changes.

b. Less sensitive to line resistance changes.

e Not affected by line resistance changes.

d. Rendered unserviceable by line resistance chenges.

ENG 61,

What messures Inlet pressure?
&, Bourdea tube,

b. Bellows.

e Differential capaule.

d. Anerold capsule,

Arrange the following sensors in Inc'reasing order of the pressures they would be
used to sense?

i. Capsule,

2 Bellows,

) Bourden tube,

a 1,23

b, L3

& 312

d. 1,32

ENG 63,

A c¢xpsule stack would be used (o mensure .... pressure when a ...... mechanleal
output for a given pressure change was required?
A. High large.

b. High smail,

[N Low large.

d. Low small.
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What Is 2 bellows used to measure?

Low pressures.
High pressures.
Low temperatures.
Density.

D W

ENG 63,
Turbine outlet pressure is detected by?

) Aneroid capsule.

b, Bellows.,

c. Differential capsule.
d. Boarden tube.

ENG 66,

A remote sensing pressore gauging system mensoring low pressures, (ypleally
employs 3 ........ to move .............. The variations in-........ are then measured
USIE A o OF cerceiiaiaes 2

8. Anerold capsule, capacitor, capacitance, wheatztone bridge, ratiometer.
b. Bellows, variable resister, resistsnce, wheatstone bridge, rutiometer.

c. Bourden tube, variometer, capacitsnce, iransistor, capsciter.

d. Differential capsule, ratlometer, curvest, capacitor, ammeter.

ENG 67,
EPR is calculated by?

8. Dividing compressor inlet pressure by HP turbine ontlet pressare.

bh. Diving HIPF turbine outiet pressure by air inlet pressure.

c. Dividing LP turbine outlet pressure by LP compressor Inlet pressure,

d. Subtracting LFP compressor iniet pressare from JP turbine outlet presyure.

ENG 68,

A turbocharged piston engine han a rated boost of 10 PSI and a critical sititude of
15600 ft amsl [SA. Tf the aircraft is at a pressore altitnde of 10000 ft climbing st
rated power, what will be its MAP?

a. 50 inches Hg.

b, 30 inches Hg.

C. 14 PSL

d. Ambient static plus 10 PSIL.

Pkt

Yibration meters messare?

Acceleratioss in g.

Frequency in Hz.

Amplitude st x given frequency.
Ferlod in seconds.

ENGT0,
What does the vibration measuring system Indicate o the pilot?

L Relative frequency.
b. Relutive amplitade.
< Absoluate frequency.
d. Absolute magmitude.
ENG 7L,

Vibration ls mensured using?
1. Accelerometers.

2 Plezs crystal.

3 Inductive colls.

4. Capacitive clements,
5. Straln gauges.

& 1,234

b. L4,3

& 2,348

4 3, 4,5

ENG 72,
On what priaciple does a vibration eter work?

High froquency, low smpitude.

Acceleromaters,
Accelerometers, smplitude filters, and comparators.
Dynamemeters, frequency filters and amplifiers.

ENG 73, .
A vibration meter Indicates?

Frequency.
Pitch.
Period.

Relative amplitude.
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ENG 74,

Vibration sensors on a turbofan engine are typically focated?

2. Radiaily polnting on the fan and turblae casings.

b. Longitudinaily pointing, on the fan and turbine casings.
< On the gearboxes and output shafts,

d. On the HP spool and by-pass duct.

ENG 7S,

A synchroscope is used to?

a. Coordinate fan RPMs in muld turbofan aircraft.

b. Coordinate the RPM of the high a low speed spools on turbofans,

< To indicate RPM difference between engines in muit] prop sircraft,
d. To easure that AC generators are properly syochronised before coupling.
ENG 76.

A vibeation monltoring system uses ...... +res tO MOEASUTE ...,....... , filters out
unwanted .......... » then indicates ...... ideaun ++a4y 0 the pilot?

5 Thermisters, radial movement, frequencies, absolute amplitude.
b. Accelerometers, axlal movement, noise, relative amplitude.

<. Radiometers, radial movement, frequencies, absolute frequency,
d.

Accelerometers, radlal movement, frequencies and noise, relattve
amplitude.

Typical vikeatlon sensors include?

1. Inductive ¢olls.
'R Phonic wheels,
A Magnetometers,
4, Mezo crystah.

L4,

y 4

L}

¥

+

1

H
Il
’huau

*
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ENG 73,
A tacho-generator RPM measuring system employs?

B,

b.

A single phase AC generator, the frequency of which varles with cagine
RPM , and is fed to a single phase synchronous moter driving 2 drag cup in
the indicator.

A phonic wheel preducing an AC sigoal, the frequency of which is fed to &
synchronous motor lo the indicator.

A DC motor, the frequency of which varies with engine RPM and iy fed to a
DC motor in the lndicator,

A three phase AC generator, the frequency of which varies with eogine
RPM, and is fed to a synchronous motor driving a drsg cup in the indicator.

ENGT9,
A system which measures both torque and engine RPM employs?

b.

£

A phonic wheel at each end of the output shaft, coupled to s device which
measures frequency and phase difference between the twp outputs,

A phouic wheel and a tacho-generator. The phonic wheel detects torque
and the tacho-generator detects RPM, :

A phonic wheel at each end of the sutput shaft, coupled to a device which
measures frequency and voltage differences between the two outputs.

A tacho-generator at each end of the output shaft, coupled to & device which
measures frequency and phase difference between the two oufput signals.

ENG 80,
The drag cup in a tacho-indicator?

a.
b.

B

Overcomes the effects of Internal frictlon withie the Indicator,

Counverts rotary motioa Inte limited angular displacement proportional ta
the variable belng messured.

Converts limited angular motion into rotation.

Converts AC Input into rotary motion,

The squirrel cage motor in s tacho-indicator?

R
b.
[

4.

Is driven directly by the englne.

Is driven by the output from a BC tacho-generator driven by the engine.
Is driven by three phase AC current from a tacho-generator driven by the
engine,

Drives the indicator needle directly.
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ENG 83,
The speed of rotation of the motor in & tacho-Indicator ia?

Comstant.

Proportions te tacho-generator output voltage.
Propertional to tacbo-genersior output current.
Proportionsl te éacho-generator output frequency.

ENG 83,
What is EPR in a turbofan engine?

a
b.
c.

d.

The ratio of compressor inket pressure to turbine outlet pressure.

The ratio to HP turbine outiet pressure to Hp compressor Inlet pressure,
The ratia of the integrated mean of LP turbine outlet pressure plus fan
outlet pressure to the fan Inlet pressare.

The ratio of combustion chamber pressure to compreasor inket pressure,

ENG 84,
Il the EPR gange compressor inlet alr tapping becomes blocked?

The gauge will over read during the take-off run.
The gauge will over read in all conditions of flight.
The gauge will read zero.

The gange will under read.

ENG 85,
If the EPR gauge over rends dering the take-off run?

L

Therse ks & danger that the alreraft will fail to take-off safely.
Clhmb performance will be improved.

The engine will exceed Its Umiting pressures and temperatures.
The engines wilt not start.

ENG 86.
Torque in & turbo-prop engine bs indicated in?

Newton weters.
Yo

PSL.

EPR.

Lbf ft,

>

V2,3
3

-

' 4.
+ 4.

'3 .

b
'2!
3
3

- -
¥
s U

L

-

ENG 87,
‘Turbo-prop engine torque is commoniy measured using?

1.

Rotary hydraulic yystems,
Axlal hydraulic systems.

Strain gauges,
Phase shifting phonic wheel systems.

1,2, 3
2,4
34
Alt of the abave,

The squirrel cage tachometer employs?

a
b.

<.

d.

External IC power supply modifled by the speed sensor,

External AC power supply modifled by the speed sensor.

A three phase AC generator producing a signal frequency proportional te
RPM.

A three phase AC generator producing » voltage proportional to RPM.

ENG 89,
An engine vibration monltoring system employs?

Amplitude Alters and thermistors.
Amplitade filters and amplifiers.
Frequency filters and amplifiers.
Frequency filters and capacitors.

ENG 9.
Which of the following is least affected by variations in power supply voltage?

Variometers,
Galvanomseiers.
Ratlometers.
Rhbeostaty,
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Total Air Temperatureis ....... Thaa ........ by sn amount which Iy proportienal to
k4

s Higher Static air tempersture CAS,
b, Higher Statle air temperature TAS.
c. Lower Dynamic sir temperature  CAS,
d. Higher Static air temperature LSS,
IEMFE 2,

Total sir temperaturcia ................?

2, SAT pius kinetic beating effect.

b. SAT plus the hesting effect caused by shock waves at high mach numbers.
<, SAT plus sidn friction heating effect.

d. Dynamic heating effect.

What I3 the ram recavery factor for & Rosemount temperature probe?

a 0.5,

b. 1.6

c. 1.5,

d. 2.0.

IEMF 4,

The formuls for TAT is?

1. TAT =SAT(! + (0.2 x K 1 M},
b. TAT = SATA1+ 0.2 1 K x MY),
< TAT = SAT/A1 - 0.2 M),

d. TAT = SAT(I-KM?),

TEMP. 5,
The pointer that aligns with the red lne in an EGT gruge?

a. 1s movable to ludicate when temperatures have exceeded the red line Gmit.
b. Is patnted on the glase.
[ Is moved only prior to flight.

d. 12 moved to set iower bimits whea required by amblent conditions.

What types of thermometer are used In modern alrcraft?

1. Reslstive,
2 Mercury.
kN Capacltve.
4. Inductive,
5. Thermocouples,
s 1,2, 4.

b. 1,3, 4.

c. L4, 5

d. 1,25
TEMP 7.

TAT Is?

5 SAT plus ram rise due to skin friction,

b. SAT plus ram rise due te adiabatie compression,
e SAT plus rant rlse due to shock wave formation.
d. Sat plus gauge error,

The advantages of » thermocouple temperature gauging system are?

Self pawered.

No moving parts in sensors.

Low voltages.

Not ausceptible to resistance losses.
Suitable for high temperatures,

¥

A b

1,2, 3 4.
1,2,34,5.
2,14,8
All of the above,

S

IEMP Y,
A thermocouple circuit can be graduated to read temperature i?

a. The hot junction Is kept at s constant temperature.
b. The cold Junction is kept at & constant temperatare.
c The cold jusction is kept st ambient temperature.

d The cold function is kept at the same tempernture as the hot junction.
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TEMP 19,
WhtlaM(ouenuumpmmelnajmmmmmmm:nm

connected?

a Thermisters In series.

b. Thermocouples lu paraliel.

. Thermocouples in series.

d Rosemosat probes In parallei.

IEMP 11, ;
An aircraft Is flying at Mach 1 at 36000 ft in the ISA. What TAT will 2 Resemount

probe Indicate?
s -1,
b. 1*c

£ -85 C.
d, 56 C.

The formuls for total ait temperature 1a?

foge

TAT = SAT+ 0.2 MP),
TAT = SAT/A 1+ 0.2 MY,
TAT = SAT(1 - 0.2 KrM?),
TAT = SAT/(I-KrM?),

A TAT probe measures using the relationship?
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a. TAT = SAT + heating to compressibility,

b. TAT - SAT + Kinetie heating,

< TAT - = SAT + friction beating.

d, TAT » SAT + convection cooling.

A thermocouple system employs?

A, Two disdmilar metals jolned at one end and » wheatstone bridge st the
other,

b. hodhdmlhrmehljmnmmm;ummutlem.

: Twommmmummmammmma

JEMP L5, .
The resistive temperature sensing system Is based on the fact thai?

Electrical resistance of metals is constant,

gapee

Electrical resistance causes temperature to change.

IEMP IS5,
The bi-metalic temperature sensing system Is employed?

.. Oaly in low temperature systems.
b. To measure et pipe temperature.
c. In thermostatic switches,

d. In thermistors.

TEMP 17,
Methods employed in sensing temperature in sircrsft Include?

Resistive.
Inductive,
Capacitive,
Expansive.
Seebeck effect.

el S Sl

1,1, 4.
13,5
34,5
L4,3

R

TEME 18,
At mach 2 a TAT probe will indicate +45* K In an ambient temperature of?
(assampe K = ¢.35).

a 2.68' K.
b 26.78° K.
c. 6718 K.
d 16.78 K.

Temperature sensing based on varying ... are ... than those uslng varying ..........

a Current - more accuratey voltags,

b. Current . lest accurate voltags,
') Voltage - A8 ACCUTEDS. current.
d. Voliage less accurate resistance.

Electrical resistsnce of metals increases with increasing temperature.
Electrical resistauce of metsh decreases with increasing temperature,
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TEMP 29.

A Rosemount probe employs an electricai heater to?

a.
b.
3
d.

F!

Fo o b

fo»

A capacitive fuel gauging system messures?

2,

What type of sensor If used to messure pressure output of s firel booster pump?

a.
b,
e
d.

A capacitive fuel gruging system can calculate the mass of fuel by using the fact

that?

Ll
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EUEL 1,
The disedvantages of & Noat type fuel gauging system inciude Inaccuracies due to?

Maintain constant temperayre. v
Prevent corvosion of the sensing elements.

Prevent iclag,

Maintaln constznt electrical resistance. y

Changes In aircraft attitude,
Accelerstion.

Ambient pressure changes.
Ambient temperature changes.

Changes in capacitance of the fuel,

Changes in capacitance due to variations In the proportion of sensors
immersed |a fuel.,

Changes in capscltance of fuel due to density changes.

Changes in dielectrie constant of fuel,

Bourden tube,
Capacltor,
Aunerold capaule,
Beflows,

Fuel diclectric constant is proportional o p and twice that of alr.
Fuel dielectric constant [5 equal te 1/p and proportional to that of alr,
Fuel delectric constant in equsl te p and proportionsl to that of alr.
Fuel dielectric constant s proportional to 1/p and equal to that of air.

A,

FUEL 5.
The fandamental principle of & capacitive fuel gauging system is?

Changes in capacitive reactance,

b. Chxoges in reactive capacitrnce,

') Constant reactive capacitance,

d. Variations in dielectric constant of fuel.
FUEL 6

A volumetric fael flow meter differs from mass flow meter in that only the latter
compensstes for?

a
b,
<
d.

Changes in density.

Changes in fuel dielectric constant.
Changet tn mass of fuel.

Changes In fuel pressure.

FUEL 7,

An sircraft with a compensated capachive foel gauging systers Is refuelled to a fuel
load of 45008 Kg. If the temperature of the fuel them falls trom 15° C to —40° C In
ftight, how will the indications vary? (ignere fuel usage in fMght)

Na change.

Increase,

Decrease,

Depends upon density and type of fuel,

A fuel flow meter mensures?

a
b.
c,
d.

The mass flow of fuel,

The volumetric flow of fuek

The density of fuel,
Thenmﬂoworvolumeﬁcﬂowoﬂneldemoltypoohm

FUEL 9,
The dhaduntaggs of a flost type fuel gauging system Include?

Errors due to acceleration.

Errors due to changes in sircraft attitude,

It requires an AC pawer sapply.

It requires & DC power supply.

Errors due to thermal expansion and contraction of fuel.
Errors due to refuelling with different fuel grades.
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A mass Nlow meter is better than 2 volumetric fiow meter because it fs able to?

a Compensate for density changes.

b. Compensate for pressare changer,

€. Compenaate for changes in fuel calorific value,
d. Compensate for changes in fnel viscosity.

F

Fuel mass flow rate Is more important than volumetric flow rate because?

Fuel costx are caiculated by mazs,
Calorific value Is proportional to mass.
Calorific value is proportional to volume,
Fuel 2ir ratlo is based on mass.

poas

Moderna turbojet or turboprop alreraft are likely to employ?

a Volumetric fuel flow gauges.

b. Masa fuel fow meters.

e Spectrometric fuel Nlow meters,
d. Capacitive fuel Now meters.

FUEL 13,

Modern turbojet and turboprop aircraft are likely to employ?

a, Capacitive mass foel flow meters,

b. Yenturi type fuel flow meters,

o Variable orifice fuel flow meters.

d. Turbine impeller type fuel flow meters.

FUEL 14,
If the tanke of an sircraft employing a capacitive fuel gauging system contsin only
water, the gauge will?

a A mass equal to the sante mass of water.

b, Rend the exact mass of water contained im the tank.
€. A mass eqoal (o zero,

d. A mass of water different from zero but inaceurate,
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The advantages of & float type fuel gauging system include?

f. Automatically compensates for density changes,

2 It is simple and cheap.

3. Compensates for thermal expansion and contraction.

4, Compensates for actitude changes.

a. 1,23, 4.

b. 2,

c. L4

d. 1,4

FUEL t6,

A float type fuel Rauging system?

a, Is sensitive to varistions in system voltage if it employs a galvanometer.
b. Is sensitive to variations In system voltage if It employs a ratiometer.
. Depends upon changes in system voliage,

d¢. I3 independent of vartations in system voltage.

FUEL 17

A paddle-wheel placed n the fuel circait of n gas turbine engine initlally measures?

a. Mass flow by ity of the impuises.
b. Volumetric flow hy tally of the impiises.

[N Volumetric flow by measure of a voltage proportional to the rotational
speed.

d. Masy flow by measure of 5 voltage proportianat to the rotational speed.

coMp

A direct reading magnetic compass wil be sffected by?

8 - Softirem.

b. Hard iron.

€ Aluminium,

d, Soft Iron effect hard fron, and hard iron,

The purpose of the torque motor in a gyro stabilised magnetic compass is to?

i Precess the directional gyro.

Adjust the selayn stator.

Caitbrate the pointer.

Convert flux valve eleetrioal output into pointer movement,

prae
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When isnding oo » northerty heading a direct reading magnetic compass will
indicate?

A westerly turn,

An easterly turn.

Neo turn,

Rapidly Increasing oscillations.

a s o

COMPASS 4,
Magnetic heading can be calculated from true heading using?

A compnys and a map Indicating isogonai Hues.
A compass sud a calibration card.

A ¢alculator and s deviation card.

A compass and » deviation card,

anoTs

COMPASS §,
A direct reading compass will not be affected by?

. Ferrous metals.
b. Transformers.
c Magnetic flelds.
[i A

Non-ferrous metals.

The purpose of & compnss swing s to?

# Align the lubber llnes with true north.

b. Confirm the accuracy of the schuler tuning,

¢ Align compass north with magnetie porth,

d. Align compass north with true north.

C

When [anding in a southerly direction a direct veading magnetic compass will
jndicate? :

a Easterly twrn. "

b. Westerly turn.

€. No turn.

d. Rapldly increasing oscitlations,

252

Permanent magnetism In alrcraft is canged by?

a. The hammering of rivets during construction.
b. Large changes in latitude,

<. Large changes In longltude.

d. Strong electrical Nelds and lightening strikes.

COMPASS 9,
A maguetic compass must be swung?

'S After iong term changes In latitude.
b. After long term changes In longitude.
c Short term changes in iongitude.

d Change of base airfleld.

The greatest cause of errors In a direct reading magnetic compass Is?

a, Turning.
b. Latitude changes.
¢ Parallax,

d. Changes in magnetic deviation,

COMPASS L1,
The sensitivity of a magnetic compass can be sffected by?

The H component of the earth’s magnetic fleid,

b. The Z component of the earth’s magnetic fleld.
< Both of the above,
d. None of the above.

When crubsiug on a westerly heading a direct reading magnetle compass will
indicate?

. Nartherly urn.

b. Southerly turn.

€ No turn,

d. Rapidly increasing ascillations.
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COMPASS 13, .
When taking-off it & ¢alm day on heading of 45" in the northern hemispbere, the

contpass will indicate ....... I the field is on an agonic line?
&, 458,

h. More than 45",

[ Luss than 45°

d. 45% only if the wings are level.

COMPASS 14.

The flux gate of a gyro magnetic compass transmits dsta to?

The error detector.
The amplifier,

The erccting system.
The aprunciator.

& oTe

COMPASS LS,
Mugnetic heading can be found from true heading using?

A compass and a map showing isoclinal Hines.
A compass and & map showing isogonal lines.
A compass and compass callbration chart.

A compass and deviatien card,

&r FHE

COMPASS 16,

In a remote indlcating magnetic compass the flux valve?

a. Uses a DC power supply.

b. Uses an AC power supply.

c. Requires no power supply because it uses its own self-exciter unit.,
d. s manufactured from perm-alloy steel.

COMPASS 17,

The vutput of the Aux valve is fed to the?

4. Feed back loop.

b. Compass card.
C. Amplifter.
d. Error detector.

254

What is the strength of the H component of the esrths magnetic ficld tin micro
teslas) a2t the Norih pole?

u. Q.

b. 1.

¢ L6,

d. n,
CON 9,

A direct reading magnetic compass will be affected by?

b Adjacent electrical equipment,
L Ferrous metals.
3 Non-ferrous metals.

§
P

sn TR
B b

I
i
1
3, 4.

*
*

OMPASS 24,
Upon landing on a northerly heading a DRMC wilk indicate?

& A tura to the east.

h. A tura to the west.

c. No tura.

d. Oscillations about north.
COMPASS 21,

The principal eause of errors in a direct reading magnetic compass is?

a. Latitude,
b. Magnetic deviation.
€. Parallax.
d. Turnping.

COMPASS 22
The function of the tarque motor in a gyre stabilised magnetic compass s to?

Move the selsyn stators.

Move the heading pointer,

Precess the directionsl gyro.

Receive the input from the flux valve,

an FE



Co
Errors in direct reading magaetic compasses ¢an be caused by?

1. Turns through 90 degrees East and 270 degrees west,
bs. Acceleration son east/west headings.

o Crosswinds when on east/west headings.

d. Parailua.

C

In an gireraft taking-off on a westerly heading i the northern hemisphere, what

wlil its DPRMC indicate?

'R Southerly turn,

b. Noriherly turn.

<. Osclitations about west,
d. Neo turs,

To what does the flux valve of a gyro magnetic compass (ransmit information?

a. Errecting system

b Error detector.

c. Amplifier.

d. Heading Indicator carg.
C

The purpose of 2 compass swing is to?

Align compass north with irve north.
Align compass north with magnetic narth,
Align true north with the lnbber tine.
Draw up a compass correction card.

L S o

From what does the flux valve in a RIMC get its power supply?

a D}C busbar,

k. AC busbar.

& Internal self-exciter system.

d. It does not require one becanse It Is made of perm-alloy materlal,
256

OMPASS 2
A runway In the northern hemlsphere is on an agonic line and heading 045 degrees.
If an aircraft with zere coropass deviation fakes off in still air, what will the
northerly turning errors be?

The compass will remain on 045.

The compass wili move to less than 045.

The compass will move to more than 045,

If the wings remain level the compast will remain on 043,

pogy

In order to convert true hesding into magnetic heading a compass card and ......
are required?

. Deviation card.

b. Error card.

[ Map with isogonal Jines.
d. Map with lsocHnal iines.

What wit the DRMC indleste when an sircraft lsnds in a southerly direction in the
southern hemisphere?

a. Waesteriy turn.
b. Easterly turn.
<. No turn.

d. Oscillations about north,

To Improve the horizontality of a compass, the magoet assembly Is suspended from
a point?

a. On the ¢entre lne of the magnet,
b. Below the cemtre of gravity,

€. Above the centre of gravity,

d. Varying with maguetic latitade,

COMPASS 32,
A DRMC can be affected by?

a, Hard iron.
b, Mild iron.
c. Soft Iron.
d. Northerly accelerations.
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LOMPASS 3y

Fhe maximum gyro drift rate due 1o earth rate is?

@ 5 degrees per hour.
Iy, 15 degiees per hour.,
< 9 deprees per hour.
d. 181} degrees per hour.

COMPASS 34.
At what DRMC heading is roll out required wheo conducting a turn from south-
west o south-east at 45 degrees north?

a. L15 degrees,

b. 135 degrees.

€. (40 degrees.

d. 145 degrees,

COMPASS 35,

At what point on the sarth would earth rate wander and transport wander be zero?
North pole.
Equator.

South pote.
45 degrees north and south.

an Tw

COMPASS 36,

From what does a gyre magnetic compass torque motor ebtain its information®

a. Error detector.

b. Flux vajve,

€. Amplifier

d, Retor gimbal Hit unit.
COMPAS

What is the maximum drift error that can be sensed by an uncompensated DGI?

a. 5 degrees per haur.
b, L0 degrees per hour.
A !5 degreew per hour,
d. 20 degrees per hour.
e

e Lt e e

MP: s
Magnetic dip angle at the south pole is?

a. Zero.

b. 45 degrees,
' 8 degrees,
d. 90 degrees.

PASS 39
Earth rotation at 45 degrees north will cause the spin avis of » directional gyro to
move?

. 7.6 degrees clockwise.

b, 6.7 degrees snti<lockwise.
& 10.6 degrees clochwise.

d. 10.6 degrees anti-clockwise.

LOMPASS 40, ‘
The DRMC in an aircraft accelerating for take-off on a runway with QDM 45
degrees, in the northern hemisphere, will indlcate?

a. 45 degrees.

b. More than 45 degrees.

[ A Less than 45 degrees,

d. 45 degrees as long as the wings are level.
COMPASS 41,

When turning right through 96 degrees to norsh, in the northern hemisphere, roll
out should be conducted on 2 heading of?

i, 10 degrees.
b. 20 degrees,
<. 330 degrees.
d. 350 degrees.
COMPASS 42,

A magnetic compass must be swung after?

. A short term change in latitude.
h. Long term change in latitude.

') Short term charge in longitude.
d. Long term change in longitude.



COMP:
To what is the cutput of the Rux valve in a remote indicating compass initially fed?

Amplifier.

Gyro precessing torque motor,
Error detector.

Indicstor.

anr e

When turning from SE to SW et 50 degrees aorth, the rol? out sheuld occur =t?

a. L80 degrees.
b. 210 degrees.
e 225 degrees.
d. 245 degrees,

When turning from SW 1o SE at 45 degrees north, the rolf put should occur at?

a 115 degrees,
b. I35 degrees.
e 140 degrees.
d. 150 degrees.

What wilf the compass indicate ay an zircraft lands and decelerates on a westerly
heading on the magnetic equator?

8. Turn to south.
b, Turn to west,
< Oscillations.
d. No turn,

If the ADF pointer indicates 270 degrees when the RMI rose is stuck at 0758
degrees, what is the relative bearing of the beacon?

a. 290 degrees.

b. 110 degrees.
c. L9S degrees.

d. It cannot be determined from this information.

What are the errory [n a BGI?

| Transport wander,

2. Earth rate,

3. Heading errors when banking and pitching.
4. Mechanicsl lraperfections.

. 1,23,

h. 1,2,4.

c. 2,3, 4,

d. All of the sbave,

What is the function of the latitude nut on & DI?

& To correct coriolls effect.

b. To compensate for earth rate error,
<. To compensate for latitude error.
d. To compensate for transport error.

What error is introduced into & DGI due to movement of the gyro relative to the
earth?

& Transport wander,
b, Earth rate ervor.
. Altitade error.

. Latitude error.

COMPASS 51,
One of the factors causing error In 8 DRMC is?

8 Turning though east/west headings.
b. Crosswinds on west/enst headings.

1% Parallax due to compass card oscillatfons.
d, Accelerstions on east/west headings.

COMPASS 53,
The flux valve in a RIMC requires?

a DC power supply.
b. AC power supply.
(A No external power supply.
d AC and DC power supply.
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COMPASS 53,

in the norihern hemisphere, the direct reading compass card of an wircraft

decelerating on an casterly beading will turn ... and will .......... 7
a Clackwise over read.

br. Clockwise wnder read.

c. snti-clockwise over read,

d. Anti-clockwise under read.

COMPASS 84,

M an aircralt in the northern hemisphere accelerates on a westerly heading, the

compass needle moves ..., indicating a turn teo the ........."7
&, Clockwise north.
h. Clockwise sokth,
[ Anti-clockwise north,
d, Antl-clockwise south.

COMPASS 35,
A perfectly frictionless DI is correcied to give zero drift at 30 degrees north, and its

DI is set to indicate 100 degrees. If it remains staflonary on the ground for I hour
what will the indlcation be?

4. 1{H) degrees.
b. 915 degrees.
<. [0F1.5 degrees,
d. 78 degrees.

COMPASS 36,
If the ADF pointer indicates 240 degrees when the RMI rose is stuck at 099
degrees, what is the relative bearing of the heacon?

a. Zero degrees.

b. 150 degrees,

<. 180 degrees.

d. 1t cannot be determined from this infermation.
COMPASS 57,

When an gircraft lands on 2 southerly heading in the southern hemisphere, the
DRMC will indlcate?

180 degree turn to the west,
138 degree turn to the east.
No apparent turn.
Oscillutions.

&N T

CL

COMPASS 58,

How can deviatlon he determined using 8 magnetic compass?

By veferring to the compass card.

By reference to a map of isuclinal lines.
By reference to a map of isogonal lines.
By reference to 2 compass deviation card.

er TR

N
What will a DRMC indicate when taking-off on & runway with QDM 045 in the
southern hemisphere?

a. Turn north,
b. Turn south
< Ne¢ tura,
4. Osciliations.
MP 0 .
The roll out must be performed at ........ when turning from SW to SE in the

northern hemisphere?

a. 135 degrees.
b, t§S degrees.
€. 145 degrees.
d. 160 degrees.
COMPASS 61

The roll out must be performed at ........ when turning from N'W to NE In the
southern hemisphere?

a, 425 degrees.
b. 045 degrees.
[ 055 degrees.
d. 035 degrees.

The roll out must be performed at vereeene Whea turning from NW 1o SE in the
northern hemisphere?

a. 145 degrees.
b. [25 degrees.
¢ 155 degrees.
d. 135 degrees.
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COMPASS 63,
The roli out must be performed at .,...... when turnicg from NW to SE in the
southern bemisphere?

#, 115 degreea,
b. 125 degrees.
[ 138 degrees.
d. 145 degrees.

[f the ADF pointer indicates 200 degrees when the RMI rose is stuck at 090
degrees, what is the relative bearing of the beacon?

a. 290 degrees,
b. 110 degrees.
' 180 degrees.
d. It caonot be determined from this Information.

COMPASS 65,
if the ADF pointer indicates 270 degrees when the RMI rose is stuck a¢ 990
degrees, what s the reintive hearing of the beacon?

a. 290 degrees.
b. [10 degrees.

. 130 degrees.
d. It cannot be determined from this information.

I the ADF pointer indicates 120 degreeas when the RMI rose Is stuck at 080
degrees, what is the refadve bearing of the beacon?

a. 200 degrees.

b, 80 degrees.

€. 49 degrees.

d. It cannot be determined from this tnformation.

What will the compass indicate as an aircraft lands and decelerates on a weaterly
heading in the narthern hemisphere?

& Turn to south,
b. Turn to west,
[ Oscillations.
d. No turn,

w . .

The FDR In a JAR certificated alrcraft must be located in ?
a. The front,

b. The back

& The undercarriage bay.

d. The outer wings.

hoid

Ip an sircesft certificated under JAR since 1 April 1998 the CVR must record for?
a. 30 minutes.

b. 2 hours.

[ B haurs.

d. 72 hours.

A basic stall warning system monitors?

A. Aof A,
b. CAS.
C. Masach number.

d. Siat and flap position.

w
T2 an aircraft of more than 5700 Kg mass certificated under JAR after Aprif 1998,
the FDR wmust record for?

a. 30 minutes.
h. 60 minutes.
c. 10 hours.
d. 25 houry.

WARN/REC 3.
Between what beights is GPWS active?

a Zero and 504 ft.
b. Zero and 2500 ft.
e 50 ft and 500 It
d. 501t and 2450 ft.

265



WARN/REC 6.
A CYR records?

a. Radio conversations.

3 Cabin crew conversations.

C. Crew cunversatioms on intercom.

d. Public address announcements and cockpit discussions.
WARN/REC 7.

GPWS must provide?

4. Visual warnings.

b. Aural and visusl warningy.

c. Aurgl warnings which may be supplemented by visual warnings,

d. Visual and aueal wernings, which mAay be supplemented by tactile warninga.
WARN/REC 8.

A stall warning system In a large JAR certificated sircraft must include?

a. Stick shaker and stick pusher.

b. Moaitoring of speed brake position and angle of attack, a warning moduie,
and visual or aural warning system.

o Vonitoring of landing gear squat switch and A of A, & warning module and
an swral warning,

d. Meonitoring of A of A and TAS, plus sura) and visual warnings.

WARN/REC 9.

AR altitude warning system?

a Automatically disengages autotrim at 500 ft.

b. Awrtomatically engages autotrine at 500 f¢,

< Provides vlsual alerts when approaching a selected altitude,

d Activates a warning light and bell when approaching a selected alticude.

WA |

A combined FDR and CVR records?

L. Cackpit veolee discussions.

2, Cabig voice discussions.

3 Radie discussions.

4. All Public address messages from the coc kpit.

A i, 2 3

b, 1.2, 4.

€ 2,1, 4.

d. 1,34

260
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WARN/REC 11,
As sititude alert system?

s Alerts the piiot If the alreraft deviates from selected nititude.

b. Alerts the pilot when decision beight ls reached,

e Alerts the pllot when the selected height is reached.

4 Alerts the pllst whes the actual altitude Is equal to the reference altitude.
WARNREC 12,

The FDR starts recording wiea?

s &fwcm&umnutbmemmmms.
b When the brakes are relemsed.

€. When the landing gear squat switch detects lift-off,

4 mmmmmnwum

WARNRIC {3,
qurﬁﬁnﬁ.daluvynhtnﬁahl@rﬂlmmmnudm“

1¢ hoars 1 hour.
1é hours 2 Bowrs.
25 hours I bawr,
1% baury 2 howrs.

ﬂPPéPPF g reyY
I |

e gp
w
»
)
o
)
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WARN/REC 135,
GPWS can indicate?

I. Excessive bank angle.

2. Excesive terrain closure rate.

kR Excessive sink rate after lift-off.

4. Excemive glidesiope deviations.

5. Too close to ground when not in landing conflguration.

6. Excessive rate of descent,

7. Aldiade call-outs.

L. All of the sbove.

b. L43,5467

c 1,3,4,867.

d. 1,4,567T

WARN/REC 16,

JAR OPS require s CVR to start and stop recording?

L From whes the alreraft is first able to move under ita own power to the ime
of englne shut dawn,

b, From when the aircraft iz first able to move under its own pawer to the time
at which it ba next unnble to do se.

c. From engine start up to engine shut down.

d. From when the APU or first engine is started to when the APU or Inst
cagine is thut down.

A d

The GPWS mode 3 audible aiert is?

x. Repeated “Don't sink, Dow’t sink”.

b. Repeated “Whoop, Whoop, Dea't sink, Don’t slnk”.

e Repeated “Pull up, Pull up™.

d. Repeated “Siak rate, Sink rate, Whoop, Wheap”.

WARN/REC 14,

A CVR system includes?

1 Microphones.

1 FDR

kR lndepeadent battery power supply.

4. Crash and fire resistant construction.

B0Lies G

1,4,
3.
3,3
3,4,

A JAR certificated altitude alerting system must be capable of warniug of at least?

1.
2.
3
4.
s

N

Deviation from selected aititude.

Approaching selected altitude.

Excessive vertical speed.

excessive terrain closure rate.

Absmormal fisp and landing gear couflguration for current height.

1,4
2,3
1,2,3,4,8.
3,3,5.

JAR OPS requires a 50 seat turbo-prop aircraft CVR to record.

o

From battery master switch on to off,

From BRP to touch-dows.

Whenever the aircraft is able to move under its own power.
Before starting to taxl to when the parking brake ia applied.

WARNREC 21,
A FDR mast be fitted?

At the froat of an sircraft,
At the back of an alrers

In thie cockpit, - "
Close to the engines.

WARN/REC 12,
The altitude slerting system?

Alerts piiot upoa reaching selected altitude.
Alerts pllot when approaching selected altitnde.
Alerts pilot st decislon height.

Alerts pllot of aMl changes In sititude.

269



w

GPWS aperates beiween?
a, Zero and 500 ft.

b. Zero and 5000 ft.
€. Zaro and 1500 .
d. 50 ft and 1450 ft,

WARNREC 24,
A JAR certificated CYR must record?

[ AT
il

pPrEs

All vocr communications within the aircraft.

Al erew volce cammnnicaidons within the sircraft.
All PA anseuncoments.

All discussions between crew and ATC.

All signahb from navigation aids,

WARN/REC 23,
H sink rate Is excesslve the GPWS Indication will be?

pogp

Too lew, Tos low, Wheop, Whoop, Pull up.

Too low gear, Toe low gear, Whoop, Whoop, Pult up, Pull up.
Don't sink, Whoop, Wheop, Pull up

Sink rate, Wheop, Whoog, Pull ap.

WARNREC 26
What level of volce recording in required in mult-turbine sngined aircraft with 9

Flight dech crew ealls on intarcom.
Flight dock crew calls on public sddress.
Internal cochpit coammanirstions,
Extersal cockplt commusieations.,
Cockpit cnvironmentsl nolsss.

i,2,3
L34
14,5
All of the above,

WARN/REC 27,
GPWS modes include?

Pnr s

A ke
-l ol gl

Stall,

High alpha.

Excessive ROD.

Excessive terraia closure rate,
Incorrect finp position.

1,23
L34
345
AB of the sbave,

i
;
%

P e

P e

Imcorrect gear position.

Altitade loss after Hit-ofF or during Go-arcund.
High altitede descent.

Excessive glide slope deviation.

Excensive AOB.

£ 2,4,
1,34
3, 4,5
All of the sbave,

WARNREC 29,
GPWS will give an sltitude alert warning when?

o T

AOR ix excessive at low altitude.
Tumammmmm

The alrcraft lnses sigoal,

Decision beight is resched In 2 cat 2 or 3 ILS approach.

WARN/REC 30,
From what does the GFWS obtaln its beight Information?

soTp

Barometrie altimeter,
RADALT.

INS.

IRS,



w
In the altitude slerting system what lights indicate a devistion of more than 300 ft
from selected sititude?

a. Steady amber.
b. Flashing amber.
c. Steady red.

d, Flashing red.

W

Over what range is GPWS operative?

a 50 to 2450 ft ag).
b. 50 to 2450 m.,
. 50 to 2450 fi pressure aléitude.
d. Zero to 2500 radio altitude.
w
The inputs to 8 modern jet airersft stall warning system include?
L. Alpba.
i Configuration.
1 Engine RPM.
4, Pitch attitude.
5. AOB.
2 1, 2.
b 2,3, 4.
¢ 3,4, 8
d All of the above.
WARN/REC 34,
The components of ® modern Jet sireraft stali warniog system inclode?
I. Angle of attack sensors.
2, Bank rate sensors,
L3 Control surface position sensors.
4. Stick shaker.
8. Gear and flap sensors.
a 1,23,
b. 3,34
c, 1, 4,5
d. All of the above.
272

WARN/REC 35,

GPWS may give warnings of?

1. Deviations from selected altitude.

1, Excessive deviations from glideslope.
k% Excessive sink rate after Lift-off.

4. Excessive ROD.

a I, 2

b, 1,134

© 3,4,

4. All of the above.

WARN/REC 36,
GPWS may give warnings of?

1. Excessive sink rate.

2 Excessive closure with terrain.

k Excessive proximity with ground when not in landing configuration.
4. Excessive AOB.

. i,2,)

b. L34

¢ 1,3, 4.

d. All of the above.
WARNREC 37,

GPWS operates between?

a. Zero and 3456 fr.
b. Zero aud 2500 ft.
[ 50 ft amnd 2450 1.
d. 50 ft and 2500 fr.

WARNREC 38,
The CVR in 2 50 seat turbo-prop aircraft mast record?

1 From switching on to awitching off electrical power.

b. From commencing pre take-off taxt to tarning of the runway after Iandiog.

< From lift-off to towch-down,

d. From first being able to move under its own power to next becoming mnable

to do so.

m



w
The GPWS mode 3 audlble slert Is?

“Sink rate, sink rate”.

Contiouous “don’t sink, don’t sink”™.

“Don’t sink, don't sink, whoop, whoop, pull up™.

tnjtially “don’t sink, don’t simk”, which lt followed by “Whoop, whoop, pull
up®™, if the maxlmum allowsble sink rate is excecded.

anoTe

WARN/REC 40,
An aftitude slerting aystem Is required to alert the crew of at least the following?

Abnormal flap and gear configurations.
Excessive closure with terraln.

Excessive vertical speed.

Excemive deviation from selected altitude.
Approaching selected altitude.

el S

L1
34.
3, 4.
4,5,

Lol

WARN/REC 41,
The Mght deck FDR apd CVR must be capable of recording for at least?

15 hirs, 60 mins,
14 brs, 60 mins.
25 brs, 30 mins.
48 brs, 45 mins.

po o

h of the follewing are GPWS modes?

Approaching stail,

Excessive glideslope devistion.

Excesstve ROC.

Excessive ROD.

Incorrect flap poaition,

Sinking after Hft-off and during go-arcund,
High altitude descent.

S N ;@

+

1

poge

3,8
56
6, 7.

7.

F o B ]
L a* e

it di b -

6.

PEL]

WARNREC 43,
The FDR must siart ruaning whea?

N Before the aircraft starts meving under its ewa power.
b. When lined up for take-off.

. At brake reloase for take-off.

d When the gear up buiton iy pathed.

8 Light.

b Anral.

[ Aural and light,

d. Tactlle, nursl and Bght.

a Ming.

b EAS.

. Siat and finp positions.
d

YARNREC 47,
JAR OFS requires that the FDR must be located at?

s The fromt of as aiveraft,
b The back of aa sircraft
e The top of an aireraft.
4 The bottom of am alversft.
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w
The function of the altitude alert system is to?

a Upon sensing an wnseceptable situation, It is to engage antopilot and fy the
aircraft nto » safe condition.

b. Engage anto-trim whea the sircraft reaches its selected altdtade.
' Dsengage auto-trim when reaching selected althiude.
d. liuminate s warning light ss the sireraft approaches the selected altitude.

WARN/REC 49,
A cockpit volce recorder must be capable of recording?

Flight deck and cabin crew intercom discussions.
Radio discussions,

Public address system snnouncements.

Flight deck polse environment.

Navigation aid indenty,

A b

2
3
|z$
13v

Y
[

.
.

ar o
-_’J
FY
[

A fiight data recorder s required n....... sircraft weighing more than $700 Kg?

Turbojets.
Turboprops.
Pistonprops.

ol ol

i, 2,
23
34
Al of the above,

AP Te

ICAS L,
The TCAS (Traffic Collision Avoidance System) is a proximity alarm system which
detects 2 "traffie” whntbemﬂkﬂngmﬂkbequlppodmﬂ

L 3 Serviceable SSR transponder.
h. Serviceable weather radar.

¢ SELCAL system,

d. DME system.

276

Concerning the TCAS (Traffic Collision Avoidance System)?

n Retolution Advisory (RA) most not be followed without obtaining
clearance from ATC, .
Ne protection is svaiisble against aireralt not equipped with a serviceable
SSR transpender.

e In ome of the system modes, the warning, "TOO LOW TERRAIN" b
generated.

d In ome of the system medes, the waraing, "PULL UP" is generated.

The TCAS (Traffic Colllslon Avoidance System) gives avoidanee resolutions?

(% In horizental and vertical planes.
b. Based an speed control only,

e 1n the vertical plane snly.

d. In the borizeatal plane,
JCAS 4,

Ta the event of a conflict, the TCAS (Traffic Collision Avoidauce System) will
give information such as?

N Turn left/twrn right.
b. Toe low terraln,

¢ Glide slope.

d, Climh/descent.

The principle of the TCAS (Traffic Collision Avoldance Systems) is based on the
use of?

. F.M.S. (Flight Management System).
b, Alr waffic control redar systemm.

e Trasspenders fitted in the alreraft.
d, Airberne westher radar system.

The use of the TCAS (Traffic Collision Avoldance Syster) for avoiding an alreraft
In flight is ow gemeral. TCAS uses for Lis speration?

& Both the replies from the transponaders of other aircraft and the ground-
based radar echoes,

The replies from the transposders of other aireraft.

The echoes from the ground air traffic control radar system.

Echoes of coflision avoidance radar system especially installed on board.

an @
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ICAS 7,
A "TCAS 1" (Traffic Colliston Avoldaace System) prevides?

s The infruder relative position and possibly am Indication of a collision
aveidance manoenvre within both the vertical snd horizental planes.

b mimmmmanmwnim-maamm
svoldance mamoravre within the borizontal plane only.

¢ The intruder relative position and possibly an indication of » colllsion
avoldance manoenvre within the vertical plase only.

d. A simple intruding airplane proximity warning.

TCAS S
TbeTCASlIdnudhplaydﬂkucanbehmfunoh

1. A specific dedicated screea,

2, A screen combined with the weather radar,

3 Avnﬂomwrnpmudnaﬂquﬁcryuﬂumwmmm
displxy of Traffic Advisery (TA) and Resolution Advisery (RA),

4. An EFIS (Ekectronic Flight Insirursent Systems) screca.

The combination regrouping sil the correct statements js?

I, 2 and 3.
3 nnd 4,

1 and 3.

1, 1,3 and 4,

poen

TCASS,
A "close traffic advisory” is displayed on the display device of the TCAS 2 (Traffic
Collision Avoidance System) by?

a Ablueorwlltefuﬂlounge.
b. A red full square.

c. A bine or white empty lozenge.
d. An srange full circle,

ICAS 10,
A "resolution advisery" (RA) Is represented on the display system of
the TCAS 1 (TeafBic Collision Avoidance Systera) by a?

a Biue or white empty lozenge.
b. Red fuil circle.

. Red full square.

d

Blue or white full lozenge.

m

:

At "iotreding traffic advisery” s represented on the display system of the
TCAS 2 (Traffie Collision Avoidance System) by displaying?

a A red full square,

b. A yellow full circle.

. A blue or white empty lozenge.
d. A blue or white full lozenge.

a. Asﬁng&nphhmﬂfyumcﬂvehftknrdcalwoﬂhmmm

b. mhmmmmmmmmbuuunnmq
asks him not to modify his cwrrest vertical speed rate.

€. Asking the piiet to medify the beading of Ms nircraft,

4 Asldng the plict te medify the speed of hia alreraft,

a
b. "Fraifie sdvisery” and vertical "resolution advisery™,

€ "Traffic advisory” and harivontad "resqlation sdvisery".
[ 3 "Traffie advisory" oaly.

When the intruding aircraft Is equipped with a transponder without altitude
anmmy,mTCABMCMAmSyun)mn

"Traffic advisery” and harisentnl "rescintion advisery”.
"Trafllc advisory™, vertical and herizental "resohution sdvisory™,
"Traftie sdvisory"™ only.

"Traffie advissry™ aad vertica) "resalution advisory™.

pryp

ICAS 13,
The TCAS (Traffic Collision Avoidance Systam) computer receives (nformation:

| 3 Ammmmmmmswm
) From the:radie aitimetar, 3§

X Specific to the airplane configuration,

4. From the inertis) uniia,

The combination regrouping all the correct sentements ls?



ICAS 1§,
The TCAS 2 (Traffic Colllalon Avoldance System) provides:

L Trafflc information (TA: Traffic Advisery).

P4 Horizontal resolution (RA: Resolution Advisory).
3 Vertical resolution (RA: Resolutioa Advisory),

4, Grousd proximity warniag.

The combination regrouping all the correct statements is?

+

»

. 2,3
1,3, 4,

+

1

3.
v 2.

& r
— . -

TCAS 17,
The TCAS 1 (Traffic Collislon Avoidaace System) provides;

1 Traffic lnformation.

1. Horizonts} resolution (RA: Resolution Advisory).
3. Vertical resolution (RA: Resoiutfon Advisory).

4, Ground proximity warning,

i, 1,2,3.
b. 1, 2,34,
[ X 1.

d. t, 2.

-JCAS I8
On 2 TCAS 2 (Traffic Collfsion Avoidance System) the preveative "resolution
sdvisory” (RA) ls s "resolation advisory"?

A That advises the pilot to avoid <ertaln deviations from the current vertical
rate but does net require any change to be made to that rate.

b. Asking the pliot te modify effectively the vertical speed of his alreraft.

«, Asklngthepﬂottnmodﬂythehwngofhkllrcnﬂ.

d. Asking the pilot to modify the speed of his sircrafy,
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What information will TCAS provide to Indicate an Intruder aircraft with no
altitude reporting fncility?

ap e

TA.

TO plus preventative R4,
Preventative RA.
Corrective RA.

TCAS 20,
Where is the TCAS Informstion displayed?

i.
N
kX
4,

2.
b.
e
d.

On » dedicated TCAS display.
On the weather radar screen.
On EFIS.

On an LCD varlometer.

[y 8
1,3
2. 4.
Ail of the abave.

Inputs to TCAS 2 Inciude?

oo

Mode 5 wransponders to coordinate avoidance RAROEUV TS,

Mode A transponders providing TA snd RA data,

Mode C transponders caordinating avoldance manoenvres.

Mode C and s transponders giving RA and TA dats and coordinating
avoidance mamoeuvres,

The correct respanse to a TCAS RA Is?

1 3 Immedintely Turn 45° ieft and comply with the descent/climb commands.
b. Do zothings because ATC lastruction override RA.

<, Comply with desceat/climb commands immediately snd smoothly.

d, Seek ATC approval before changing altitude, speed or rack.

ICAS 23,

TCAS is based on?

% Ground-based radar.

b. Primary radar.

c. Airborne transponders.

d, RT communicstons and direction finding.
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IGCAS 24,
TCAS 1 duts is obtalned from?

Radio sitimeters.

INS/IRS,

Fressure altitude dats from mode 3 (ransposdens.
Additisnal equipment specific to each alreraft type.

P

Ep e
i
L

g
i

TCAS 2T,
Whlfll'udwithm:mupeudennTCAszsyneumy provide?

a RA only.

b. TA ealy.

. Herisoutal plane TA and RA.
d Vertiea! plane TA and RA

TCAS 18,
WhlhwlofwnnhgdouTCASpnﬂdﬂnhdkmnlunﬂmtequlppedm
TCAS?

N TA.

b. RA.

[ Nane.

d. TA and RA.

TCAS will give, ..... warning of an sircraft without tramsponders fitted?

Nao warning,
Beariung only.
Altitude only.
Range and bearing.

TCAS 3¢,
Non-conflicting traffic is indicated by?

pr e

Red.

Yellow.
Solid cysn.
Hollow cyan.

ICAS 3L
TCAS 2 gives RA in?

powpe

Vertical plane oaly.

Horizomtal plane only.

Both vertical and horizontal plases.
Nowe of the ahove,

TCAS 32,
TCAS RA is Indieated by?

A Amber clvcle.

b. Amber square.

. Red square.

d. Red circle,

TCAS 2 display may be provided on?
N Dedicated FPL.

b. Weather radar display

e EFIS display.

d.

Any of the above depending em aircralt type.
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TC

TCAS 2 fitted with mode C transponders only can provide?
8. Ra only.

b. TA anly.

¢ Verticai TA and RA,

¢, Horizontal TA and RA.

TCAS 35,

Other trafflc not constituting a threat is Indicated by ...... on TCAS?
a Solld red square.

b, Solld yellow circie,

c. Solid cysn or white diamond.

d. Hollow cysan or white dlamond,
TCAS 36,

Corrective actions given by TCAS Include?
I. Turn right or left.

2, Descend or climb,

L Increase rate of deacent or climb.

4. Stop climb or descent.

s, Monitor vertical speed.

6. Contact ATC.

IR 235

b. 3.3,4,5

c. 1.3, 4,6,

d. L1,3,6

T 37,

How should a pilot respond to 3 TCAS RA?

L
b.

¢

84

Visusly identify the intruder to before taking corrective action.
Disengage the autopilot the immedixtely comply with cimb and descent
commands In & smyooth manoer.

Contact ATC before manoeuvring.

Allow autopilot to follew TCAS commands, and advise ATC of situation a

soon as it ls safe to do sq.

wk
e

(5

aa L

.-
s
'

TCAS 38,
Haow should a pilot respond to a TCAS TAT

a, Visually identify the intruder to before taking corrective action.

h. Disengage the autopilol the immediately comply with climb and descent
commands in a smooth manner.

c. Contact ATC before manoeuvring.

d. Allow autopilot to follow TCAS commsnds, and advise ATC of situation as

so0n as it is safe to do 50,

TCAS 39,
What corrective actien is given by TCAR?

' Contact ATC.

b. Climbing or descending right turn.
¢~ Climbing or descending left curn.
d. Climb or descend.

What does the TCAS indication (in red) at the right mean?

. An aireraft 300 it below is climbing at 500 fpm or more.

b. An aircraft 300 ft above is descending at more than 1008 fpm, . f

<. An aircrafe 300 ft above is climbing at 506G fpm or more.

d. An aircraft J00 ft below is descending &t more than 1908 fpm.  -300

TCAS 41,

What does the TCAS indication (in red) at the right mean?

a. An aircraft J00 f¢ below is climbing at 1000 fpm or more, +300

b. An aircraft 300 ft above is descending at 508 fpm or more, . ¢

c. An aircenft 300 ft abave is climbing at 1600 fpm.

d. An alrcralt 300 ft below is descending at 500 fpm or more.

FCAS 42,

An intruder 250 It above, climbing at 500 fpm or more, wili be indicated bry?
+250 +150 +250
{Red} {Cyan) (Anmber} -256 (Cyan)
{u} Ll (c) (d}

RS



TCAS 43,
Proximiry traffic is defined as?

Tralfic with 2 6 nm radius and whhin 1200 ft above or below.

A,

h. Fraffic within 18 nm and within [000 f¢ above or below.,

LA Traffic within the selected range and within 1000 ft above or below.
d. Truffic within the selected cange and within 1200 ft above or below,
TCAS 44

Other traffic is defined as”

A, Fraffic not quailfying as proximity or intruder but within the display range
and within 2700 ft above or below.

b, Traffic not qualifying as proximity but within 16 nm and within 2500 ft
above or below.

<. Al traffic other than proximity and intruder traffic.

d. All noa intruder traffic within the range sale and within 2700 ft above or
below.

TCAS 45,

ATCAS TA ig?

8. A traffic advisory message indicating sircraft in the vicinity which may
become & threat.

b, A traffic advisory message indicating aircraft within the vicinity which
constituted an immediate threat.

. A traffic advisory message indicating aircraft within the vicinity but moving
away.

d. A traffic advlsory message indicating aircraft in the vicinity which are on a

parallel course.

TCAS 46,
A TCAS RA is?

a, A resolation advisory Is an aural and visual Indication of aircraft in the
vicinity which censtitute an immediate threat.

b. A resolutien advisory is an aural and visuai recommendation of the
MRNOCUYIES OF manoewvre restrictions in the vertical plane, to ressive
conflicts with mede C SSR capable alrcrafs,

c. A resolution advivery s an surai and visual recommendation of the
ManGeaYres or nmanceuvre resirictions in the vertical piane, to resolve
conflicts with made S SSR capable aircraft.

d. A resolution advisory s a visusl indication of the intentioas of immediate
threat traffic.

p.1d

o s

s

Adtaad o

.:‘ . (..u;{ L

TCAS 47,

A corrective advisory is?

8. A resolution advisory which tells the pliot which rates of climb or descent to
use to resolve canflicts.

b, A resolution advisory which tells the pliot which rates of turn to use to
resolve conflicts.

c. A resaiution advisery which tells the pllot which rates of climb or descent to
avoid to resolve conflicts.

d. A resolution advisery which tells the pliot which way to turs to resolve
conflicts.

TCAS 48,
When TCAS indications are provided on the V5I they will Include?

1. Symbols to indicate the vertical positions of intruder sod proximate traffic.
2. Arrows to Indicate the vertical motion of intruder and proximate trafTic.

3 The rates of climb or descent to be avolded to resolve conflicts.

4, The recommended rate of climb or decent to resolve conflicts.,

5. The track and CAS of intruder and proximate traffic.

a 1,2,3,4,
b. 2,3,4,5
C. 1,3,4, 5,
d. i,%,4,5,

How does TCAS indicate other traffic that is not assessed as » threat?

a, A cyan lozenge.

b. A cyan bollow dinmond.
¢ A white solid diamond.
d. An amber solid square.

TCAS 50,
On what principle is TCAS [f based?

8. Radie aitimeters.

b. Two S mode transponders.

<. IRS/INS inputs to the autopilet.
d. Ground based radars,
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TCAS 3L
TCAS glves RA’s in the ........ plane?

Horizontal
Vertical.

Lateral sad vertical.
ARl of the shove,

enrTm

ICAS 52,
A TCAS2 RA is indicated by ?

Red clrcle.
Red square.
Amber circle.
Amber square.

ar oy

TCAS 33,
TCAS2 RA's are?

Vertical only,
Vertical and directional.
Directional only.

apoFe

ICAS 4.
Corrective actions given by TCAS include?

A Deacend or climb,

b. Turn right or left.

e Accelerste or decelerate.
d. Inform ATC.

TCAS 55
TCAS uses?
. Transponders.

b. Radio.

c. Baromeiric altimeters.,
d Autopilots.

288

Directional oaly on mode C SSR.

JCAS S8,
TCAS s displayed?

EF18,

EICAS,

ECAM,

Dedicated TCAS dlaplays.

Lol ol <0

goEy
L
P

TCAS 57,
From what does TCAS obtsiu its data?

1. Inertial reference unit.
2. Barometric altimeter,

3 RADALT.

4. Maode S trarsponders.
5. Additionsl squipment specific to each sirceaft type.
(N 3,34

b, 3,4, 8

€. 2,34

a 1,2, 4.

ICAS 58,

The symbol for a TCAS RA Ls?
[ 9 Red circle.

b. Red sguars.

[ Rad dizsmond.

d Red hezeage.

TCAS 59,

TCAS corrective RA’s include?
n Climb.

b, Turn left.

'3 Traffic.

d. Monltor vertical speed.

Pl



TCAS 66,
If an intruder alrceaft has a mode C transponder, TCAS 2 can give?

& TA and RA in the horizontal piane only,
b. TA only.

c. RA oniy.

d. TA and RA in the vertical piane only.

T

TCAS Indicates proximate traffic ss a?
A Red solid square.

b. Red hollow square.

<. Cyan solid dismond.

d, Cyan solid circie,

T

TCAS Indicates relstive helght as?
a Vertical arrow.

b. Horizontal arrow.

< The position of the symbol,

d. A + or — sign and numbers.

JCAS 63,
TCAS indicates ather non-threat iraffic as a?

a. Red hollow circle,

b Red hollow square.

<. Yellow holiow square.

d. Cyan or white hollow diaraond,

An sircraft is nyin’ 8t sn Indicated altitude of 16000 . The outside air
temperature is -30°C. What Is the true alttude?

4, 16200 11.
b. 15206 .
< 15600 fr.
d. 13500 ft.

CRP3 1.
What Is the TAS when pressure altitude = 15000 ft, OAT = -15°C, CAS = 145 Kis?

R
b.
<
d.

1 Kt
148 K¢z,
183 K,
198 Kis,

CRPS 3,
What is the TAS when pressure sititude = 20000 ft, OAT = -20°C, CAS = 200 Kts?

o

I3 Kts,
273 Kts.
239 ks,
296 Kts,

CRES 4.
Crulslog at FE.350, M0.84, is found to give 2 TAS of 499 Kts. The ISA deviatlon at

thiy level Is?
a -17.
b. +17.
¢ +19.
d. 19,

The velocity of the speed of sound st sea levei In the standard atmosphere is?

644 kis.
1059 Kta.
661 Kts.
332 kts,

CRE3 6, .
If outside sir temperature at 15000 fi is -40°C, the local speed of sound is?

erop

307 ks,
24T Kta.
596 Kt
686 Kts.
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CRPS 7,
As alreraft ls flylog st 310 Kty TAS at FL.290, Temperature deviation Is 6°C. The

lacal apeed of sound is?
'Y 576 Kts.

b. 583 Kis.

< 396 Kos.

d. 563 Kits.
CRES 8

An aircraft flying st FE310 ta cruising at & CAS of 280 Kta. If the correct outside
sir temperature ks 48°C, this will give a mach aumber of?

powy

0.76.
0.71.
0.78.
082,

The temperature at the airport ks 23°C, what is the local speed of sound?

615 Kis.
644 Kta,
471 Kts.
694 Kts.

CRPS 19,
AD alrcraft is flying at 1106 Kts TAS at FL650. A change of 0.1M gives & change of
57 Kts TAS. The temperature devistion at FL&5O assuming au [SA stmosphere 1?7

8,
b.
[
4

-5
+5.
-1.5.
+1.5.

CRIS 11
Anm sircraft is flying nt FL29 at 500 Kts TAS, 0.56M, the temperature deviation is?

m

5.
+7.
-15,
+28.

An increase of 0.15 in mach oumber results in an lncrease of 93 Ktz TAS. I
temperature deviation from ISA Is +9°C, the FL is?

a FL2086,
b. FL220.
c FL.179,
d. FL30.

CRP3 1. .
An slreraft Is flying at FLI9, temperature Is -56.5°C at mach 0.85. The TAS a?

a 561 Kos,
b. 476 Ko,
c. 485 Ko,
d. 472 Kts.

CRPS 14,
Ab increase of 0.15 mach results in an increase of 93 Kts TAS. The loca speed of
soard la?

a, £60 Kiy.
. 685 Kty,
[N 620 Kis,
d. 80 Kus.

CRE3 13,
An increase of 0.15 mach results in an incresse of 33 Kis TAS. If temperature
devistion from ISA is +5°C, the approximate fiight level is?

' FL10#,
b. FL158.
< FL128.
d FL256.
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PITOT STATICS 1. ¢

Barometric altimeters provide sn Indication of altitude by messuring the static afr
pressure around the aircraft, The higher the altitude, the lower will be the siatie
pressure. But Im order te provide accurate altitude Indications the sitimeter must
be fed with an scearate sample of local static presaure.

When an aircraft is in side stipping flight, the sirflow striking the upwind side of
the fuselags caunes n slight increase in statie pressure, and the statie pressure on
the other side of the aircraft would be slightly reduced. If the static presaure wery
to be measared only at the upwind side of the snircrsit, then the altimetor weuld
give an artificially low altitude indicstion. If the static pressuare were to be
meuuredonlyatthdmwlndaldcofthedrcnﬂthodﬂmhrwwldﬂwn
artificiatly high altitude Indication.

in order te overcame this problems large atrcraft empiey two static parts, one of
which.is located on each side of the fascinge, The pressure fed to the altimeter by
the average of that semsed ou each side of the aircraft. Se in side stipping ftight, the
slight pressare increase en the npwind side in cancelled cut by the sight decrease
on the downwind side. But if ome of the stadle ports is blocked, this self canceling
¢ffect will be lost and the measured stutic pressure will be artificially high or low
when side slipping, depending oa which port is blocked. The messure of static
pressare woukd then be accurate only is symmetric (son side slipping) Migt.

Se If the left port becomes blocked, the altimeter will over read when side slipping
to the right, but diaplay the correct reading whea in symmetrieal flight., (sption 4).

EITOT STATICS 2. ¢,

Barometric altimeters provide an Indication of aititude by measuring the static alr
presaure arcund the aireraft. The higher the altitads, the lower will ba the sintic
pressure. But ln arder to provide sccurate altitude Indications the altimeter must
be fed with an accorate rample of local static pressure.

When flying at high specds the airflow arcnnd the sircraft canses a siight reduction
in local statle pressure. If bf% uncorrected this would cause the altimeters to aver
read by a progressively grester degros sy sivspood incressed: In order te overceme
tidde problem: kigh spsed slrcraft are Mg with compensnted alibasstors’ which~ 1
automutically adjust thelr reading with changes In sirspeedc In this way
eowmmnmm.wmmmmm
throughout the apeed rangs of the aircralt. .

lfulhutﬂheqdmdmmdﬂmurwhklbwmm
error and another altimeter which is not, and all ather factors being equal, at high

speed, the non-compensated altimeter will indicate a higher altitnde (optien d).

EITOT STATICS 3. b, -
Conveationat pliet statie instruments uss flexible capsules or belows s messmre

the varistions In static and dyeamic pressure, By expanding or contrscting In
response to changes In pressures, these capaules or bellows move mechanical



linkages to give indications of such things as altitude, airspeed and vertical speed.
Buot such mechanical instruments are subject to a range of errors due to factors
such as friction and hysteresis.

En arder to overcome these problems modern alrcraft employ electrically driven
instruments. These instraments do not measure pressure directly but recelve
electrical signais, which sre proportionai to these pressures. Thess electrical
signals are generated by air data computers and fed to the Instruments, An air
date computer transforma sir data Dessuremeat into electrical impulses, which are
thew used to dive servo motors within the instroments (option b,

Coaventional barometric altimeters use flexible capsules to measare the variations
in siatic pressure. By éxpanding of cowiracting in response to changes in
pressures, &mupdummwmhﬂu indications of altituds,
airspeed and vertical speed. But such mochanical Instruments are subject to »
range of errors due to factors ruch as friction and hysteresis.

Inord«mmmmthmpnb&mmduuﬂmphydecn’luuydﬂwn
instruments. T\eullﬂneuudum“upmuedlrwﬂyhurme

ta thase pressures, These electrical
sigaals are gemersted by air data computers and fed to the altimeters. The air data
mm&robhhhumphelm&memmﬂemmpﬂu]mu-

om the sides of the fuselnge. Se In an air dats compater alveraft, the altitude is
calculated from the messurement of absolute barometric pressare from a statie
source ou the faselage (option dj.

| d

Anﬁﬁmurprwldunlndicadountﬂﬂndabyhhnghmdedrprmmud
appiying this tntbeouhidenfn-uunﬂc&eapuh This is achieved by applylug »
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Flight levels are based ou the 1SA standard subscale setting 1013.25 hPs at mal, so
the term “standard + 10" in this question has no relevance. FLI0 I T00% 1 and
from the ISA table on page 35 it can be teen that the pressure at this alticade Is 781
bFa. This Is closest to 781.85 hPa (optien h).

QNHhoﬁcnilurpuuduﬂumtkprmnalnﬂhdgltthowmlﬂd. This is
ammmumhummﬂuh&atQNﬂhmmMpmmn
menn sex level at amy given maoment in tinee. 1t varies from minute to minuts,
depenﬁnpdmarﬂyulnbhttenpenm This means that with QNH set on
tttddmehruhuah.duneedhsoﬁhdﬁmmwﬂhﬂkahlhﬂﬁhﬂtoﬂh
location for which it (the QNH) s given (option ¢).

ELTOT STATICS 9. b,
ThcASlpmduunhdiuﬂono‘sp«dthuhpnpuﬂndeM
ltdm&hwm;bm(dmnkﬁum&)mhmhdﬂdqm
and static pressure te the catxide. Thhmmnhhlpmnbwuu
ow&ecapuk.whlhm&mnhmmum&- The-
mimhmwwmmmwmm
pressures, Mhhlmnhthumohhﬂcpmmphdyunkm
nhﬂﬂmmmwmm&.hwpmu:&hurﬁ
mhcwmwmmmﬁnem rospoase te changes
in dynamie pressurs. mmmuwuww
mtbcummmhpruwﬂouwchmhm

Bat If the total pressurs probe becouses biockad, the total pressmrs trapped [n the
pipe will remaln constant. This wenny ot e, the alreralt climbs; only the statie:.
pressure will gradually decrease. This will canas the sirspeed indication te Incresse
steadily (optisn b). .

RITOT STATICS 50, ¢, .
lipm-ndeﬂnhpthmnhm
It doey this by feeding (dynamie phes: static) presurs ty tie nside of a capenle
and static pressure ts the outside. This meams that pitet pressure bs sitempting to.
cxpand the capenle, while static pressure is attempting te compress it. The
mmmmammwwwmwmmmm
pressares, mmmhdemmem
n&t_%mbmm-ldmuwm&hm
openﬂnaﬂeMmmndﬁcASlhdhﬁouehwhmhcw



[ 4 1

The term pressure altltude of any given potnt is the altitude in the International
Standard Atmosphere at which the static pressure at that point would occur.
Option ¢ is therefore the most accurate in this question.

in dynanvic pressure. Bet dynamic pressure is proportionsl to indicated alrapeed
30 the capsule reoves in proportion to changes in [AS.

As an aircraft descends, the static pressure gradually Increases. But because static
Pressure ia part of the pitot pressure, the gradusl increase affects each of these
pressures to the same degree. A gradoally Increasing pltot pressure minus a
gradually increasing static pressure wHi resuilt In s constant value of dyvamic
pressure. This meaus that under normal circumstances, the sirspeed indieation
remaing constant,

FITOT STATICS 14, 8,

A VSI provides an indication of vertical speed based oa the rate of change of statle
pressure. In the case of very small verticai speeds, the ratea of change of static
pressure are very iow. Such changes are difficuli te measure accurately, so VSIs
are less accurate at low rates of climb or descent. In the Instantsneous Vertical
Speed lndicator or IVSI, this problem is avercome by the use of acceleration
sensars as illnsirated below,

But if the pitot pressure probe becomes blacked, the pitot pressure irapped [n the
pipe will remain constant. This means that ss the sircraft descends, only the static
pressure will gradually izcrense. This will cause the sirspeed lndication to decrease
steadily (option ¢).

Chublat réatyirty row o

PITOT STATICS IL.c, e ey oY - ircare bateres s
The ASI produces an indication of speed that i proportional to dynamic pressare, e o o o et ol el
It does this by foeding total (dynamic plus static) pressure to the Inside of & capanle o L\ e
and etatle pressure (o the ontside. This means that total pressere is attempiing to ——— X s T
expand the capanle, while statie presrure is attempting to comtpresa ft. The - s \._ t oo\
resulting expansion is thevefore produced by the differemce between total and statie A U
pressures Buhulprmuh&uunofshdcprmmpludynmkpmu, i § — [ = \
m&cdiﬂeremmwmmde,hdyumlepmm&hw — ol el Y —a - g v Senten s -2t
operztion thé capsnle moves and the AS! indications change i response to changes T Ea B e el =
in dynamic pressurs. Put dynamic pressure s eal to indfeated airspeed - | w— " g i ,
so the cxpsule moves in propertion to changes in IAS, H ryixm Vs

=S . P
As 28 alrcraft descends, the statie pressure gradually increases. But becsuse static Lo o e e \_ -
pressure is part of the tots pressure, the gradesl tacreasé affects enchi of these — | ' (O
pressures to the same degres. A graduaily increasing total pressure minws » L s b el vy Stat preswery s i et
gradually incronsing static pressure wil result ins & constant valee of dynamic rcraeas o roepean i ofte V) el

pressure. This mesns that under normal circumstances, the atrspeed indication ;
remains constant. ' Typlval Instantancous Vertical Speed Indicator (IVSK)

But {f the total pressre probe becones blocked, the total pressare trapped In the ' These acceleration sewsors are smail metal weights o¥ pistons supparted by light
pipe will remiate constant. TS chensis thai is the slrcraft destinds; only iy statle mm.mumm:&mnmmmmm wu’;“:um
sircraft begins te climb or descend, the vertical seceleratioa causes these weights to
meve dowa of up respectively. This instantly changea the pressure scting on the
capsule within the VSL, o that the change In vertical speed is immedistely
indicated. When the sircraft setties into s constant vertical speed, the weights
settle into a balavced position against the springs, and cease to affect the pressure
in the instrament, So the response time of s Verdesl Speed Indicator can be
improved by the use of acceleration sensoss {option ).

mvﬂmﬂmmﬂcmmumdbyweshﬂcpomofuamnﬂm
affected by a number of variables: The principal of these is the afrcraft attitnde.
Buthnymmbhndn'ofconﬂhnunudmwnﬂtbmbqﬂnd

h:houn-jwfnwllm&imﬂepmﬁemn-ﬁndn'ﬁe'lmﬁc :
vents. The options offéred n thia q a do not include sttitude or airspeed. But
Muhnumb«hﬂnﬂy&etndﬂrwdupwunfhcﬂonoﬂhehcﬂspud
of sound, Soopdoabhtlurnonmmh!nthhqnmlou.

The pressure altitude of any given point Is ihe altitude in the [nternational
Standard Atmosphere at which the static pressure st that point would occnr. But
the alr density at any given polnt is also affected by amblent temperature.
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The term “Diensity Altitude™ means the pressure altitude corrected for non-
standard ambient temperatures. The density altitude of & given polnt In the actual
atmosphere is the altitude at which the same air density would occur in the
Enternational stundard stmosphere. Option &, “The density sititude is the altitude
of the standard atmosphere on which the density Iz equal to the actual density In
the atmasphere™ is the most accurate in this goestion.

P

The pressure altitude of any given point is the altitude In the International
Standard Atmosphere at which the atatic pressure at that point would occur.
Pressure sititude is indicated on a correcily calibrated barometric altimeter when
the standard mst setting of 101.25 hPs is set on the altimeter subscale,

It should however be noted that pressure aititude will not be indicated if amy other
subscale setting is used. So none of the options in this question are strictly correct.
But option b is the moat accurate.

PITOT 7

An Alr Dats Computer (ADC) takes in pltot preasure, static pressure and TAT,
and uses these to compute CAS, TAS, mach sumber, altitude, vertical speed and
SAT. The ADC then sends clectricai signals representing these values, to the
reievant instruments. The instruments themselves are stmple electro-mechanical or
LED dlspiays, and hence de not contain any capsules or complex mechanical
finkages. Thia virtually ciminates lustrument lag. The computing capabilities of
an ADC, enable it to make automatic corrections for position errors and
compressibitity errore (1). Because the ADC cutputs are simple electrical signals, a
single ADC is able to provide remote data transmission (3), to feed » Jarge vumber
of instruments (4). Becsuse the ADC uses mechanicsl devices such as capsules to
measure sir pressures, it is unable to eliminated hysteresis errors (2). Optioa d (1,
3. 4.} Is the most accarate in this question.

PI TATI 1

The ASI produces ap indication of speed that it proportional to dynamie pressure.
1t does this by feeding total (dynamic pins static) pressare to the instde of a capsule
aud static pressure to the outside, This means that tota} pressare is attewmpting to
expand the capeale, while static pressure is attesmpting to compress it. The
resulting expaasion Is therefore produced by the difference between tota] and statle
pressures. But total pressure Is the sum of statie pressure pius dynamic pressure,
so the difference between total and statie, is dynamie pressare. $o In normasl
operation the capsule moves snd the ASI indications change n response ta changes
in dynsmic pressure. But dynamiz pressave is proportional to indlcated sirspeed
30 the capsule moves in proportion to changes in [AS.

As ao aireraft descends, (he static pressure gradually increases, But because static
pressure is part of the iotal presaure, the gradual increase affects each of these
pressures to the same degree. A gradusily increasing total pressore minus a
gradualtly increasing static pressure will result in 3 constant value of dynamie
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pressure. This means that under normal circumstances, the airspeed indication
reruains constant,

But if the static pressure probe becomes blocked, the static pressure trapped in the
pipe wili remsin constant, This means that as the aircraft descends, oniy the total
pressure will gradually increase. The subtractlon of the constant value of statle
pressure from the increasing vaiue of totsi pressure would produce an over
estimation of the dynamlc pressure. This would cause the ASI to over read as
aititude decreased (option d).

A altimeter provides an indication of altitude by taking in static air pressure and
applylog this to the outside of an evacuated capsuie. This is achieved by applying &
Yacuuin or very low pressure to the inside of the capsule and feeding static pressure
to the Inside of the altimeter case. If the statlc source becomes blocked the pressure
trapped within the instrument case will renain constant, This means that the
sitimeter will continue to indicate the reading st which the bleckage occurred
{(option a).

An altimeter provides an indication of altitude by taking in static air pressure and
applying this to the outside of an evacoated capsule. This is achieved by applying &
Yacuum or very iow pressure to the inside of the capsule and feeding static pressure
to the inslde of the sltimeter case. If the siatic source becomes blocked the pressure
trapped within the instrument case will remain conetant. This means that the
altimeter wilt continue to indicate the reading st which the blockage eceurred
(option d).

Pitot or total alr pressure is made up of static pressure and dynamis pressure,
Dynamic pressure is caused by the kinetic energy given up by the alrflow as It is
brought to rest by impact with the alrcraft structure. The magnitude of dymamic
pressare Is proportionet todrspud.uthd#mdymmlcpreumtop_mﬂl#
an indication of alrspeed, The pitot proba f§ & forward-facing tabe, which caplures
a sample of total pressure from the alr siream. Pressure within the ptiot tube is
therefore greater than ambient pressure. If the pltot tube develops a leak, some of
the dynamie pressure will escape, so that the AST will sense ia abnormatly low
pressure.. This will cause the ASI to under resd {opton x).

Pitot o total air pressure Is made up of static pressure and dynamiec pressure,
Dynamic pressure ls caused by the kinetic energy glven up by the atrflow as it is
brought to rest by impact with the sircraft structure, The magnitude of dynamic
pressure is propertional (o alrspeed, so the AST uses dynamic pressure to provide
an indication of airspeed. The pitot probe is a forward-facing tube, which captures
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a sample of totai pressure from the air siream. So the pressure measured at the
forward facing orifice of a pitot tube is total pressure (option c).

PITOT STATICS 23 a.

Pltot or total air pressure is made up of static pressure and dynamic pressure,
Dynamic pressure is caused by the kinetic energy given up by the airflow as it ia
brought to rest by impact with the aircraft structure, The magnliude of dynamile
pressure is proportional to sirspeed, so the ASI uses dypamic pressure to provide
an indication of sirspeed. The pitot probe is a forward-facing tube, which capiuares
a sample of totai presaure from the air stream. So the pitot tube directly suppliey
totai pressare (option »).

P

Barometric altimeters provide an altitude indication that is based upen the
measurement of the static pressure in the stmosphere around the sirceaft. In order
to provide accurate indications of altitude It I esacatinl that the altimeter recelve
accurate samples of the local static pressure.

But as am sircraft flies through the air, it causes iocallzed accelerations and
deceierations of the air flowing over Its surfaces. These accelerations and
deceierations cause localized changes in the static pressure, This means that great
care must be taken to ensure that the static pressure sources are located in areas
where these changes in static pressare are 8 minimuns, Becaunse these changes are
caused by the position of the statle pressure sources, the resulting errora are called
position pressure errors (option a).

B §

The ASL produces an indication of speed that ia proportional to dynamic pressure,
It does this by feeding pitot pressure to the inside of a capsule and feeding static
pressure to the outside. This means that pitot pressure Is attempting to expand the
capsule while static pressure is attempting to compress It. The resulting expansisn
is therefore produced by the difference between pitot and static pressures. Dut

pltot presaure Is the sum of static presaurs phus dynswple predsare, so the differencs ;

between the fwo In simply dynamikc presaure. Se e notmal operation the caprule
moves and the ASI indications change, In respouse to chamyes in dyasmic
pressure. But dynamic pressare is proportional to indicated alrspeed 30 the
capsule moves In preportion to changes in 1S,

1€ the pitot tapping sad drain hole hecome blocked, the capsule wil be unable to
sense changes in pitot pressure. 1¢ will therefore no ionger respond (o chamges in
dynsmic pressure. So changes in speed will not caunse changes I the atrspeed
indication. S0 options a, b and ¢ are incorrect. But the outer sarface of the capsule
will still be subjected to changes iu static pressure. Stathe pressure changes with
pressure altitude, so rather than simply not indicating, the ASE will produce
indications proportional to changes in pressure altitade. So the ASI will react like
an altimeter (option d).

M

Pitot static systems typlcally provide pitot pressure to atrspeed indicators and
mach meters and provide static pressure to airspeed indicators, mach meters,
aldmeters and vertical speed indicators. So If the pitol mube is covered by ice whlich
blecks the ram air {pitot} Inlet, onty those tnstruments which use pitot pressure witl
be affected. This means that oniy airspeed Indicators and mach meters will be
affected. None of the options include both of these Instrumeats, byt option b Is the
most accurate in this question.

The correct equation is T¢ = Ts(1+0.2 Kr.M"), option b."

PITOT STATICS 23. b,

Barometric altimeters provide an altitude indication that iy based upon the
measurement of the static pressure In the atmosphere around the aircraft. In order
to pravide accurate indlcations of aititude it ia essential that the altimeter receive
accurate samples of the local static presaure (option b).

PITOT STATICS 29. b,

A VSI provides an Indication of verticai speed based on the rate of chzage of static
pressure. As illustrated in the disgram in answer PITOT STATICS 14 above, the
¢hoke In fitted in the plpe carrylng static pressurce into the space sround the capsule
in a VSL

Statlc pressure ia fed at an unresiricted rate into a capsuie, This means that the
rate of change of static pressure inside the capsule Is determined anty by the
vertical speed of the aircraft. Statie pressure Is also fed, 2t a restricted rate fnto the
space around the capsule. This restricted flow Into the apaces aronnd the capsule is
maintalued by s choks, At any Instant in a ¢iimb or descent, the difference
between the pressures inside and outside the capsule will he proportional to the
difference between the two flow rates. ‘The restricted rate Is constant, so the
pressure differesice between that inside and outside the capsule is determined by
the rate of changs of ambient static preasure. This in turn is determired by vertical
speed. Opilon b is therefore the most aecarate bn this question.

FITOT STATICS 30. b,

A VSI provides an Indication of vertical speed based on the rate of change of static
pressure. As illustrated in the dingram in answer PITOT STATICS 14 shove, the
choke Is fitted in the pipe carrying statle pressure Into the space around the capsule
ina VSL.

Static pressure is fed at an unrestricted rate inte & capsule. This means that the
rate of chiange of static pressure inside the capsule is determined oaly by the
vertical speed of the sircraft. Static pressure s also fed, at a restricted rate into the
space around the capsule. This restricted flow Into the spaces aroand the capsule is
maintzined by a choke. At any instant in a climb or descent, the difference
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between the pressures inside and outside the capsule wii) be proportional to the
difference between the two Mlow rates. The restricted rate IS constant, so the
pressure difference between that inside and outslde the capsule is determined by
the rate of change of ambient static pressure. This in turn is determined by vertical
speed. Option b is therefore the most accurate in this question.

BITOT 3L, b,

An Air Dats Computer (ADC) takes in pitot pressure, static pressure and TAT,
and uses these to compute CAS, TAS, mach oumber, altitude, vertical speed and
SAT. The ADC then sends electrical signals representing these values, to ihe

relevant instruments. The instruments themselves are simple electro-mechanical or n
LED displays, snd hence do not contaln any capsules or complex mechanical 2
linkages. This virtuatty climinates instrument Iag (1). The computing capabilities o

of an ADC, enabic it to make sutomatic corrections for position errors and
comprenslbility errors(2 & 3). Because the ADC outputs are simpie electrical
signals, a single ADC is abic to feed 2 large number of instruments (4). In the event
of & power supply [aiiure, or failure of the ADC, the aystem will fail totally. An
ADC Is not therefore capable of providing emergency sitimeter in the event of a
main system failure (5).

| .

An sltimeter provides an indication of altitude by taking in statle sir pressure and
applying this to the outside of an evacuated capsoie. This is achieved by applyiog o
vacuura to the inside of the capsule and feeding static pressure to the inside of the
aittmeter case. If however the static pressure source became blocked, the altimeter
would be unable to sense changing static pressure, so its indication would freeze at
the altitade at which the blockage occurred. This problem could be reduced by
breaking the altimeter glass in order o ailow cabin pressure to enter the altimeter
case {option c). In an un-pressurised aircraft this would give a slighily excesslve
Indication of altitude, because cabin pressure in such alrcraft is naually slightly
fower than amblent due to air being drawn out by the slipstream. This solution
would be less effectlve in a pressurised aircraft however, becanse the altimeter
would sense cabin pressure rather than statlc pressure.

4
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PITOT 3. 8,

The manner in which an ADC obtains altitude data Is essentially the same as that
employed by a barometric altimeter. Static pressure Is taken from static ports at
the surface of the fuselage and fed into » capsule. This then produces an electrical
signal propordonal o changes Ip statie pressure. Pitot pressure (options b & ¢} is
not proportional to altitude and hence cannot be used by an ADC to compute
altitude. Option d, refers to a radio altémeter. This does not constitute air data
and hence it is not an toput to the ADC.

PITOT 34. ¢.
An Air Data Computer (ADC) takes ir pitot pressure, static pressure and TAT,
and uses these to compute CAS, TAS, mach number, sititude, verticai speed and

SAT. The principle inputs used to achieve this are TAT (2), static pressure (%) and
tatal pressure (6). Many ADCs are also abie to automaticatly appiy corrections for
position error. To de this they require an AQA (1) input. The ADC also requires
an efeciricai suppiy, which might conceivabiy be either AC (7) DC. It shouid be
poted that Qutside Air temperature or OAT (3) 11 SAT, which is an ADC output,

Dynamic air pressure (4) is part of the total ajr presture (6), so it is not a specific.
ADC input.

FITOT 33, a.

The total pressure (P, exerted upon the forward facing party of an alrcraft Iy

made up of two parts. The first of these is static pressure (Pgy), which acts upon

all parts of the alrcraft. In addition to this the forward Incing parts are subjected

to & dynamic pressure (Pp,,). This iy caused by the kinetic coergy released by the

;Jr 23 It is brought to rest by the impact with the aircraft strocture, So Prot = Py *
Dyns

When an aircraft is very close to the ground, durlog take-off and landing, the
downwash form itz wings is restricted by the ciose proximity of the ground. This
changes the direction of the relative airflow and alse lncreases the local statie
pressure. The combived effects of this is an increase the magnitude of the pressure
sensing error or posltion error affecting the pltot static system.

Pltot or total sir pressure is made up of static pressure and dynamic pressure.
Dynamic pressure is caused by the kinetic energy given up by the alrflow ay it is
brought to rest by lmpact with the sircraft structure. The magnitade of dynamic
pressare ls proportional to ajrspeed, o the ASI uses dynamic pressure to provide
an indicatan of airspeed. The pltot probe is a forward-facing tube, which captures
2 sample of total pressure from the air stream. Pressure within the pitot tube is
therefore greater than auiblent pressure. If the pltet tube develops a leak, some of
the dynamic presaire will escape, so that the ASI will senss in aboormally low
pressure. This will canse the AST to under Indicate CAS {option b). 1t should be

nol::d that the altimeter uses only static pressare, o it will not be affected by = pltot
tube leak.

EITOT A8, ¢, ,

The ASI prodaces an Indication of speed that s proportional to dynamic pressure.
It does this by feeding pitot pressure to the inside of & capsule and ststic pressure to
the outside. This means that pitot pressure ls atteinpiing to expand the capsule,
while static pressure Is attempting to compress It. The resulting expansion i
therefore produced by the difference between pitot and static pressures. But pitot
pressure is the sum of static pressure plus dynamie pressure, so the difference
between pltot and statle, is dynamlc pressure. So in normat operation the capsule
moves and the ASI iudications change, in response to changes In dynamic
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pressure. But dynamic pressure is proportional te indicated sirspeed so the
capsule moves in proportion fo changes in JAS,

If the static pipe recomes biocked, the sensing of changes in static pressure by the
outside of the capsuie will be prevented. The sensing of changes in pitot pressure
inside the capauie will continue as normal, because these are felt through a separate
pitot pipe. But pitot pressure includes static pressure, so whenever static pressure
is changing, the changes wiil act as part of the pitot pressure on the inside of the
capsule but they will not act on the outside of it.

So when climbing, too high a vaiue of static pressure on the outside of the capaule,
will be subtracted from the correct value of total pressure on the inside, to give an
excessively low value of dynamie pressure. This will cause the ASI to under Indicate
airspeed. When descending, too low 2 value of static presaure will be subtracted,
causing the ASI to over indicate airspeed. So the ASI will over Indicate or under
indicate depending on alticude.

PITOT 39, d,

Ap aitimeter provides an indication of altitude by taking la static air pressure and
applying this to the outside of an evacunted capsule. This is achieved by applying a
vacuum to the inside of the capsule and feedlug static pressure to the inside of the
altimeter case. If however the static pressure source became blocked, the static
pressure in the pipe at the time of the blockage would remaln (rapped. The
ultimeter wouid then be unsble to sense changing static pressure, so Its Indication
would frecze at the altitude at which the blockage occurred. The altimeter will
then aver indicate if (he aircraft descends and under indicate if it cHubs.

PITOT 40. b,

An altimeter provides an indication of aititude by taldng in static alr pressure and
applying this to the onizlde of an evacuated capsule. This bs achieved by applying a
vacuun to the inside of the capsule and feeding statle pressure to the inside of the
aldmeter case. As altitude increases the reducing siatic pressure would allow the
capsule to expand, giving an indication of altitude. Descending would have the
opposite effect, with incrensing static pressure cansing the capeule (o compress,

The ASI produces an fndicstion of speed that Is proportional to dynamic pressure,
It doex this by (eeding pitot pressure to the inside of & capauie and static pressure to
the cutside. This means that pitot pressure is sttempting to expand the capsule,
while static pressure is attempting o compress it. The resulting expansion is
therefore produced by the difference between pitot and statle pressures. But pitot
pressure Ia the sum of static pressure plus dynsmic pressvre, so the difference
between pltot and static, is dynamic pressure. So in normal operaton the capsule
moves and the ASI indications change, In respomse to changes in dynamic
pressure. But dynamic pressure is proportional to Indicated airspeed 30 the
capsule moves in proportion te changes in JAS.

In some alrerafi the static pressure source is made up of slots in the ontside surface
of the pitot probe. Blockage of these siots would constitute a bleckage of the static
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pressure source. The static pressure in the pipe leading to the altimeter and ASI,
at the time of the biockage would remain trapped. These instrument would then be
unabi¢ to sense changes in static pressure if the aircraft climbed of descended.

1f the static slots become biocked, the sensing of changes in static pressure by the
outslde of the ASI capsule will be prevented. The sensing of changes in pitot
pressure inside the capsule will continue as normal, becsuse these are felt through »
separate pitot pipe. But pitot pressure includes static pressure, so whenever static
pressure is changing, the changes will act as part of the pitot pressure on the inside
of the capsule but they will not act on the outside of it

When cllmbing at constant CAS, the dynamic pressure will remain constant, but
the static pressure will decrease. This taeans that total pressure inside the capsule
will decrease, while that trapped on the outside remaina constants, So the capsule
wil contract. Pescending will cause the opposite effect, with Incressing total
pressure Inside the capsule and constant statk pressure irapped outzide, causing it
to expand. Soif an sircraft with biocked siatic source climbs its ASI capaule
contracts, an If jt descends its ASK capsule expands. This is the opposite to the
action of ru altimeter capsule, so eption b is correci.

P

The pitot tapping provides pitot or total pressure to 2 number of alr instrumeats.
The principle use for pitot pressure Is as a source of dynamic pressure, which is
proportional to airspeed. Pltot pressure ba the sum of statde pressure plus dycamic
pressure, Both the ASI (1) and mach meter (4}, obtsin dynamic pressure by
subtracting static pressure, from total pressure. The ather instruments listed In
this question do not use pitot pressure and hence will not be affected by blockage of
the pitot tapping.

PITOT 42. 8,

When au alrcraft sideskips, the ieading side of its fuselnge is subjected to a
component of the dynamle pressure, while the tralling side is affected by turbulent
sirflow passing over and under the faselags. This has the effect of Increasing the
effective static pressare at the leading side of the fuselage sud decreasing that at the
trailing side of the fuselage. In Large aircraft types this problem fs oftea overcome
by fitting a static vent or presaure sensiug port at exch side of the fasclage.

‘The plpes leading from these ports are connected together, such that the
Instruments sense the average of the two valoes of static pressare. Under normal
circumstance, the increase in pressure on the leading side is counterbalanced by an
equal decrease in pressure oa the trailing side, so the aversge seosed by the
instruments is the trme static pressure. But if the vent on the tralling side becomes
blocked, this balancing influence is lost, 30 the altimeter will sense an

excessively high static pressure. This will cause [t to under Indicate alittude.
Conversely, a blockage on the leading side will cause an excessively low statle
pressure t¢ be sensed, 3o the sitimeter will over indicate alttinds. So » blacked left
vent in n right sidesHip will cause the altimeter to under read altitude. So the
altimeter of an alrcraft with a blocked right seatic port will over indicate when side
alipping to the right.
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When an alrcraft sidesiips, the leading side of its faseiage is subfected to a
component of the dynamic pressure, while the trailing side is affected by turbutent
alrflow passing over and under the fuselage. This has the effect of Increasing the
effective statie pressure at the jeading side of the fuseiage and decreasing that at the
trailing side of the fuselage is decreased. In large alrcraft types this problem is

oflen overcame by fitting s static vent or pressure wensing port st each side of the
fuselage.

The plpes leading from these ports are connected together, such that the
instrutents sense the average of the two values of statlc pressure. binder normal
circumstance, the increase in pressure on the leading side s counterbalanced by an
equal decrease in pressure on the tratling side, 30 the average sensed by the
instruments ix the true statlc pressare. But If the vent on the trailing side becomes
blocked, this baisucing influence is lost, so the altimeter and mack meter will sense
sa cxcessively bigh static pressure. Conversely, a blockage on the leading side wil}:
canse an exceasively low static pressure (0 be sensed by these inatruments, So both
the aitimeter and mach meter will sense an excessively high static pressure if the
right vent becomes biocked aud the afrcraft side slips to the left,

Static pressure decreases as altitude incresses, 30 excessively high seatic pressure

will produce an excessively low altitude Indication. In the case of the mach meter,

static pressure is employed for two purpese. Firstly it is fed to the outside of the
ASI capaule. Here It Is msed to dertve dynamic pressure by subtracting static
Pressure from pitot pressure. An excessively high static pressure will therefore
result in an excessively low dynamic pressure being derived by this capsale. This
iow dynamic pressure cquates to a low CAS, 30 the mach meter will respond as if
the sircraft were fiying at » iower airspeed, -

The mach meter alo uses static pressure on the outside of an aneroid capsule. By
compressing this capaale as aititude decreases, it modifies the mach meter
indication to reflect the fact that the Local Speed of Sound (1.9S) increases as -
altitede decreases, This has the effect of reducing the mach namber st any given
&lr speed. So an excessively high static pressure will reduce the Indicsted mach
number. So when side sipping to the left with a blocked right static vent, both the
ASI and the Mach Meter will under lndicate (option d).

EITOT 44, 4, '

The functior of the static somrce is to feed static pressure from the local atmosphers
loto a number of Instruments, including the ASI VSK and Aldmeter. If thé statie
source becomes blocked, the pressure within the Pipe at the time of blockage will
remain trapped. This meeans that the instruments will o longer be sble to sense
changes In static pressure, Static pressure in the atmosphere Iucreases as altitude
decreases. A blocked static source woald therefore cause these Instruments to react
as if aititude weve constant. So if the static source became blocked in & descent, the
alttmeter would over Indicate, and the VSI would Indicate zere, This VS]
indlcation constitutes the most extreme poasible degree of under Indication,

o
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In an ASI, the statle pressure is fed to the outside of » capsule, while pitot pressure
ia fed to the instde. This effectively subtracts static pressure from pltot pressure to
leave dynamic pressure. Changes in dynamic pressure expand and contract the
capsule to give an indication of atrspeed, In & descent with a biocked static source,
the static pressure trapped in the systerm would be excessively low. The subtraction
of this from pitot pressure would ieave sn excessively high dynamic pressure,
causing the ASI to over indicate alrapeed,

Pitot pressure is the sum of static pressure and dynamic pressure. Instruments
used to detect airspeed do so by subtracting static pressure from pitot pressure to
deduce dynamic pressure. This dynamic pressure Is then used to give an indleation
of spreed. Ouly the ASI (option 3) and mach meter, empioy pitot pressare, 30 only
these will be affected by a pitot probe blockage. The VSI {option b) and Altimeter
{option ¢) empioy only static pressure and hence are not affected by blockage of the
pitot probe.

PITOT 46, &.

The purpose of the statlc vent is feed local statle air pressare into a nomber of
instruments. The sitimeter (option ¢) uses 1t to vepresent sltitude, while the VSI
(option b), uses the rate of change of static pressure as » mensure of verticabsheed,
In the ASI (option 2) static pressure Is subtracted from pitot pressare to derive
dynamic pressure, This is then used to indicate slrapeed. So all of the [nstruments
listed 1n this question will be affected by blockage of the stathc vent {opiion d).

BITOT 47, ¢.
The purpose of the pitot probe is to feed pitot pressore to s number of Instruments,

including the ASI. Many types of pitet probe also include static alr tappings, which
feed static air pressure to instruments ineluding the ASE VSI and altimeter. The
accaracy of all these [nstruments depends upoa the sccuracy with which pitat and
static pressure are sensed by the probe. 1f elther the pltot or static sources became
biocked the pressure within the pipes at the time of blockage would become
trapped. The instruments would then be unable (o sézisé cheanges In these pressures.
A blacked pitot sowrce wonld therefore caase the ASI Indications o freeze. A
blocked static source would cause the altimeter indications to freeze and the VSI
indications to fall to zero.

But this question specifies that debris collects on the probe but doet ot block it
Thit might however cause localised boundary layer turbulence, which would caase
both static pressure an pitot pressure (o Nuctuste. This turbulence would probably
cause the IAS, attitude and verticnl speed indications to fluctuate, becoming erratic
and inaccurate,
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An altimeter provides an indication of altitude by taking in ststic air pressure and
appiying this to the outside of an evacuated capsule. This Is achleved by applying a

vacuum to the inside of the capsuie and feeding statlc pressure (o the inside of the
altimeter case,

1f however the statlc pressure source became blecked, the sltimeter would be
unable to sense changing static pressure, 5o Jis indication would freeze at the
altitude at which the blockage occurred. This problem could be reduced by
breaking the altimeter ginsy, thereby allowing cabin pressure into the altimeter
case (option ¢). la am um-pressurised alrcraft this would give a siightly excessive
jndlcation of aititude, because cabin pressure in such aircraft is usuaily slightly
lower than ambient due ta air being drawn out by the slipstream. But ins
pressurised sircraft, this action would cause the sltimeter to under indicate altitude
by 2 wide margin (option c), because cabin preasure |no such aircraft is usually
considerable greater than ambient static pressure.

PITOTY 49, ¢,

An Air Data Computer (ADC) takes in pltot pressure, static pressure and TAT,
and uses these to compute CAS, TAS, mach number, alttude, vertical speed and
SAT. The principle inputs used (o achieve this are TAT (3), static pressure (5) and
pitot pressure (6). Many ADCh are aito able to automatically apply corrections for
position error. To de this they require an AOA (1) Input. It should be noted that
Cratside Air temperature or OAT (3), 1AS(7), and Mach number (8), are all ADC
oufputs, Dynamic air pressure (4) is part of the total air pressure (6), 1o it iv not a
specific ADC Input.

Pitot pressure is the sum of static pressure and dynamic pressure, Instryments

used 1o detect airspeed de so by subtracting static pressure from pitot pressure to

deduce dynamic pressure. This dynamic pressure is then used to give an indlcation

of speed. Only the Mach meter (option 2) and ASI, employ pitot pressure, so only

these wilt be affected by » pitot probe blockage. The VSI (option b) and Altimeter

:::pﬂon ¢) emplsy only static pressure and heace are not affected by blockage of the
tot probe, '

The term “hyateresis” refers to the phenomenon whereby the indications produced
by & gauge, depend o some extent upon its indication at some earlier point in time.
This will for example canse a gauge to under read when the measured quantty Is
increasing steadily and over read when the measured quantity Is decreasing
steadlly. The averall effect is that the Indications Ing behind the measured values,
Of the options offered iw this question, option 2, “Time passed st s given sititade”
is the most accurate when referring to altimeter hysteresis errors.

M2

ALT2d

The altitude indication produced by & barometric altimeter is inversely
proportional te the local static air pressure, Static air pressure at any point in the
atmosphere is produced by the mass of air in the atmosphere above that point, If
an alrcraft descends, then the fraction of the atmosphere that is above it wili
increase. This in turn wili increase the tocal static pressure and this will decrease
the altimeter indication.

Whea air becomes colder at any given attitude it contracts. This causes the alr in
that part of the atmosphere to shrink downwards towards the Exrth. This reduces
the mass of air that is above any given polnt above the ground In that ares. This
reduced mass of air In the upper atmoaphere will reduce the static pressure at any
point above the ground. This reduced static pressare wilf inerease the indicxtion
produced by a barometric altimeter. So when flylng from & sector of warm air into
one of coider alr, the altimeter wiil over read (option d).

ALT 3¢

All aircraft instruments are subject to mandatory accuracy requirements, which
must be complied with In order to gain certification. Modern serve altimeters must
be nccurate to within +/-30 feet when at ses level {option c).

ALT4d

The altitude indication produced by a barometric altmeter is inversely
proportional to the local static alr preasure. Stathc air pressure at any polat in the
stmosphere is produced by the mass of air in the atmosphere above that polat. If
20 alrcraft descendy, then the fraction of the atmosphere that is ahove it will
incresss, This in turn will increase the locsl static pressure and this will decrease
the altimeter Indication.

When air becomes colder at any given sititude it contracts. This canses the alr in
that part of the atinosphere to shrink dowawards towards the Earth. This reduces
the mass of air that is above any given point above the ground in that area. This
reduced mass of air in the upper atmosphere will reduce the static pressure at any
point sbove the gronnd. mmmmmﬂnmmm-
produced by a barometric eltimeter. So when flylng in aa atincsphert where all of
the layers of alr below sn aircraft are cold, the sitimeter resdiug will be higher
than the real altitude (option d). .

All mechanical instruments are subject to inaccuracies caused by aliding friction
where adjacent parts of the linkage move reiative to each other. In some types of
altimeter these errors are reduced by mesns of s vibrating device. By coustantly
vibrating the linksge, the effects of friction sre reduced (option ¢). It should be
noted that In the case of pressure instruments hysteresis errors are caused by the
fact that work must be done when pressure changes expand or contract the semsing
capsules. These errors are pot directly related to sliding frictfon so they are not
affected by the vibrating element.
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it it I3 assumed that the instrument in Question is reading accurately, then this
question becomes one of calculating the rate of descent at 100 kis when flying down
4 3 degree slope. This can be solved using the § in 60 rule which for descent
caicuiations states that:

Rate of Descent in f/min = 1/60 x angle x TAS in f/min

L kt is approximately 100 ft/min so 100 kes = 10000 {tmin

Inserting the data provided gives:

Rate of descent in ft'min = 1/60 x 3 1 10 000 fUmin = 504 ft/min

The question asks for verticat speed so the answer is -S00 fymin {option d)

An alternative solution I to cote that 3 degrees is equal to approximately 5%
gradieat.

And rate of descent In fVmin =~ approximately % gradlent 1 TAS in kis
Inserting the data provided in the quesilon gives:

Rate of descent = 5x 100 kty = 500 ftmin,

ALL7 b,

The altitude indication produced by a barometric aitimeter is inversely
proportional to the locat static alr pressure. Statie air pressure at any point in the
stmosphere is produced by the mass of alr in the stmosphere above that polat. If
an alrcraft descends, then the fraction of the atmosphere that is above it will
increase. This in turs will lacrease the local static presanre and this will decrease
the altimeter indication,

When sir becomes warmer at any given altitude It expands, This causes the alr tn
that part of the atmosphere te move upwards away from the Earth. This increases
themoldrthuhabovcalyﬂsupduabcvethcmndhthum This
lncrnudmofﬁrlnthuppenhnuphenwlllhcnmth static pressure st
any polnt above the ground. This Increazed static pressore will decrease the
indication produced by a barometric sltimeter. So when flying Ia an atmosphere
where all of the tayers of air below an sirersft are warm, the sitimieter indieation
will be lower than the real altitude {option d).

All mechanicsl instruments are subject to insccuracies caused by sliding friction
where adjacent parts of the lnkage move retative to each other. In some types of

L)

and makes the instrument more sensitive to altitude changes. So the primary
factor, which makes the servo-assisted altimeter more accirate than the slmple
pressure altimeter is the use of an induction pick-off device {optien b).

Electrical plck-off

Aruﬂll

ALT 9. b, '

When au aircraft sideslips, the leading side of its fusclage is subjected to a
cotiponent of the dynamic pressare, while the trailing side is affected by turbulent
airflow passing over and under the fuselage. This haa the effect of increasing the
effective static pressure at the leading side of the fuscinge and decreasing that at the
trailing side of the fuselage is decreased. In large aircraft types this problem is
often overcome by fitting a static vent or pressure senalng port at each side of the

The pipes leading from these ports are connected together, such that the
instrumeniz sense the average of the two values of static pressure. Under nornal
circumstance, the Incresse in pressure on the leading side i3 counterbalanced by am
equal decrense in pressure o the tralling side, so the average semsed by the
instraments Is the true static pressure. But if the vent on the trailing side becomes
blocked, this balancing influence s lost, so the altimeter will semse an

excessively high statle pressure. This will esuse it {o under indicate sltitnde.
Conversely, 4 Wol&.hﬁudhwﬂumumhwmﬂc
pressare ta be sensed, so the altimeter will aver indicats aitituds. S0 a blocked lelt
vent in 2 right sidestip will cause the altimeter to under read altitude.

ALT 10,8
True altitude caa be cateulated using either 2 CRPS computer or by calentadon
using the standard equation:

True al¢ = Pressure alt x (1 + (tentperature deviation / Absolute smbient temp)
Or True ait = Pressure alt x (1 + (teroperature devistion / (OAT In 0 C + 273))

So true altitude ly normally derived from pressure altitude (option a),

IS



A LT L1 ¢

QNH i often interpreted as the static preasure at nil height above sea level. This is
a reasonably accurate interpretation in that QNH is the actual statle pressure at
mexn sea tevel &t any glven moment in time, [t varies from minute to minute,
depending primarty on ambient temperature. It wilt be the pressure ont an sirfield
only if that airfleld is located at mean sea level, OFf the options offered in this
question, option ¢, ses Level pressure, is the most accurate.

ALT 1. 8,

QNH is often Interpreted as the static pressure at nil height above sex level, Thisis
a reasonably accurate interpretation in that QNH is the actual static pressure at
mesa sea level at any given oioment In time. It varies from mipute o minate,
depending primarily on smblent temperature. It will be the pressure on an airfleld
only if that sirfield ls located at mean sea level.

The pressure that must be set on an altimeter sub scale to obtain & reading of zere
on the runway is QFE. The pressure that must be set on an altimeter sub scaile to
obtain presiure altitude is 1013.25 mb. Density altitude ly pressure altitude
corrected for temperature deviation, No pressure setting on the altimeter sub scale
can be used (o derive density altitude, So of the options available in thls question,
option x, is the only one that is true.

A

ALT 13. 8,

This question can be solved using either a CRP5 or by calculation. The calculation
method must be carvied out in » number of stages. Firstly the ISA standard
temperature at the specifled 16000 it must be calculated using the standard

equation:
ISA temperature at attitude = 15° C - (1.98 x alticude in 1000s of ft)
This gives standard temp at 16000 ft = 15° C — (1.98 x 16) which =-16.68° C.

Subtracting this from the actual temperature (-30° ) gives the temperature
deviatiou of -13.32° C.

This can then be used to calculuted the true altitude using the standard equation:
True Altitude = Indicated Altitude x (1 + (Temp deviation / (actual temp + 27
So true sltitude = 16000 x (1 + (-13.32/ 243))} which is approximately 15123 ft
Optlon a, 15206 ft is the closest to this figure.

ALT 14 b,

A pressure altimeter gives an indication of aititude based on statlc air pressure in
the surrounding atmosphere. Static presaure at any point In the stmosphere is
produced by the welght of the air shave that point pressing down upon it. If the aly
teraperature below a point decrenses, the air will contract, This will enable more of
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the air above, to move down to fill the space left by the contraction of the cold air.
This in turn will mean 1hat less air remalrs above the point, o the static pressure
at the point will be reduced, Reducing static pressure equates to increasing
sldtude. So if a sircrafe Mes over & colder air mass, its altimeter will over read

altitude. Conversely, if the air mass below a point is warmer, the altimeter wilt
under read,

In the internatinal standsrd afmosphere, ambient ajr temperature, pressare and
density each have specified values at ses level and decrease st specific rates, with
increasing alitude. It b» therefore possible to predict the air deasity at sny given
altitude in the [SA. But in a real atmosphere these vaiues and lapse rates very
from moment to moment. If bowever the ambient temperature s messured at any
given pressure altitude, this can be used to calculate the pressure altitude in the
ISA at which that density would occur. This is termed the density altitude.

Deasity altitude is therefore the presaure altitude corrected for feraperature
deviation.

compensated for position error wil under read when close to the ground, The
alimeter with position error correction will not be affected. Bat at high airspeeds
the angle of attack will be smatl, so the positdon errors will be greatly reduced,

Like all other mechanical systems, pressure altimeters are subject to the effects of
friction as their parts move over each other. Thia friction resists the relative

1t should be noted that friction is only one of the factors leading to hysteresis
errors, so option a, is tnore correct than opiton ¢, Lag and inertia losses within
altimeters are reduced by the use of accelerometers.

A pressure altimeter gives an indication of altitude based on static air pressure in
the surrounding atmiosphere. Static pressure at any point in the atmosphere is
produced by the weight of the xir sbove that point pressing down apon M. If the afr
temperature below a point decresses, the air will contract. This will enable mare of
the air above, to move down to fiif the space lefe by the contraction of the cold air.
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. This jn turs will mesn that less air remains abave the point, 30 the static pressure

at the point will be reduced. Reducing static pressure equates to increasing
altitude, So if an aircraft flies aver a colder air maas, its altimeter wiit over read
altitude. Conversely, if the air mass below a point is warmer, the sitimeter will
under read. Se if ap alrcraft entery a cold front its altimeters will over indlcate.

Static pressure at any point in the strmosphere is produced by the weight of the air
shove that point pressing down upon it. As altitude increases, the amount of air
pressing down decreases, 1o the static pressure decreases. A pressure altimeter
gives an Indication of altitude based on static alr pressure in the surrounding
atmosphere. It does this by taking statlc pressure and feeding it into the
instrument casing. The instrumest contains an anerold capsule countaining a
partial vacuum., The aperoid capsule is made of very thin metal so any variations
in the statlc pressure around it cause it to expand or contract. This motion |s fed to
a pointer to indicate altitude.

A
This problem can be solved using the CRPS or by calculation. The caleulation
must be carried out is & number of stages. Firstly the SAT can be calcutated from
TAT and mach number using the standard equation:
SAT = TAT /(1 + (0.2 x K x M*))
Where SAT is abaolute statlc air temperature .

TAT Is absolute total air ternperature.

K is the ram recovery factor of the temperature probe,

M ia the mach pumber.
Assuming a perfectly accurate temperature probe with K equals 1, and inserting
the data glven In the question, having canverted SAT into absotate by adding 273
gives:
SAT =263 /(1 + (0.2 1 0.82")) Whick la SAT = 231.82" K.
Subtracting 273 then converts this to — 41.175° C.
This means that the ambient temperature at 30000 ft is — 41.175° C.

This can then be vsed to calculate the terperature deviation using the standard
equation:

Temperature devistion = Actual Sat — {15* C - (1.98 x altitude in 10003 of ft))
Inserting the SAT calculated abave and the altitude of 30006 ft, gives:

Temperature deviation = - 41.£78" C - (15* C - (1.98 1 30))

EIY:)

Which is Temperature devlation = 3.2243% C

This can then be used tu calcutate density altitude using the standard equation:
Density altitude = pressure aititude + () 18.6 x ‘Temperature deviation)

Which is Density aititude = 30000 i + (§1%.6 % 31243

Which is Density aititude = 30382.4 ft . which is closest to option b, 30472 f1.
ALT2L 4,

This problem can be solved using the standard equation:

Pressure aldcude = Elevation + (30 x (1013 - QNH))

Inserting the data provided in the question gives:

Pressure altitude = 25000 f¢ + (30 x (1013 - 999)) which is = 25420 ft, which is
closest to option d, 25400 rt,

Thl: problem can be solved using the standard equation:
Pressure altitude = Elevation + (30 x (1013 - QNH))
This can be rearranged to give:

QNH = 1013 - ((Pressure aititude - Elevation) ) / 30}
Inserting the data provided iu the question gives:

QNH = J013 - ({22800 -22000) / 30)

Which is QNH =~ 986.33 bPa, which is closest to option a.

ALT 2.,

This problem can be solved using the standard equation:
Pressure altitudeé = Elevation + (30 x (1013 - QNH))
loserting the data provided in the question gives:

Pressure aititude = 4000 f + (30 x (1013 - 900)) which is = 7390 §, which js option
a.
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ALT 24
This problem can be solved using the standard equation:

Pressure altitude = (30 x (1013 - QFE))
inserting the data provided in the question glves:

Pressure altitude = (30 ¢ (1013 -£020)) which is = - 210 fi, which is option b,

ALT 25 a,

This problem can be solved using the standard equation:
Pressure attitude = Elevation + (30 r (1013 - QNH))
This can be rearranged to give:

Elevation = Pressure altitude — (30 1 (1083 - QNH )
Inserting the data provided in the queation gives:
Elevadon = 3700 - (30 1 ( 1013 - 1000 N

Which is Elevation = 3318, which is option a.

In the international standard atreosphere, smbient air tempersture, pressure and
density each have specified valaes at sea level and decrease at specific rates, with
increasing altitude. It ia therefore posaible to predict the sir density at any given
altitude in the 1SA. But In & real atmosphere these values and tapse rates very
from moment i¢ moment. If however the ambient temperature is measured at any
given pressure altitude, this can be used to calcufate the pressure altitude in the
ISA at which that density would eccur. This Is termed the density aititude.

AL 22 ¢
The pressure altitude of any point in the atmotphere can be found by setting

1013.25 on the sltimeter sub scale and resding the altimeter indlcation when at that
polnt (options c}. Setting QNH would cauge the altimeter to indicate ficld elevadon
when on the airfieid. Setting QFE would cause the altimeter to indicate zero when

on the sirfleld.

2
Density altitude can be calculated using the standard equation:
Density sltitude = Pressure sltitude + (118 x temperature deviation)

Temperature deviatlon = actual temperature — ISA standard temperature

30

Which is Actual temperature — (15 - (Altitude in 1000s of f1 x 1.98))

So density alt = Pressare al¢ + 118(Actual temp - (1% - (5x 1,983 = T348.2 fr.
ALT 29. b,

This problem can be solved using the standard equation:

Pressure altitude = (30 x (1013 - QFE))

Inserting the duta provided in the question gives:

Pressure altitude = (39 x (1013 -1022)) = - 270 f. (eption b)

The calculntions used to solve this type of problem must be carried out in two
stages. Firstly, pressure attitude at the Neld can be calcutated using the standard
equation:

Pressure altitude = Elevation + (30 x (1013 - QNT)

Inserting the data provided in the question gives:

Pressure altitude = 4500 fy + (30 x (t013 - 1000)) = 4890 ft.

This can then be used to calenlate QFE using the standard £quation:

Pressure altitude = (30 x (1013 - QFEY)

This can be rearranged to give:

QFE = 1013 - (Pressure altitude / k1))

Inserting the pressure altitade calculated above gives:

QFE = 1013 - (4890 /30) which ~ 850 (opton a)

The pressure altitnde of any given point i 2 res} atmosphere, is the altitude at
which the smblent pressare at that point would occur in the ISA. It Is indicated on
# barometric altimeter when the sub scale Is set to 1013.25 hPa. if QNH I8 set on
the sub scale, an altimeter will read height above or below ses level, If QFE is set
on the sub scale, an altimeter will read zero when at that point.

Alr dengity Is & ateasure of how tighity packed the air molecules are. The more
tightly packed the molecules are, the greater the mass that wil) be held in any given
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volume. Increasing temperature causes alr to expand, such that its molecules
become less densely pacied and 3o lts densley decreases. Increasing altitnde causes
statlc air pressure to decrease. This atlows the air to expand a3 if it had been
heated. So increasing altitude decreases alr density, Humidity is 2 measure of the
amount of water vapour in the air. Water vapour is less dense than sir, so
increasing humidicy, decreases the density of the alr/water vapour mixture. So alr
density is decreased by increasing humidity, increasing altitude aod lncreasing
temperature.

ALT 3. ¢

Fleld elevation is the height of the field above or below mean sea level. This Is a
fixed value 2nd will not be affected by changing stmospheric conditions. So options
2 and'b are incorrect. Both QNH and QFE are alr pressares, which vary with
changing atmospheric conditons. If QNH decreases, QFE wihl also decrease. But
thia question statea that QNH has increased, so option d is incorrect. So option ¢ is
the oniy one that Is true.

34
Ficld elevation Is the height of the field above or below mean sea level. Thisisa
fixed value and will not be affecied by changing atmospheric conditions. So option
a is incorrect. Both QGFE and QNH are air pressures, which vary with changing
atmospheric conditions. If QFE decreases, QNH will also decrease. But this
question states that QFE has lncrensed, so options b and d are incorrect. So option
¢ is the only one that is true.

ALT 35. 4,

This guestion does not specify whether it refers to the International Standard
Atmosphere{ISA), or to the real atmosphere, so both must be considered, The
ambient rir teroperature in the ISA, is approximately 15° C at mean sea level, It
then decreases at 2 rate of approximately 1.98" C per 1000 &, as altitude increases
up to 36000 ft. Temperature then remains constant from 36004 ft, up to 65000 f1.
Few il any commercisl aircraft corrently operate at or above 65000 It, so for the
purposes of JAR ATPL and CPL examinations, it can be sald that aiv temperature
decreases with increasing altitude up to 36000 1, then remaing constant (option d.

. Conditiens in the real atmoaphere vary from mingie to minate, so it is not possible
to specify » fixed temperature st sea level. The resl atmosphere also often Includes
temperature inversicus and bethermal layers. An inversion is layer of atmosphere
in which the temperature increases with tncreasing altitude. An isothermal layer is
one within which temperature remains conseant at 2l aftitudes. So temperature
within the real atmosphere may increase, decrease, or remaia conatant with
increasing sltitude, None of the options can therefore be sald to apply generally to
the rea) atmosphere.

ALT 36, &,
Density zititude 13 the aititude at which the prevailing air density would occur in

the real atmosphere. As temperature Increases, the air expands, causing Its densley
to decrease. This decreased density would sccur st a greater aititude in the 1SA, so
increasing temperature increases density altitude. Density altitude can be
calculated using the equation:

Density alt = Pressure alt + (118 1 temperature deviation}

So Increasing alr temperature decrease air density and Increases density altitude,

ALT 37.a

When an aircraft sideslips, the leading side of its fuselage is subjected to s
component of the dynamic pressure, while the trailing side is nffected by turbulent
airflow passing over and under the fuselage. This has the effect of increasing the
effective static pressure st the leadlng side of the fuselage and decreasing that at the
trailing side of the fuselage. In iarge aircraft types this problem i often overcome
by fitting a static vent or pressure senaing port a2t ¢ach side of the fuselage.

TFhe pipes leading from these ports are connected together, such that the
instruments sense the average of the two values of static pressure. Under normal
circumstance, the Increase In pressore on the lending side is connterbalanced by an
equal decrease in pressure on the trailing side, so the aversge sensed by the
Instruments iz the true statlc pressure, But if the vent on the leading side becomes
blocked, thiz balancing influence is lost, sa the altimeter will sense an

excessively low static pressure. This will cause It to over indicate altitude,
Conversely, a blockage on the trailing side will cause an excessively high static
pressure to be sensed, so the altfmeter willt ander indicate sititude. So 2 blocked
right vent in a right sideslip will cause the altimeter to under read static pressure
and aver read altitude (cption »).

b.
QFE iz the static air pressure at fleld elevation. With QFE set on the altimeter sub
acals, the altimeter would read the elevation of the atrcraft above or below the
zirfleld. It would therefore read height above ground level (AGL) (option b),
provided the aircraft were above the alrfield. It wouald read the same as with QFE
set (option a), height above sea level (option c), and field elevation whes on the
runway (option d), only If the airfield were at mean sea level, which would make
QFE and QNH ldentical.

9,
When an airceaft sideslips, the leading side of its fuselage is subjected (o 2
component of the dyaamic pressure, while the trailing side is affected by turbulent
alrflow passing over and under the fuselage. This has the effect of increasing the
effective static preasure at the leading slde of the fuselage and decreasing that at the
trailing side of the fuselage. In Iarge alrcraft types this problem is often ¢vercome
by fitting a static vent or pressure sensing port at each side of the fuselage.
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The plpes leading from these ports are connected together, such that the
Instruments sense the average of the two values of static pressure. Under normai
circumstance, the incresse In pressure on the leading side ls counterbalanced by an
cqual deerease In pressure on the traitlng side, so the average sensed by the
instruments Is the frue static pressure. But if the vent on the leading side becomes
blocked, this balanclog nfiuence Is lost, 3o the altimeter will sense an

excessively low static pressure. This will cause it to over indicate ajtitude,
Conversely, a blockage on the trailing side will cause an excessively high static
pressure to be sensed, so the altimeter will under indicate aititude, So with one
port blocked, the altimeter will under resd when slipping towards the clear port
and over read when slipping towards the blocked port (option b).

.f!- I 40, A,

An altimeter provides an indication of aititude by taking in static alr pressure and
applying this to the outside of an evacusted capsuvie. Changes in altitude cause the
static air pressure to vary, which in turn causes the capsule to expand as pressure
decreases and 1o contract as pressure Increases. But the rate of change of static
pressure with altitude is very small, so small changes in altitude upply ounly very
smali forces to the capsule, A significant proportion of these forces can often be
lost in overcoming the friction In the mechauical linkages within the altimeter.,

These losses Inevitably reduce the accurscy of the altimeter when sensing small
changes In altitude,

A servo altimeter uses an electrical pick-off device in place of much of the
mechanlcat inkage, This device greatly reduces the friction losses, and so increases
the accuracy of the sitimeter (option a). The electricai-plck off is however very

delieate, 30 it cannot be salid to be any maore or less reliable than a conventional
altimeter.,

ALT 41, b,

A pressure altimeter gives ax indication of altitude based on static air pressure in
the surrounding atmosphere. Static pressure at any point in the stmosphere is
produced by the weight of the alr above that point pressing down upon it. If the air
temperature below = point decreases, the air will contract, This will ensble more of
the air sbove, to move down te flll the space left by the contraction of the cold sir,
This In turn will mean that less afr remains above the point, 30 the static pressure
at the point will be reguced. Reducing static pressure equates to increasing
altitude. So if an sircraft Nies over & colder alr mass, its altimeter will over read
altitude (option b).
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ALT 42.
This question can be solved using the CRP § us illustrated below.

I Ia the altitude window set -160C against 16000 f¢ altitude.

2. Ageinst 16000 ft on the Inner scale read off epproximately 16050 ft on the
outer scale.

This ls closest to 16056 ft (aption ¢).

I & CRPS is not available the problem can be solved by calculstion. The
caleulstion method must be carried out in & number of stages. Firstly the ISA
standard temperature at the specified 16000 ft must be calculated using the
standard equation:

ISA temperature at altitude = 15° C - {1.98 x aititude in 1000s of f)

This gives standard temp at 16000 ft = 15° C - (1.98 x 16) which =-16.68° C.

Subtracting this from the actual temperature (-16° C) gives the tempersture
deviation of +0.68* C.

This can then be used to calcutated the true altitude using the standard equation:
True Aititude = Indicated Altitude x (1 + (Temp devistion / (actual temp + 273)))

So true alttude = L6000 x (I + (+0.68 / 257)}) which la approximstely 16042 it
Ogption c, 16050 ft is the closest to this figure.

ALT 43. ¢.
As lts name implies, the Air Data Compater (ADC) employs dats from the Jocal

atmosphere. 1t converts pltot and static pressure information into electrical
signals representing airspeed, aititude and vertical speed. In order to produce the
altitude signat it employs  barometric aititude device, which is often similar to that
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o & conventionat barometric aitimeter. The ADC uses dynamic pressure as an
indlcation of airspeed and an QAT source to sense amblent temperstures,
RADALT information Is not 2 form of air dats and so is not commanly fed to an
ADC.

True altitude is calculated from pressure altitude, using the standsrd equation;

True Altitude = Pressure Altitude x (1 + {Temp devlation / (actusl temp + 273)))

ALT 45.d,

Denaslty altitude s the aititude at which the prevalllng air density would occur in
the International Standard Atmosphere. As temperature increases, the sir
expands, causing its density to decrease. This decreased denslty would occur at a
greater aititude in the ISA, so increasing temperature Increnses density aititude.
Bensity aititude Ia therefore pressure aititude corrected for temperature. Tt can be
calculated using the standard equation:

Density alt = Pressure zit + {118 1 temperature deviation)

ALT 46, ¢.

A presture altimeter gives an ndication of aititude based on static air pressure in
the surrounding stmosphere. Static pressure at any point in the atmosphere is
produced by the weight of the air sbove that point pressing down upon it. If the air
temperature below a point decreases, the air will contract, Thia will enable more of
the air above, to move dawa to flll the space left by the contraction of the cold air.
This in turn will mean that less air remaing above the point, so the state pressore
at the point will be reduced. Reducing static pressure equates to increasing

altitude. So if an afrcralt Nles over a colder alr mass, its altimeter will read higher
than true altitude.

ALT 47. b

The question does not specify whether it refers to radio sitimeters or preasure
altimeters. Radio altimeters employ radio waves, and 50 are not sffected by
blockage of the static veuts. But none of the options inclnde this, so It can be
assumed that the question refers o pressure alfimeters.

Pressare or barometric altimeters give an indication of altitude based on static air
pressure in the surrounding atmosphere, They de this by taking in static air
pressure through the static vents and applying this ta the outside of an evacusted
capsule. Changes in altitude cause the statle alr pressure to vary, which In turn
cuses the capsule to expand ay pressure decreases and to contract as pressure
increases, This motion is transmitted to a pointer which Indicates altitude.

U the static vents become blocked the capsule will no longer be subjected to
variatlons In static pressure, but will continue to sense the pressure existing at the
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time of biockage. Under such circumastances the altimeter reading would freeze at
the altitade at which the blackage occurred.

Pressure altitude is the altitude at which the ambient alr pressure existing at any
given polnt in the rent atmosphere, would occur in the internationai Standard
Atmosphere (ISA). It is the altitude indicated by a barometric altimeter when the
ISA masl atatic pressure of 1013.15 hPa is set on its sab scale {(optien ¢).

ALT 4.4,

The formation of ice on the surface of an aircraft at, or Immediately in froni of the
static pressure source, Is Ukely te produce turbulent sirflow. This wil reduce the
statlc pressure Ia the immediate ares, thereby Increasing the pressure sensing
errors. The major part of errors affecting the accuracy with which pressures are
sensed by the pitot static system are caused by the pesition of the sensors. So ice
formation in the area of these sensors will increase the magnitade of these position
errors (option d), the reduced static pressure due to such keing will cause the
sitimeters to over indicate altitude. Compressibility errors (option 8) are caused by
compression of the air at bigh speeds. Instrument ervors (option b), are caused by
manufacturing imperfections within individual instruments, Neither of these Is
affected by icing.

ALT 5% b,

A pressure aliimeter gives an indication of altitude based on static air pressure in
the surrounding atmosphere. Static pressure at any polnt in the stmosphere is
prodmced by the welght of the alr above that point pressing down upon it. If the air
temperature below 2 point increases, the air will expand. This will cause some of
thie air to move upwards. This in turn will mean that more air will be above the
point, so the static pressure at the point wifl be increased. Increasing static
pressure equates to decreasing altitude. So If an airerafi meets s hotter air mass,
Itz altimeter will under read altitude.

An sitimeter provides an indication of altitude by taking in static sir pressare and
spplylug this to the outside of an evacaated capsule. Changes in altitude cause the
static ajr pressure to vary, which 1n turs canses the capsule to expand a9 pressure
decreases and to contract as pressure Increnses. But the rate of change of atatic
pressure with attitade Is very small, so small changes in altitude apply only very
small forces to the capsule. A significant proportion of these forces can often be
lost in overcoming the frictioa in the meckanical linkages within the altimeter.
These losses Inevitably reduce the accuracy of the aitimeter when senzing small
changes in altftude,

A servo sltimeter uses an electromagnetic pick-off device in pince of mach of the

mechanical inkage. This device greatly reduces the friction lossex, and sa Increases
the accuracey of the altimeter (option d). The electromagnetic pick-off does not
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however sense pressures more sccurately (optian b} but merely transmia changes
to the pointer more accurately, The use of logarithmic scale (option 2) has ne
relevance 1o altimeter accuracy and might in fact make them more difficuit to read,
Vibrators (option ¢) reduce friction-induced lag in order to Improve response rate
rather than absolute accuracy,

A 2. 4

As Ity narve Implles, the Alr Data Computer (ADC) employs data from the locsl
atmosphere. It converts pitot and static pressure information inte electrical
slgnals representing alrspeed, altitude, SAT, mach number, and vertics speed. In
order to provide an altitude signal it empioys a barcmetric pressure instrument,

broadly simiiar to » servo aitimeter {option d}. The ADC uses dynamic pressure as -

an ladicadon of airspeed and an OAT source to sense amblent temperntures.
RADALT (option b} information Is not a form of &lr data and 5o is not commonly
fed to an ADC,

ALTS3. b,
An aitimeter provides an indication of aliftade by taking in static air pressure and .

applying this to the outaide of an evacusted.capaule. Changes in aitttude cause the -

statle air pressure to vary, which in turs canses the capaule to expand as pressure
decreases and to contract as preasyre Increases. But the rate of change of static
pressure with altitude iy very small, so small changes in altitude appiy only very
small forces to the capsule, A signlficant proportion of these forces can often be
lost it overcoming the friction In the mechanical linkages within the altimeter.
These losaes Inevitably reduce the accuracy of the altimeter when sensing siall
changes in altitude,

A servo altimeter uses an electromagnetic pick-off device in place of much of the
mechanical linkage. This device gready reduces the friction losses, and so increaser
the accurscy of the alimeter {optfon b),

ALT 54. b,

An altimeter provides an indication of aititude by taking in static air pressure and
applying thix te the ontride of aa evacasted capsule. This is achieved by applying a
vaceum to the inside of the capsate and feeding static presyare to the tuside of the
altimeter case (optfom b). It should be noted that altimeters do not use dynamic
presatre or (otal preasure, so option a, ¢ and d, are all Incorrect.

A 5.

An altimeter provides an indication of altitude by taking in static atr pressure and
applylng this to the outside of an evacuated capsule. This is achieved by applylng &
vacuusn to the Inside of the capsule and feeding static pressure to the inslde of the
altimeter case, If however the static pressure source beeame blocked, the altimeter
would be unabie to sense changing static pressure, so its Indication would freeze at
the altitude at which the blockage occarred. This problem could be reduced by
breaking the altimeter glass, thereby sllowing cabin pressure into the aitimeter
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case. [nan un-pressurised alreraft this would give a sHghtly excessive indicstion of
gltitude, because cabin pressure In such alrcraft is usunliy slightly lower than
ambient due to air being drawn out by the slipstream. This solution would be less
effective in a pressurised aircraft however, because the sltimeter would sense cabin
pressure rather thap static pressure.

An altimeter provides an indication of aititude by taking in statle air pressure and
applying this to the outside of an evacuated capsule. This ls achieved by applying a
vacutim 10 the inslde of the capsule and feeding static pressure to the inside of the
sitinreter case. But altimeters do not use dynamic pressure or total pressure, so
option they are not affected by blockage of the pitot pressure source.

A pressure altimeter gives an indication of altitude based on static air pressure in
the surronading atmosphere.- Static pressure at any point in the stmosphere is
produced by the weight of the alr above that polnt pressing down upon it. As
aldtude decreases in & descent, the static pressure increases. This causes the
capsule to contract, such that the altimeter indication decresses.

If the static vent becomes partly blocked the rate at which aiv flows Iote and out of
It will be reduced. This will Increase the time taken for static pressure changes to
be sensed by the capsule. This I turn will incresse the Iag rate of the zithmeter.

So with a partly biocked static vent, the altimeter will over read altitude In a
descent. After a short period at any given altitude however, the correct static
pressure will be detected, thereby allowing the aitimeter to read the correct sltitude
at constant sltitude {opdon a).

It should be noted that option b ls incorrect becsuse constant height does not
necessarily lmply constant attitude. When flying at constant helght ahove uneven
terrain the altitude will be constantly changing so the attlmeter with » partly
biocked static vent would read inaccurately,

Static presaurs at any point In the atmosphere is produced by the weight of the air
above that peint pressing down upon . As altitade Increases, the amount of air
pressing down decreases, so the atatle pressure decrenses. A pressure altimeter
gives sn Indication of altitude based on static air pressure In the surrounding
stmosphere, If does this by taking statie pressure and feeding it inta the
Instrument castng, The instrament containy an snernid capsule containing &
partial vacuam. The snerold capsule Is made of very thin metal 5o amy variations
In the static pressure aroand it canse it to expand or contract. Thls motion s fed to
s polnter to indicate altdtude,

But accuracy is reduced because some of the motion Is iost due to Internal friction
in the linksges, which causes instrument errors. These errors are reduced in some
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altimeters by flttding a vibrator device. By conatantly vibrating the linkages, this
reduces instrument errors.

ALT 59. ¢,

In a properly balanced banked turn an aircraft will not sideslip. Bue If the ratio of
sugie of bank to TAS s incorrect, the aircraft wili sideslip tnto the turn (slipping)
or out of It (skidding). Whenever an aircraft sideslipa, the lesding side of the
fuselage is subjected to part of the dynamlc pressure, whilst the trailing side ia
subjected to increased turbulent airflow paasing over it. This tends to increase the
pressure on the leading side and decrease that on the trailing side. If these altered
pressures gre used to sense altitude, the aldmeter reading will be Ingccurste. So in
a banked turn a barometric altimeter using s single static source might over or
under indicate depending on the position of that static source.

True altltude is calcuisted from pressure altitude, using ihe standard equation:

True Altitade = Pressure Altitude 1 (1 + (Temp déviation / {actusl temp + 273)))

A

Density altitude is the altitude st which the prevailing sir density would occur in
the Interuational scandard Atmo:p"heu. As temiperatare Increases, the alr
expands, causing its density to decrease. Thix decressed density would oceur at a
greater altitude In the ISA, so inereasing temperntare incressss density aititude.

Density aititude is therefore pressure altitade corrected for temperatare. It can be
calculated using the standard equation:

Density alt = Pressure ait + (118 x temperature deviation)

The term temperature sititude used lo options a and b, has no generally recognised
meaning.

ALL 62 ¢

This is & badly copstructed question. It has however been reported by s number of
studenia and iy therefore lncluded in this book to illustrate the kinds of problems
students might fuce in the examination.

ATC transponder replies are commonly geng-ratcd by the ADC, which would
compensate for position errors, so aption a |y incorrect. The corrected instrument
is Hhely to read sccurately in all condidons, yo option d s alag incorrect.

Position errors are caused when the static port is badly located, such that the siatie
pressure acting upon it s affected by the movement of the aircraft through the alr,
This problem tends to be greatest at low speed, due to the high nose up attitude. So
aay over or under Indication is most likely (o affect the uncompenasted altimeter
and be greatest at low speed. But this option is net offered in the question. A
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cholce must therefore be made between options b and ¢.  Position errors tend to

reduce the local static pressure around the static vents, thereby causing the .,
altimeters to over indicate at low level. Option ¢, “under indicate at high ulﬂtude”
is therefore more likely to be correct than option b “over indicate at high aititude™.

Statle pressure at any point in the atmosphere ja produced by the welght of the »ir
above that point pressing down upon it. As altitude incresses, the amount of air
pressing down decreases, so the static pressure decreases. A pressure aitimeter
gives an Indication of altitude based on static air pressure in the surrounding
atmosphere. It does this by taking static pressure snd feeding it into the
instrument casing. The instrument contains an aneroid capsuie contsining 2
partiai vacuumn. The anerold capsule is made of very thin metal so any varintions
in the static pressure around It cause it to expand or contract. This motion Is fed to
a pointer to indicate altitude.

But accuracy is reduced because some of the motion I fost due to internat friction
in the ilnlug);s, which causes instrument errors. These errors are reduced in some
altimeters by fitting a vibrator device (option b). By constantly vibraiing the
linkages, this reduces instrument errors. It should be noted that some schools s
argue that fricton ervors and hysteresis errors (option a) are the sams thing. T

Is not strictly correct, as friction is only one of 2 number of causes of hystereahs
errors. So option b is more correct than option a.

When an ajreraft sidesiips, the leading side of its fuselage is subjected to a
component of the dynamic pressure, while the tralling side is affected by turbulent
alrflow passing over and under the fusclage. This has the effect of Increasing the'I
effective static pressure at the leading side of the fuselage and decreasing that at the
trailing side of the fuselage, In large alrcraft types this problem is often overcome
by fitting a static vent or pressare sensing port at each side of the fuseiage.

The plpes leading from these porta are connected together, such that the
instrz:eﬂm sen:r the average of the fwo values of static pressure. Under normal
Mummmh_wn-mmﬁhmdbyu
equal decremlnprmnreonthttnlﬂuddc.nm.vermnuedmm
nstrumendts is the true static pressure. But if the vent on the lesding side becomes
blocked, this halancing Inflaence is lost, so the altimeter will sense an

excessively low static pressare. This will cause K to over indicate nititude..
Conversely, a blockage on the trailing side will cadse an excessively bigh statle
prmmmbounsed,sothealﬁmeterwmundu indicate altitade, So with cne .
port blocked, the altimeter reading will increase when sHpping towards the blocke
port and decrease when slipping towards the clear port.

Wheo an aircraft sideslips, the leading side of its fuselage is subjected to 2 et
component of the dynamic pressure, while the trailing side Is affected by turbuien
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alrflow passing aver and under the fuselage. This has the effect of increasing the
effective statle pressure at the leadlng side of the fuselage and decreasing that at the
trailing slde of the fuseiege. la iarge alrcraft types this problem is often overcome
by fitting a static vent or pressure sensing port at each side of the fuseinge.

The pipes leading frem these ports are connected together, such that the
instruments sense the average of the two values of static pressure. Under normal
circumstance, the increase in preasure on the lesdling side Is counterbalanced by an
equal decrease in presure an the trailing side, so the average sensed by the
instruments s the true static pressure, But i the vent on the leading side becomes
blocked, this balancing influence ia lost, 5o the altimeter will sense an

excessively iow statlc pressure, This will eause It to aver indicate altitude.
Conversely, a blockage on the frailing side wilt cause an excesslvely high static
presaure to be sensed, so the altimeter will under indicate altitude. So with cne
port blocked, the altimeter reading will Increase when slipping towards the biocked
port aed decrease when slipping towards the clear port.

A

Static pressure at any polnt in the atmosphere is produced by the weight of the air
above that poiat pressing down upon it. As altitude Increnses, the smount of air
pressing down decreases, so the statle pressure decreases. A pressure aitimeter
gives an lodication of altitade based on atatic air pressure im the surrounding
atmosphere. It does thic by taking static pressure from ports or vents located st the
surface of the aircraft, and feeding it into the lostrument casing.

The effective static pressure at these ports varies depending upoa pert position,
alrcraft attitude and beight sbove the ground. This can cause the altimeter
readings to become lnaccurate and possibly erratic in certain condidons. The
effects of changing angle of attack (option: d) are usually minimised by locating
static ports such that they do not become shielded, or excesstvely affected even at
high nose up sttitudes, When aireraft are very close the ground however, the local
statlc pressure is altered by ground effect (option b),

Suﬁemalanypohthwemuphuupnddcedbymewdﬂtnnheﬁr
above that point pressing down upon [t. As altituds increases, the amonnt of afr
pressing down decreases, o the static pressure decreases. A pressure aitimeter
gives sn indicatior of altitade based on stathe air pressure in the surrounding
stirasphere. It does this by taking static pressure and feeding it into the
lnstrument casing, The [nstrument contains a0 anerold capsule containing &
partisd vacuum. The anerold capsale ls made of very thin metst 30 amy varfations
In the static pressure aroand it cause it to expand or contract. This motion Is fed to
4 pointer to indicate altitude.

It should be noted thae differential capsules (option b) are used in ASIs, Bellows are
used in systems where there fs a need to measure tow pressure, Bourden tubes are
used in high pressure sensing instruments,
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An altimeter provides an Indication of aititede by taking In static air pressure and
applying this to the outside of an evacvated capsute. This Is achieved by applying a
vacoum to the inside of the capsule and feeding static pressure to the inside of the
altimeter case. If however the static porty became blocked and the altimeter glass
cracked, cabin pressure would be felt within the altlmeter case. [n a pressurised
sircraft this would cause the instrument to read cabin pressure sltitude (option d).
1t should be noted that option b “under read” ls also true because cabin altitude o
s pressurised nircraft is lower than the airceaft altitude except at very low altitude.
Opdon d Is however the more appropriate of the twa.

An sitimeter provides aa indication of altitude by taking in static air pressure and
applying this to the outside of 2n evacuated capsule, This Is achieved by applying a
vackum to the inside of the capsule and feeding atatic pressure to the lpside of the
altimeter case. If bawever the statle pipe became detached from the back of the
instrument, cabin pressure would be fett within the altimeter case. Ina
pressurised aircrafy this would canse the instrument to read cabia pressure altitude
{option b). It should be nated that option d “under read” is also true because cabin
altitude in & pressurised alrcraft s lower than the aircraft altitude except at very
low altitude. Option b s however the more appropriate of the twe.

RADIQ ALTIMEYERS | a,

Radio altimeters operate on the basts of transmitting a radic signal down to the
surface and receiving the returning wave after it has been reflected by the ground.
The signal is [ the form of s frequency modulated carrier wave., This means that
the signal Is transmitted contingously, but its frequency is consiantly changing. So
&t any point in ime the frequency of the signal belng transmitted dtffers from that
of the reflected dgnal belng recelved.

Because the rate of change of the Irequency modulation is constant, the difference
between the irsgsmitted and returning signals is proportional to the time of travel
of the signal. This I turn is proportional to the height of the aireraft above the
ground. The radio altimeter indication iy therefore au indication of the true helght
of the aireraft above the ground. ' -

The velocity of radio wsves through the air is constant, 30 time of signal travel is
proportionsl to the height of the aerials plus the distances from the serials to the
transmitter and receiver. But these distances have no particular significance,
wheress knowing the height of the main wheels absve the ground la vitally
important to ensure smooth landings. So most systems atow for the time the signal
takes to pass through the alreraft (2) and the helght of the serials above the main
wheels (3). So option , Is the most appropriate In this question.

RADIO ALTIMETERS 2 3,
Radio altimeters typically include a number of safety features. One of these is that
in the event of a system failure, the needle moves behind a mask and an slert flag
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appears. 5o failure of the radio aitimeter will result In the remroval of the height
indlcation {option a).

RA 3

Radio aitimeters operate on the basis of transmltting s radio signal down to the
surfaces and receiving the returning wave after it has been reflected by the ground.
The signal is in the form of a frequency madulsted carrler wave. This means that
the signal is tranamitied continuously, but !&s frequency is constantly changing. So
at any polnt in time the frequency of the signal being transmitted differs from that
of the reflected signal being received,

Because the rate of change of the frequency modulation Is constant, the difference
between the transmitted and returning signals is proportional to the time of travel
of the signal. This In turv is proportonal to the height of the aircraft sbove the
ground. The radio alttmeter indication in therefore an Indication of the true helght
of the aircraft above the ground. Al components of the system are housed within
the aircraft, so options a and b are untrue. Taking all of the above factors inte
account It can be said that a radio sltimeter (s a self-contained on-board aid used
to measure the true height of an aircraft (option c).

T 4
Radio altimeters operate on the basis of transmitting a radio signsl down to the
surfaces and receiving the returning wave after It has heen reflected by the ground.
The signai is in the form of a frequency modulated carrier wave, This means that
the signal is transmitted continuously, but its frequency ks constantly changing. So
at any point in tine the frequency of the signal being transmitted differs from that
of the reflected signal being recetved.

Becanse the rate of change of the frequency modulation is constant, the difference
between the transmitted and returning signals is proportional to the tme of travel
of the signal. This int turn is proportional to the height of the aircraft above the
ground. The radio altimeter indication is therefore an indication of the true beight
of the aircraft above the ground (option a). This information Is commonly used for
a number of purpeses including GPWS and Automatic Landing Systems. It is not
however used for altitude hold because this fonction employs a barometric
altimeier input. Options b, ¢ and 4 are therefore all untrue.

RADIO ALTIMETERS 3 2.

Radlo sitimeters operate oo the basia of transmitting a radio signal down to the
surfaces and receiving the recurning wave after it has been reflected by the grouad.
The signal is in the form of a frequency modulsted carrler wave (statement 3),

This means that the signal is transmitted continueusly, but its frequency is
constantly changing, So st any point in time the frequency of the signal being
transmitted differs from that of the reflected signal being received,

Because the rate of change of the frequency medulaton is canstaot, the difference
between the ransmitted and returniog signals i praportional to the time of travel
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of the sigmal. This in furo is proportional to the helght of the sircraft above the
ground. The radio altimeter indication is therefore an indication of the true helght
of the alrcraft above the ground. Commmerclal radio aitimeters have an accuracy of
+/-1 feet between 0 and 500 ft (statement 5). Such systems typically have an
operating range from zero to 2500 ft above the ground so statement 4 ls untrue,
Typical operating frequencies are between 4200 MHz and 4400 MHz so siatement t
is untrue. Optlon x is therefore the most accurate in this question,

‘Radio altimeters operate on the basis of transmittiog a radio signat down to the
surfaces and recelving the returning wave after It has been reflected by the ground.
The signal ia in the form of s frequency modulated carrier wave, This mexas that
the signal is transmitted continvously, but its frequency is constantly changing, So

st any pelat in time the frequency of the signal being transmitted differs from that
of the reflected signal being received.

Because the rate of change of the frequency modulation is constant, the difference
between the transmitted and returning signals is proportional to the tinte of travel
of the signal.  This in turn is propoertional to the beight of the aircraft above the
ground. The radlo aitimeter indication is therefore an indication of the true height
of the aircraft above the groand.

The veiocity of radio waves through the air Is constant, so time of sigoal travel is
proportional ta the height of the aerials pius the distances from the aerials to the
iransmitter and recelver. But these distsaces have no particular significance,
whereas knowing the beight of the main wheels above the ground is vitalty
impartant to ensure smootk landings. So most systems allow for the time the signad
takes (o pass through the sircraft, the beight of the aerials above the main wheels,
ard the signal processing me. It shouid however be noted that the signal
processing time s the most signlficant of these factors, o option ¢ is the most
appropriate in this question.

Commercial aireraft low altitude radio altimeters operate between 4200 MHz and
4400 MHz, in the SHF waveband {option ¢).

RADIO ALTIMETERS 8 ¢.
Commercial alrcraft radio altimeters operate between 4200 MHz and 4400 MHz, in
the SHF waveband {option c}.

RADIO ALTIMETERS 9 ¢,

Radio altimeters operate on the basls of transmitting » radio signal down to the
surfaces and receiving the returning wave after it has been reflected by the ground.
The sigoal is in the form of a frequency modulated carrier wave {option ¢}, This
oieans that the signal is transmitted continuonaly, but its frequency is constantly
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changing. So at any point in time the frequency of the signal being transmicted
differs from that of the reflected signal being recelved.

Because the rate of change of the frequency modulation is constant, the difference
between the transmitted and returulng signals is proportional to the dme of travel
of the signal. This in turn is proportional to the helght of the aircraft above the
ground. The radio aitimeter Indication is therefore an indlcation of the true height
of the aircraft above the ground.

surfaces and recelving the returning wave after it has been reflected by the ground.
The sigaal is in the form of a frequency modulated carrier wave. This means that
the sigaal is transmitted contineously, but lts frequency is constantly changing. So
at any point in dme the frequency of the signal being transmitied differs from that
of the reflected signal belng received

RADIO ALTIMETERS [0 b,
Radio altimeters operate on the basis of transmitting & radio signal down to the i~

Because the rate of change of the frequency modulaton ia constant, the difference
between the (ransmifted and returning signals ls proportional to the dme of travel
of the signal.  This in turn Is proportional to the height of the aircraft above the
ground. The radie altimeter indicstion is therefore an Indication of the true height
of the aircraft above the ground. Opton b is therefore the most appropriate in this
question.

BADIO ALTIMETERS 11 5.
Commerc!s] aircraft Radio Altimeters operate between 4200 MHz and 4400 MHz,
in the SHF waveband {(opton ¢).

RADIO ALTIMETERS 12. ¢,

Radio altimeters operate by trapsmitting a frequency modulated radio carvier
wave down to the ground, The lreguency modulation of the (ransmitted wave is
changed at & constant rate. By messaring the phase difference between the
transmitted and retaraiag waves, the system calcuiates the time of travel of the
returning wave. The wave will kave passed from the serisl, down %o the sarface of
the earth and back agaln, which Is twice the height of the serial. Radio signals
sravel at the speed of light, so the tme taken from transminsion to return of the
signal, is divided by twice the speed of light. This gives an indication of the rue
height of the acrial above the surface from which the signal was reflected. The
entire system is carried within the aireraft, so option ¢ is the most appropriate.

v

RADIO ALTIMETERS 13, a,

Radio altinseters operate by transmitting a frequeacy modulated radio carrier
wave down to the ground. The frequency modulation of the transmaitted wave Is
changed at a constant rate. By measuring the phase differeace between the
transsuitted and retwrning waves, the system calculates the time of travel of the
returning wave, The wave will bave passed from the aerial, down to the surface of
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the earth and back again, which is twice the height of the serlai. Radlo signals
travel at the speed of light, so the time taken from transmisslon to return of the
signsl, ia divided by twice the speed of light.

T 4. ¢
Radio altimeters operate by transmitting » frequeacy modulnted radio carrier
wave down to the ground. The frequency modulation of the transmitted wave is
changed at » constant rate. By measuring the phase difference between the
transmiitted and returning waves, the system calcuintes the ime of travel of the
retarning wave. The wave will have passed from the aerial, down to the surface of
the earth and back agaln, which is twice the height of the aerisl, Radlo signals
travel at the speed of light, 3o the time taken from transmission to return of the
signal, Is divided by twice the speed of light. This gives an indication of the true
height of the aertal sbove the sarface from which the signal was reflected. This
glves an indication of the true height of the serisl above the sarface from which the
sigonal was reflected. In order to increase ihe accuracy of the system, snd to reduce
Ianding impacts during automatic landings, the calculated distance is often adjust
to represent the height of the main wheels above the ground (option c}.

RADIQ ALTIMETERS 13. ¢,

Commercial aircraft low altitude radie sltimeters operate between 4200 MHz and
4400 MHz, in the SHF waveband. This means that their wavelength is 7.1 cm and
6.3 cm. So the radio xidmeter signal wavelength Is centimetric.

RADIO ALTIMETERS 16. d.
Commercial aircraft radfo altimeters operate between 4200 MHz and 4400 MHz, In
the SHF waveband.

RADIQ ALTIMETERS 17, a.

A typical radie altimeter system dispiay includes n needle mask located in a narrow
seginent beiween its maximom effective aftitude of 2500 ft and its minimum
effective altitude of yere it if a system fanlt developa, the needle will go behind the
misk and ax alaren Nug will appenr in the centre of the display. In sorae systems
am audio warning is also provided.

RADIO ALTIMETERS 18. 4,

Radio altimeters operate by tranamitting a frequency modulsted radio carrier
wave down to the ground. The frequency modulation of the iransmitted wave is
changed at 3 constant rate. By messuring the phase difference between the
transmitted snd retarning waves, the system calenlates the thine of travei of the
returning wave, The wave will have passed from the aerisl, down to the surface of
the earth and back again, which is twice the height of the aerial. Radio signate
travel at the speed of light, so the Ume taken from transmisslon to return of the
signal, ls divided by twice the speed of light. This gives an lndication of the true
helght of the aerial abave the ground or water aver which the aircraft is flying,
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RADIO ALTIMETERS 19, d,
Radlo aitimeters operate by transmitting 2 frequency modulated radio carrier
wave down to the ground. The frequency moduiation of the transmitted wave Is
changed at a constant rate. By measuring the phase difference between the
transmitted and returning waves, the system calculates the time of travel of the
returning wave. The wave will have passed from the aerlal, down to the surface of
the earth and back again, which is twice the helght of the aeriai. Radio signals
travel at the speed of light, so the time taken from transmission to return of the
signal, Is divided by twice the speed of light. This gives an indication of the true
height above the surface from which the signal was reflected. All components of
the system are housed within the alrcraft,

BADIO ALTIMETERS 2¢0. d,

Radlo aitimeters operate by transmitting & frequency modulated radio carrier
wave down to the ground, The frequency modulation of the transmitted wave is
changed at a constant rate, By measuring the phase difference between the
transmitted and returning waves, the system calculates the time of travel of the
returning wave, The wave will have passed from the serlal, down to the surface of
the earth and back again, which Is twice the height of the aerial, Radio signals
travel at the speed of light, so the time taken from (ranamlssion to return of the
signal, is divided by twice the speed of fight, This givea am indication of the true
height of the aircraft above the terrain or water ever which it Is flylng,

1 .
Radlo altimetera operate by transmitting a frequency modulated radio carrier
wave down to the ground. The frequency modulation of the transmitted wave is
changed at a constant rate. By measuring the phase difference between the
tranamitted and returning waves, the system calcuiates the time of travel of the
returning wave. The wave will have passed from the serial, down to the surface of
the earth and back agsin, whicb is twice the height of the aerial. Radio signal
travel at the speed of light, so the time taken from transmission to return of the
signai, is divided by twice the speed of light. Thia gives an indicadon of the true
height of the aircraft above the terrain or water over which It is flying. So failure
of the radio alitmeter will result in loss of height dats (aption d). It should however
be noted that sltitude data will still be available from the barometric sitimeters,

BADIO ALTIMETERS 22. d.

Radio aitimeters operate by iransmitting a frequency modulsied radio carrier
wave down to theground. The frequency moduistion of the transmitted wave ia
<hanged at & constant rate. By measuring the phase difference between the
transmitted and returning waves, the aystem calcuiates the time of travel of the
returning wave. The wave will have passed from the aerial, down to the sarface of
the earth and back again, which is twice the helght of the aircraft. Radio signsls
travel at the speed of light, so the me taken from tranamission to return of the
slgnal, Is divided by twice the speed of light. This gives an indication of the true
beight of the serial above the surface from which the signal way reflected.
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The maximum effective helght Is determined by the duration of esch frequency
modulation cycie. 1M height is too great there is a danger that the reflection from
one cycle might be Interpreted as coming from a subsequent cycle (option d). Te
prevent such confusion, systems are designed such that heights above their
maximum effective range are ignored. It should be noted that the attenuation rate
and detection range of radio signals vary with atmospheric conditions, so options a,
b, and ¢ are Incorrect.

BADIOQ ALTIMETERS 23, 8,

Radlo altimeters operate by transmitting a frequency modulsted radlo carrler
wave down to the ground. The frequency moduiation of the transmitted wave is
¢hanged at a constant rate. By measuring the phase difference between the
transmitted and returning waves, the system calculates the tme of travel of the
retarning wave, The wave will have passed from the aerial, down to the surface of
the earth and back agaln, which Is twice the beight of the seriat, Radio signaly
trave] at the speed of light, so the time taken from transmission to return of the
signal, ls divided by twice the speed of light. This gives ap indication of the true
height above the surface from which the signal was reflected. The entire aystem is
carried within the alrcraft, so option ¢ is the most appropriate, Some milltary
systems employ pulse modulation, but this is unlikely to be the correct answer in a
JAR ATPL or CPL examination.

RADIO ALTIMETERS 24. d.
Commercial aircraft low altitude radio altimeters operate between 4200 MHz and
4406 MHz, in the SHF waveband.

RADIQ ALTIMETERS 25. 8,

Radio altimeters operate by transmitting » frequency modutated radlo cayrier
wave down to the ground, The frequency modulation of the transmitted wave is
changed st a constsnt rate. By measuring the phase difference between the
transmitted and returning waves, the system calculates the time of travel of the
returning wave. The wave will have passed from the serial, down to the surface of
the tarth and back again, whick fa twice the height of the aerinl. Radio signal
travel st the speed of light, so the time taken from transmission to retarn aof the
signal, is divided by twice the speed of Hght. This gives an indication of the true
height abave the surface from which the signal was reflected. Some military
aystenss employ pulse modulstion, but this is unlikely to be the correct snswer o &
JAR ATPL or CPL examination.

RADIOQ ALTIMETERS 26. b,

Radib altimeters operate by transmitting # frequency modulsted radio carrier
wave down to the ground. The signal is ttansmitted continuowsly, but its frequency
is constantly modulated. This means that at any point in time the frequency of the
signal it is transmitting differs from that of the reflected signal it is receiving. The
difference between thess two frequencies is proportional to the time of travet of the
sigeal from the transmitter to the recelver. The velocity of radio waves through the
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Rir is constant, so tme of signal travel is proportional 1o the height of the aerinls
plus the distances from the aerials to the transmitter and receiver. But these
distances have no particular significance, whereas knowing the height of the main
wheels above the ground Is vitally imporiant to ensure smooth landings. S0 most
systema allow for the time the signal takes to pass through the alreraft (2) and the
height of the aerials above the main wheels (3), So option b iy ¢the most appropriste.

RADIO ALTIMETERS 27. 4,

Radio altimeters aperate by transmitting a frequency modulated radle carrier
wave down to the ground. Radio altimeters operate on the basls of ransmitiing a
radio carrier wave signal down to the surfaces an measuring the tinoe take for it to
be reflected back to the afrcraft. The signal ks transmitted continuously, but lts
frequency is constantly modulsted. This mesus that at apy point in time the
frequency of the sigaal it s tranamitting differs from that of the reflected signal it i
receiving. The difference between these two frequencles is proportional te the time
of travel of the signal.

The mazimum effective helght is determined by the duration of each frequency
modulation cyele. If height ls too great there ls a danger that the reflection from
on¢ cyche might be interpreted as coming from » subsequent cycle (option d). To
prevent such confusion, systems are designed such that helghts above their
malimum effective range are ignored. Commercinl systema are typically accurate
between zero ind 2500 ft agl.

RADIO ALTIMETERS 23. 4,
Commercial sircraft low altitude radio altimeters operate between 4200 MHz and
4400 MHz, lo the SHF waveband.

RADIO ALTIMETERS 29, d.

Radlo altimeters operate by ttansmitting s frequency modulated radlo carrier
wave down to the ground. The frequency moduiation of the transmitted wave is
changed at » constant rate. By measuring the phase differeiee between the
transmitted and retaraing waves, the systens caleulates the time of iravel of the
retorning wave, The wave will have paseed from the asrial, down to the surface of
the earth rnd back again, which ls twice the helght of the acrial. Radio signals
travel at the speed of light, so the time taken from iransmission to return of the
signal, Is divided by twice the speed of light. This gives an indication of the trae
height of the aircraft above the ground or water over which It Is flying. All
components of the system are housed withis the alrcraft, so options a, and b are
untrue, 1t should be noted that the aldtude at any given height, varies with
atmospheric conditions, 10 options &, and ¢ are unatrue.

Y

YSlle

A ¥YSI provides an indication of vertical speed based on the rate of change of static
pressure, I ls not connected in any way to the pitot pressure source, and so it is
unaflected by blockage or partial blockage of that scurce.
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A VSI provides an lndication of vertical speed based on the rate of change of static
pressure. Partial blockage of the static pipe will reduce the rate st which such
changes are fed to the VSE. Thia wilt cause the VSI indications to lag behind the
actusl vertical speeds. So when c¢limbing or descendlug, a party blocked statie
pipe will cause the VSI indications to be teo law. So option ¢ is true and options a
and d are untrue. It should also be noted that VSI Indications are in a0 way related
to forward accelerations, so option b is untrue.

ot of vilwok
i of dwanil

Typlval Instantsneous Vertical Speed Indlcator (IVSI)

An Instantapeous Vertical Speed Indicator (IVST) ks illustrated (n the diagram
above, A VSI provides an indication of vertical speed biased on the rate of change
of statie pressurs. In the case of very small vertical speedu, the Fates of change of
statie pressare are very low. Such changes are difficult te measuie securately, so
VSIs are iess asccarnis at low rates of climb or descent. kn the Iustantancous
Vertical Speed Indicater or [VSL, thiz problem b overcoms by the use of dashpots.
These are small metal weights or pistons supperted by light springs, and boused In
chambers stinchied tn the VSI pressure inlets. When an afrevaft begios to climb or
descend, the vertical sceeleration causes these weights ts move down or op
reapectively. This instantly changes the pressare acting om the capsuls withio the
VSL so that the change in vertical speed is Inmediately indicated. When the
afrcraft setiles into a constant vertical apeed, the weights sette intw a halanced
position against the springs, and cease to affect the presanre In the instroment,
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V§id. d
A VSI provides an indication of vertical speed based on the rate of change of static
pressure. As iliustrated in the dingram in answer number 3 above, the choke is

fitted in the pipe carrying statlc pressure Into the space around the capsuie in »
VSL

Static pressure s fed at an unrestricted rate jnto » capsuie. This means that the
rate of change of static pressure inside the capsuie is determined ouly by the
verticai speed of the alrcraft. Static pressure is slso fed, at a restricted rate into the
space around the capsule. This restricted flow into the spaces arounrd the capsule is
maintained by a choke. At any instant in & climb or descent, the difference
between the pressures inside and outside the capsule will be proportional to the
difference between the twoe flow rates. The restricted rate is constant, so the
pressure difference between that laside and outside the capsule is determined by
the rate of change of smbient static pressure. This in turs s determined by vertical
1peed.

If the choke becomes partly blocked, the flow rate through it will be further
reduced. This will increase the pressure difference whenever the alreraft is
climbing or descending. This in tarn will cause the VSI Indication to be too high
when climbing or descending. So option is d is true and b is untrue. Whenever the
vertical speed 11 zero, there Is no flow Inte or out of the ¥S1, The VSI indications
will therefore be correct when vertical speed Is zero, So optiom ¢ s untrue. It
should slso be noted that option a, Is true but incomplete in that it does rot include
the bhigh tndications when descending.

Vv

A VSI provides an indication of vertical speed based on the rate of change of statle
pressure. As itlustrated in the disgram in answer number 3 abave, the choke is

fitted in the pipe carrying static pressure into the space around the capsule in &
VSI.

Static pressure Is fed at an unrestricted rate into capsule. This meens that the
rate of change of static pressure inside the capsule is determined only by the

malntsined by 2 choke. At any instant In 8 climb or descent, the difference
hﬂwunﬁepmumhtﬁou‘nummeumhwﬂlhopmmrdomm&e
difference between the two flaw raias. The restricted rate is constant, 3o the
presanre difference between that inside and outside che capsnle is determined by

the rate of change of ambient static pressure. This in ture bs determined by vertical

speed.

If the static pipe becomes blocked, changes in statlc pressure will no longer be fed
inte the VSI, so vertical speed Indications will sl to zero. In order to svercome
this problem, sonte aircraft are provided with a standby static pressure source.
This is normally loeated somewhere within the structure, in order to protect it from
blockage by debris or icing. So if the stathe source becomes the blocked the
probiem might be overcome by selecting the standby static source (optien b). It
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should however be noted that this will be effective andy if the blockage is upstream
of the point where the two sources are connected,

Although breaking the V51 glass (option a) will allow cabin pressure into the VSI
caging, this will not permit the instrument to operate. This is because such action
will bypass the choke, thereby allowing unrestricted flow into the space around the
capsule, whilst failing to allow say pressure changes into the capsule.

Opening the cabin windows (option d)will have be ineflective, because there is no
direct path from the cabin into the VSI. Caleulating vertical speed mathemsdeslly
might be possible, but would be unacceptably cambersome and probahbly
inaccurste.

Y16 4,

A VSI provides an indication of vertical speed based on the rate of change of statlc
pressure. A illustrated in the disgram In sanswer number 3 above, the choke Is
fitted in the pipe carcylng statc pressure into the space around the capsule ia »
VSL .

Static pressure Is fed at an unrestricted rate into 2 capsnie. This means that the
rate of change of statlc pressure inside the capaule Is determined only hy the
vertical speed of the aireraft. Static pressure [s also fed, at a restricted rate inta the
space around the capsule. This restricted flow into the spaces around the capsule is
maintained by & choke. At any instant in & climb or descent, the difference
between the pressures inside and outside the capsale will be proportional to the
difference between the two flow rates, Ths restricted rate is constant, so the
presqure difference between that inside and ontside the capsule b determined by
the rate of change of ambicat statie pressare. This In turn Is determined by vertical

speed.

If the VS1 casing develops a leak, the cabin pressurs will be shie to flow directly
iato it. This will bypass the choke, so whenever statie pressure Is changing, the cate
at which changes in cabin pressure are felt o outside of the capsulbe, will incresse.
But VSi indications are proportional to the difference between the pressures inside
and sutside the capsule. So oue effect of a leaking VSI casing will be to reduce VSI
Indications whenever the atreraft i cllinbing or descending,

But cabin pressure in a pressurised aircraft s almost lnvarisbly grester than static
pressure. So a leaking VS1 case will cause the pressure on the outstde of the
capsale to be generally greater than the siatic pressure on the inside of . This
représents a rats of climb. Combining the two effects described above, means that
8 V51 with a leaking case ls [tkely to over Indicate whes climbing and under
indlcate whem descending (opticn d). Such a VSI will also indicate & climb whea in

levet flight.

Y51 Z.¢
A VSI provides au indication of vertical speed based on the rate of change of static
pretiure. As illustrated in the diagram in anawer number 3 abave, the choke is

M3



fitted in the pipe carrying static pressure into the space around the capsuie in a
VSL

Static pressure is fed at au unrestricted rate into a capaale, This means that the
rate of change of static pressure inside the capsule is determined only by the
vertical speed of the alrcraft. Statie pressure is also fed, st a restricted rate into the

space around the capsuie. This restricted flow into ¢the spaces around the capaule Is

naintained by a chole. At any instant in 2 climb or descent, the difference
between the pressures inside and outslde the capsule will be proportional to the
difference between the two flow rates. The restricted rate ks constant, 30 the
pressure difference between that inside and outside the capsule is determined by
the rate of change of ambient static pressure. This In turn is determined by vertical
speed. This pressure difference causes the capsule (0 expand or contract, thereby
moving a polnter to indicate vertical speed.

A VSI scale is itlustrated in naswer number 3.

the needle will remain stationary on the figure representing that rate. But

whesever vertical speed s changing, the necdle moves apwards or downwards to
indicate that changs, So whenaver ROD is [ncreasing, the needle will be move
downwards. A typical VSI Is lustrated below.

-

y

A VSI provides an indication of vertical speed based on the rate of change of static
pressare. Whea an alrcraft maves very close to the ground during » Ianding, the
flow of air around It sad the downwash from ke wings, sre restricted by the
ground. This canses a sudden increase In the loeal stadc pressere. This in turn can
eause VS[ indications to become erratic (option a). It should be noted that the
static vents are located such that the effects of turbulence and attitude changes are
minimised so options b and d are Incorrect. The V51 senses onty statle pressure so
the pitot soarce (optios c) has ne relevance.

This situstton ia IHustrated in the

Whenever verticat speed is constant, -

diagram at the right. From this

it cant be seen that the sine of the
angle of descent or glideslope is
equal to the vertical tpeed divided
by the TAS. Rearranging this
equation reveals that vertical speed
is equal to TAS multiplied by the
slne of the glideslope.

Se VSI indication = 100 Kts x sin 3° which is = 5.234 Kts.

This can be converted inte fpm by multiplying by the conversion factor
100 fpm / 1 Kt.

This gives VS] indicatios = 513.34 fpm, which Is closest to option &, 524 fpm.

A VSI provides su indlcation of vertical speed based on the rate of change of statle
pressure. As illustrated in the diagram in answer number 3 sbove, the choke is
Bited In the pipe carrying static pressure Into the space around the capaule in a
vSh :

that the
Static pressure is fed at an unrestricted rate into a capsuie. This means

rate ofpclunge of static pressure Inside the capsule ls determined ouly by the he
vertical speed of the alrcraft. Static pressare is alse fed, at a restricted rate into
space around the capsule. This restricted flow imto the spaces around the capaule is
maintsined by a choke. At any instantin a climb or ducent.tlodlﬂeu:lu e
between the pressures inside and outside the capsale will be propertion ::.
difference between the cwo fow rates. The restrieted rata is constant, s

pressure difference between that luside and outside the capsuie is determined byw
the rate of change of ambient static pressure. This In turn bs determined by vertd
speed.

It the VSI casing develops u feak, the cabin pressare wlﬂboabhtnﬂcwdlr:::iz-u
into it. Thhwﬂbymﬂechokquwheunrmdcwumhcmwmm
at which changes [n cabin pressure are felt on autside of the capaule,

But V51 indications are propertional ta the differcnce between the pressures MVS!
and outside the capsuie. Se one effect of 2 leaking VSI casing will be to reduce
indications whenever the aireraft is climbing or descending.

But ¢abin pressure In 2 pressurised aireraft ia aloat invarisbly gruurfdln statie
pressure, So a leaking VSI case will cause the pressure onthoouhide;rhth';m
capsule (o be generally greater thap the static pressare oo the inside o .
represents a rate of cimb. Combining the two effects described abo;e. n;ou

2 VSI with a ieaking case [s likely to over indicate when climbing and un ’ T hon in
Indicate when descending (option d). Such a Y51 will also indicate » climb w

fevel flight.
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YSiid b,

A VS1 provides an indication of verticai speed based on the rate of change of stathc
pressure. Static pressure is provided by the static vent, not the pitot tube. So
blockage of the pitat pipe, will not affect the VSI indications,

¥Slil s

A VSI provides an indication of vertical speed based on the rate of change of static
pressure. In the case of very small vertical speeds, the rates of change of static
pressure are very low. Such changes are dlificult to messure accurately, so VS
are less accurate at low rates of climb or descent. In the Instantaneous Vertical
Speed Indicator or IVSL, this problem is evercome by the use of dashpots. These
are small metal weights or pistons supported by light springs, and housed in
chaabers attached to the VSI pressure Lulets as Hostrated im answer VSI 3.

When an alrersft beging to climb or dexcend, the vertical acceleration causes these
welghts to move down or up respectively. This instantly changes the pressure
acting on the capsule within the VSI, so that the change In vertical speed is
immedistely ludicsted. When the aircraft settles Into a constant verticsl speed, the
welghtu settle into & balanced position agalnst the springs, and cease to aiTect the
pressure im the instrument.

The purpose of the choks Is to restrict the flaw of pressure changes into and out of
the caslng. This does ot affect the response rate of the VSI bowever, because the
flow of static pressare changes Into and oat of the capsule i not restricted by the
choke. VSIs do not employ bi-metallic strips or return springs.

YSlid. mboor ¢

When an aircraft sideslips, the leading side of ity faseiage ls subjected to &
component of the dynamic pressure, while the trailing side ls affected by tarbulent
sirflow passing over and under the foselnge. This hay the effect of increasing the
effectve static pressure at the leading side of the fuselage and decreasing that at the
(railing side of the faselage ks decreased. In inrge afrcraft types this problem is
often avercome by fltting a static vent or pressure sensing port at each side of the
fuselage.

The pipes leadiug from these vents are connected together, such that the
instruments iense the average of the twe values of static pressure. Under normal
circunstance, the incresse in pressure on the leading side is counterbalanced by an
equal decrease in pressure ou the (railing side, so the average scased by the
instruments is the true static presanre.

But if the vent on the trailing side becomes blocked, this balancing influence Is lost,
3¢ the instruments will senss an excessively high statle pressare. Conversely, a
blockage on the lending side will cxuse 2n excessively low static preasure to he
sensed.

But VI indicstions are reiated not to static pressure, but to the rate of change of
static pressure, So if we consider oniy the sideslip (and ignore the vertical speed),
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then the effect of a blocked vert will deperd upon the nature of the sidesap. tr tne
rate of sideslip is increasing, towards the blocked port, the seatic pressere sensed hy
the V8 will be decreasing. 1f (he sideslip rate is decreasing, then the static
pressure sensed by the VSI will be increasing. If the rate of sideslip is constant,
then the static pressure will be constant. If we now add on the effects of the descent
specified in the guestion, the cffects will be over indicated ROD {optien a) in
accelerating side slip, Under indicated ROD (option b} in decelerating side slip, and
cerrectly indicated ROD (option ¢} in constant side slip. This guestion is badly
worded in that the answer depends upon the nature of the sidesltp. Option d,
Auctuating ROD is improbable.

ASIL. d.

The term “Barber's Pole” refers to the red and white striped pointer oo same
combined ASI/Mach Meters. Its purpese is the indicate how Vi, varies with
changing atmospheric conditions, thereby making the pilot aware of his limiting
speed. The principle factor affecting Vg is 2ir density, and this varies with
temperature, Option d is therefore the most appropriate in this guestion, A typical
ASL with “Barbers Pole” is itlustrated below.

Mach number scale Atrspeed pointer

Barber's Pole
"’Ml_’l painter

External index
/" paeinter
External index y

pointer Command bug

Command bug

setting poiater Ve setting knob

ASI2.a,

Vo is the maximum speed for normal operations (Melocity Normal Qperations). It
is based upon the ability of an aircraft to withstand the stresses placed upon it by
acrodynamic forces in flight. These forces increase in turbufent conditions, so Vg
may be exceeded only with caution and in stil air conditions, Optien b refers to
Vg, the Yelocity Never Exceed, which must never be exceeded under any
conditions. Option ¢ refers to Vyo, the Velocity Maximum Qperating, which may
he exceeded only in exceptional clrcumstances such as emergencies. Opilon d
refers to V., which is the deslgn control speed.

AS1 3. b.
Vo is the Velocity Maximum Opeesting, 1t is based upon the ability of the
structure of an aircraft to withstand the stresses placed upon it by the dynamic



pressure in flight. Pynamic pressure equals 1/2pV?, where V is TAS. So the logds
upplied to an aircraft in Night are propoertional te air density multiplied by TAS?,

But air density varies with altitude and atmeospheric conditions, thereby changing
the dynamic pressure at any given TAS. So Vo cannet be calculated in terms of

TAS (option a).

CAS and RAS are just different terms far the same thing. This is the indicated
Airspeed LAS corrected for instrument errers and pasition errors. But the IAS
indication is generated by sensing dynamic pressure. This means that the dynamic
pressure will be constant at any given 1AS, CAS and RAS, regardless of changes in
atmospheric conditions. So CAS or RAS (optiens ¢ snd d) wouid give 3 more
accurate measure of Vyg than wouid TAS. Such indication would net however be
entirely sccurate, This is because Vyo is a comparatively high speed and at high
speeds, the density of the air is increased by the dynamic pressure ltself. This
means that at high speed the airspeed indicator over reads by an amount that is
dependent upon speed. When this slightly higher CAS indication is reduced by
applying the compressibility correction factor, the resuit is called the Eguivalent
Airspeed EAS. This is the pacameter that is used to caleulate Yo (option b). It
should however be noted that Vg ts specified in terms of CAS,

ASI 4. a.

The ASI produces an indication of speed that is proportional to dynamic pressure.
It does this by feeding pitot pressure to the inside of a capsule and feeding static
pressure to the outside. This means that pitot pressure is attempting to expand the
capsule while static pressure is attempting to compress it. The resuiting expansion
is therefore produced by the difference between pitot and static pressures. But
pitot pressure is the sum of static pressure pius dynamlic pressare, so the difference
between the two is stimply dynamic pressure. So in normal operation the capsule
moves and the ASI indications change, in response to changes in dynamic
pressure, But dynamic pressure is proportional to indicated afrspeed so the
capsule moves in proportion te changes in 1AS.,

If the pitot tapping and drain hole become blocked, the capsule will be unable to
sense changes in pitot pressure. It will therefare no fonger respond to changes in
dynamic pressure. So changes in speed wiil not cause changes in the airspeed
indication, So options ¢ #nd d are incorrect. But the outer surface of the capsule
will still be subjected to changes in static pressure. Static pressure changes with
pressure altitude, so rather than stmply not indicating, the AS1 will produce
indicatfons proportional ta changes in pressure altitude. So option b is incorrect
and option a is correct.

ASI S a,

The dials of ASIs often include coloured arcs to indicate various significant speeds.
A yellow arc s intended to indicate the cautionary, high speed zane, where extra
care must be observed to aveid over stressing the structure, This zone Is between
the maximum Velocity for Normal Qperations, Vo, te the Yelocity that must
Never be Exceeded, V. Se the upper end marks Vi and the lower end Via, A
typical ASI is filustrated below.
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TYPICAL AIRSPEED INDICATOR
ASl 6. a,

The ASI produces an indication of speed that is proportional to dynamic pressure.
It does this by feeding pitat pressure to the inside of a capsule and feeding static
pressure to the outside. This means that pitat pressure is attempting to expand ihe
capsule while static pressure is attempting to compress . The resulling expansion
is therefore produced by the difference between pitot and static pressures. But
pitot pressure is the sum of static pressure plus dynamic pressure, so the difference
between the two is simply dynamic pressure. So in normal operation the capsule
moves and the ASI indications change, in response to changes in dynamic
pressure. But dynamic pressure is propertional to indicated airspeed so the
capsule moves in propertion to changes in 1AS,

If the pitot tapping and drain hole become blocked, the capsule will be unable 1o
sense changes in pltot pressure. It will therefore no ionger respond 1o changes in
dynamic pressure. So changes in speed will not cause changes in the airspeed
indication. But the outer surface of the capsule will still be subjected to changes in
stalic pressure. Static pressure changes with pressure altitude, so rather than
simply not indicating, the AS1 will produce indications proportionsl to changes in
pressure gitimde. When descending, the increasing static pressuere will be felt only
on the outside of the capsule, cansing it to contract. This will reduce the airspeed
indication, thereby causing the ASE to under read when descending,
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ASET. a

An airspeed indicator produces an indication of airspeed [AS that is proportional
to %4 pV7, where p is wir density and V is TAS. For any given value of % p\r’z the
1AS will be constant. But deasity decreases with Increasing altitude so that for a
given EAS, the TAS must increase such that the rate of increase in ¥ halances the
rate of decrease in p, such that % pV’ remalns constant, At 40004 feet ISA, for
example, sir density is 4 of its msl value, so for any given 1AS, V¥ must be 4 times
its M8 value. This means that V, which is TAS, must be twice its sea level vailue.

The accuracy of airspeed indications is of greatest importance close te the ground,
where take-off and landing tnvolves flight very close to the stalling speed. Under
ideal circomstances a perfect ASI seasing pressures with perfect accuracy, would
be calibrated such that JAS and TAS were equal at ground level. But individual
instruments exhibit differing degrees of mechanical imperfections causing
insirument error, and pitot probes cannot be arranged to sense pitot and static
pressures accurately under all flight conditions. The Calibrated Ajrspeed or CAS,
takes account of these errors, so AS|s are calibrated such that CAS = TAS at msl in
the international standard atmosphere.

ASI 8. a,

The weight of the air abeve any point in the stmosphere presses down upon if,
exerting a static pressure. This static pressure at any point to still air, acts with
¢qual magnitude in all directions, so the pitot probe will sense static pressure. But
the pitot probe faces in the direction of flight, so air fowing inte it is bronght to
rest. This exerts an additional dynamic pressure that is equal to % pV”, where p is
air density and V is the true speed of the alr or TAS. Se a pitot probe senses the
sum of the static and dynamic pressures. This is termed the total pressure or
stagnation pressure.

AS1 4. d.

The dizls of ASis often include coloured arcs to indicate various significant speeds.
In twin engine atreraft, the failure of one engine during or after take-off will reduce
the ability of the aircraft to climb away from the ground, This is potentially
hazardous, so it is important that the pilot should be aware of the speed at which
rate of climb in this single engine condition will be greatest. The speed at which
rate of climb is greatest is termed Vy, and in the single engine condition this s
termed Vy Single Engine or Vysg, On twin piston engine aircraft the ASI includes
a blue radial line indicating Vysg. Tn the case of an engine faiture after V, during
take-off, the pilot mast immediately feather the failed prop and accelerate to the
blue line speed Vyse. This process is commonly referred to as “blue tining it”.

AS) 10. b,

The dials of ASls often include coloured arcs to indicate various significant speeds.
The white arc indicates the range of speeds between the minimum and maximum
speeds for flight with ffaps extended to the take-off position, The lowest flight
speed in this condition is the stailing speed, which is usuaily termed Vgq. The

isy

highest Velocity for fight with Flaps Extended is Vpx. The ends of the white are
are Vs and Yy (opton b),

ASill. s

Vyz is the maximum Yelocity with Flaps Extended. This is sometimes confused
with Veo, which some students misinterpret as maximum Yelocity with Flaps Qut.
Vro it 1n fact the mazimum Yelocity at which the Fiap system can be Qpersced
{extended or retracied)

ASL12. B

The ASI indication is proportional to dynsmle pressure, which Is the difference
between pitot pressure and static pressure. If the pltot tube fractures, within the
structure of the aircraft, sir will elther leak into or out of the pitot tube, depending
on whether the static pressure in the sircraft is lower or higher than pltot pressore.
In aa bopressurised aircraft, the static pressare within the structure will always be
less tham pitot. So air will lesk out of the fractured pipe causing pltot pressure to
decrease. This will canse the ASI to under resd. In a pressurised aireraft however,
the static pressure In the cabin might be greater than pitot, in which case the ASI
would aver read.

ASLL3.

CAS 18 IAS corrected for instrurment errer and position ervor, so CAS Is directly
proportional to LAS. IAS is propertonsl to dynamic pressure 1/2pV2, where p is-
Air demsity and Vis TAS. So the same CAS will always scceur af the same value of
12pV’. But Lift is also proportional to 1/2pV>, Lift-off will sccar when the lift ls
equal to the weight of an aireraft, so for any given weight, iftv-off will always octar
st the same valuo 1/2pV’, and therefore at the samse value of CAS. But TAS snd .
EAS st sny given CAS vary with altitude, whilst groundspeed at any given CAS
varies with wind speed. So only optien a is correct.

ASL14. B,

The accuracy of alrspeed Indications Is of greatest importance close to the ground,
whers take-off and lnnding involves flight very close ta the salling speed. Under
ideal circumstances a perfect ASI sensing jressures with perfuct accaracy, would
be calibrated such that IAS and TAS were equal at ground fevel But Individanl
Instruments exhibit differing degrees of mechanical imperfections causing differing
Instrurnent errors, and pitot probes cannet be arranged (o sense pitut and siatic
pressures accurately under all flight conditdons, The Calibrated Alrapeed or CAS,
takes account of these errors, such that CAS iy IAS corrected for instrument error
and positdon error.

ASLLS ¢

The mazimum speed at which an aircraft may be routfuely flown ks limited by
the ability of the structure to support the resulting serodynamic loada and by the
compressibility effects encountered when flying close to the local speed of sound.
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At low sititudes the calibrated sirspeed producing limiting adrodynamic ioads ks
the imiting value. This is called Vo,  The mach number st which compressibilicy
effects become the ilmiting veiue (s termed Mo, Aa altitude la increased, the local
speed of sound decreases, thereby reducing the CAS equating to My At the
crossover aititude, the speed equating to Mo is equal to that equating to Vg At
higher altitudes Vg is greater thas Mg and at lower aitimdes My Is greater
thas ¥yg. When attempting to maintain maximum ground speed in a descent,
Mo will be the Hmitiag valwe at high aititade and Vo will be the limiting value st
lower altdtude. This relatioaship Is ilusorated below,

CAS equating to Vo
‘-

Aldtude
Mo is most
limiting st high CAS equating te MMO
sltitude and Yio decrease as altitude
is most limiting at

low altitude o

ASLLS. 8, CAS

As altitade changes, the main factor controlling the ratio of TAS : CAS Is the
amblent alr pressare. When desconding, whether in an isothermal layer or in a
normal atmaosphere, the pressure increases. This causes the TAS st any given CAS
te decrease. So when desconding at constant CAS the TAS decreases. An
isothermal Inyer s one in which the temperature doet not vary with altitude.
Although this alters the rate of change of dessity and TAS!CAS ratls, TAS still
decreases 1o a constant CAS descent. The graphical representation of these effects
is illastrated below,

E [CAS TAS and MACH No

Altitade

lncreasing speed values
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Io 9n inversion the normal relationship between temperature and altinzde is
reversed, 0 descending causes temperature to decrease. The local speed of sound
(LSS} is determined by temperature nione, 5o decreasing temperature causes the
tocal speed of sound to decrease. Mach oumber represents TAS as & fraction of
LSS, so as the LS8 decreases, the Mach number at any given TAS increases, So
when descending through an inversion at any given TAS, the temperature and LSS
decresase, causing the mach number to increase. This is the opposite te what

happens in 2 rormal stmosphere. So option a is correct and eptions b and ¢ are
incorrect,

As altitude changes, the main factor controlling the ratio of TAS : CAS s the
ambient alr pressure. When descending, whether in an inversion or in a normal
atmosphere, the pressure increases. This cavses the CAS at any given TAS to
fncrease. So opton d is incorrect.

In sa inversion the normal relationship between temperature and altitude s
reversed, so climbing causes teruperature to increase. The local speed of sound
(LSS) is determined by temperature alone, 3o increasing temperature causes the
local speed of sound to increase. Mach number represcnts TAS as a fraction of
LSS, so as the LSS increases, the Mach number at any given TAS decreaser, Sa
when climbing throagh sn inversion at any given TAS, the temperature and LSS
increase, causing the mach number to decrease. This the opposite to what happens
in » normsi atmosphere. So option b is correct and options & and ¢ lncorrect.

As altitude changes, the main factor controlling the ratio of TAS : CAS is the
ambient air pressure. When cllmbing, whether in an inversion or in a normal
atmospbere, the pressure decreases. This causes the CAS at any glven TAS to

decrease. So when climbing at constant TAS the CAS decresses. So option d is
incorrect.

AS[12d,

As altitude changes, the main factor controlling the ratio of TAS : CAS is the
smbient air pressure, When descending, whether in an inversion or ia £ normal
atmosphere, the pressure increases. This causes the TAS st any given CAS to
decrease. So when descending at constant CAS, the TAS decreases, So option d is
correct. The relationship between EAS, CAS, TAS and Mach number in an
inversion is illustrated below,
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Altltude

Increasing speed values

ASE 308,

As altitude changes, the main factor controlling the rato of TAS : CAS is the
amblent air pressure. When ciimbing, whether in aw inversion or in a normal
atmosphere, the pressure decreases. This causes the TAS 2t any given CAS to
increase. So when climbing at constant CAS, the TAS increases. So option a is
correct.

AS]| 1) d,

[n an inversion the normal reiationship between tempersture and altitude is
reversed, so ciimbing causes temperature to increase. The focal speed of sound
(LSS) is determined by temperature gione, o increasing temperature causes the
local speed of sound to increase. Mach number represents TAS as a fraction of
LSS, so If the LSS increases, the mach number st any given TAS decreases. So
when climbing through an inversion at any given mach number, the temperature
and LSS Increase, causing the TAS to increase. So option d is correct.

A

In an inversion the normat rejationship between temperature and altitude is
reversed, so descending causes temperature (o decrease. The local speed of sound
(LSS} |s determined by temperature slone, 30 decreasing temperature causes the
local speed of sound to decrense. Mach number represents TAS as & fraction of
LS8, so if the LSS decreases, the TAS st any glven mach number decreases. So
when desceading through an inverslon at any given mach number, the temperature
and 1.S8 decresse, causing the TAS to decrease (option b),
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In an inversion the normal reiationship between temperature and altitude fs
reversed, so cinbing causes temperature to increase. The locat speed of sound
(LSS} is determined by tempersature alene, so Increasing temperature causes the
local speed of sound to increase. Mach number represents TAS as a fraction of
LSS, so If the LSS increases, the mach number at any given TAS decrenases. So
when climbing through an inversion at any given mach number, the tempersiure
and LSS increase, causing the TAS to increase. Option d is therefore correct.

Int an inversion the normai reintionship between temperature and sltitude is
reversed, so descending causes temperature to decresse. The local speed of sound
(LSS) is determined by temperature slone, so decrensing tempersture causes the
local speed of sound to decrease. Mach number represents TAS as s fraction of
LSS, 30 If the LSS decreases, the mach number at any glven TAS increases. So
when descending through an inversion st agy given mach number, the temperature
and LSS decrense, causing the TAS to decrense. Option d ls therefore correct and
option ¢ incorrect. Also because temperature and LSS both decrease when
descending i an inversion, optioa b is incorrect,

As altitude changes, the main factor coniroiling the ratio of TAS : CAS ia the
ambient air pressure. When descending, whether in sn inversion or in 1 normal
atmosphere, the pressure increases. This causes the TAS at any givem CAS to

decrease. So when descending at constant TAS the CAS increases. So aption a fs
also incorrect.

As altitnde changes, the main factor conirolling the ratio of TAS : CAS iy the
amblent air pressure. When climbing, whether in an inversion or in & normsl
atmosphere, the pressure decreases. This causes the TAS at any given CAS to
increase. So when climbing at constant CAS the TAS increases (option a).

ASEI6 D,

As altitude changes, the main factor conirolling the ratio of TAS : CAS Is the
ambieut alr pressure. When descending, whether in an inversion or jn 2 aormal
atmosphere, the pressure increases, This causes the TAS at any given CAS to

decresse. So when descending st constant CAS the TAS decreases. So option b iy
correct.

An isotherms| jayer is one in which the temperature does not vary with altitude.
The tocal speed of sound Is determined by temperature alone, so In an isothermal
layer the LSS iy constant at all altitudes, Mach number represents the TAS as a
fraction of the LSS, so ta an jsothermal layer the Mach number at any given TAS is
constant. So aption ¢ Is correct and options & and b are incorrect,



Ag altitude chanrges, the main factor controiling the ratio of TAS : CAS is the
ambient air pressure. When descending, whether in an isothermal layer or in a
normal atmosphere, the pressure increases. This canses the CAS st any given TAS
to increase. So when descending at constant TAS the CAS increases. So optiond s
incoreect.

An isothermal Inyer is one in which the temperature does not vary with altitude,
The local speed of sound is determined by temperature aloue, 30 in an isothermal
Layer the LSS is constant at all altitudes. Mach number represents the TAS as &
fraction of the LSS, s0 in an sothermal layer the Mach nember at any given TAS is
constant. So option ¢ is correct and options a sud b are Incorrect.

Ag nititude changes, the main factor controlling the ratio of TAS : CAS i3 the
ambient air pressure. When descending, whether in an isothermal layer or in a
normai atmosphere, the pressure increases. This causes the CAS at any given TAS
to incresse. So when climbing at constant TAS the CAS increases. So optiond is
incorrect.

ASI29 by,

As altitude changes, the main factor controlling the rade of TAS : CAS is the
ambient air pressure. When descending, whether in an isothermal iayer or in 2
normal atmoaphere, the pressure increases. This csuses the TAS at any glven CAS
to decrease. So when descending at constant CAS the TAS decreases. So option d
is incorrect.

An isothermal layer is one in which the temperature does not vary with aitttude,
The local speed of sound is determined by temperature alone, 30 in an lsothermal
tayer the LSS is constznt at all altitudes. Mach number represents the TAS as 4
fraction of the L8S, 30 in an isothermal layer the Mach number at any given TAS is
constant. But when descending at constant CAS the TAS decreases so the Mach
aumber decreases. Option b is therefore correct and option 2 and ¢ incorrect.

Al

As altttude changes, the main fuctor controlling the ratio of TAS : CAS is the
smbient alr pressure. When climbing, whether in an lsothermat layer or in a
normal atmosphere, the pressure decreases. This causes the TAS at any given CAS
to increase. So when ¢limbing at constaut CAS the TAS increases. So option d is
incorrect.

An [sothermai layer is one in which the temperature does not vary with altitude.
The local speed of sound la determined by temperature alone, 3¢ | an isothermal
layer the LSS is constant at all altitudes. Mach number represents the TAS as a
fraction of the LSS, so in an isothermal layer the Mach number at any given TAS I
constant. But when ciimbing at constant CAS the TAS increases so the Mach
number increases. Option & is therefore correct and aption b and ¢ incorrect.
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An isothermai layer is one tn which the temperature does not vary with altitude.
The local speed of sound is determined by temperatare alone, so in sn isothermal
inyer the LSS it constant at aii aititudes. Mach number represents the TAS as a
fraction of the LSS, so tn an isothermal Isyer the Mach number at sny given TAS fs
constant. So when ciimbing at constant Mach number In an lsothermai the TAS
remains constant. Optiou c is therefare correct and option 2 and b incorrect.

As altitude chenges, the main factor controlling the ratio of TAS ; CAS is the
awbient air pressure. When climbing, whether in an isothermal layer or in a
normal simosphere, the pressure decreases. This causes the CAS at any given TAS
to decrease. So when ¢limbing at coustant Mach aumber and constant TAS in ap
isothermal, CAS decreases. So option d s incorrect,

An isothermal layer Is one tn which the temperature does not vary with aitiude.
The local speed of sound is determined by temperature alone, so in an isothermal
layer the LSS is constant at all altitudes. Mach namber represents the TAS as a
fraction of the LSS, 50 in an isothermat layer the Mach number at aay glven TAS Is
constant. So when descending st constant mach oumber in an isothermal the TAS
remeine constant, Option c is therefore correct and option & amnd b incorrect.

As altitude changes, the main factor controfling the ratlo of TAS : CAS Is the
smblent air pressure. When descending, whether in an isothermal isyer or in »
normal atmosphere, the pressure increases. This causes the CAS at any given TAS
to increase. So when descending st constant Mach number and constent TAS in an
isothermal, CAS increases. So option d Is incorrect.

ASL33 b,

An isothermal layer is one I which the temperature does not vary with aititude.
The local speed of sound is determined by temperature alone, 50 in an isothermal
inyer the LSS ix constant at all altitodes. Mach number represents the TAS as »
fraction of the LSS, so in an isothermal layer the Mach pumber at any given TAS Is
constant. So when climbing at constant Mach number ln sn isothermal the TAS
remains constant. Opton d Is therefore incorreet.

As altitude changes, the main factor controltlog the ratic of TAS : CAS is the
smbient air pressure. When climbing , whether in an lsothermal iayer orin a
normal atmosphere, the pressure decreases. This causes the CAS at any given TAS
to decrease. So when climbing at constant Mach number and constant TAS in an
isothermal, CAS decreases. So option b ia correct and & and ¢ incorrect.

An Isothermal iayer s ane in which the tempersture does not vary with altitude,
The local speed of sound is determined by temperature zlone, so in an isothermal
layer the LSS is constant st ali altitudes. Mach number represents the TASma
fraction of the LSS, so in an isothermal hayer the Mach oumber at any glven TAS is
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constant. So when descending at constant CAS in an isothermal the LSS remains
"~ constant. Option ¢ Is therefore correct and options & and b incorrect.

As altitude changes, the main factor controlling the ratio of TAS ;: CAS is the
ambient air pressure. When descending , whether [ an isothermal fayer or in a
normai aimosphere, the pressure incresses, This causes the TAS at any given CAS
to decrease. So when descending at constant CAS in an jsothermal, TAS decreases.
So opiion d s incorrect.

ASl ¥ a

An isothermal layer Is one in which the temperature does not vary with altitude.
The local speed of sound s determiued by temperature alone, so in an isothermal
layer the L3S is constant at ahl altitudes, Mach number represents the TAS aa a
fraction of the LSS, so in an isothermal layer the Mach number at any given TAS is
canstant. S0 when climbing at constant CAS in an Isothermal the 1SS remains
constant,

As altitude changes, the main factor coatrolilng the ratla of TAS : CAS is the
ambieat air pressure. When climbing, whether in an isothermal layer or in a
normal stmosphere, the pressure decreases. This causes the TAS at any given CAS
to increase. So when climbing at constant CAS ib an isothermal, TAS increases,
But LSS is constant in ap isothermal, so tncreasing TAS cavses Mach number to
increase. So option a is correct and option b, ¢ and d, are incorrect.

ASE36 b,

As altitude changes, the main factor contrelilng the ratlo of TAS : CAS is the
smbient air pressure. When descending, whether in an isothermal kayer or in a
normal atmosphere, the pressure increases. This canses the TAS at any given
CAS to decrease. So when descending at constant CAS in an isothermal, TAS
decreases. So option b is corvect aed option a and ¢ Incorrect.

An isothermal layer is one in which the temperature does not vary with altitude.
The local speed of sound is determined by temperature alone, so in an isothermal
layer the LSS ls constant at all alttndes. Mach sumber represents the TAS as a
fraction of the LSS, so In an isothermal layer the Mach namber at any given TAS is
constant, S0 when descending at constant CAS ip an isothermal the decreasing
TAS causes Mach number to decrease. Option'd Ia therefore incorrect.

AS[37 d,

The main factor that determines the CAS at any given TAS is air density, If
density decreases then the CAS at any given TAS decresses. Increasing air
pressure compresses air thereby incressing its density. Increasing temperature
causes air to expamd, thereby reducing its density. So if temperature increases at
constant pressure the sir will expand and its density will decresse. This will
decrease the CAS to TAS ragio. So if pressure remains constant and temperature
increases the density will decrease and the CAS:TAS ratio will decrease (option d).

Eal

T

¢

¥

S SIS oot AT B 2 2

|

1M #.;"‘l ;

=i

The ASI produces so indication of speed that Is proportional to dynamic pressure.
It does this by feeding pitot pressure to the inside of 8 capsule and atatic pressure to
the outside. This menns that pltot pressure is attempting to expand the capsule,
while static pressure is attempting to compress it. The resulting expansion iz
therefore produced by the difference between pitot and static pressures. But pitot
pressure is the sum of static pressure plus dynsmic pressare, so the difference
between pitot and static, is dynamic pressure. So in normal operation the capsuie
moves and the ASI indications change, in response to changes in dynamic
pressure. But dynamic pressure is proportionsl to indicated airspeed 5o the
capsule moves in proportion to changes in LAS.

If the pltot tapping and drain hole become partly blocked, the sensing of changes in
pitot pressure will be delayed. 1t will therefore take ionger for the ASI to respond
to changes in dynsmic pressure. This means that the ASI indication will lag
whenever IAS Is changing. So when accelerating It will under read and when
decelerating it will over read. But after » short period at any steady speed it will
glve the correct reading,

Changes in altitude do not cause changes in ihe dynamic pressure st any given IAS.
But changes in sititude do cause changes In static pressure. Under pormal
circumatances these changes in statie pressure would be felt simultanecusly on both
sides of the ASI capsule, 1o the ASI indicstion would not change. Bt with a parily
blocked pltot tube, the changes in static pressure wiil be delayed in getting to the
inside of the capsule, bat will not be delayed in getting to the ouiside. So whenever
altitude is changing, the resultant force on the capsule will also change. This will
cause the capsule to contract when descending and expand when ciimbing. So the
AST will over indicate when ¢mbing end under indicate when descending,

AS1394,

The ASI produces an indication of speed chat is proportional to dynamic pressure,
It does this by feeding pitot pressure to the inside of a capsule and statle pressure to
the ontside. This means that pitot pressure is attempting to expand the capsule,
while static pressure ls attempting to compress it. The resulting expansion is
therefore produced by the difference between pitot und statle pressures. But pitot
pressure Is the sum of static pressure plus dynamic pressare, so the difference
between pitet and static, ls dynamic pressure. So in normal operation the capaule
moves and the ASI Indications change, in response to changes in dynamic
pressure. But dynamic pressure it proportional te Indiented sirspeed se the
capsuie moves in proportion to changes ln [AS.

If the pitot tapping and drain hele become partly blocked, the sensing of changes in
pitot pressure will be delayed. It will therefore take longer for the ASI to respond
to changes in dynamie pressure. This means that the ASI indication will iag
whenever LAS I# chauging. So when accelerating it will under read and when
decelerating it will over read. But after a short period at any steady speed it will
give the correct reading. So 1AS will be too iow when accelerating (eption d).
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The ASI produces an Indication of speed that is proportional to dynamic pressure.
Lt does this by feeding pitot pressure to the inside of a capsule and static pressure to
the outside. This meany that pitot pressure is attempting te expand the capsule,
white static pressure is attempting to compress it. The resuiting expansion is
therefore produced by the difference between pitot and static pressures. But pitot
pressure is the sum of stadicpressure plus dynamic pressure, so the difference
between pitot and static, Is dynamic pressure. So in normal operation the capsuie
moves and the ASI indications change, in response to changes in dynamic
pressure. But dynamic preasure is propertional to indicated airspeed so the
capsule moves in proportion to changes in 1AS.

If the static pipe becomes partly biocked, the sensing of changes in statie pressure
will be delayed. But the sensing of changes In pitot pressure will not be delayed
because these are felt through s separate pitot pipe. So whenever static pressure is
changing, the changes will act on the Inside of the capsule before they can act on
the cutside of It. So when descending, the increasing static pressure will cxpand the
capauie causing the ASI to give too high a reading. When cmbing the decreasing
static pressure will contract the capsule causing the ASI to give too low a reading.
This means that the [AS will be too high when descending and too jow when
climbling.

The vertical speed indicator or rate of cimb indleatar, gives an indication that is
propertionat te the rate of change of static pressure. So a partly blocked static pipe
will cause the ROC (o be too low when climbing and the ROP to be too low when
descending.

It should be noted that after 2 brief period 2t any given combination of airspeed
and altitude both the LAS apd ROC indications will be correct. So option a, the
IAS and ROC will be too low when climbing , is the most accurate,

ASl4) a

The ASF produces am indication of speed that is proportional to dynamic pressure.
It does this by feeding pitot pressure to the Inside of » capsule and static pressure to
the outside. This means that pitet pressurs s attempting (o expand the capsule,
while static pressare is attempting to compress it. The resulting expansion is
therefore produced by the difference between pltot and statie pressures, But pitot
pressure is the sum of static pressure plus dynamie pressare, so the difference
between pitot and static, is dynamic pressure. So in normal operation the capstle
moves and the ASI indiesfions change, in respense to changes in dynamic
pressure. But dynamic pressure is proportional to indicated alrspeed so the
capsuie moves in proportion to changes in LAS.

if the static pipe becomes partly biocked, the sensing of changes in static pressure
will be delayed. The sensing of changes in pitot pressare will not be delayed
however, because these are felt through a separate pitot pipe. But pitot pressure
includes static presaure, so wheaever statlc pressure is changing, the changes wili
act as part of the pitot pressure on the inside of the capsule before they can act 3s
static pressure on the outside of it. So when descending, the increasing static

360

compenent of pitet pressure will expand the capsule causing the AS] to give tog
high 2 reading. When climbing, the decreasing static pressure will contract the
capsule causing the AS{ to give too low a reading. This means that the [AS
indication will be too high when descending and too low when climbing at constant
LAS. But because the sensing of changes in pitot pressure is not affected, the ASI
will remain securate when accelerating or decelerating at constant altitude. So of
the option offered in this question, only option a, “The 1AS will be too high when
descending at constant 1AS™, is correct.

ASI 42 b,

The ASI produces an indication of speed that is proportional to dynamic pressore,
1t does this by feeding pitot pressure to the inside of a capsule and statle pressure to
the outside. This means that pitot pressure is attempting to expand (he capsule,
while static pressure is attempting to compress it. The resulting expansion is
therefore produced by the difference between pitot and static pressures. But pitot
pressure is the sum af static pressure plus dynamic pressure, so the difference
between pitot and static, is dynamic pressure, So tn normal operation the capsule
moves and the ASE indications change, in response to changes in dynamic
pressure. But dynamic pressure is proportional to indicated airspeed so the
capsule moves in proportion ta changes in 1AS.

If the pitot pipe becomes partly blocked, the sensing of changes in pitat pressure on
the inside of the capsule will be delayed. The sensing of changes in static pressure
on the outside of the capsule will not be delayed however, because these are Felt
through a separafe static pipe. So whenever speed is changing at constant altitude,
the ASI indications will lag behind the actual speed. So the ASI will uader read
when accelerating and over read when decelerating at constant altitude.

But pitot pressure includes static pressure, so whenever static pressure is changing,
the changes will act on the autside of the capsule before they can act as part of the
delayed pitot pressure on the inside of it. So when descending, the capsule will
contract and when climbing it wilt expand. This means that the ASH indications
will be too low when descending and too high when climbing. It should however be
noted that the ASL will read accurately after & short period in any combination of
speed and altitude.

When climbing at constant CAS, the dynamic pressure remaias constant, so the
changes in pitot pressure are caused entirely by the reducing static pressure. But
when climbing at constant TAS, the CAS ts decreasing. This means thatin a
constant TAS climb, the rate of change of pitot pressure is greater than jn an
equivalent constant CAS climb. So the ASI errors caused by a partly blecked pitot
pipe are greater in 2 constant TAS climb than io a constant CAS climb (option b)..

Airspeed is expressed in a number of forms. The speed indication provided by an
Airspeed Indicator or ASI, corrected for the instrumens errors affecting individuzl
instruments is termed [ndicated Airspeed or IAS., When IAS has been corrected to
account for the inaccuracies that occur in the sensing of pitot and static pressures,
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the result is termed Calibrated Airspeed CAS, or Rectified Airspeed RAS. The
pressure sensing Inaccuracies are caused primarily by the position of the pressure

sensors and are calted position errors, So CAS is 1AS corrected for pasition errors.

..\s wirspeed increases the air is compressed by the aircraft flow through i, This
increases the air density, which in tern increases the JAS at any given combination

of wirspeed and altitude. When CAS has been corrected to take this compressibility

errer inte account, the result is termed Equivalent sirspeed, or EAS. The real or
true speed of the sircraft or airflow is called its True airspeed or TAS.

ASL 44 a

Il‘he dinls of ASIs often ineiude coloured arcs to indicate various significant speeds.
The white are indicates the range of speeds between the minimum and maximum
speeds for Aight with Maps extended to the take-off position. The lowest fight
specd in this condition is the stalling speed, which is usually termed Vs, The

highe'sl Yelocity for flight with Flaps Extended is V. So the ends of the white arc
are Vg and Vg,

It should be nofed that some students have reported similar questions, but without
t!_u* eption of Vi, and Ve, In such cases, although not strictly accurate the option
Y (‘whic_h is the Baps up Ig stalling speed) and Vg might be the best one available.
But in lh.:s Yuestion bath Vg-Vieg and V-V, are options, so V-V is the most
approprixte. A rypical ASIis ilfustrated helow.
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AS] 45 d.

The ASI produces an indication of speed that is proportional to dynamic pressare,
It does this by feeding pltot pressure to the inside of s capsule and static pressure to
the outside. This means that pitot pressore i attempiing to ¢expand the capsule,
while static pressure is attempting to compress it. The resulting expanslon is
therefore produced by the difference between pitot and static pressures. But pitot
pressure is the sum of static pressure plus dynamic pressure, so the difference
between pitot and atatlc, is dynamic pressure, So In normal operation the capsule
moves and the ASl indications change, in response to changes In dynsmic pressure,
But dymamic pressure is proportional (o indicated airspeed so the capsuie moves in
proportion to changes in EAS.

H the pitot pipe becomes blocked, changes in pitot pressure will no fonger be fed to
the inside of the capsule. So the pressure inside the capsule will remain constant
snd the ASI will cease to respond to changes in airspeed. But changes in stntlc
pressu¥e will continue to be sensed by the outside of the capsule. This will cause
the ASI to respond to chenges in static pressure, in a manner similar to that of 3
barometric aittmeter. As altitude increases, decressing static pressure will allow the
capaale to expand, giving an indication of increasing airspeed. Descending will
have the opposite, with increasing static pressure compressing the capsule (o give
an indication of decressing airspeed. So with the pitot source blocked the ASI] will
give an indication proportdonal to aldtude.

ASL 46 d.

The weight of the air above any point in the atmosphere presses down upon it,
exerting s static pressure. This static pressure st any point in still air, scts with
equal magoitude in sll directions, so the pitot probe will sense static pressure. But
the pitot probe faces in the direction of flight, so air flawing into it is brought to
rest. This exerts an additional dynamlc pressure that s equal to % pV’, where p is
air density and V is the true speed of the air or TAS. So a pitot probe senses the
sum of the static and dynamic pressures. This is termed the total pressare or
stagnation pressure,

ASI47 ¢,

‘The term “Barber’s Pole™ refers to the red and white striped polater 90 some
contbined ASI/Mach Meters. Its purpose is to indicate how Vg varies with
changing stmospheric conditions, thereby making the pilot aware of his limiting
speed. The principle factor affecting Vo [s air density, and this varies with
temperature, Option ¢, is therefore the most appropriate in this question.

4
Mach number (s the ratio of the True Airspeed {TAS) of axt alreraft, as a fraction
of the local speed of sound (LSS), The LSS is proportional to ambient tempersinre,
s0 as altitude increases up to the tropopause st 36000 ft, the LSS decreases. Soif
an aircraft climbs at copstant mach aamber, it will be climbing at reducing TAS.
Above 36006 fi, tempersture and LSS remain constant. So climblag at coustant
mach number above 36000 ft means climbing at constant TAS. But as altitude
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increases throughout the atmosphere, the CAS st any given TAS decreases. So
when climbing 2t constant mach number at any altttude, the CAS decreases. Thiy
rate of decrease Is greatest helow 36009 fe.

.\S! 49 €,

The disls of ASIs often include coloured srcs to indicate various significant speeds,
in ewin engine aircrafy, the failure of one engine during or after take-off will reduce
the ability of the alrcraft to climb away from the groand. This ia potentially
hazardons, so it is important that the pilot should be aware of the speed st which
rate of ciimb in this single engine condition will be greatest. The speed at which
rate of climb in greatest ls termed Vy, and in the single engine condition this is
termed ¥y Single Engine ar Vygp. On twin prop atreraft the ASI includes & bive
radial Une indlcating Vysg. In the case of an engine failure after V; during take-
off, the pilot must immedistefy feather the fajled prop and accelerste to the hiue
line apeed Vygr. Thia process 1y commonty referred to s “blue Uning it”,

The disls of ASIs often include coloured arcs to indicate various significant speeds.
A yellow arc is intended to indicate the cautionary, high speed zone, where extra
care must be abserved to avoid over stressing the structure, This zone is between
the maximum Velocity for Normal Operations, Vo, to the Velocity that must
Never be Exceeded, Vig. So the lower end marks Vo and the upper end Vg, [t
should hawever be noted that on some altimeters, the upper end of the yeliow band
marks the rough air penetration speed, Vi,

A

AS| 31 8,

Ve, 1s the maximom speed at which an afreraft may be flown under any
circumstances. The letters Vi indicate the ¥elocity that must Never be Exceeded,
The maximum Yelocity for Normsl Qperations is Vio. The best climb Speed is
termed Vy and the maximam speed permitted in a dive under exceptions)
circamstances is the Yelocity Maxlmum Qperating, which is termed ¥mo-

ASL 52D,

The maximum Velocity permitted for flight with Flaps Extended Is Viy. The
maximum Velocity permitied for Flap system Qperation (retracting or lowering
the flaps) is Vrg. The mazimum speed permitted at any point in the fAight envelope
is the Velocity Never Exceed, or Y.

Vig is the maximum permitted Yelocity for Landing gear Operation (retracting or
lowering} (option b). The mazimum permitted Velocity for flight with Loanding
gear Extended is Vi ;. There is no minimem permitted speed for the lowering or
raising of Ianding gear, but the extra drag caused by open gear doors in somme

aircraft types, makes gear retraction undesirable during climb aut following single
engine failure,
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ASI M d,

The dials of ASls often include coloured arcs to indicate various significant speeds.
A green 2r¢ indicates the speed range for normal operations. The lower end of the
green arc represents 1.1 x Vg, at maximum all up weight, The upper end Indicates
the mazimum cruising speed Vyo/Vino or in some cases the rough alr penetration
speed Vpa. Option d Is therefore the most appropriate of those offered in this
question.

The maximum speed for routine cruising is ¥y, or the Yelocity for Normal
QOperations. The maximum operating speed for emergency opersationy, or when
diving is the Yeloclty Never Exceed, Vyz. Nomne of the options offered in this
question are strictly correct, but option ¢ is the most accurate

LW RN
Ve it the maximum Velocity for flight with Fiapa Extended. [t is tadicated by the
upper end of the white are on a ASL.

Vro It the maximum Velocity at which the Flap extension and retraction system
may be Opersted. It is not specifically marked oo » standard ASL But because the
flaps are strongest when locked in either their up or dowe positions, Vg is ususlly
less ¢han the maximum Yelocity for flight with Flaps Extended, VFy.

Vmo is the Velocity Maximum Operating, H is normally indicated by the upper
end of the green arc 2nd the iower end of the yellow arc on an ASL. 1t should be
noted that the terms Vyo and Vg are interchangeable in that Vg is old
terminoiogy and le being replaced by the newer term Yuo.

Vo s the maximum Velocity for Normal operations. It is pormally indicated by
the upper end of the green arc and the lower end of the yellow arc on an ASL . It
shouid be noted that the terms Vyo and Vio sre Interchangeable in that Vg ls old
terminology and is being replaced by the newer term Vyo.

The dials of ASIs often include calovred arcs to indicate various significand speeds.
In twin engine alrcraft, the failure of one engine during or after take-off will reduce
the ability of the sircraft to climb away from the ground. This Is potentislly
hazardous, 3¢ I¢ is important that the pilot should be awace of the speed at which
rate of climb iz this single engine condition will be greatest. The speed at which
rate of climb is greatest s termed Vy, and in the single engine condition this is
termed Vy Slogle Engine or Vyge. On twin prop aircraft the ASI includes & blue
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radiai line Indicating Vyse. In the case of an engine faliure after v, during take-
off, the pilot must immediately feather the faiied prop and accelerate to the blue
line speed Vyse. This process is commonly referred to as “blue lining 4",

ASI6le. .

Vi is the Velocity Never Exceed. 1¢ is the maximam speed at which an aircraft
may be flown under any circumstsnces. It is indicated on an ASI by a red radist
line which marks the upper Umit of the yellow cautionary zone.

Vio is the maximem Yelocity st which the [anding gear extenston and retraction
system mny be Operated. [t is not specificatly marked on a standard ASI. But
becsuse the landing gear is stronger when locked in either its up or down positions
rather than at any point between the two, Vi Is usually less than the maximam
Velocity for Night with Landing gear Extended, V., ;.

ASl63c

Flaps up stalting speed s termed Vs;. The lower end of the green arc on an ASI
indicates 1.1 of this value. Although this does not exactly match the question, it is
the best option offered.

ASl6db,
Ve is the maximum Yelocity for flight with Fiaps Extended. 1t is indicated by the
upper end of the white arc on an ASL

ASE65b,
¥xo I the maximum Velocity for Noarmal Qperations. It js marked by the upper
end of the green arc and the iower end of the yellow arc on an ASI.

ASl 66 ¢
Ve is the Yelocity Never Exceed. It is Indicated by & red radial Jine at the upper
end of the yellow arc on an ASI.

The maximum speed at which sn sircraft may be operated is Hmited by tweo
factors. The first of these is the physical stresses imposed by the dynamic pressure
acting on the structure. Dynamic pressure Is equal to 1/2pV?, where p s the air
density and V Is the truc alrspeed. As true alrspeed increases, the dynamie
Pressure increxses until the londs Imposed on the structure become excessive.

The sirspeed indicator measures dynamic pressure in order to give an indication of

the CAS. This mesns that the dynamic pressure at any given CAS is constant at sll
aititudes. This in turn means that the maximum CAS at which dynamlc pressare

Jot

ioads acting on the structure are acceptable Is constant at all altitudes. I¢ is
therefore useful to express this limiting speed in terms of CAS. The Velocity
Maximum Operating or YMO s the maximum calibrated airspeed (CAS) at which
the aircraft may be operated without Imposing excessive loads on the structure,

The second factor that limits maximum airspeed is the formation of shockwaves as
airflow passing over the surface of the sircraft becomes sonic. The lowest speed at
which this occurs is called the critical mach nomber or Mcpr. For sircraft not
designed for supersonic fMHight these shockwaves cause the houndary fayer to
separate, thereby producing s sudden increase in drag and loss of lift. This
phenomenon ia cailed shock stall. In extrense cases it will cause the aircraft to pitch
nose down and dive towards the ground, This effect is called mach tuck under.

At airspeeds just above Mcpye, the boundary layer begins to separate and produces
& vibrating or buffeting cffect similar to that experienced just before the onset of
low speed siall. This is called high speed buffet and it is the frst indication of
imminent high speed stall. Aircralt mast never be operated st speeds above that at
which high speed bulfet begins. The Maximum Operating Mach number or My,
is the maxfoum mach number that can be achieved without Incurring high speed
buffet.

The above tactors mean that maximum airspeed must be not greater thas Vg and
Muo But Mua Is & constant Mach nnmber and the CAS at any given mach
nuntber decreases with Increasing altitude, This means that Vg is the limiting
speed at low altitude and Mpg is the llmiting speed at high altitude. The
changeover from Vg t0 Mmo occurs at the sltitnde at which Vg and Myo are
equal.

The groundspeed in descent is proportional to the airspeed, so to maintain
mazimum groundspeed in a descent the flight speed must be initially Hmited by the
Mwmo, then by the Vg below a certain flight level {option ¢).

Thin relattonship Is ilustrated below.

CAS equating to Vo
e
Altitude
Mumo ts most
limiting st high CAS equating to MMO
altitude and Ymo decresse as altitude
is most limiting at o
low altinde

CAS
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The airspeed indicstor measures the dynamic pressure in order to produce an
Indication of CAS, Dynamic pressure is equal to 1/2pV?, where p is the alr density
and V is the true airspeed. This means that provided the sir density remains
constant the dynamic pressure and CAS will be constant at any given trie airspeed.
Il however air density changes, then the relationship beiween CAS and TAS will
change. But air density changes with changing altitude, so an airspeed indlcator
can be accurate st only one sititude. All airspeed indicators 2re calibrated such
that CAS 13 equal to TAS st mesns sea level in the Internations) Standard
Atmosphere (option b).

A

An alrcraft wil) siways (i{t-off from the ground at the speed at which the Lift is
equai to i weight.

Lift is equal ta C. 1/2pV’S where: C\, is the coefficlent of lift
p is the air density

V iy the true airspeed

S is the wing aren generating the iift

This means that provided aircraft weight, Cp 2nd S remain constant, then the
mpv‘ at Hft-off will aiso be constant. But 1/2pV? is the dynamic pressure and is
used by the airspeed indicacor to give ar indication of the ¢alibrated airspeed or
CAS. This means that if 1/2pV? is constant then CAS will also be constant,

Changes in aftitude will cause changes in p. This means that to maintain a constant
vaive of 1/2pV?, the V must increase such that the increase in V* i exactly equal to
the decrease in p. This mezns that the TAS at ift—off will vary with altitude. But
the CAS at any given 1/2pV* will remain constant. So with a constant weight,
Irrespective of the airfield alttude, an sircraft always takes off at the same
calibrated alrspeed (option a),

AIRSP

The airapeed Indicator (ASI) provides an indication of airspeed (EAS) by measuring
the dynamic pressare 1/2pV" where p is air density and V is the TAS. The dynamic
pressure is used to distort a thin differential pressure capsule in order to move the
pointer over the speed scxle on the face of the ASE. But due to manufacturing
imperfections, the speed indication produced by each individusl ASI, at any given
dynamic pressure is slightly different. These slight differences are cailed
instrument errors.

In arder to provide an accurate indication of airspeed the ASI must be provided
with an accurate sample of the dynamic pressuce. But inacewracles in the sampling
process will slways occur becsuse the movement of the aircraft through the air
changes the dynamic pressure st each point on its surface. These inaccuracies are
minimized by positioning the pitot probe and static vents at points at which the
changes are minimum. But despite the best efforts of the designers, some errors in
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the sampling process will always exist. These errory are called position/pressure
sensing errors.  The caltbrated 2irspeed (CAS) is obtained by applying to the
indlcated airspeed (IAS) an instrument error and position/pressure error
correction {option b),

AIRSFEEDS 5 ¢,

The maximum speed at which an aircraft may be operated is limited by two
factors. One of these factors is the physical stresses imposed by the dynamic
presaure acting oo the siructure. Dynamic pressure is equat to IllpV’, where p is
the alr density and V is the true airspeed, As true airspeed increases, the dynamic
pressure tucreases until the loads imposed on the structure become excessive.

The airspeed indicator measures dynamic pressure in order to give an indicaton of
the CAS. This means that the dynamic pressure st any given CAS is constant at all
altitudes. This ia turn means that the maximum CAS at which dynamic pressure
toads acting on the structure are acceptable Is constant at all altitudes, Tt is
therefore useful to express this limitlag speed in terms of CAS. The Velocity
Maximum Operating or Vo is the maximum calibeated alrspeed (CAS) at which
the sircraft may be operated without imposing excessive loads on the structure
{option ¢},

AIRSPEEDS 6 d,

Ie order to provide the pilot with readity available indications of the various ipeed
limits, the face of the airspeed indicator Is marked with coloured arca. The ends of
the white src Indicate the stalling speed in the ianding configuration (VSO) at the
lower limit and the maximum speed with fiaps extended (VFE) at the higher limit
{option d)

AIBSPEEDS 7 ¢,

In order to provide the pilot with readity available indications of the vartons speed
limits, the face of the sirspeed indicator Is marked with coloured arcs. The ends of
the green arc indicate the stalling speed in the ciean configuration (VS1) st the
lower limit 2nd the maximum speed for normal operations (VNO) at the higher
tmit (option ¢).

AIRSPEEDS 8 d,

In order to provide the pllet with readily svallabie indications of the various speed
limits, the face of the alrspeed indicator is marked with coloured arcs, The ends of
the yellow arc indleate the maximum speed for normal operations (VNQ) at the
fower limit and the never exceed speed (VNE) at the upper limit {option d).

AIRSPEEDS 9 o,

The relationships between the various airspeeds EAS, CAS, TAS and Mach
number depend upon variations in air pressure, density and tempersature, The
rtost simple method of soiving this type of problem is te use the ECTM lines shown
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in the key fact yection of this book. The question does not specify any unusual
atmospheric conditions suck as inversions or isothermal layers, 5o it may bhe
assumed ta be 1SA conditions. En this case the CAS ts copstant so the C line should
be vertical and the other lines fapaing out from it as llustrated below.

!

increasing Altitude

EAS CAS TAS MACH

" Line sloplng to the
", right indicate that
.. TAS and MACH
are increasing with
increasing altitude

Increasing speeds ———»

From the above diagram it can be seen that as altitude increases at constant CAS,
the TAS and Mach both increase (option a) while the EAS decreases,

AIRSPEEDS 19 b,

Limlting airspeeds are specifled in terms of three ietter. The flest letter (V)
indlicates velocity. The second letier Indicate the specific couditions in which the
speed Umit applles. In this case the LE indicates that the limit spplies to Mlight with
Lending gear Extended. So VLE It the maximum speed for flight with the |anding
gear down or extended (option b).

Limiting alrspeeds are specified in terms of three ietter, The first letter (V)
indlcates velocity. The second letter indicate the specific conditions in which the
speed Hmit applies. In this case the LO indicates that the lmit applies to ftight with
Landing gear Operated. So VLOH s the maximum speed at which the landing gesr
cant be operated with full safety (option a). It should be noted that the moat
limiting condition may be extending or retracting the gear or both, depending op
the type of siccraft,

Limiting airspeeds are specified in terms of three letter, The flrst jetter (V)
indicates velocity. The second letter indlcate the specific conditions in which the
speed imit applies. In this case the NE Indicates that the limit iy the speed that

must Never be Exceeded. So VNE is the maximum which must never be exceeded
(option ¢).
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AIRSPEEDS 13 4,

Limiting airspeeds are specified in terms of three letter. The first ietter W)
indicates velocity. The second fetter indicate the specific conditions in whick the
speed llmit applies. In this case the NO indicates that the limit must not be exceed
for Normal Qperations. This speed may however be exceeded up to VNE provided
it is done with caution an only in still air conditions. So VNO is the maximum
speed that must not be exceeded except in still alr and with caution {option d).

4 ;
The airspeed indicator provides an indication of airspeed that is proportional to the
dynamic pressure. Dynamic pressure is i/2pY! where p is air deasity and V Is the
true airspeed. Provided dynamic pressure remains constant then the indlcated
CAS will remain constant. This means that in constant CAS fNight the 1720V’ {5
also constant. But if tempersture decreases then the air with contract causing its
density to increase. In order to maintain constant CAS and 1/2pV? it will then be
necessary for the v o decrease by exactly the same proportion as the increase in
density, In order to offset the efTects of increased density. So for a constant
Calibrated Airspeed (CAS) and a ievel flight, a fall in ambient temperature will
result io & lower True Alrspeed (TAS) due to an increase in air density (option b).

A

The relationships between the various airspeeds EAS, CAS, TAS and Mach
number depend upon variations in sir pressure, density and temperature. The
mest simple method of solving (his type of problem is to use the ECTM lines shown
in the key facts section of this book. In this case the Mach number s constant so

the MACH line should be vertical and the otber Hnea fanoing oot from it 2
Biustrated below,

!

Increasing Altitude %

EAS CAS TAS MACH

Lines sloping to the
{eft indicates that
™. EAS, CAS and
MACH areall
deceasing with
Increasing altitude

Increasing speeds ———»

From the above diagram it can be seen that when cilmbing st constant MACH the
CAS decreases (option »).



A P S I

This type of probiem can be soived using the following equation:
LSS in Kts = 38.94 VAbsolute temperature where the absolute remperature
Is the temperature in degrees
Celsiuy plus 273,

$o if temperature = 40°C then LSS = 38.94 v (-40" + 273) = 594.4 Kts which Is
closeat to 596 Kits {option b).

AIRSPEEDS 17 a,

The relationships between the varions airspeeds EAS, CAS, TAS and Mach
number depend upon variatlens In air pressure, density and temperature. The
most simple method of selving this type of problem is to use the ECTM lines shown
in the key fact section of this bool. The question specifies an Isothermal layer, 10
the temperature will be constant. This meana that the relationship between TAS
and MACH wlil be constant, so & single Hne can be used to represent both TAS and
MACH number. In this case the CAS Ia constant so the C line should be vertical
and the other lines fanning out from it as ilustrated below.

EAS CAS TAS & MACH

L
Decreasing Altitude Ky Line sloping to the
5 lefi as alttude
" decreases mesns
TAS decreases
with decreaning
altitude

Increasing speeds ——»

From the above diagram it can be seen that when descending threugh an
isothermal layer st constant CAS, the TAS decreases {aption a).

AIRSPEEDS 18 d.

This question speciites a climb at constant CAS with constant total terperature
{TAT}). The question does not specify an unusual static air teroperature (SAT)
effects so it can be assumed that the atmiospheric is standard ISA and the SAT Is

decreasing a1 altitude incresses. This enables the probiem to be solved using the
standard equation befow,

TAT =SAT x (1+(0.2 x k 1 M*}) where  k Is the ram recovery factor for

The temperature probe.
M Is the mach number.
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The k factor is a function of the type of temperature probe used and bs constant at
&l altitudes. So the above equation ¢can be amended to read:

TAT is proportional to SAT x M’

But the SAT decreases as altitude incresses, s the M* must increase to maintain
constant TAT as specified In the question, But M is the mach number squared, so
if M? increases then mach must also increase. So Fn 2 steady climb with the auto-
throttle maintaining a constant calibrated sirspeed, if the total temperature
remaing constant, the Mach number increases (option d). 1t should be noted that
the use of auto-throttle has no reievance to the solution of this probiem.

AIRSPEEDS 19 b,

In order to provide the pilot with readily availabte indications of the various speed
Mmits, the face of the airapeed Indicator is marked with colonred arcs and radisl
Hoes. In multi-engine aircraft the blue Yine indicates the speed at which the aircraft
will achleve its beat rate of climb with one englne inoperative. This speed ia called
Vysz- So the blue line corresponds to the optimum climbing speed with one engine
lnoperative, or Vy (option b).

AIRSPEEDS 20 ¢,

The mazimum speed at which an aircraft may be operated is limited by two
factors. The first of titese is the physical siresses impased by the dynamic pressure
scting on the strogture. Dynamic pressare is equal to linV'. where p is the air
density and V is the true airspeed. As true sirspeed Increases, the dynamic
pressure increases untll the loads imposed on the structure become excessive.

The airspeed Indicator measures dynamic pressure in order to give an indication of
the CAS. This means that the dynamic pressure at any given CAS Is constant at all
altitudes. This In tarn meany that the maxingam CAS at whick dynamic pressure
loads acting on the structure sre acceptable is constant at alf alittudes. Itis
therefore useful to express this limiting speed In terms of CAS. The Velocity
Muximuom Operating or VMO is the masimum calibrated airspeed (CAS) at which
the aircraft may be operated without imposipg excessive londs on the atructure,

The second factor that Mmits maximorn sirspeed s the formation of shockwaves as
airflow passing over the surface of the sircraft becomes sonie. The lowest speed at
which this occurs is called the critical mach number or Mcgpyr. For sirersft not
designed for sapersonic flight these shockwaves cause the boundary layer to
separate, theretiy preducing a sudden increase in drag and loas of lift. This
phenomencn is calied shoek stall: In extreme cases it will cause the alreraft to pitch
nose down and dive townrds the ground. Thiy efféct is calied muach tuck under.

At airspeeds just sbove Mcp, the boundary iayer begins to separate and produces
a vibrating or buffeting effect similar to that experienced just before thie onsed of
fow speed stall. This is called high speed buffet and it is the first indlcation of
imminent high speed stall, Aircraft must never be operated at specds above that at
which high speed buffet beglng. The Maximum Operating Mach number or Muo,
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is the maximurs mach pumber that can be achieved without incurring high speed
buffet.

The above factors mean that maximum afrspeed must be not greater than Vo and
Mumo. But Mygo is » constant Mach number and the CAS at any given mach
number decreases with increasing aldtude. This means that Vg is the Umiting
speed at Jow altitude and My {s the Umiting speed st high altdtude. The
changeover from ¥yo to Mmo occurs at the altitude at which Vo and Myg are

equal.

In order to provide the pilot with readily avaitable indications of the various speed
itmits, the face of the sirspeed indlcator is marked with coloured arcs and radial
lines and polnters. Some such instruments include s red and white hatched pointer
commonly called the barbers’ pole. This pointer indicates the variations in the
maximum operating speed in VMO versus altitude (option o).

AIRSPEEDS 3] ¢,

Limiting airapeeds are specified in terms of three letters. The first letter (¥}
indicates velocity, The second and third letters Indicate the specific conditions in
which the speed Hmit spplies. In this case the FE indicates that the limit must not
be exceed in flight with Flaps Extended in & given position. Aircraft for which
various flap extended positions are possible, may have a different YFE for each
flap extended position. So VFE Is the maximom speed that must not be exceeded
wit the flaps extended in s given position (option ¢).

This question specifies a steady descent st constant Mach number with constant
total temperature {TAT). This problem can be solved using the standard equation
below.

TAT =SAT x (1+{0.2 1 k x M%) where ks the ram recovery factor for
The temperature probe.

M is the mach number,

The k factor Is a function of the type of temperature probe used and is constant at
alt altitudes. So the sbove equation can be smended to read:

TAT is propertional to SAT x M?

But the question specifies constant TAT and constant Mach number, so above
equation indicates that SAT must also be constant, But if SAT is constant with
changing sititude then the local atmosphere ntust be an isothermal layer. The
question s therefore one of a constant mach descent in a Isothermal tayer.

The relationships between the various airspeeds EAS, CAS, TAS and Mach
number depend upon variations in air pressure, density and temperature. The
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most simple method of solving this type of problem s to use the ECTM lines shown
In the key fact section of this book. The question specifies an isothermat layer, so
the temperature will be constant. This means that the relationship hetween TAS
and MACH wili be constant, so a single line can be used to represent both TAS and
MACH pumber. In this case the CAS Is canstant so the C line should be vertical
and the other linea fanning out from It as illustrated below.

EAS CAS TAS & MACH

Decreasing Altitude

V

Line sloping to the
right as altitude
decreases means
CAS increases
vith decreasing
altitude

Increasing speeds ———»

From the above disgram It can be seen that when descendlng throogh an
isothermal layer at canstant MACH, the CAS incresses (option ¢).

AIRSFEEDS 23 b,

The relattonship between TAT, SAT and MACH 1 in accordance with the
standard equation:

TAT = SAT x (1+0.2 x k x M) where & is the ram recovery factor for
The temperature probe.

M is the mach number.

The k factor is 2 function of the type of temperature probe used and is constant at
all aldtudes. So the above equation can be amended to read:

»

TAT Is proportionsl to SAT x M}

This question specifies constant TAT and constant CAS in = descent in the ISA, 5o
aa the SAT increases, the Mach number must decrease to malntsin cousiant TAT

(option b).
This result can also be obtained by usiog the ECTM lines showo in the key fact

sectlon of this book. These are illustrated below for Might helow the tropopause in
the ISA as specified in the question.
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EAS MACH

Decreasing Altitude

!

4 Line sloping to the
“, left as altitude
" decreases means
MACH decreases
with decreasing
altdtude

Incressing speeds ———»

From the abgve diagram it can be seen that for sn aeroplane in a steady descent
with the auto-throttle maintaining constaut CAS at constant TAT below the
tropopause, in the ISA, the Mach number decreases (opdon b).

4 b.

The reiationship between TAT, SAT and MACH is tn accordance with the
standard equation:

TAT = SAT x {1+(0.2 x k x M?)) where K is the ram recovery factor for
The temperature probe.
M is the mach number, .
The k factor is a functien of the type of temperature probe used and is constant a¢
all aititudes. So the above equation can be amended to read:

TAT is proportionai to SAT x M’

This question specifies constant TAT and constant Mach, so the SAT must also be
constant. This means that the aircraft ls climbing through an iothermal Inyer.

The relationships between the vartous sirspeeds EAS, CAS, TAS and Mach
number depend upor variations im air pressure, density sud temperature. The
most simpic method of solving this type of problem is o use the ECTM lines shown
in the key fact section of thit book. As discussed above, this question implies an
isothermal [ayer, 50 the temperature will be constant. This means that the
reixtionship between TAS and MACH will be constant, so a single line can be used
to represent both TAS and MACH number. In this case the MACH is constant so
the MACH line should be vertical and the other lines fanning out from it as
lustrated below,

376

EAS CAS TAS & MACH

Decreasing Altitude

|

Line sloping to the
left as altitude
" inereases means
CAS decreases
with increasing
altitude

Increasing speeds ——»

From the above diagram it can be seen that for an aeropiane in a steady climb with
the auto-throttie maintaining constant MACH at constant TAT, the CAS decresses
{option b).

MACH 1. a.

A mach meter produces an indication of mach number based on the ratie of
dynamic pressire to static pressure. Decreasing temperature will cause the air te
contract. This will reduce the mass of the air above any given point in the
atmasphere, so the static pressure at any point will decrease, Decreasing static
pressure wiil cause the pressure altitude and Right level at any point to increase.
(This effect is ilustrated in 2 number of altimeter questions in this book), But this
question specifies constant flight level. This mean when the aircraft enters the
colder air mass, its height must be reduced to maintain constant flight level and
pressure altitude. But pressure altitude ts proportional to static pressure, so by
descending to malintain constant pressure aititude, the aircraft wili also maintain
constant static pressure.

The question also specifies constant CAS. CAS is proporticnal te dynzmic
pressure, so by fying at constant CAS the aircrafi is also flying at constant
dynamic pressure. The mach meter indication is derived from the ratio of dynamic
pressure ta static pressure. But in the situation described above, both of these
pressures vemain constant, so the Indicated mach number alse remains constant,
So when flying at constant CAS at constant pressure altitude and flight level, the
indicated mach number is unaffected by temperature changes.



MACH 2L
Fhix ty pe of problen can be solved using the CRPS as illusteated below:

I Against the number Tion the L. inthe Airspeed window set

inker seade reid off S95 Kes TAS on the sach index painter againse
the auter sgake, the temperature of -40°C

s Tomp € ¥
s NL11000R [ ELRL

“",u»"-‘ &,
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Fhis gives a loead speed of sound of approximately 595 Kis at —40"C teption di.

MACH 3, a,
Mach number is the true airspeed (TAS) of an nircral?t expressed as a fraction of
the local speed of sound tL8S). So much number is the ratio of TAS:LSS.

MACH 4, a4
The internal construction of o (ypical Mach Meter is ibbustrated below,

A nrach meter prodnces an indication of mach number based on the ratio of
dynamic pressure ta static pressure. 1t does this by taking in pitat pressure and
stitic pressure. An ASL diferential capsule is then used to subtract static pressure
from pitot pressure o leave dynamic pressure. Movement of this capsitle is then
modified, using un aftimeter aneroid capsule which senses static pressure. The
mechanism is arranged such that the resultant autput motion represents dynamic
pressere divided by static pressure. So a nuch nicter can he said toe comprise ol 4
cosnhination of an ASI and an sltimeter.

MACHS, .
This type of problem can be sobved using the CRP 5 in the fllowing manner:

In the 1SA the temperature is approximately 15°C at misl and -56.5°C between
36000 ft and 65000 ft. So at 40000 ft the temperature is approximately -56.5%C,

2. Against 10 on the Inner scale L. In the Airspeed windaw
set the Mach index against
the temperature of -56.5%C.

read oftf approximately 573 Kis
TAS on the outer scale,

This gives approximately 873 Kis Tas for 158 af 48000 (1 in the ISA (option ),

MACH 6. a.

Mach number is the TAS of an aircraft expressed as a fraction of the local speed of
sound (LSS). LSS is propertional to air temperature. As abtitude increases up to
36000 It BSA, air temperature and the TAS value of LSS decrease, Above 36000 fi
air temperature and LSS remain constant up to 65000 fr, So if an aircraft climbs at
constant TAS its mach number would increase up te 36000 1 then remain constand.

But the TAS at any given CAS is rebuted to air density. As altitude increases, air
density deercases, causing the TAS to increase. Soin a constant CAS climb, buth
TAS and mach number indication incresse feption ),



MACH 7. d
This type of problem can be solved vsing the CRP 5 in the following manner:

1. in the Airspeed window set the

2. Against the 19 on the inner scale mach index pointer against the
read off approximately 660 kts TAS on temperature of }5°C.

the tuier scale.

This figure is closest to 661 Kts {option d) in this question,

MACHS. b,

A mach meter produces an indication of mach number based on the ratio of
dynamic pressure to static pressure. Tt does this by taking in pitet pressure and
static pressure. An ASI differential capsule is ther used to subtract static pressure
from pitot pressure to leave dynamic pressure. Movement of this capsule is then
modified, using an altimeter aneroid capsule which senses static pressure. The
mechanism is arranged such that the resultant output motion represents dynamic
pressure divided by static pressure.

Although changes in altitude or temperature each produce changes in air density,
such changes affect dynamic pressure and static pressure to the same degree. They
do not therefore alter the ratio of dynamic pressure to static pressure, and so they
do not affect mach meter indications. But changes io airspeed alter dynamic
pressure without affecting static pressure. This causes a change in the ratie of
dynamic pressure : statie pressure, so mach meter indications change. So mach
meter indications vary only with changes in airspeed.

MACHSY. ¢,

A mach meter produces an indication of mach number based on the ratic of
dynamic pressure to static pressure. Decreasing temperature will cause the air to
centract. This will reduce the mass of the air above any given point in the
atmosphere, so the stalic pressure at any point wil decrease, Decreasing static
pressure will cause the pressure altitude and Flight level at any paint te increase,
{This eflect is iivstrated in a number of altimeter questions in this book). But this
question specifies constant flight level, Flight level is based on the §SA msi
standard subscale setting of 1913.25 hPa. Se any change in static pressure will
¢ause s change in the height at which any given flight level occnrs, This mean

A1

when the alrcraft enters the colder wir niass, ity height must be reduced to malntafn
constant flight ievel and pressure altitude. But pressare altitude is proportions to
static pressore, so by descending to maintain constant pressare sltdtude, the
aircraft will also meintain constant static pressure.

The question also specifies constant CAS, CAS is proportional to dynamic
pressure, so by flying at constant CAS the aircraft Is also flying at constant
dynamic pressure. The mach meter indication Is derived from the ratly of dynamic
pressure to atatic pressure. But ln the situation described above, both of these
pressares remain constant, so the indicated mach avinber aiso remains constant.
S¢ when flylng at constant CAS at constant premsure altitude or flight level, the
indieated mach number is unaffected by tempersture changes.

A mach meter produces an indicadan of mach number, based on the ratie of
dyusmic pressure (o static pressure. It does thiy by taidng in pltot pressure and
static pressure. An ASI differential capsule is then used to subtract siatic pressure
from pitot pressure to leave dyuamic pressure. Moveent of this capsule in then
medified, using ap altimeter aneroid caprule which senses statie pressure, The
mechanism {s arraaged such that the resultant output motion represents dynamic
pressure divided by static pressure,

In 2 constant CAS climb, dynamie pressure will remain constant while statie
presaure decresses. This will cause the mach meter Indication to lncrease with
increasing aldtude.

Sa the mrum-mmcmmunmu.mm
The titlure of the docrensing static promurs to reack the catalds of the altimvtir
capsuie will prevent the capenle from expanding, so it will not modify tbe motion of
the mechaninn. The mach meturwm!hreﬁmrupoldulﬂlwenum'
reducing CAS at constant altitude. So the msch meter indication will gradusity
decrease with increasing sititude {optioxnt b),

A mach meter produtes an indication of ma¢h nomber, based on the ratio of
dynamic pressare te static pressure. T¢ does this by taking in pitot pressure and
atatie pressmre. An ASF differentin} capuale i3 thea nsed (o subtract static pressure
from pitot pressure to leave dynsmic pressare. Movement of this capsale is then
medified, using an altimeter saeroid cupsule, which senses statie pressure. The
mechanlsm is arranged such that the resultant outpat motion represents dynamic
pressure divided by static pressore,
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In 3 constant TAS climb, CAS wiit decresse. This decreasing CAS will o turn
cause dynamic pressure to decresse. But Incressing altitude also causes
femperature to decrease. The local speed of sound (LSS) Is proportional to ait
femperature, So as altitude Increases, the decreasing temperature will cause the
local speed of sound to decrease. Mach number is TAS divided by LSS. So the
decreasing LSS witl cause the mach number at any given TAS to Increase as

altitude Incresses. So the mach meter indicatons will Increase in a constant TAS
climb.

With the static pressure source blocked, the correct pitot pressure will continue to
be fed into the ASL capsule, but the decreasing static pressure will not get-into the
case of the mach meter, The failure of reducing static pressure to reach the outaide
of this capsule will cause it to subtract too high a value of static pressure from pitot
pressure. The resultant will therefore be lower than true dynamic pressure. The
magnltude of this error will increase with increasing altitnde. The instrument will
therefore react as if dynamic pressure is reducing at & greater rate than is actually
the case. So the tendency of the ASI capsule to contract will be too great.

The fallure of the decreasing static pressure (o reach the outside of the altimeter
capsule will prevent this capsule from expanding, so it will not modify the motion
of the mechanism. The mack meter will therefore respond as if it is sensing
decreasing CAS at constant altitude. So the mach meter Indlcation will gradually
decrease with Incressing altitude (opton b).

MACH 12, b,

A mach meter produces an indication of mach number, based on the ratlo of
dynamic pressure to statc pressure. It does this by taking in pltot pressure and
static pressure, An AS| differential capsube Is then used to subtract statk pressure
from pitot pressure to leave dymamic pressare. Movement of thls capsule I3 then
modified, using an altimeter aneroid capsule, which senses static pressure. The
mechanism is arvanged such that the resultant output motion represents dynamic
pressure divided by static pressure.

In & constaat mach aumber climb, the rate of decrease in dynamic pressure doe to
decreasing alrsposd should exactly match the rate of decrease In statie pressure due

to Increasing altitude. This should canse the mach meter indication to remsin
coastant,

With the static pressure source blocked, the reduclog pitot pressure would continue
to be fed into the ASI capsule. But the failure of reducing static pressure to resch
the outslde of this capaule would canse [t to subtract tag bigh a value of static
pressure from pitot pressure. The resultant would therefore be lower than true
dynamic pressure. The magnitude of this error would incresse with increasing
altitude. The Instrument would therefore resct as if dynemie pressure were

reduclng at a grester rate than was actuslly the case, So the tendency of the ASI
capsule te contract would be too great,

The fallure of the decreasing static pressure te reach the gutside of the altimeter
capsule would prevent this capsule from expanding, so It would not modlfy the

| o3e2

motion of the mechanism. The mach meter would therefore respond as if it were
sensing decreasing CAS at constant sltitude. So the mach meter Indicatlon would
gradually decrease with Increastog altitude (option b).

A mach meter produces ap indicadon of mach number based on the ratio of
dynamic preasure to static pressare. Changes In alr tempersture cause alr denslty
fo change. But changes in density affect both dynamic pressure and static pressure
by the same proportion. This means that changes in temperature do not alter the
ratio of dynamic pressure to static pressure. Dynamic pressure is proportional to
CAS, and static pressure Is proportionsl to altitude, So provided both CAS snd
sltitade remain constant, the mach meter reading will also remain conatant,
regardiess of amblent temperature changes.

A mach meter produces an Indication of mach number, based on the rato of
dynamic pressure to statlc pressure. It does this by taking In pltot pressure and
static pressure. An ASI differential capsule ls then used to subtract static pressure
from pitot pressure to leave dynamic pressure. Movement of this capaule is then
modified, using an altimeter aneroid capsule which senses static pressure. The
mechanism is arranged such that the resultant output motion represents dynamic
pressute divided by static pressure.

RAS is IAS corrected for positlon error. IAS is directly proportional to dynamic
pressure, so the dynamic pressure at any given RAS remains consiant at all
altitades. So in & constant RAS climb, dynamic pressure remains constant, while
static pressure decreases. This increases the ratio of dynamic pressure to static
pressure, 30 the mach meter indication increases with Increasing aititude. This
effect is Independent of changing temperature, aod so coutinues regardiess of
sltitude, lsothermails or inversions. This solution conld alya be obtalned ualng the
ECTM carves In the key facts section of this boak, but to do so woald require the
CAS line to be renamed RAS.

MACH 13, 8

A mach meter produces an indication of mach anmber, based on the ratio of
dynamic pressure to stathc pressure. It does this by taking in pitot pressure snd
static pressure. Am ASI differential capsule is then used to subtract static pressure
from pitat pressare to leave dymamic pressure. Movement of this capsule is then
modified, using an sltimeter aneroid capsule which senses sintic pressure. The
mechanism is arranged such that the resaltant output matton represents dynamic
pressure divided by static pressare. '

H the static pipe became detached from the back of 4 mach meter in a pressurised
alrcraft, the outside of the ASI capsule and the altimeter capsule wauld he
subjected to cabin pressure. Cabin pressure at high altitude would be greater than
amblent static pressure. So the ASI capsule would subtract too great s value of
static pressure from pltot, to give an unreallstically low value of dynamic pressure,
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The altimeter capsule would then compare this unreslistically low dynamle
pressure with an unrealisticalty high static pressure, giving an unrealistically low
ratlo of the two, Mach meter indication is proportion to this ratio, 3o the mach
meter would under read {option a).

l!!‘ !gl! !é} g‘

Mach pumber is the ratle of TAS:LSS. LSS Is proportional to absolute
temperature, so if absolute temperature falls, the mach number equating to any
given TAS willdncrease. As altitude increases ln the [SA, the temperature and LSS
decrease up to 36000 ft (FL36D), then remain constant at higher altitudes up to
65000 ft (FL650). Few If any commercial aircraft operate at or above 65000 ft so
this area of the atmosphere can be ignored for the parposes of JAR ATPL
examination. So as aititude increases, the mach oumber st any given TAS
increases up to 36000 Rt thew remains constant at higher attitudes, Seo In a constant
TAS climb, the mach metey reading will increase then remain constant (option c).

MACH17. b,

A mach meter produces an indication of mach number based on the ratlo of
dynamic pressare to static pressure. It does this by taking in pitot pressure and
static pressure, A ASI differential capsule I then used o subtract static presaure
from pitot pressure to leave dynamilc pressure. Movement of thls capsule ls then
modified, using an altimeter aneroid capsule which senaes static pressure. The
mechanism Is arcanged such that the resultant output motion represents dynamic
pressure divided by static pressure. So an mach meter can be said to comprise of 3
comblnation of ap ASI and an altimeter. A typlcal mach meter is Ilustrated below.
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TYPICAL MACH METER INTERNAL CONSTRUCTION
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Vmo Is the maximum speed at which an aircraft can be operated without subjecting
ity structure to excesslve aeradynamic pressures. At low speeds these pressures are
proportional to IAS. CAS is IAS corrected for pressure sensing or pesition errors.
But at higher speeds the high dynarmic pressures compress the alr, changing the
reiationship between IAS/CAS and dynamic pressure. For most alrcraft types,
Vo is & comparatively high airapeed, 30 EAS glves the most accurnte
representation of its value. So Vg is calcubated based on EAS {option d). it should
however be noted that Vg Is sctually specified In terms of CAS, because EAS
cannot be seen on the airspeed Indicator.

Mach number represents the true airspeed {TAS) of an girceaft expressed aga
fraction of the local speed of sound (LSS) So msach number is the ratio of
TAS:LSS. But the rattos of CAS, IAS and EAS to TAS, each change with aititude,
50 It cannot be said that mach oumber is the ratlo of CAS:LSS, 1AS:LSS or
EAS:LSS.

MACH 20. b,

A mach meter produces an lndication of mach rumber, based on the ratio of
dynamic pressure to siatic pressurs, It does this by taking In pitet pressure and
static pressure. An ASI differential capaule is then used to subtract static pressure
from pltot pressure to leave dynamic pressure. Moavement of this capsuie s then
madified, nsing an altimeter anerold capaule which senses static pressure. The
mechanism Is arranged such that the resultant output motion represents dynamic
pressure divided by static pressure.

With the static pressure source blocked, the correct pitot pressure would continue
to be fed Lnto the ASI capsule. But if altitude increased, the failure of reducing
static pressure te reach the outside of this capsule would cause it to subtract too
high 2 value of static from pltot. The resultant would therefore be lower than true
dynamic pressure,  The magnitude of this error would increase with increasing
altitude, so the instrument would react as if dynamic pressure were reducing.

So the ASL eapaute would gradually coutract instesd of remaalning at a constant
size. The fallure of the decreasing statie pressure te resch the outside of the
altimeter capsule would prevent the capsule from expanding, sa it wounld not
modify the motion of the mechanism. The mach metor would therefore respond as
it it were sensing reductng CAS at constant altitude. So the mach meter indication
would graduafly decrease with increasing sltitude, The mach meter would
therefore under ladicate In a ciimb (option b),

A mach meter produces an Indication of mach number, based on the ratio of
dynamic pressure to static pressure. It does this by taking In pitot pressure and
static pressare. An ASI differential capsule Is then used to subtract static pressure
from pitot pressure to leave dynamic pressure, Movement of this capsule is thea
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modified, uslag an altimeter anerold capsule which senses static presaure, The
mechanlsm is arvanged such that the resultant output motion represents dynsmlec
pressure divided by static pressure.

A mach meter produces an Indication of mach number based on the ratlo of
dynamic pressure to static pressure. Decreasing temperature will cause the air to
contract. This will reduce the mass of the air above any given point in the
atmosphere, so the static pressure at any point will decrease. Decreasing statle
pressure will canse the pressure altttude and flight level at any polat to Increase.
{This effect Is Hlustrated in » wumber of sltimeter questions (n this book). But this
questicn specifies constant flight level. This mean when the aircraft enters the
colder sir mass, ity beight must be reduced to malataiz constant flight level and
pressure altitede. But pressure altitude iz propertional to static pressure, se by
deacending to maintain constant pressure sititude, the sircraft will aiso maintain
constant static pressure,

The questios also specifies constant CAS. CAS Is proportions] to dynamic
pressure, so by flylng at constant CAS the aircraft Is also itylng at constant
dynamie pressure. The mach meter indication is derived from the ratie of dynamic
presaure to statlc pressure. But in the situntion described sbove, both of these
pressures remaln constast, se ihe indicated mach pumber also remaing constant.
So whes flying st constant CAS at consiant pressure altitude and flight level, the
indlcated mach number is unaffected by temperature changes. So mach meter
indieation and true mach number will not change (option ¢).

MACH 2. d.

A mach meter produces an Indication of mach namber, based oa the ratio of
dynamic pressare to statle pressure. It does this by taking fn pitot pressure and
static pressure. An ASI differential capaule is then used to subiract atatic pressure
from pitot pressare to leave dynamic pressure. Movement of this capsule is then
modified, using an altimeter aneroid capsule which senses stutic pressure. The
mechanism iy arranged such that the resultant outpst metion represents dynamic
pressare divided by static pressore.

Although chaages in temperature produce changes in air density, such changes
affect dynamic prosswre xnd sintic pressure tv the same degree. They de ot
therefore siter the ratie of dynawsie nressure ta static pressure, and so they do not
affect mach meter indications at any given CAS.

Changes Is temperature alse change the TAS at any given CAS, and the LSS at sny
given ailtitude. But once again , the effect ks of the same proportion for both TAS
and LSS. So changing tempersture at any given altitude does not change the actual
mach aumber at any given CAS. So when flying st constant CAS at any given
altitude of flight level, the indicated and trae mach numbers are unaffected.

MACHZ). ¢
This problem must be solved In rwo stages. First the absolute temperature at msi
ISA must be calculated.
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Femp at altitude in 1SA = 15" C which can be converted (v absoiute temperature
by adding 273 to pive 288" K.

The LSS can then be caleubated wsing the staudard cyuation:
LSS in Kis = 38,94 ~ Absolute temperature,

Which in this case is LSS = 38,94 % 288 which iy 660,83 Kts or approximately 664
ks,

This type of problem can alos be solved using the CRP 3 in the following manner:
L. In the Airspeed window set the

mach index pointer spainst the
temperature of 15°C.

2. Against the 10 on the inner scale
read off approximately 668 kits TAS on

the outer scale, /

This figure is closest to 660 Kts (option ¢) in this question.

MACH 24. ¢,

This prablem must be solved in two stages. Firstly, the LSS must be calculated
using the folowing standard equation:

LSS in Kts = 38.94 Y Abselute temperature.

To use this equation 273 must be added to the given (- 10° C) ambient temperature
to give the absolute temperature of 263* K.

Inserting thig inte the standard equstion gives:

LSS in Kts = 38.94 ¥ 263 which is 631.5 Kis.

This can now be converted inte mach number nsing the standard cquation:
Mach number = TAS/LSS io give mach pumber = 594/ 631.5 = (.94,

Sa the mach number ts 9.94M
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< Fhis type of problem: can alse be sotved using the CRP 5 a5 illustrated below.

2. Against 594 Kts on the outer scafe L. In the airspeed window set
the mach index pointer against
the temperature -10°C.

read off mach 0.94 on the inner scale.

So at 594 Ks TAS with temperature —16°C, the mach number is M0.94 (option c).

MACH 25. b,

This preblem most be solved in two stages. Firstly the absolute temperature at
25000 ft ISA, must be calculated using the standard equation:

Temp ut Altitude = 15° C — (1.98 x Altitude In 10005 of ft)

For 25000 It this gives is'¢c —~{ 1,98 x 25) which is-34.5°C,

This ca be converted in absolute by adding 273 to give 238.5° K.

This can then be used to caleulate LSS using the standard equation:

LSS in Kts = 38.94 ¥ Absolute temperature,

Inserting the calenlated absolute temperature gives:

MACH 26. b,

This problem must be solved in a number of stages. Firstly the absolute
temperature at 25009 ft ISA, must be csloated using the standard equation:
Temp at Altitude = 15° C ~ (1.98 1 Altitude in 1060s of ff)

For 25000 ft ¢his gives 15° C - ( 1.98 x 25} which Is - 34.5° C.

This car be converted In absolute by adding 273 to give 238.53° K.

This can then be used to calculate LSS using the standard equation:
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LSS in Kts = 38.94 ¥ Ahsolute temperature.

Inserting the calculated absolute temperature gives:

LSSin Kts = 3894 V238.5 which is 601.36 Kts or approximately 602 Kts.
True mach number at 504 Kts can then be calculated using the standard equation:
Mach number = TAS/LSS which in this case is 500/602 = 0.83M

LSSin Kts = 3894 V238.5  which is 601.36 Kts or approximately 602 Kts,
Thls type of problem can be solved in twe stages using the CRP 5 as follows.

The first stage is to find the temperature at 25000 ¢ a5 illustrated below,

2. Agninst 25000 ft read off the ISA
temperature of approxtmately -34°C.

1. In the Aldtude window set the
ESA mst standard tempesrture of
+15°C against zero ft altitude.

The second stage is to use the tempernture of —34°C to find the true mach number
at 500 Kts TAS as iustrated below.

2. Against 500 Kis TAS on the puter 1. In the Alrapeed window set the
scale read off mach 0.833 on the mach index pointer against the
inner scale. temperature —34'C.

This gives & mach number of M0.833 which is closest to M0.53 {option b) in ihis
question.
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&



MACH 27, ¢,

v\ mach meter produces an indication of mach number, based on the ratio of
dyinamic pressure to static pressure. 1t does this hy taking in pitot pressure and
st pressure. Am ASL ditferentiaf capsule is then used to subtract static pressure
trom pitor pressure to leave dynamic pressure. Movement of this capsule is then
moditicd, using aa altimeter aneroid capsule which senses static pressure, The
mechanism is arranged such that the resultant oulput motion represents dynamic
pressure divided by statie pressure.

MACH 28. ¢

A mach meter produces an indication of mach number based on the ratio of
d¥namic pressure to static pressure, Decreasing tempersture will cause the air to
contract. This will reduce the ntass of the alr above any piven point in the
atmusphere. so the static pressure a¢ any peint will decrease. Decreasing static
pressure will cause the pressure altitude and fight fevel at any point to increase,
{This effect s iltustrated in a number of altimeter questions in this boek). But this
‘uestion specifies constant flight level, This mesn when the aircraft encers the
coider air mass, its height must be reduced to maintain constant flight level and
pressure altltwde. But pressure altitude is propurtional to static pressure, so by

descending to maintain constant pressure altitude, the sircraft will slso maintain
constant static pressure,

The question also specifies constant CAS. CAS is proportional to dycamic
pressure, sa by flyin:, at constunt CAS the aircraft is also flying at constant
dynamic pressure. The mach meter indication is derived from the ratic of dynamic
pressure te static pressure. But in the situation described above, both of these
pressures remain constant, so the indicated mach number also remains constant.
So when ftying at constant CAS at constant pressure altitude and fMight level, ihe
indicated mach number is ynaflected by temperature changes.

MACH 29 d.

This problem can be solved by examining the following standard equation for
TAT:

TAT=SATx (1 +(0.2x K x M%)

Where TAT is total air temperature.
SAT is static air temperature.
K is the ram recovery factor of the temperature probe.
M is the true mach number,

When descending below 36000 [t in the ISA, at constant mach number, K will
remain constant whiie SAT increases at a rate of +1.98° C per L0940 fr,

Examination of the equatlon above will reveal that such changes will cause TAT to
increase in direct proportion to the increase in SAT.

)

MACH 30. b,

A mach meter produces an Indication of mach number, based on the ratio of
dynamic pressure to static pressure. It does thiz by taking in pitot pressure and
static pressure. Ap ASI differential capsule Is then used to subtract static pressure

from pitot pressure to leave dynamic pressure. Movement of this capaule s then

modified, using an altimeter aneraid capsule which senses static pressure. The . n
mechanivm Is arranged such that the resultant output metion represents dynamic .- AP
pressure divided by static pressure.

fouf
So & mach meter actually messures the ratlo of \g N
(Pitot pressure - statlc pressure ) : Static pressure ..«\54 f; g

Decreasing altitude causes air deusity to increase. The TAS at any given CAS is
related (o density such that as density iucreases, the TAS decreases. So descending
at constant CAS causes TAS to decresse. The local speed of sound (1.SS) Is reiated
10 alr temperature such that LSS increases as temperature increases. Decrea{ing
altitude below 36000 ft in the ISA causes air tempersture to increase, So
descending canses LSS to Increase. Mach number is equal t¢ TAS/LSS, so when
descending st constant CAS, the decrexsing TAS and incressing LSS cause mach
number io decrease. So mach number indications will decresse fns a constant CAS
descent.

Total air terperature (TAT) =SATx (1 + (02 1 Kz M%)

Where TAT ls total alr temperstare,
SAT is siatic air temparature.
K is the ram recovery factor of the temperatare probe.
M is the true mach nomber,

When descending below 36000 it In the ISA, at constant CAS, SAT increases at &
rate of 1.98° C per 1000 R, while mach number decreases. The overall affect on
TAT is determined by the relative magritudes of the rates of change of mach
number and SAT. The overall effect however ks that TAT Incresses in » constant
CAS descent below 35806 Nt

The above effecty are illusirated by the exampie figures for 40000 it and mal [SA
detalled overieal. These have been calculated using the equation lsted [n thiy book.

Preasure Altitudy 40000 (t [SA mat IS4,
SAT 116.72°K 288° K
LSS 573 Kt 661 Kts
CAS 661 Kta 661 Kis
TAS 1322 Kes 461 Ko
Mach number 13M LoM
TAT 2182.45' K 345.6° K
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A mach meter produces an indication of mach number, based on the ratio of
dynamic pressure to static pressure. [t does this by taking In total pressare (Py)
and static pressure (Ps). An ASI differential capsule Is then used to subtrsct P
from Py, to leave dynamic pressure. Movement of this capsule is then modifled,
using an altimeter aneroid capaule which senses static pressure. The mechanism i
arranged such that the resultant outpet motion represents dynamic pressure
divided by static pressure.

Mach meter indications are therefore derived from (Py — Py)V/Ps.

Where PT ls total or pitot pressure
PS ia static pressure,

MACH 33, &,
This question Is amblguous in that It might be taken (0 mean » tempersture

increase at constant altitude, or a temperature incresse due ta decreasing altitude "
in the ISA. hay
1t is taken to mesn Inereasing temperature at constant altitude, then CAS »t any {
given mach aumber will be unaffected. This is becausse tempernture changes alter ug
the CAS:TAS ratlo in exsctly the same manner s they alter the LSS, 3
Il hewever the temperature increase were brought about by decresaing altitude in - '
the ISA, then the CAS at constaut mach number would change. In the ISA the g; :
temperature decreases at approzimately 1,98 C per 1000 ft. So» temperature is
increase of 5° C would reflect sn altitude decrease of approximstely 2500 ft. P’
The LSS hoth befere aud after the temperature change can be calcnlated by =
selecting two representative altitudes. If for example the selected sltitude were !

2500 ft and mal [SA, then the absolute temperatures would be 283° K and 288° K ol
respectively. These can then be used to calculate the LSS at each altitude using the 4
standard equation:

LSS in Kis = 38.94 ¥ Absolate temperature.

Inserting the caiculated abaglute temperature gives:

LSS at 2500 it = 38.94 V283  which is 655 Kts.

And LSS atmsi ft = 38.94 V288  which is 661 Kts.

This represents an Increase in TAS of 6 Kta.

Similar calenistions using example altitudes of 32500 ft and 36000 ft give 582 Kis at

32500 ft and 388 Kits at 30000 f. This agaiu indicates a change of about 6 Kts. So
option a, “increase by $ Kis” is the most accurate,

In consideting the validity of these figures it should be noted that the difference In
absolute temperature between msl and 36000 ft in the ISA is 71° K, whereas the
difference in LSS is approximately 87 Kts. This is close to being & E:1 ratio of 1 K¢t
change in LSS for each 1" K change in temperacure due to wititude change, It
should however be noted that this appreximation can be used only where the
temperature change has been brought about by an altitude change,

MACH 34. ¢,

A mach meter produces an indication of mach number, based on the ratio of
dynamic pressure to static pressure. It does this by taking in total pressure (Pr)
and static pressure (Ps). An ASI differential capsule is then used to subtract Pq
from P, to leave dynamic pressure. Movement of this capsule is thea modified,
using an alitmeter aneroid capsule which senses static pressure, The mechanism is
arranged such that the resultant output motion represents dynamic pressure
divided by statle pressure.

So a mach meter compares (P — Ps) to Pg.
Where PT is total or pitot pressure

PS is static pressure.

MACH 35. ¢,

Mach number represents the (rue airspeed (TAS} of an gircraft expressed as a
fraction of the local speed of sound (LSS). But the ratios of CAS, 1AS and EAS to
TAS, each change with altitude, so it cannot be said that mach number is the CAS,
LAS, or LSS expressed as a fraction of the LSS or CAS.

MACH 36. b,

The question states that the ambient temperature is 200 C, This can be converted
into absolute by adding 273 (o give 293° K.

This can then be used to calculate LSS using the standzrd equation:

LSS in Kts = 38.94 ¥ Absolute temperature,

Inserting the cateulated absolute temperature gives:

LS5 In Kts = 38.94 V293  which is 666.54 Kis or approximately 666 Kts.

This type of problem can alse be solved uslag the CRPS as illustrated below.
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L. I the airspecd window sct

X Against 10 ap the inner sacle the mach index pointer
rave off 666 Kis TAS on the guter ag::i!m the temperature of
seale. 20°C.

MACH 37 b,

Mach number is the ratio of TAS:LSS, where LSS js the local specd of sound. .88
is propertional te abselute temperatare, so if tentperature increases, the truc mach
number at any given TAS will decrease.

A mach meter produces an indication of mach number, based on the ratio of
dynamic pressure to static pressure. 1t does this by taking in pitet pressure and
static pressure. An ASI differcntial capsule is then used to subtract static pressure
trom pitot pressure fo leave dynamic pressure. Movement of this capsule is then
iodified, using an altimeter anerold capsube which senses static pressure, The
mechanism is arranged such that the resultant output motien represents dynamic
pressure divided by static pressure.

AMthough changes in temperuture produce changes in air density, such changes
stfect dynamiic pressure and static pressure ta the same degree. They do net
therefore affect the aceuracy of mach meter indications. This is because the
reduced density will reduce the dynsmic pressure at any given TAS, So the ratio of
dynamic pressure to static pressure will slter to reffect the changing mach number.
So il temperature increases when Rying ut constant TAS, both true and indicated
mach tumber wili decrease by the same amount {option b}.

MACH 8. b,

Mach number is the TAS of an aircraft expressed as a fraction of the local speed of
sound (1.88). So in & constant mack number climb, the TAS will change in the same
neunner as the LS8, LSS is proportional to shsolute temperature, so as
temperature falls, so does 1SS, and the TAS a any given mach number. As
altitude increases below the (ropopause in the in the IS4, temperature decreases ut
a rate of 198" € per 1000 fr. So as altitude increases at constant tnach rumber,
below the trapopause. the FAS decreases,

R S|

The CAS at any given FAS is related to air density, such that decreasing density at
constant TAS, causes CAS to decrease, Ay altitude increases, air density
deereases, 5o in a constant mach number climb. the cemperature, LSS, TAS and
CAS all decrease. The most simple method of solving this type of prohlem is to use
the ECTM graphs iflestrated in the Kev Facts scction of this haok. This method is
iifustrated below.,

EAS CAN  Tas MACH

I

i
Lines sloping to the
left indicates that
EAS, CAS and
MACH zre all
deceasing with
increasing ahtitude

Increasing Altitude

Increasing speeds ——

From the above diagram it cun be seen that when climbing at constant MACH the
CAS decreases (option b)),

MACH 3%. ¢,

The dynamic pressure at any given CAS is constant, 50 descending at constant CAS
neans descending at constant dynamic pressure. But static pressure increases in a
descent, se the ratio of dyramic pressure to static pressure will decrease in a
constant CAS descent,

A mach meter produces an indication of mach nunber, based on the ratio of
dyramic pressure to static pressure. bt does this by taking in pitor pressure and
static pressure. An ASI differential capsule is then nsed to subiract static pressure
from pitot pressure to leave dynamic pressure. Movement of this capsnie is then
modified, using an altimeter aneroid capsule which senses static pressare. The
mechanism is arranged such that the resuitant output matian represents dynamle
pressure divided by static pressure. So in a constant CAS descent, the indicated
mach pumber will decresse to reflect the decreasing ratie of dynamic to stacle
pressures (aption ¢).

Although changes in temperature produce changes in air density, such changes

alfect dynamic pressure and static pressure to the same degree. They da not
therefore affect the accuracy of muach meter indications.
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MACH 40, d.
This type of problem can be solved using the CRPS as illustrated below.

2. Against 500 Kis TAS on the outer scale I. In the girspeed window set the

read off mach 0.824 on the inner seale. mach index pointer against the

temperature of -30°C,

’,
%

W@ ot Prove AlL "W_‘:?-;B'

The solution mach 0.824 is closest to mach 9.82 (optien d} in this question.

GYRO LG,

In the majority of gyrescopic Instruments, the most important property required of
the gyroscape is its rigidlty. The rigidity of a gyre stems from its angular
momentum. se anything that increases anguiar momentum will increase rigidity.
Angular momentum is the product of mass multiplied by rotational velocity, At
any given RPM, the rotational velocity inereases with radius from the centre of
rotation. So angulsr mementum and rigldity are increased by increasing RPM
and concentrating the mass close to the periphery of a gyro, So the best efficiency

is achieved by concentratlng the mass on the periphery and with a high coration
speed {option b,

GYRO 2 b.

A standby horizon or emergency attitode indicator is a smalt self-centained
BYroscopic instruraent whose fanction is to ptovide attitude information following
the fallure of the main artificlal horizon or attitude indlcator. In order to achieve

this it must be totally independent of the main instruments. It therefore contains
its own separate gyroscope (option b},

GYRO 3 b

In considering this question it should be noted that gyroscopes possess all five of the
properties listed. But the question asks which properties are the basic properties of
& g¥ro. Many of the above properties are commion to a variety of physical objects
but some are peculiar te gyroscopes. The question should therefore be interpreted
a5 asking for properties that are peculiar ta gyros, These are rigidicy in space (2),
and precession ¢5). Option b is therefore the most accurate in this question.

I

GYRO 4 d

The most Important properties of a gyroscope when used in & directionai EYro are
its rigidity in space and Its precession. In order to provide valld directionai
information the gyroscope must point In a constant direction. This effect s
provided by the rigidity of the gyroscope. But gyroscopes are rigid relative to
space and not relative to any fixed polnt on the earth. This mesns thai as the earth
turns (statement 1) and as sn aircraft moves over the surface of the earth
(statement 3), the direction Indicated by the gyro will appear to change. The third
source of Inaccuracies in the miner mechanical imperfections or defects in the
structure of the gyro {(stntement 4). Further inaccuracies will occur whenever the
gimbals of the gyro are not aligned at right angles to cach other (statement §). So
option d is the moat appropriate in this guestion.

GYROSD.

A simpie Directional Gyro or DGI ls Hlustrated below, Its purpose is to provide a
heading reference. It must therefore be atigned with 2 fixed polot In the horizontnl
plane relative to the ground, regardless of the pliching, roiling and yawing of the
aircraft. In order to do this it must have a borizontal spln axis and two degrees of
freedom (option b). It should be noted that for JAR examination purposes the
aumber of degrees of freedom posseszed by a gyro is equal to the number of
glmbals. So a DGI must alse have two gimbals and some form of astomatic
erection zystem to ensble It be erected quickly and to compensate for long term
Inaceuracies due to any tendency of the gyro to gradually topple.

1 DATER CIMEAL FROY DR PRECDGOM A BT
VERTICAL AN ALLOWYNG 5RO TO REMAIN
ALHGNED AE ALMORAFT ¥AWE

HEMRLZDNTAL SMN AXE

+ i

3 AIRUCRATT FITCHER ABOUT 5PN
4 GRAR MECRANGA TRAYAMITE RELATIVE AN B0 CY RO AL COMENT [
WOTIGN OF SPTN AXE TO INMCATIM CARR SOT AFFRCTED
AN ACRCRAFT HEADING CHANGEA

SIMPLE DGI
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GYRO G a,

The purpose of a gravity erectlon device is to erect 4 gyro spin axis in the vertical
plane. A vertlcal spln axis is employed in an artificiat horlzon {option a}. It should
be nared that a DG, 2 turn indlcator and a gyro-magnetic indlcator all employ 2
horizontal spli axls.

T
The term “classical artifictal horizon™ when used In JAR examination questions
means an #ir driven instrument using a pendulous vane erection sysiem. These are
subject to turning errors whenever the aircraft executes & turn.  This problem Is
caused by the effects of centrifugal force on the erecting chamber and Inertia on the
pendulouws vanes.

Under normai conditions, these vanes keep the spln axis vertical, by switching on
and off alr jets, such that the gyro Is caused to precess, whenever it departs from
the vertical. But the inertia of the vanes capses them to produce inappropriate
precession, whenever they are subjected to acceterations, during speed changes or
turns. The averall effect of centrifugal force on the erecting chamber and inertia
on the penduilous vanes when turning right is the errors In the circle overleaf.
After a 360 degree nurn at constant haok angle the sttitude and bank angle
indications would be correct (option c).

After %0° right turn

Enitial headlng After 180° right rurn

Climb + over
Indlcation of bank

After 270 degree right turn

GYRO 8 a.

The term “classlcal ariificial borizon™ when used in JAR examination questions
meany an air driven instrument using 2 pendulouns vane erection system. These are
subject to turning errors whenever the aircrxft executes a turn.  This problem iz
caused by the effecta of centrifugal force on the erecting chamber and Inertia on the
pendulous vanes. Under normal conditions, theze vanes keep the spin axis vertical,
by switchlng on and off air jets, such that the gyro ls caused to precess, whenever it
departs from the vertical. But the inertia of the vanes causes them to produce
inappropriate precession, whenever they are subjected to accelerations, durlng

193

speed changes or turns. The averall effect of centrifugal force on the erecting
chamber and Inertia on the penduious vanes when turning right la the ervors in the
circle overleafl. After a 270 degree turn at constant bank angle the Instrument
would sttitude tae much nose up and bank angie toc high (option 1),

After 90° right turn

Initiai besding After 180" right turn

Climb + over
Indlcation of bank

After 270 degree right turn

GYRO 9 a,
A basic artificia) horizon Is ilfustrated below.

VYERTICAL SPIN AXIS

OUTER GIMBAL GIVES FIRST |
DE(GREE OF FREEDOM i INNER GIMBAL GIVES
FORWARD wag, () \ Lo o SECOND DEGREE OF FREEDOM

BEAM BAR

AOB SCALE

It empioys 3n earth gyroscope, which means that the spin axls of the gyro is kept
vertically aligned with the earth. In an alr driven instrument this alignment la
maintained by means of pendulous vanes controlling the escape of alr from an
erection ciamber at the base of the gyro. In electrically driven Instruments
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alignment is maintatned by a system of mercury switches and torque motors. In
order to allow the spin axis to remain vertical while the aircraft pitches and rolls,
the gyro has two degrees of freedom. One in roll and ope in pitch. Option 2 Is
therefare the most accurate in this question.

GYRO 10 ¢.
A typical gyro magnetlc compass system is illuserated betow. Magnetic directional
signals originate in the flux valve (option c). They are then passed to the signal

selsyn in the error detector unlt, where they are compared with the gyro direction.

Etror signals are then sent to the amplifier and ultinatety to the precession coll,
which corrects the zllgnment of the gyroscope.

b SEngmethe derbrcter serk & ) 1 ,mnsm,‘m«:w
s ubve ip prodace riicicU sgRan driwrtir winl P them
propuertiomal i ke direios 15 (e guneunaken coll
wf 1t maguetic Beisl of Vi carthc

1 Frree dencrer wi & gnal seivye b

& =

rrer diiiaki e pACE
YT Wi BT e e
DTy drth arren

Lrror igaie fromm ofii datver _J

TYPICAL GYRO STABILISED COMPASS S¥STEM

S

When calculating the number of degrees of freedom of movement In JAR
examination questions the freedom of the rotor to spin abowt s spin axis is not
cansidered. A typicai turn Indicator Is tllustrated overleaf. fn order o sense furn
rate its gyro spin axis is sligned with the yawing plane of the atrcraft. To zchleve

this it has one degree of freedom (In roll), toptloa 2), but motlon about this axls Is
limited by & calibrated spring.

SALE AND MHATE R INDH 4 TE
FURM HRECTRON A0 RASE

SIMGLE CIMBAL
CIVES ONE BECAKK
E PO

A SFRDNG KEEPFY THI AP
AXES ALHYED WITH

THE YaWwinG M AanE &F TIE
AIRLAAFT

SIMPLE TURN INDICATOR

The dingram for this question is illsutrated overleaf.

This question is somewhat dublous ia thet pitch and roll are usually both sensed

using a single vertical gyro in the artificia! horizon unit. But the diagram provided
does not permalt this solation to be used.

Yawing motions are detected by » horizoatal gyre with freedom of motlon In pitch
but not la ysw. This means that when the alrcraft yaws it tends to change the
orientation of the apin sxis of the gyro. This canses the gyro to process at a rate
that is proportional te the rate of yaw. This arrangement s illustrated ln gyro A in

the diagram. By applying the same logic roll will be detected by gyro B and pitch
will be detected by gyro C {option d).



The most importsat properties of & gyroscope when used in & directional gyro are
its rigidity and its precession. In order to provide valid directional information the
gyroscope must point In a constant direction regardiess of changes in the beading
of the sircraft. This effect is provided by the rigidity of the gyroscope. But
gYToscopes are rigid retative to space and not relative to any fixed point on the
earth. This means that as the earth turna (statement 1) and as an shreraft moves
over the surface of the earth (ststement 2), the direction indicated by the gyro will
appear to change.

Further inaccuracies which are called gimbal errors will accur whenever the
gimbals of the gyro are not aligned at right angles to each other. These errors are
caused by [atersi and transversal aeroplane bank angles {ststement 3). The fourth
cause of inrccurscies is the minor mechanical imperfections or defects in the
structure of the gyro (statement 5). The term “North changes” used in statement §
has a0 specific meaning with regard to gyros, so this siatement is untrue. So
option b is the most appropriate in this question.

GYRO 14 b,

The turn indicater indicates rate and direction of turn. in » siightly banked turn
rate of turn can be said to be yaw rate, So it can be said that the rate-of-turn
measurement s actualiy a measurement of the yaw rate of the sircraft (option b).
This question is however ambiguous because under low bank conditions the yaw
rate is aiso approximately equal to the anguiar velocity of the aircraft about the
earth vertical axis. Which might be interpreted as being option a. But this option
does not actualiy specify which axis is being considered, so it is less accurate than
aption b.

i
A simple Directional Gyro or DGI 13 iiiustrated befow. [ts purpose is to provide a
keading reference. It must therefore be aligned with a fixed point in the horlzontal
plane relative to the ground, regardiess of the pitching, roliing and ysawing of the
aircraft. o order ¢o do this it must have & horizonatal spin axis and twa degrees of
freedom (option d). [t should be noted that for JAR examination purposes the
number of degrees of freedom possessed by a gyro is equal to the oumber of
gimbais. So a DGI must also have two gimbals and some form of automatic
erection system 1o enable  be erected quickly and to compensate for long term
inaccuracies due to any tendency of the gyro to graduaily toppie.

| UUTER CEMBAL FRA (BT FREEDUM A BT
* FROVRC AL A 0K ALLOWING G RO TUREMALN
SLAGMED AS AIRCEAET VAWS

HHRRUNT 4B PN AN

1 ANSEN GIMBat
PRUY IDES FRLEDO
MMRT LI ET LI A
ANLT ALEATIVING £ ¥ Y
nrREMAIN 4] JONED
AM LIRCRAFT ROHLS

M ATOR CARD

-

T AURCRAFT T4 HES ABGUT 581
4 GEARMECHA IS TRANAMITS REIATIVE XY S0 CYRD ALGNYENT 13

MOTFREN O AN AN TO INDRCATUN CARD WIT AFFECEED
A ARCRATT HEARNG CHAMGER

SIMPLE DGI

G

The needle of a turn and slip indicator indicates the direction and rate of turn.
Needle dispiaced to the left indicates that & turn to the left is being carried cut. The
positicn of the ball indicates whether the aircraft Is in baianced flight with no
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sidestip ball centrai), slipping towards the centre of the turn (ball and needie in
same direction), or skidding away from the centre of the turn (bali and needle in
opposite directions).

This question specifies needie left and ball right, which means a eft turn with the
alreraft skidding to the right, Skidding will accur when the bank angle towsrds the
centre of the turn is insufficient to match the TAS and radius of rn. So in this
question the aircraft is turning left with not enough bank (option d).

GYRQ 17 b,

The needie of a turn and slip indicator indicates the direction and rate of turn,
Needle displaced to the right indicates that a turn to the right is being carried out.
The position of the ball indicstes whether the sircraft is in balanced flight with no
sideslip ball central), siipping towards the centre of the turn (ball and needle in
same direction}, or skidding away from the centre of the turn (balt and needle In
opposite directions).

This question specifies needie right and ball left, which means a right turn with the
aircraft shkidding to the leff. Skidding will occur when the bank angle towards the
centre of the turn is tnsufficient to match the TAS and radius of turn. So in this
question the aircraft is turning right with not enough bank (option b},

Fewnitnnd fores an sirorad i shiudiy
ivhifing} yeag drvin e comrs of e pre.

Ball dimpirwd by ths Wl by rosniuas

and

GYRO 18 ¢,

The needle of 2 turn and slip indicator indicates the direction and rate of turn,
Needie displaced to the right indicates that & turn to the right is being carried out.
The position of the ball indicates whether the aircralt is in baianced flight with no
sideslip ball central), siipping towards the centre of the turn {hall and needie in
same direction}, or skidding away from the centre of the turn (ball and needle in
opposite directions).

This question specifies needle and bail both ta the right, which means & right turn
with the sircraft siipping to the right. SHpping will occur when the bank angle
towards the centre of the turn Is to great to match the TAS and radius of turn. So
in this question the aircraft is turning right with teo much bank (option c}.

Pispitnwt Forve onasm sirvrafl be sidaiip
inligying) v rd et doymirn of The i

Phall dlagdaanl 4o b right iy resmbinal

GYRO 19 ¢

The needle of a turn and slip indicator Indicates the direction and rate of turn.
Needle displaced to the left indicates that a tarn to the left is befng carried out. The
position of the ball ndicates whether the aircraft is in balanced flight with no
sidesiip ball central), slipping towards the centre of the turn (ball and needle in
same direction), or skidding away from the ceatre of the turn (ball and needle in
opposite directions).

This guestion specifies needle and ball both to the left, which means a left turn with
the aircraft slipping to the left. Slipping will occur when the bank sngle towards
the centre of the turn is to great to match the TAS and radius of turn. So in this
question the aircraft is turning teft with we much bank (option c).

45



The needle of & turn and slip indleator indicates the direction and rate of turn.
Needle displaced to the left indicates that a turn to the left is heing carried out. The
position of the bail indicates whether the aircraft is in balanced fiight with no
sideslip ball central), siipping towards the centre of the turn {bati and needle in
same direction), or skidding away from the centre of the turn (baii and veedie in
opposite directions).

The position of the ball is determined by the forces acting upon it. In 2 balanced
banrked turn the gravitational force pull the ball verticaily downwards and the
centrifugal force pushing it out awsy from the centre of the turn, are in balance
such that the ball iz central. But when turning on the ground the alrcraft cannot
bank, so the ball moves out away from the centre of the turn, This means that the
bell will always move sway from the direction of turn when turning on the ground,
So when turning ieft on the ground the needle will be to the left and the ball witi be
to the right (eption d).

Whenever an aircraft carries out & banked tarn in flight the turnisg motioa is a
combinstion of pitching and yawing. The relative magnitudes of each of these
components is determined by the bank angle. At zero bank angle the turn is
entirely yawing motlon, At 90 degrees bank angle the turning is entirely pltching,
Options a and ¢ are therefore entirely true oniy under these speciai circumstances.
But whatever angle of bk is used it can be said that the rate of turn is the change
of heading rate of the aircraft (option b).

2
Whenever an aireraft carries out 2 banked rurn in flight the curning motion is a
combination of pliching and yawing, The relative magnitudes of each of these
components is determined by the bank angle. At zero bank angle the turn is
entirely yawing motion. At 90 degrees bank angle the turning is entirely pitching.
Optlons a and c are therefore entirely true only under these speciai clrcumstances.
So ln a turn indicator the measurement of rate of turn consisty for fow bank angies,
in measuring the yaw rate (option ¢},

GYRO 23 d.
The rate of turn in # balanced turn can be calculated using the equation:
Rate of urn = g Tan AOB / TAS.

So it can be suid that the turn indicator reading Is inversely proportional to the
gircraft true airspeed {option d&).

Y

A simple Directional Gyro er DGI is lliustrated befow. lis purpose is to provide &
heading reference. It must therefore aligned with a fixed pint in the horizontal

plane rejative to the ground, regardless of the pitching, rolling and yawing of the
aircraft. In order to do this it must have & horizontal spin axis and two degrees of
freedom {option a). 1t should be noted that for JAR examination purposes the
number of degrees of freedom possessed by & gyro is equai to the number of
glmbals. So a DGI must also have two gimbals and some form of automatic
erection system to enable it be erected quickly and to compensate for long term
inaccuracies dus to any tendency of the gyro to graduaily topple.
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GYRO 25 ¢
A typical turn indicator is lifustrated beiow.
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When calculating the number of degrees of freedom of movement in JAR
examination questions the freedom of the rotor to spin about its spin axis is not
considered.

In order to sense turn rate its gyro spin axis is aligned with the yawing plane of the
aircraft. To achleve this it has one degree of freedom (in roii), {option c), but
motlon about this axis is limited by a calibrated spring,

The vertical reference unit of a three-axis data generator is essentially an artificial
horizom. A basic version of such an inatrument is Diustrated below, [t empioys an
earth gyroscope, which means that the spin axis of the gyro is kept verticaily
aligned with the earth. In an air driven instrument this allgnment is maintained by
means of pendulous vapnes conirolling the escape of alr from sn erection chamber
at the base of the gyro. In electrically driven instruments alignment ls maintained
by a system of mercury switches and torgue motors. In order to atlow the spin axis
to remain vertical while the alircraft pitches and rolis, the gyro has two degrees of

freedom. One in roll and one in pitch. So option c is the most accurate in this
question.

VERTICAL SPIN AX)S

OUTER GIMBAL GIVES FIRST |
DEGREE OF FREEDOM I INNER GEMBAL GIVES
FORWARD W, ( \ i~~~ SECOND BEGREE OF FREEDOM

AGB SCALE

GYRO 27 ¢.

The term “cinssicai artificiai harizon” when used in JAR examination questions
means an air driven instrument using a pendulous vane erection system, These are
subject to turning errors whenever the alreraft executes & turn. This problem is
caused by the effects of centrifugal force on the erecting chamber and inertiz on the
peaduious vanes. Under normal conditions, these vanes keep the spin axis vertical,
by switching on and off alr fets, such that the gyro is caused to precess, whenever it
departs from the vertical. But the inertia of the vanes canses them te produce

408

insppropriate precession, whenever they are subjecied to accelerattons, during
speed changes or turus. The overall effect of centrifugal force on the erecting
chamber and inertia on the pendulous vanes when turaing right is the errors in the
circie overleaf. After a 90 degree turn at constant baok angle the instrument
would attitude too much nose up and bank angle too iow (option ¢).

After 90° right turn

[nitiai heading After 186" right turn

Ciimb + over
Indicstion of bank

After 270 degree right turn

b
The needle of £ turn and slip indicstor indicates the direction and rate of turn.
Needle displaced te the right lndicstes that a turn to the right is being carried out.
The position of the ball indicates whether the aireraft is ip balanced Might with no
sideslip ball central), slipping towards the centre of the turn (ball and needle [n
same direction), or skidding away from the cenire of the turn {ball and needle in
opposite directions).

The position of the ball is determined by the forces acting upon it. In a balsnced
banked turn the gravitational force pull the ball vertdcaily downwards and the
centrifugal force pushing it out awsy from the centre of the turn, are in balance
such that the ball is central. But when turniog on the ground the sircraft cannol
bank, so the ball moves oot away from the centre of the turn. This means that the
ball will always move away from the direction of tirn when furaing on the grownd.
So when turning right on the ground the needle will be ta the right and the ball will
be tq the ieft {option b).

GYRQ 29 3,

The heading reference unit of » three axis data generntor is easentially a directional
©yro. lts purpose is to provide » heading reference, It must therefore aligned with
# fixed pint in the horizontal plane relative to the ground, regardlesa of the
pitching, rolling and yswing of the aircraft. In order to do this it must have »
horizontal spin axis and two degrees of freedom (option a). It should be noied that
for JAR examination purposes the number of degrees of reedom possessed by »
gyro ia equal to the rumber of gimhals, So 2 DG] must also have two gimbals and
some form of antomatic erection system to caable it be erected quickly and to



compensate for jong term insccuracies due to any tendency of the gyro to graduaily
toppie.

GYRQ 36 b,

The term “cizssicsl artificiai horizon™ when used in JAR examination questions
means ag alr driven instrument using a penduious vane erection system. These are
suhject to turning errors whenever the aircraft executes a turn. This problem is
caused by the effects of centrifugai force on the trecting chamber and inertia on the
pendulous vanes. Under normat conditions, these vanes keep the spin axis vertical,
by switching on and off air jets, such that the gYro is caused to precess, whenever it
departs from the vertical, But the Inertia of the vanes causes them to produce
inappropriate precession, whenever they are subjected to accelerations, during
speed changes or turns. The overall effect of centrifugal force on the erecting
chamber and inertia on the pendulous vanes when turning right is the errors In the
circie overleal. After a 180 degree turn at constant bank angle the instrument
would attitude too high pitch up 2ud too low angle of bank (optien b),

After 90° right turn

Indicatlon of bank

-

No

Initiai heading Error

After 180° right turn

Climb + over
Indication of bank

After 270 degree right turn

In 2 gyro stabilised magnetic compass system, The gyro and the compase magnets
work in harmony to exploit the beneflts of each. The £yro is largely Immune to
acceleration and turning errors, bot suffers from drift dee o earth rotation and
transpert wander. The compass magnets suffer from errors When accelerating or
decelerating on east-west headings, and when terning on north-south headings, but
is immune to earth rotation and transport wander errors.

In order to improve the accuracy of the system, the datum bending of the gyro is
regularly reset using signals from the magnete compass. This is achieved by a
precession coil cantrolled by amplified ervor signaly from the error detector, It Is
aiso necessary to ensure that the gyro spin axis Is always in the yawing plane of the
alrcraft. This is achieved by » torque motor which canses the directions) gyro te
precess (option a).
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GYRO 32 a,

A typical gyro magnetic compass system is illustrated below. Magnetic directionai
signals originate in the Mux vaive, These signais are then passed to the slgnal seisyn
in the error detector unit coption a), where they are compared with the gyro
direction. Error signais are then sent to the ampiifier and uitimately to the
precession call, which corrects the alignment of the gyrascope,

I Vigewor deseriar i & fat 3 Amptiler supif rrrer
ive n preduce cctical sty tigule revetved tram orer
4 Oet dirnsfian mn.. unn-:‘m-
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b o Tl rrace bwrash magnrtic serth
L sabvr sarpant) e myre eorvh (opda skt

|l Errar siguny from oroer devere

TYPICAL GYRO STARILISED COMPASS SYSTEM

CGYROIIbore,

A typical gyro magnetic compass system is illusirated ahove. Magnetic directional
signals originate in the flux valve. These signals are tben passed to the signal selsyn
in the error detector upit , where they are compared with the gyro direction. Error
signals are then sent to the amplifier and ultimately to the precession coil, which
corrects the alignment of the gyroscope. This means that the lnput signals to the
amplifier originate at the flux valve but pass throngh the error detector
immedtately before entering the amplifier. Opticns b or ¢ might therefore be taken
to be carrect in this question.

A rate gyro sensea angular acceleration rates. Whem angular acceieration rate is
integrated the cesult Is angular velocity. An integrating gyro is & rate gyro, which
carriea out these functions. I is used in inertlal attitude units (1} and in inertial
navigation platforms (4). Integrating gyros are not used directly in antomatic
pilots (2), stabillzing serve systems (3) por in rate-of-turn Indlcators (5). Option a
is therefore the most accurate in this question.
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GYRO 35

A ture indicator gives an indication of the angular velocity of the aireraft about ity
yaw azis (1) and the direction of turn {3). Rate of turn is a measure of the anguiar
velocity of the aircraft aboeut its vertical axis. 1t shouid be noted that because an
alrcraft banks when turning, the true verticai axls differs from the aireraft normal
axis, so statement 4 is not eatirely true. The turn indicator does not measure roil
rate nor bank angie so statement 1 is untrue. So option ¢ is the most accurate in
this question,

The term “gimbal errors™ refers to the errois that are caused when the gimbals
mounting a gyro are not aligned at 90 degrees to each other. This condition causes
the gyro spin axis to alter as the alreraft pitches and rolls. So gimbal error of the
directional gyro is due (o a bank or pitch attitude of the sircraft (option a).

En order to ensure that a directional gyro remains horizontal as the sircraft
manocuvres, it is provided with a leveling erection system. This system uses torque
motora to apply torque to the gimbals whenever the spin axis drifts or topples.
These torques caunse the gyro to precess such that it returns to the correct
orientation. The torque motors are controlled by error signals from s penduium
type detector system. So the pendulum type detector system of the directional gyro
feeds ieveiling erection torque motors (option c).

GYRO 3§ 4,

Because of its property of rigidity, a spinning gyroscope remains aligned with
fixed point in space. If a gyroscope is piaced upon the earth it will initially be
sligned with both & point in space and & point on the esrth. As the earth rotates it
carries the gyroscope with it. The gyroscope will remain sligned with the same
point in space but this will no longer be sligned with the same point on the earth.
This phenomencn is called earth rate error or apparent drift. The magnitude of
earth rate drift is proportional to the Istitude sach that: Earth rate drift = 15 x
the Sin of the latitnde per hoar. The greatest possible value that & Sin can take Is 1,
30 the maximom possible magnitude of earth rate drift s 15°, this ovcurs at the
North and South poles {option d).

The ring iaser gyro senses rates of rotation by measuring the difference between
the resonant frequencies of two Iaser beams. The two beams travel in opposite
directions around the triangle and are captured by a cotlecting mirror and detector
unlt. The detector unit them compares the resonant frequencies of the twe beams to
measure the difference between the two, These resonant frequencies are
propertional to the length of the resonant structure throughk which they bave
passed. If the gyro ia stationary the path taken by the two beams and hence the
resonant frequencies are identicai.

If however the alrcraft yaws, the gyro will rotate with it. This means that the path
of the beam travelling In the same direction as the gyra becomes slightly longer,
whilst that of the other beam becomes slightly shorter. This difference in path
fength will cause a difference in resonant frequency that is proportional to the rate
and direction of rotation.

Because they contain no moving parts, ring laser gyros:

. Consume very little electrical power.

2, Can operate almost indefinltety without wearing out. They thereflore
have much longer life eycles than conventional gyros {option n).

kR Are reasonably Insemsitive to temperature changes.

4, Require very short start up dmes.

A simple ring Inser gyro is Nustrated beiow.
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The needle of the turn and slip indicator lndicates the direction and rate of turn.
So in o left tara the needie will be to the left. The slip ball indicates whether the
aircraft is in balanced fight or is slipping towards the ceatre of the turn or
skidding awsy from the centre of the furn. '

The radius of the furn depends upon the gravitational accelerstion, angle of bank
and airspeed. If these flel::n are balanced then the aircraft will be ln bal::cedto
flight and the ball will be centrsl. If however the radius of the turn is too large
halance the other factors, then the aircraft will olip towards the centre of the tura
until the correct radius 1s achleved,
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This slipping can be avoided by using the rudder to steer the airersft lnto the
correct radius, [a s ieft turm with insufficient rudder the tuen redius will be too
large sa the alrcraft will be silpping to the left. The ball and needie wili therefore
both be to the beft as in diagram 4. so option ¢ is correct.

L 2
. ‘

o ;

The rate of turn of an aircraft in flight cam be caiculated uging the equation;
Rate of turn = g x Tangent of anglie of bank / TAS

G Is the gravitational acceleration caused by earth gravity, which is approximately
constant. So the only factors that determine the rate of turn are the bank angle
(statement 1) and the aeroplane speed (statement 2). So option b Iy correct.

GYRO 42 §.

A classica) artificial horizon uses 5’ pendulons weight system to maintain the gyre
spin axis vertical 1n effect this is 1) weight hanging below the spin axis of the gyro,
When an aircraft accelerates, the inertia of this weight tends to cause it to Ing
behind the alrcraft. This has the ¢ fect of tilting the bottom of the spin axis in an
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aft direction and the tep in 2 forward direction. This tilting of the spin axis cause
the instrument to give » nose up indication {option d).

GYRO 43 d.

In order to sense changes in any given plane & gyro must have its spin sxis aligned
in the direction of that plane. Heading changes take place n the horizontal plane,
50 to provide heading information a gyro must have 2 horizontai spin axis. In
order to keep the spin axis horizontal as the aircraft pitches rolls and yaws, the
gyro must have two degrees of freedom {(optlon d).

GYRO 44 4d.

Because of its property of rigidity, a spinning gyroscope remsins alighed with a
fixed point in space. If & gyroscope is piaced upon the earth it will initially be
aligned with beth a point In space snd a point on the earth. This might for example
be the North Pole. As the earth rotates it cerries the gyroscope with it. The
gyroscope will remain aligned with the same point in space but thls will no longer
be aligned with the same point on the earth. This phenomenon is calied earth rate
error or apparent drift. The magnitude of earth rate drift is proportionai to the
fatitude such that: Earth rate drift = 15° x the Sin of the latitude per hour. In the
northern hemispheres this drlft is to the right. This effect is iliustrated below.

Spin axis drifts further away from
north as time passes (rom
TttoT2to T3

Spin axis is aligned

with north at time T ~orih Pole

Divection of rotation of the earth
——

Se at a latitude of 45", the earth rate drift is 15°. x sin 45° = 10.605* per hour of
approximately 10.5° per hour (option d).

GCYRO 45 a,

On a typicel artificlal horizon the earth and the sky are identified by different
colewrs. [n the diagrams in this question the earth appears as a dark colour and
the sky appears as a fighter colowr, The horizon is the line between the earth and
the sky. When an aircraft is banked to the feft, the herlzon wili appear to be tilted
right side down as in diagrams 1, 2 and 4,

The alrcraft is represented by a small winged symbol at the centre of the
instrument display. Whea the aircraft Is pitched nose down, the aircraft symbol

-
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will e below the orizon as in dingrams 1, 2 and 4. taking into account the above
factors only disgrams | and 2 indicate left bank and nose down.

Fhe bank angle iy indicated by pointer and scule above the globe. This is marked
in ¥ increments.  Fhe degree of piteh Is indicated by the scale passing through the
aircratt symbel. This is marked in 5" increments. Examination of dingrams | and 2
reveais that oniy diagram 1 ¢aption 2) shows 40" teft bank and 15" nose dewn pitch,
IT this diagram is rotated anticlackwise until the horizan line is horizontal the 1rue
sttuation is indicated by the position of the aircraft symbol,

GYRO 46 .

A directiomal gyro has 2 spin axis that is aligned in the horizoatal plane. Because of
its rigidity the spin axis of a gyro is aligned with 1 fived puint in space, rather than
with any fixed point an the carth. This weans chat if the directionat gyro is moved
across the surface of the cacth, the aligantent of its spin axis relative to the earth

will appear to change. This effect is cabled Traasport Wander which in its
abbrevised form is weitgen TW,

Fhe rate of Transport Wander can be calealated using the standard cquaiion:

4

TW = {East/West groundspeed (in Kts) 1 Tan latitude ) / 60} degrees per hour

This means that transpart wander is dependent upon the ground speed of the
sircraft, its true track and the average latitude of the Might {option ¢).

GYRO 473,

A gravity erection system s fitted to a vertical gyro in order to keep its spin axis
vertical. Of the options listed in this question only the artificial horizon device
(option &) uses & gyro with a vertical spin axis.

Because of its property of rigidity, a spianing gyroscope remaing allgned with a
fixed point ln space. If & gyroscope is placed upon the earth It will Inidally be
aiigned with both » polot in space and & point on the earth. This might for example
be the North Pole. Aa the earth rotates it carries the gyroscope with it. The
gyroscope will remain aligned with the same point ln space but this will no lenger
be aligned with the same point on the earth. This phenomenon is called earth rate
error or apparent driR. The magnitude of earth rate drift is proportional to the
intitude such that: Earth rate drift = 15° x the Sin of the latitude per hour. In the
northern hemispheres this drift Is to the right. This effect is Hustrated below.

This means that earth rate is gresiest at the iIatitude at which the sin of the latitnde

Spin axis b aligued Spin sxis dri:s fnt:'ther away ‘fmm
with north at dme T| __ Nacth Pole_ Rcth ArCme passcs iKom

;K,H‘n’

Drirection of rotation of the earth
e

is greatest. This occurs at the north and south poles (90' north and south), where
the sin is equal to 1. At these locations the earth rate is equal to 15°, x sin 90°
which Is 15° x 1 which is 15° per hour (option ¢).

QYRO 49 8,

To detect changes in beading a directional gyre has 2 horizontal spin axis. Te
enable this to be maintained as the airceaft pitches yaws and rolls, the gyro must
have two degrees of freedom (statement 1). The rigidity of such gyros causes them
to remalin aligned with a fized point in space rather tham with a fixed point on the
earth. The makes the spin axis appear to change as the ¢arth rotates (earth rate
drift) and as the aircraft is moved frem pince to place on the earth (ramsport
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wander}. These errors mean that a directiona gyro is incapabie of self-orientation
ground an earth-tied direction (statement 4). So option anly a is true,

GYRO S0 b,

Apparent wander is the sum of earth rate drift and transport wander. Earth rate
drift = 15" x the Stn of the latitude per howr, The average iatitude in this question
is zero so the earth rate drift ia zero.

Transport Wander can be caicuinted using the standard equation:
TW = (East/West grosndspeed (in Kt3) x Tan latitude )}/ 60) degrees per hour

This question specifies a flight with a track of 360° between the 005 S and DOS° N.
This means that the East/West groundspeed is zero and the mean iatitude is zero.
This in turn means that the trauzport wander bs zero. Adding together the zero
earth race drift and the zero transport wander gives a precesston ervor of the
directionai gyro due to apparent drift of 0°/bour (option b).

GYRO 51, b,

Because of its property of rigidity, s spinning gyroscope remains aligned with &
fixed polat i space. If 5 gyroscope is pisced upon the earth it will initially be
sligned with both a point in space and a point on the earth. This might for example
be the North Pole. As the earth rotates it carries the gyroscope with it. The
gyroscope will remain aligned with the samé point in space but this will no longer
be aligned with the same polnt on the earth. This phenomenon ls called earth rate
error or appsrent drift. The magnitude of earth rate drift is proportionsl ta the
latitude such that: Earth rate drift = 15° x the Sia of the latitude per hour. The
greatest passible vaiue that » Sin can take is |1, so the maximom possible magnitnde
of earth rate drift is 15°. this occurs at the poles.

GYROS2. b,

A slmple Directional Gyro or DGI is Ulustrated befow. Its purpose is to provide a
heading reference, It must therefore aligned with » fixed pint in the horizontal
Piane reintive to the grouad, regardiess of the pitching, rotling and yawing of the
aircraft. In order to do this it must have & borizontal spin axis and two degrees of
freedom (option b), It should be noted that for JAR examination purposes the
number of degrees of freedom possesyed by a gyro Is equal to the number of
gimbal. So a DGI must aiso have two gimbals,
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CYRO 53. 2.
A simple exampie of 2n attitude indicator Is ilustrated below.
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A vertical gyrescope with a gravity erection device will detect motion in roll and
pitch. Sach x gyro is therefore ¢mployed in an Artificial Horizon.

it should be noted that 2 DGI and a turn indicator bath employ borizontal gyroa.
A rate gyro i used to detect angular sceeleration rates,
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GYRO 54. ¢.

A rate gyro senses angular acceleration rates. When angular acceieration rate is
integrated the result iy anguiar velocity. An integrating gyro is a rate gyro, which
carries out these functions. Lt is used ip inertial navigation units (2) and in inertial
navigasion plstforms (4). Integrating gyros are not used in attitude indicaiors
because these indicate attitude rather than rate of change of attitude. Although
rate of turn indicators (3) do indicate angular velocities, current versions do not
employ integrating gyros. Autopilots {S)do not ususily empioy gyros of any sort,
but receive their signais from gyros in other Night instruments or the inertial
oavigation or inertial reference systems.

GYRL) 33, &,

The term vertical changes might be taken to mean changes in altitude, pitch and
roll. But no form of gyro is abie to sense changes in altitude, so aply pitch and rofi
need to be considered for the purposes of this question. Such changes are
mensured using an artificial horizon or attitude indicator. These empioy a gyro
with two degrees of freedom and & vertical spin sxis. A simple attitude indicator is
tiustrated in GYRO 53.

GYRO 56. d.

in consldering this question it shouid be noted that gyroscopes possess all four of
the properties listed, But the questions aak which properties are peculiar to gyros.
These are precession (2) and rigidity (3}, because inertia (1) Is possessed by all
masses and angular mementum (4} is possessed by all rotating masses, Student -
feedback suggests that this type of questions is frequently badly worded in that it
simply ask “what properties are possessed by gyroa™ In such circumstances,
students should seiect ail of the options possessed by any mass, but make a written
objection stating that the question is badly worded and why this is so.

GYR b

Fhe rigidity of a gyro stems from iis anguisr momentum, so anything that increascs
anguiar mementum will increase rigidity. Angular momeutum ls the product of
mass multiplied by rotadonal velocity. At any given RPM, the rotatienal velocity
increases with radias from the centre of rotation. So angular momentam and
rigidity are increased by increasing RPM sad conceniratiog the mass close to the
periphery of a gyro (optien b}

CYRO 58. ¢,

The purpose of a gravity erection device is to erect a gyro spin axis in the verticat
plane. A vertical spin axis is employed in an artificial hortzon. It should be noted
that a DG and turn indicator both employ & horizontal spin axis. A VSI does not
employ any type of gyro.

L Tt

GYRO 58. 0,

The purpose of a yaw damper is io prevent Dutch Reoll by enhancing the directional
stability of an aircraft. it does this by providing rudder cortrol inputs
proportional to the rate and direction of yaw. In order to sense yaw rates it
employs a horizontal rate gyro,

Gyro-stablilised piatforms use three rate gyros to measure the rates of yawing
pitching snd rolling. Rate gyros have one degree of freedom. In order to obiain
heading information it Is necessary that a gyro has a horizontai spin sxis. So to
obtain heading information a gyro stabilised piatform requires 2 gyro with 2
horizontai spin axis and one degree of freedom (option a).

,

Apparent wander is the sum of earth rate drift and traosport wander., Earch rate
drift = 15" x the Sin of the Jatitude per hour. The average iatitude in this question
is zero 50 the earth rate drift is zero,

Transpert Wander can be calcuiated using the standard equation:
TW = (East/West groundspeed (in Kis) x Tan iatitude ) / 60) degrees per hour

This question specifies a flight with & track of 360° berween the 005° S and 005° N.
This means that the East/West groundspeed is zero and the mexn iatitude is zero.
This in turn means that the transport wander is zero. Adding together the zero
earth rate drift and the zero transport wander gives a precesslon error of the
directional gyro due to apparent drift of (°/hour (optien ¢).

GYRO 62. b.

In many of the cider reference books, the degrees of frecdom of a gyro are assumed
to inciude spin. This mean that the number of degrees of freedom is one more than
the pumber of gimbals. For the purpeses of the JAR examlnations however the
degrees of freedom do not inciude spin, and so the number of degrees rmust be
taken to be equai to the number of gimbais {opdon b).

*

The purpaese of a directional gyro is to provide a coustant seurce of heading
reference regardless of the yawing, pitching and roiling of the aircraft. To achieve
this it empioys a borizoutal spin axis and two gimbals providing two degrees of
freedom. It should be noted that if the gyro in question iy mounted on a gyro-
stabilised platform # wonld be & rate gyro with one gimbal, one degree of freedom
and a horizontal spin axis (option a). The question does not however specify a
gyro-stabilised piatform so optien b is the most appropriate.
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GYRO 64. 3,

A gyro with a horlzental spin axls wili sense rotactons in yaw, pius pitch or roll
depending on the spin axis orientstion. A horizontal spln axls pius one degree of
freedom is most commonly provided in a rate gyro.

Gyroscope passest all of the properties of any masa, plus some sdditional
properties due to their rotatica. Mass (1) and inertls (3) are common to sl masaes
including gyros. Rigidity in space (2) and precesston (4) are peculisr to rotating
masses including gyros. But rigidity in space meaus that & gyre cannol possess
righdlty with refereace to the enrth (5) because the earth moves Ia pace.

It should be noted that if the question had asked for the properties that are unique
to 2 gyro, then only statements 2 and 4 would be true. This is not however an
optien in this question. As always the key If to read the examinaton questions very
carefuily and consider ali of the opttons before sclecting one.

The rigldity of 2 gyro stems from ity angular momentum, 3o anything that increases
angulsr momentum will increase rigidity. Anguiar momentum ls ihe product of
mass muitiplled by rotational velocity. At any given RPM, the rotational veloelty
incresses with radius from the centre of rotation. So angular mementum and
rigidity are increased by increasing RPM and increasiog the radial displacement of
its mnas (option a)

GYRO 67. b
A simple ring iaser gyro is lliustrated below,
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The rlag laser gyro senses rates of rotatlon by measuring the difference between
the resonant frequencies of two inser beams. The twe beams travel (p opposite
directions around the trisngle and are captured by a collecting mirror and detector
unit. The detector unlt then compares the resonant frequencles of the twa beams to
measure the difference between the two. These resonant frequencies are
proportional to the iength of the resonsnt structure throngh which they have
passed. If the gyre is stationary the path taken by the two beams and hence the
resonant frequencies are identical.

If however the alrcraft yaws, the gyro will rotate with i2. This means that the path
of the beam travelling In the same direction as the gyro becomes slightly longer,
whilst that of the ather beam becomes slightly shorter. This difference In path
length will cause » difference im resonant frequency that is proportional (o the rate
snd direction of rotation. But whes the gyro is rotating scatter frou: the mirrored
surfaces sometimes causes the beams to lock together making the detection of small
YaW rates impossible. To prevent this laser lock, a dither motor vibrates the pre
at & resomant frequency, thereby causing the beams to unlock. So the purpose of
the dither motor Iy to prevent isser lock (option b).

GYRO 63, 3,

Front

Left Right

View from above Direction of rotadon

Back

The precession praperty of @ rotating gyro Is such that any force tending to alter
the spin axis orlentation, does not take effect at its point of application but at »
point 90* Iater In the directior of gyro rotation. The sbeve gyro is spianing
clockwise, 30 a downward force applied te its right side will canse the back of the
gyro to move downwards. Thiy will canse the gyro to move upwards at the front.

GYRO 63, ¢, _
A 2 axis gyro measuring vertical changes is fitted into an artificisl bortzon. It bas
two degrees of freedom and a vertical spin axis as ilustrated in GYRO 53,

GYRO 70, ¢,

Of the properties listed In this question, mass (1) and inertia (2) are common to all
bodies. Rotatioual velocity (5) Is possessed by ali rotating bodies. But rigldity (3)
and precession (4) (option c) are unique to gyroscopes.
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7
A simple Directional Gyro or DGI is itlustrated in GYRQ 52, Iis purpose is to
provide a heading reference. Et must therefore be atigned with a fized point in the
horizontal plane relatlve to the ground, regardless of the pitching, rolilng and
yawing of the aircraft, In order to do this it must have & horizontal spin axis (4)
and two degrees of freedom (2) {option d). kt shouid be noted that for JAR
examination purpeses the pumber of degrees of freedom possessed by a gyro is
equal to the number of gimbals, So a DGE must aiso have two gimbals.

A vertical reference data generator s essentially the same as an artiflcial horizon,
but produces electrical outputs rather than a visuai display. It must therefore have

the same two degrees of freedom (2} and vertical spin axis (3) used by an artificiai
hovizon.

Tu & gyra stabitised magnetic compass system, The gyro and the compass magnets
work in harmony to expioit the benefits of each. The gyro is largely immune to
aceelerstion and turning errors, but suffers from drift due to esrth rotation and
transport wander. The compass magnets suffer from errors when acceierating or
deceierating on east-west headingy, and when turning on north-south headings, but
is Immune to earth rotation and transport wander errors. In order to improve the
accuracy of the sysiem, the datum hesding of the gyro is regularly reset uslog
signals from the magnetic compass. This is achieved by a precesslon coil controlled
by amplified ercor signals from the error detector. It is also necessary to ensure
that the gyro spin axis is always lu the yawing piane of the aircraft. This (s
achieved by & torque motor which canses the directionai gyro to precess (opton c).

GYRO 74, ¢,

A Tate gyro senses anguiar acceleration rates. When angular acceleration rate is
integrated the result is angular velocity. An integrating gyro is a rate gyro, which
carries gut these functions. 1t Is used In Inertlal navigation units (3) and in inertisl
attitude reference units (4). Although rate of turn indicators (1) do indicate
anguiar velocities, carrent versions do not employ integrating gyros. Autopllets
{2)do not useally employ gyros of any sort, but recelve their signals from gyros In
other flight instruments or the inertini navigation or Inertial reference sysiems.
Integrating gyros are not however used to stabilise the Inertial piatforms (5).

GYRO 7S, b,

A simple DGV is illustrated o GYRO 52. lts purpose Is to provide a heading
reference. It mast therefere aligned with a Axed pint in the horizontal piane
relative to the grouad, regardiess of the pitching, rolling and yawing of the alrcraft.
in order to do this it must have a horizontai spin axis and two degrees of freedom).

All gyros suffer from ervors due ta minor mechanicsl imperfections (1) ia the
bearings and balance of their rotors, Also, because gyros remsin aligned on
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afftxed point in space thelr alignment relative (o any poiet on the earth varfes due
to earth rotation rate (2). Simiiar apparent errors also occur whenever a gyro s
transported (3) to a different location on the earth. DGEs are subject to one further
form of error due to the interactions of the gimbals and the rotor. Whenever an
aircraft pliches, tke outer gimbal of its DGI must rotate slightiy about its awn axis
to enable the spin axls to remaln atigned. This causes the inner gimbai to roli
slightly {4), producing an indication of a heading change. DGls do not employ
magnetic detectors so arnual migration of the pole (5) does not cause errors.

An inertisl platform provides heading information by mesns of rate integrating
gyros. This senses angular accelerations which are then integrated to glve angular
velocities and Integrated again to give angular dispiacement or ysw. The heading
at sny peint In time is calculated by adding these yaw displacemtents to the initial
beading on which the piatform was ailgued before flight. In order to sense angular
sceeleration rates the gyros one degree of freedom (1) and a horizontal spln axis

).

A simplified version of an artificiat horizon is illustrated in GYRO 9. An artificlal
hortzon uses & vertical spin axls in order to sense changen in plich and roll. A
gravity erector system is used to keep the spin axis vertical. ROT Indicators (=)
and DGIs (b} use horizontal spin axes so gravity erection systems are not required,

The term gyro wander refers to any condition o which the alignment of the spin
axis changes. Real wander occurs when the alignment changes relative to space and
is caused by external forces or mechamical Imperfections in the gyro. Gyro drift
due to earth rotation is termed spparent wander. [t is caused by the fact that the
gyro i carried around with the earth as it rotetes, as Hustrated below,

Spia gxis drifts further sway from
north as thme passes from
JtwwTiteTd

Spin axis is aligned . i
with north atdme T| . ml}}.{m L

Direction of rotation of the earth
B —
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Transport wander (TW) it simllar to earth rate wander, but ls caused by the
movement of an aircraft rejative to the earth as it files around the earth (option a).

9.
A basle artiflcial horizon or atiftude indicator is illustrated in GYRO 9. 1t employs
an earth gyroscope, which means that the spln axis of the gyro is kept verticaliy
aligned with the earth (3). In an air driven instrument this alignment Is malntrined
by means of pendulous vanes controlling the escape of air from an erection
chamber =t the hase of the gyro. [n electrically driven instruments slignment Is
maintained by x system of mercury switches and torque motors. Im order to allow
the spin axis to remain verticat while the atrerafy pitches and rolis, the gyro has two
degrees of freedom (2). One In roll and one in pitch. So the gyro in an artificial
horizon has s vertical axis aud two degrees of (recdom (option c).

CYRO §0. b,

The rigidity of a gyro stems from ity anguiar momentum, so anything that increases
angulsr momentum will lncrease rigidity. Angular momentum is the product of
mass meltiplied by rotational velocity. At any given RPM, the rotational veloclty
increases with radius from the centre of rotation. So angular momentum and
rigidity are increased by lncreasing RPM and Incressing the radls] dispiacernent
of its mass by concentrating the mass close to its rim (option b)

GYRO 3], ¢,

A vertical gyroscope with a gravity erection device will detect motion in roll and
pitch, Such s gyre it therefore employed in an Artificisl Horlzon. It should he
noted that a directional gyro unit (b) and & tura indicater (¢) both employ
horizontal gyros and hence do not use gravity erection nnits. An ASI (2) does not
include any type of gyro or erection unit,

in order to sense turn direction and cate, a turn indicator (opton c) must use a
gyro with its apin axis aligoed with the yawing plane of the sireraft. To achieve this
it bas one degree of freedom. (in roll).

The gyros in & siaved gyro compass (x) and s directionat gyro unlt (b) must remain
horizontal relative to the earth as the aireraft pitches and rolls, so they employ two
degrees of freedom. An srtificial borizon (d) must remalyy vertical, so this aiso
employs two degrees of freedom.

A typical turn indicator is ilustrated below.
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GYROS83. b,
This problem can be solved using the standard equation:

TW = (E/W groundspeed (in Kts) x Tan iatitude ) / 60) degrees per hour
So when flying east at 400 Kts at 45* latitude:

TW = (400 £ Tan 45}/ 60 which = 6.67° per hour.

GYROM. 8

This problem can be solved uslng the standard equation:

TW = (E/W groundspeed {in Kts) x Tan latitude ) / 60) degrees per hour
Southern latitudes are minus northern ones.

Se when flying east at 300 Kts at -40° south latitude:

TW = (300 3 Tan -40) / 60 which = - 4.2* per hoar.

GYRO 85. ¢,
This problem can be solved using the standard equation:

TW = (E/W groundspeed (in Kis) 1 Tan iatitade ) / 60) degrees per hour

THE YANING FLANE OF TiIE
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When flying west the E/W groundspeed is minus the westerly groundspeed and

southeriy tatitudes are minus northerly ones.
So when flying west at 300 Kts at 25° south latitude:
TW = (-308 x Tan -25) / 60 which = 2.33° per hour.

[
This problem can be solved using the standard equation:

TW = {E/W groundspeed (in Kts) x Tan lstitude ) / 60) degrees per hour

When flying west the E/W groundspeed is minus the westerly groundspeed .

So when fTying east at 300 Kts at 25% porth latitude;
TW =(-300 x Tan 25)/ 60 which = -2,33* per baur.
R

This probiem can be solved wsing the standard equation:
ER = 15" 1 Sin latitude degrees per hour.
Southerty latitude are minas northerly latitudes .
So at 25" south ER = 15" x Sin -25 which = -6.340 per bour.
GYRO 88, 4.
This problem can be solved using the standard equation:
ER = 15" x Sin latitude degrees per hour.
So 2t 25" north ER = 15° 1 SIn 45 which = 10,61 per hour,

Y 5
This problem can be solved using the standard equation:
ER = 15° x Sta |atitude degrees per hour.
At the equator the latitude is 9°,

So at the equator ER = 15° x Sln 0 which = zero.
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ATTITUDE 1. a,

A basle attitude indicator is ilfustrated belaw. 1t employs an earth gyroscope,
which means that the spin axis of the gyro is kept vertically aligned with the earth.
In an air driven instrument this alignmnent is maintained by means of pendulous
vanes cantroliing the escape of air from an erecrion chamber &t the base of the
gyro. In eiectrically driven instruments slignment is maintiained by a system of
mercury switches and torque motors. In order to allow the spin axis to remain
vertical while the gircraft pitches and rolly, the gyro has two degrees of freedom.
One in roli and one in pitch.

VERTICAL SPIN AXES

GLUTER GIMBAL GIVES FIRST }

DEGREE OF FREEDOM : INNER GIMBAL GIVES
FORWARD WG () \ [~ SECOND DEGREE OF FREEDOM
: _
N ,
q- —— 1 /p-./MR(‘RAFrsvsmm,
BEAM BAR
AOB SCALE
ATTITUDE 2. s

The fact that some of the options include pendulous vanes implies that this question
refers to an air driven gyroscope, These are subject to turning errors whenever the
aircraft executes a turn. This prablem is caused by the cffects of cenirifugal force
on the erecting chamber and inertin on the pendulous vanes, Under normal
conditions, these vanes keep the spin axis vertieal, by switching on and off air jets,
such that the gyro Is caused to precess, whenever It departs from the vertical. But
the inertia of the vanes causes them to produce inappropriste precession, whenever
they are subjected to accelerations, during speed changes or turns.

The overall effect of centrifugal force on the erecting chamber and inertis on the
pendulous vanes when turning right is the ervors in the circie overleal. The
question does not specify the direction of turn, ner the angle through which the
turn o¢curs. Comparing the options with the errors listed overleal however reveals
that option a, “climb due to pendulous vanes” is true throughout most of the turn.
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After 90° right turn

Initiai heading After 180° right turn

Climb + over
Indication of bank

After 270 degree right turn

ATTITUDE 3. 4,

For the purposes of this question the term “classle artificlal horizon” should be
take to mean an alr driven unit, as this is the moat long established verslon. The
gyroscopes in such instruments are kept vertical by means of a system of pendulous
vapes and air jets as [Hustrated below,

PENDULOUS VANE ERECTION SYSTEM

PENDULOUS YANES HANG DOWN

OVER SLOTS TO CONTROL "ﬁ ERECTION CHAMBER

ESCAPE OF AIR FROM ERECTION

CHAMBER +

GYRO SPIN DIRECTION ¢ r- .\

k] + *
WHEN GYRO SPIN AXIS I8 vxlmcu.k' _J
EACH SLOY IS HALF OPEN. THE § [EXHAUST AIR FROM GYRO DRIVE
FORCE OF AIR ESCAPING FROM SYSTEM ESCAPES THROUGH
OFPOSITE SLOTS IS BALANCED, SLOTS, TO EXERT SIDE FORCES
LEAVING NO RESULTANT FORCE ON ON ERECTION CHAMBER
ERECTION CHAMBER

The pressurised alr used to drive the gyroscope is fed Into » small erection
chamber, attached to the bottom of the gyra. The alr then escapes through four
holes, one of which is on each of the sides of the chamber. Flow through these holes
is contralled by four peadulous vanes, such that the hotes are half open when the
gyvo is vertically aligned. Whenever the gyro tilts from the vertical, the vanes
maove due to gravity, such that one hole opens forther and the opposite one closes.
The escape of air from the wider open hole tends to push the base of the gyro
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towards the oppaesite vane, This force is precessed through 90 degrees, such thar
the gyro returns to the vertical as illustrated below.

But the inertia of the vanes causes them to produce inappropriate precession,
whenever they are subjected to accelerations. during speed changes or turns, The
overali effect of these errors is that in a 90 degree constant attitude and bank tarn,
the attitude indicator will indicate too little bank and too much nose up attitude
(option d}, s illustrated in the diagram in ATTITUDE 2.

ATTITUDE 4. b.

A basie attitude indicator is iliustrated in ATTITUDE | above. It employs an
carth gyroscope, which means that the spin axis of the gyro is kept zligned with the
locai earth vertical. This is achieved by means of pendulous vanes in an air driven
instrument or mercury switches and torque maotors in elecirically driven units. In
order to keep the spin axis vertical while the aircraft pitches and roils, the gyro has
two degrees of freedomt. One in roil and one in pitch,

ATTITUDE 5. a.

The term basic Al shouid be taken to mean an uncompensated air driven attitude
indicator. These are subject to turning errors whenever the aircraft executes a
turn.  This problem is caused by the effects of centrifugal force on the erecting
chamber and inertia on the pendnious vanes, Under normal conditions, these
vanes keep the spin axis verticai, by switching on and off air jets, such that the gyre
is caused to precess, whenever it departs from the verticat. But the Inertia of the
vanes causes them to produce inappropriate precession, whenever they are
subjected to accelerations, during speed changes or turns,

The overall effect of centrifugal force on the erecting chamber and inertia on the
penrduious vanes when turning right is the errors in the circle overieaf. In a 270
degree right turn, these errors are nose up and bank (option a).

After 90° right turn

Climb + under
indication of bank

No

Initial heading Error After 180° right turn

Chmb + over
indication of bank

After 270 degree right turp



ALTITUDE 6. ¢,

Aireraft attitude is primary Mtight tnformation. 1t is therefore dispiaved ta the
EFTS primary flight display (FFD) (option ¢) as illustrated below. Although
madern ECAM and EICAS display flying control positions, they do not display
attitude, It should however be noted that in the evenr of an EFIS screen failure,

PEIY data can be transferred to any af the other screens.

Pitch attilude
iv indicated by
the position of

Roll atritude is
indicated by the
position of this

these biack black (riangular
hars and poinier relative to
erosshairs the other trisngular
representing pointer on the

the aireraft,

sky/earth globe.
relative to the

white horizon
line and the
pitch scales.

TYPICAL EFIS PRIMARY FLIGHT DISPLAY

ATTITUDE 7. a.

The term “classic Al"™ should be teken to mean an uncompensated air driven
attitude indicator. These are subject to turning errors whenever the aircraft
executes a turn. This problem is caused by the effects of centrifugal force on the
erecting chamber and inertia on the pendulous vanes. Under normaf conditions.
these vanes keep the spin axis vertical, by switching on and off air jets, such that
the pyre is caused to precess, whenever it departs from the vertical. But the inertia
of the vanes causes them to produce inappropriate precession, whenever they are
subjected to aceelerations, during speed changes or turns.

Fhe overall effect of centrifugal ferce on the erecting chamber and inertia on the
pendulous vanes when turning right is rhe illustrated in ATTITUDE 2 and 4. After

M degrees of right turn the errors are teo much nose up and tou little bank {option
4)

ATTITUDE 8. b,

The term “classic A" should be taken to mean an uncompensated sir driven
attitude indicator. These are subject to turning errors whenever the aircraft
execules a turn.  This problem is caused by the effects of centrifugal force on the
crecting chamber and inertia on the pendulious vanes. Under normal conditions,
these vanes keep the spin axis vertieal, by switching on and olf zir jets, such that
the g3ra is caused to precess, whenever it departs from the vertical. But the incrtia

&

of the vanes causes them to produce inappropriste precession, whenever they are
subjected to accelerations, during speed changes or turns.

The overall effect of centrifugal force on the erecting chamber and inertis on the
pendulous vanes when turning right is the illustrated ln ATYITUDE 2 and 4, After
270 degrees of right turn the errors are too much nose up aod too much bank
(option b). The errors In a left turn will also vary with turn sngle but will be a
combination of nose down and ieft bank. None of the options include nose down, 30
it can be assumed that the questions refers to a right furn.

ATTITUDE 3.,

A basic artificlal horlzon or sttitude indicator is illustrated Io ATTITUDE 1 above.
It employs an esrth gyroscope, which means that the apio axis of the gyro is kept
aligned with the local earth vertical. This is achieved by means of peodulous vanes
in an air driven Instrument or mercary ywitches sad torque motors in electrically
driven unlts. In order to keep the spin sxis vertical while the alreraft pltches and
robls, the gyro has two degrees of freedom. One in roll and one in pitch.

A Iaditude nut is fitted to & directional gyro to compensate for earth rate error.
This applies only to gyroscopes with a horizontal spin axis. The spin axis of an Al
Is vertical, 3o It does not exhlblt earth rate drift and is not ftted with » tatitede nut.

ATTITUDE 11, 8,
This question ls somewhat dubious in that options a and ¢ can both be ssid to be

correct to some degree. The gravity semsing ualt in a modern Al senses any
departure of the gyro spin axis from the vertical, By varying the electrical suppiy
to twa a torque motory, it then causes the gyro to be re-erecied. If however the
question ls interpreted in the strictest possible sense, the gyro Is returned (o vertical
after diting rather than actually being prevented from tilting and it Is the torque
motors rather than the gravity sensing unit that actuaily re-crects It. But the term
erecting is normally taken to refer to initial pre-flight aligning rather than
continmous correction, whereas the term “preventing tllting” subjects continuous
operstion thronghout flight. The gravity sensing unit functions throughout Night,
so option a is the most appropriste.

The term “classic AI” shouid be taken to mean an uncompensated air driven
attivude indicator. These are subject (o turning errors whenever the alrcraft
execuies a turn, This problem is caused by the effects of centrifugal force on the
erecting chamber and lnertis on the pendulous vanes. Under normal conditions,
these vanes keep the spin sxis vertical, by switching on and off alr jets, such that
the gyrao is caused to precess, whenever it departs from the vertical. But the inertia
of the vanes causes them to produce inappropriate precession, whenever they sre
subjected to accelerations, during speed changes or turns.
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The oversll effect of centrifugal force on the erecting chamber and Inertia on the
pendulous vares when turning right Is the Blustrated in ATTITUDE 2 and 4. After
180 degrees of right turn the errors are too nsuch nose up (option ¢). Although the
question does not specify the direction of turn, the errors in lef? turns are »
combluation of dive and bank. Diving la not included in any of the options so it may
be assumed that the question refers to  right turn.

ATTITUDE 13. b,

A basle artificlal hortzon is illustrated in ATTITUDE 1 sbove, it employs an earth
gyroscope, which mesna that the spin axis of the gyro is kept aligned with the locat
earth vertical. This is achieved by meana of penduions vanes in an air driven
{nstrument or mercury switches and torque motors {u electrically driven unlts. In
order to keep the spin axis vertical while the atreraft pitches and rolls, the gyro has
twa degrees of freedom, One in roll about the longitudinal axis and the other in
pitck about the Iateral axis. Both of these axes are horizontal It should be noted
that this question does not refer to the spin axis of the gyro, 10 option b Is correct.
il however the questiony had required degrees of freedom and spin axis direction,
optian & would be correct. This question illustrates the importance of reading
examination questions very carefully before selecting sn option.

ATJITUDE 14. 3,

The parpose of an emergency standby artificial horizon s to provide attitude
information in the event of fatlure of the main attitude instruments. To achieve
(hia it is provided with an independent power supply () and its own integral gyro
(2). In order to emsure maximam reliability whilst minimising weight and size,
standby herizons do not employ remate gyroscopes (3). Although nsed primarily
following primary instrament falture, they are alse used continvously as &
confidence check for the main lnstraments. JAR 25 requires only one standby Al
which must be visible to both pllots, rather than one per pilet (5).

ATTITUDE 13, b,

The term basic AT should be taken to mesn an nncompensated air driven attitude
indieator. These are subject i turning errors wheaever the afrcraft executes a
nirm. mmmmwmmuuwm“mm
chamher and inertia on the pendulous vanes. Under normal conditions, these
vanes keep the spin axis vertical, by switching on and off air lets, such that the gyro
is caused to precess, whenever it departs from the vertical. But the Inertia of the
vanes causes them to produce inappropriste precession, whenever they are
subjected to accelerations, durfng speed changes or turns,

The overall effect of centrifagal force on the erecting chamber and inertia on the
pendolous vanes when turning right ia the errors (Hustrated below.
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Ciimb + under
u:dlcnl:lon of bank

No

Initial heading | Error After 180" right urn

Ciimb + over
indjcation of bank

After 270 degree right tura

After a right turn through 27¢ degrees, the errors will be too much climb end too
much right bank. The question does not specify the direction of the turn, but
errors in s left turn are a combination of nose down and bank None of the options
include nose down, so the turn may be assumed to be to the right. So after 2 270
degree turn to the right the Indications will be bank right and nose up (option b).

TURNSLIFL b,

The balt is positioned by the vector sum of all acceleration forces acting upon kt. In
straight and level constant speed flight ihe only acceleration is that due to gravity
and a1 this scty vertically downwards, se the ball is held le the central position.
When an alreraft is side-slipplag doe to bank, the gravitational acceleration still
acts vertically, but because of the bank sngle, does not act through the normal axls
of the aircraft. This causes the ball to move out of the central position, snd towards
the sideslip direction,

The balt does not however always give a true Indication of sideslip. For example, in
the case of & single engine failure the sircralt can be made to sideship slong the
desired track, whilst the wings are held level by means of the allerons. In this
situation the aircraft will be side-slipping, bat the ball will bs ceutral indicating no
sip. The situation ix which the bail gives a false indication In wings level side
slipping fight following single engine fallure is iliustrated below.

433



Rudder dullectnd to srrml yaw

wand b gl mirerndt lnee siieallp.
4 [ Alerom daflschnd s covanr
[———— “:"‘"—-—0)‘.—_&? v effirct ¢a bobd wings bevel,

\\0.—4

Mndll-'_-) T E—

-~ '\'__h__
T
Rudbdor sitht baron + Skl sy fores.
Welght.

Balt central indicating us rlip.

The left engine has failed, causing asymmetric thruat to tend to yaw the aircraft to
the left. The pilot has used appostte rudder to arrest this yaw and to yaw the.
alreraft to the right, such that it side-siips down the intended track. The ailerons
are abo being used to maintain wings level. Under thess circumstances the ball is
central although the aircraft is side-slipping at & constant speed.

Couversely, if the pilot uses rudder to bring the nircraft heading hack on (rack, and
bank to preveat the rudder side force from cansing side-slip, the ball will indlcate
siip although there is none.  So the ball of & servicesble turn and slip Indicator is
posttioned by scceicrations, but daes not always indicate the state of side-slip.

The tars indiestor lndicates rate of turn, usually in terms of rats 1, 2, 3 etc. Rate of
turn i equal to gTam AOR / V), sa the thrm tndieator is affected by AOB (1) and
airspeed (1). But weight (3) and sltitsde (4) do not affect rate of turn af any given
bank angle nor the turn indlcator reading.

TURN/SLIP 3, ¢

A turn indicator gives an Indicadon of the direction of turn (1) and the rate of turn
(2) of an aircraft. Rate of tarn is s measure of the sugular velocity of the aircraft
aboat it vertical axis (4). It should be noted that becanse an alrcraft banks when
turniag, the trae verteal axls (3) differs from the aireraft normal axis (4).
Aijthough this question also specifies the use of an adtitude Indicator, this ta not
strictly required to indicate any of the above. Angular veloclty about the
lengitudinai axls (5) is roll rate. This cannot be Indicated by a turn indicator nor
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st artificial horizen. Comparing the above facts with the options in this question
reveals that option ¢ (L, 2, 4) [s correct,

TURN/SLIP 4, a,

The turn indicator indlcates rate of turn, usually in terms of rate t, 2, 3 etc. Rate of
turn Is equai to gTan AOB / V, where V is the TAS. So the turn indications are
proportional to TAS. But the EAS and CAS at any giver TAS vary with altitude
and rate of turn at any glven combination of TAS and AOB, is not affected by
mass. So options b, ¢ and d are all untrue.

TURN/SLIP 8. ¢,
A typical turn Indicstor is tjustrated betow.

SCALE AND PCHNTER INDiC ATE
TURN HAELTION AND RATE

SINGLE tisBal
GIYES OME DECRER

SIMPLE TURN INDICATOR

le order to sense turn rate lts gyro spin axis is aligned with the yawing plane of the
aireraft (5). To achieve this it has one degree of freedom (3) (Im roif), but motton
about this xxis bs limited by » calibrated spring.  The yawing planc of the aireraft is
not horizontal when turning 1o (1) is untrue. It shoald also be noted that a gravity
erection device (6} is not used im 2 turn indicator bet in an atittade indieator.

TURNSLIE 6. b,

The peedle of a turn indicator moves in the direction of the turn to indicate both
direction and rate of tura. The ball Is moved by gravity sach that is displaced in the
direction of any side slip if the turn |5 unbalanced. If both the needie and ball are
displaced to the right it means that the aircraft is turning right and slipping into
the turn. In a balanced turn the centrifugat force due to the TAS balance the
horizontal component of lift caused by the bank angle. Slipping towards the centre
of the turn occurs when the aircraft Is banked too steeply for its TAS. This
situation ls illustrated below.
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JURN/SLIP 7. b,

The needle of 2 turn indleator moves in the direction of the turn to indicate both
direction and rate of turn. The ball is moved by gravity such that is displaced in the
direction of any side slip f the turn ls unbaisnced. If both the needle and ball are
displaced to the right it means that the alreraft s tarning right and slipping into
the turn. In a balanced turn the centrifagal force dae to the TAS balances the
horizoutal component of lift caused by the bank angle. Skipping towsrds the centre
of the tarn occurs when the TAS is Insufficient to balance the angle of bank. This
situation is illustrated In TURN/SLIP 6,

JURN/SLIF §, a,

The needle of & torn indicator moves in the direction of the turn fo Indicate both
dlrecuonmdnuu!mmbauhmodhygnﬂtymmthdhphndhtht
direction of any side slip if the tur Is unbalanced. If the neodle is dispinced ts the
rlghtudtbebaﬂtothldt,hmthtlhdnuﬂhmnlnlrlﬁtudtkiddhg
away from the turn. In & balanced turn the centrifugal force due to the TAS
balances the horizontal component of lft caused by the bank angle. Skidding away

from the centre of the ture ocears when the angle of bank Is Insufficient to balance
the TAS. This sltuation is itinstrated below,
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A typical turn indicator is iHustrated in TURN/SLIP § above. [n order to sense
turnt rate its gyro apin axis is aligned with the yawing plane of the aircraft. To
achieve chis it has one degree of freedons (In roll), but motion abowt this axis in
Hmited bry a calibrated spring. Although the yswing plane of the sircraft is not
borizontsl whea turniag, it is approximately so in slightly banked turns. So in such
turna , the turn needle Indicates angular velocity about the vertical axis. Angular
velocity about the later axis (option c) ia pitching rate, which is not measured by a
turn Indlcator. Yaw dlspiacement (option <) is indicated by a compass of
directional gyro.

TURN/SLIP 10. b,
The options in this qeestions sre widely spread so the problem can be solved using
the following smndard approximadon:

Rate | turn AOB = (TAS(inKa )/ 10} +7
Inserting the given dats gives AOB = (120/ 10) + 7 which Is 19 degrees.

Option b, 20" is closest to this Agure.
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The turn indicator provides an indication of turn direction and rate of turn by
sensing the rate at which the spin axis of its gyro Is tilted as the aircraft yaws, This
is precessed through 9¢ degreen to move the needie in the direction of the turn. The
abeve sequence of events accurs both on the ground and in flight, so turning right
on the ground wlil cause the needle to move to the right.

The bali is posidoned by the vector sum of all acceieration forces acting upon it. In
straight and levei constant speed ftight the only acceleration s that due to gravity
and as this acts vertically downwards, so the ball is heid in the central position. But
when turning right on the ground the wings remain ievel and the alreraft s
subjected to an acceleration to the right. The inertfa of the bail will therefore cause
it to iag behind the aircraft such that it moves to the feft.

/ L ¢
The turn indicator indicates rate of turn, ususily in terma of rate 1, 2, 3 ete. Rate of
turn is equal to gFan AOR/ V, 30 the turn indicator is affected by airspeed (1) and
AOB (3). But mass (2) has no efTect on rate of turn or ROT indications.

T ISLIP
The options Iu this questions are widety spread so the problem can be solved using
the following standard spproximation:

-

Rate | turn AOB = (TAS (in Kts )/ 10} +7 *

Inserting the given data gives AOB = (150 / 10) + 7 which is 22 degrees,

T

The situation Is Mustrated overieal. The jeft engine has f2lled, causing asymmeiric
thrust to tend to yaw it to yaw to the ieft. The pliot has used opposite rudder to
arrest this yaw snd to yaw the ajrcraft to the right, such that it side-slips dowa the
intended track. The ailerons are alsg belng used to maintain wings level. Under
thcmmmmumwdwmmuwmpmna

coRsiant speed. Becauan the wings are level and the sideslip rate is constant, both
the needle snd ball are centrat,

us
Ruddor shde. foree. -—|—- Shbepliy sidle farea.
Weight

Ball centrul indicating se sbp.

TURN/SLIP §3. g,
The situstion is (Hostrated below,

. y

_,'{ /! RURDEA DEFLELTED T
/7 OrTOsE ARYMMETRIC

THELST

§ THE AMMCRATT B nOT TLENING M
THE TN MERSLE I3 CEMTRAL

) 2 LIVE aGTRE THRLST TENDE TO
i YAW AIREWAFT TO THE 134T S
WHGNT ~\\“

BANKED NON-SLIPPING FLIGHT FOLLOWING LEFT ENGINE FAILURE

it to ysw to the
The left engine haa failed, cavsing ssymmetric thrust ta tend to yaw

lef: The p?l:t has used opposite rudder to arrest this yaw and to bring the areraft
back onto its original heading, To preveat the rudder side force from causing slde
slip towards the dead engine, the aircraft has been banked towards the live engine.
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1a this condition the fin side force is balanced by the horizontal compoaneat of lift,
so the aircraft does not side slip but fites down its original track. Because the
sircraft s not turning the turs needle is central. But because the alreraft is
banked, the ball is out to the right. 1t should be noted that the ball is then
inddcating slip towarda the live engine, although no such slip Is occurring.

YURN/SLIP 16. ¢,

Wher an aircraft ls in climbing ftight the engines are usunlly producing a large
amount of thrust. The fzilure of a leRt engine will therelore cause a large degree of
asymmetric thruat, which will cause rapid yaw to the left. This yaw will be
indicated by left movement of the turn needle. But the turn indicator s at the front
of the aircraft, 10 the yawing will cause it to sceelerate rapidly to the left. Because
of its Inertin, the ball will lag behind the rest of the instrument, giving the
impression of right side stip. So the immediate effects of a left engine failure will
be needle left and bal) right.

TURN/SLIP 17. &

The tury Indicator needle moves In the direction of the turn so & needle to the right
indicates aright turn. The poaition of the ball is determived by the vector sum of
gravity and Istersl acceleration. If the ball moves to the right in a right turn, It
means that the aircraft is side-stipping to the left towsrds the cenire of the turn.
This occurs when the borizontal component of lift pulling It Into the turn, la
greater thap centrifugal force pulling it outwards, This situntion can be cxused by
either too high TAS or too littie bank. So option a, turning ¢ight with too much
bank is correct.

T

En any balanced turn the rate of turn is equal to gTan AOB / TAS. It should be
noted that neither alrcraft weight nor A of A appear i this equation, 30 option &, b,
and d are incorrect. Option ¢, althongh incomplete s therefore the most accarate.

TURN{SLIP 19. ¢,

A turs indicator gives an indication of the direction of turn (2) and the rate of turn.
Rate of turn ia & messure of the angular velocity of the alrcrait about Its vertical
azis (3). Although this question also specifies the use of an attitude indicator, this Is
not strictly required to lndicate any of the above. It should be noted that because
an sircraft banks when turning, the true vertical axis (4) Is not the same as the
ircraft vertical axls (3). TAS (1) cannot be indicated by s turn Indicator nor by an
artificial horizon.

o
In any balanced turp the rate of turn is equal to gTan AOB / TAS. It should be

noted that neither aircraft weight (4) nor A of A (1) appear in this equation, 30 only

optien ¢ is trye,
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TURN/SLIE 21, b

A typical turn Indicator is iltustrated in TURN/SLIP 5. [n order to sense furn rate
its gyro spin axis s aligned with the yawing plane of the aircraft, which Is genersily
horizontal (3). To achleve thls it has one degree of freedom {2) {Ia roll), but motlon
about this axis is limited by a calibrated zpring.

TURN/SLIP 22. ¢,
This problem can be solved using the foilowing standard approximation:
Rate 1 turmn AOB = (TAS (ln Kta}/ 10) +7

Inserting the given data gives AOB = (120/ 10 + 7 which is 19 degrees. This ls
closest to option ¢, which is 13.

TURN/SLIE2). ¢,

The turn needle moves im the divection of the turn, so needle to the left indicates a
turm to the left, The position of the ball and the magnitude and direction of any
sidestip is determined by the relative sizes of centrifugal force and the horizontal
component of Hft. In a left turn the sircraft ls banked to the left In order to dlt the
Lift force towards the cenire of the turn. 1f bank angle is too great the horlzonial
component of Hit will be grester than centrifugal force, so the aircraft whl slip
towards the centre. This imbalance of forces will also cause the ball to move to the
left. If baok angle Is too small the opposite will occur, with the alreraft and the balt
moving to the right. So 2 needie (o the left and a ball to the right indicates a left
turn with toao little bank {option d).

TURN/SLIP 24. ¢,

The turn indicator provides an indication of turn direction and rate of turn by
sensing the rate st which the spln axis of lts gyro is tilted as the alrcraft yaws. This
is precessed ¢through 90 degrees to move the needle in the direction of the turn. The
above sequence of events occurs both on the ground and In fHght, so turning right
on the ground will cause the needle to move (o the right.

The ball is positioned by the vector sum of all acceleration forces acting upon it. In
straight and level constant speed flight the only sccelerntion Is that dae to gravity
and as this acts vertically downwards, se the ball is held in the ceniral positdon. But
whes turning right on the ground the wings remain level and the airerait i
subjected to an acceleration to the right. The inertia of the ball will therefore cause
It to lag behind the alreraft such that It moves to the left.

LURDN/SLIP 23 3,

The turn indicator indicates rate and direction of turn. In a slightly banked turn
rate of turn can be szid to be yaw rate. It shouwld be noted that the turw indlcator
indicates turn about the normal axls of the aircraft rather than about the true
vertical azis. Tt should however be noted that yawing occnrs about the vertical axis
of the aircraft. Tt might therefore be argued that option d is also true.
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The turn needle moves in the direction of the turn, sa needle to the left indicates a
turn to the left. The position of the bail and the magnitude and direction of any
sideslip is determined by the relative sizes of centrifugal force and the horizontsi
component of lift. In s left turn the aircraft is banked to the left in order to tilt the
1ift force towards the centre of the turn. [f bank angle Is too great to match the
TAS, the horizontal component of lift will be greater than centrifugal force, so the
aircrafy will sllp towards the centre. This imbslance of forces will alse cause the
ball to move to the left.

1€ bank angie is teo small the opposite will accur, with the aircraft and the bsll
moving to the right. So a needle te the left and a ball to the right indicates a left
tura with too littie bank. This can be corrected by either reduclng TAS or
increasing baok angle (option d). It should be noted that the nse of right rudder
will cause the redius of furn to lncrease until the sidesiipping ceases and the ball
retruns to the central position. But option s “more right rudder™ is incorrect
because right rudder (s not normally used in a correctly executed left fura.

TURNSLIP 27, d,

The turn needle moves In the direction of the turn, so needle to the left indicates a
turn te the lefl. The position of the ball and the magoitude and direction of any
sideslip is determined by the relative sizes of centrifugal force and the horizontal
component of lift. In a left turn the alreraft is banked to the leRt in order to tilt the
1Ift force towards the centre of the turn. 1f bank angle Is too grest the borizontal
component of Jift will be grester than centrifugal force, so the aircraft will slip
towards the centre. This imbalance of forces will also cause the ball to move to the
left, So both needle and ball to the left indicates s left turn with to mach bank or
too little TAS. This can be corrected by decreasing bank angie or Increasing TAS
{option d).

JURN/SLIP 28, &,

The turn indicator provides an indication of turn direction and rate of turn by
sensing the rate st which the spin axis of its gyro Iy tilted a3 the aircraft yaws. This
is precessed through 90 degrees to move the needle in the direction of the turn. The
sbove sequence of eveats accurs beth on the ground and in flight, so twrning right
on the ground will canse the peedle to mave to the right.

The ball is positioned by the vector sum of all acceleration forces acting upon it. In
stralght and level constant speed flight the only scceleration is that due to gravity
and as this acty vertically downwards, 3¢ the ball s beld in the central position. But
when tarning right on the ground the wings remain level and the aircraft is
subjected to an accelerstion to the right. The inertia of the ball will therefore cause
it to lag behind the aircraft such that it moves to the left.

R i L

TURN/SLIP 29, a,

This problem can be solved using the following standard approximation:
Rate | turn AOB = (TAS (in Kes )/ 103 +7

laserting the glven data gives AOB = (250/16)+ 7 which Is 32 degrees.

TURN/SLIP 30. ¢,
Thia problem can be solved uslng the following standard approximsatioa:
Rate | turn AOB = (TAS(in Kta)/10) +?

[nserting the given data gives AOB = (300/ 10} + T which is 37 degrees.

TURN/SLIP (. &

This problem cau be solved using the following standard approximation:
Rate 1 turm AOB = (TAS (in Kt )/ 10) +7

This can be rearvanged to give TAS = (AOB-7)x 10

Inserting the given dute gives TAS = (27-7yx 10 which is 200 Kts.

IVRNSLIE L o

A typical tarn indicator is illostrated in TURN/SLIP 5. 1n order to sense turn rate
its gyro spin axis is aligned with the yawing plane of the afrcraft, which is generanlly
horizontal. To achteve this lts gyro must have one gimbal providing one degree of
freedom.

TURN/SLIF 33. 4,

The tura necdle moves In the direction of thve turn, so needle to the right Ladicates a
mummmmutmmmmwmwuu»duy
sidesitp is deternrined by the relstive sizes of fores and the berizontal
component of Hit. lnlrightmthadrtn!thbnhdhmnmmordcrtolﬂt
the LIt force towards the centre of the turn. If bank sngle is too smail the
horizontal component of Hft will be smaller than centrifagal force, so the sireraft
will skid to the left, away from the centre of the turn. This iImbalance of forces will
also cause the ball to move to the left. So needle to the right and ball to the left,
indicates a right turn with too litte bank or too much TAS.

TURN/SLAP 34, ¢,
The first point to pote s that rate of turn [s related to TAS and AOB, but not to
alrcraft mass.

This problem can be solved using the following standard approximation:

445



Rate 1 turn AOR = (TAS (Io Kts)/10) +7

Inserting the glven dsta gives AOB = (125/10)+ 7 which is 19.5 degrees.

TURNSLIF 33: ¢,

Rate of turn Is equal to (gTan AOB)/ V, where V¥ 1 the TAS. This means that rate
of turn ls proportional to AOB and TAS, but ot to aircraft mass. So changing the
masa of the aircraft would pot affect its rate of turn st any given AOB, nor the
AOB required to achieve sny given rate of turn. Drag bs proportionsl to lift, which
is proportional to mass. Power required is equal to drag multiplied by TAS, so
decrensing mass would decrease the drag and power required in any given flight
condition. Se decreasing mase to 43008 Kg would not affect the AOB required for
a rate 1 turn but would decrease the power required (optioa ¢).

T

TURN/SLIP 36. 4.

The tarn indlcator provides an indication of turn direction and rate of tarn by
sensing the rate at which the spin axis of its gyro is tited aa the sircraft yaws. This
is precessed through 90 degrees to move the needle in the direction of the turn. The
sbove sequence of events oceurs both ow the ground ard in flight, so turaing left on
the ground will cause the ncedlie to move te the left.

The ball Is positiened by the vector sam of all acceleration forces acting upen it. In
atraight and level constant speed fight the only acceleration is that due to gravity
and a¢ this acts verteally downwards, sa the ball is held in the central position. Bat
when turning left on the ground the wings remain level and the aircraft is subjected
to an acceleration to the left. The lnerits of the ball will therefors cause it to lag
behind the aireraft such that It moves io the right. So the correct indicatior in a
left tarn on the ground by needle left and ball right.

The turn needi¢ moves In the direction of the turn, 50 needle to the left indicates n
turn to tha left, The pedition of the bail and the magnitude and direction of any
simm._wwmmm«wmmwumm
compenent of iift, In x left tnrw the siveraft is banked to the left in order 1o tilt the
iift force towards the centre of the turs.

If bank angle is tae great the horizontal component of Hit will be greater than

centrifcplfwea,sothdrenﬂwﬂhlipwmhﬂ,towtrdstheceinffiul’ﬂum
This Imbalaace of forces will also canse the ball (0 move to the left. So meedle and
ball to the left Indicates a left turn with too much bank or too litde TAS. U the left
pedal ia pushed forward the alrcraft will move into a tighter turn where the forces
will be balanced and sidestip will cease. The ball will then return to the centre. It

should however be nated chat if the original radius of turn Is to be maintalned, the
correct sction is to reduce bank angle.

T f

The turn needle moves in the direction of the turn, so acedle to the left indicates »
turn ta the left, The pesition of the ball and the magnitude snd direction of any
sidestip are determined by the relative sizes of centrifugal force and the horizontal
component of lift. In s left turn the alrcraft is banked to the left in order to tilt the
Lift force towards the centre of the turn.

If bank sngle is too small the horizontal component of lift will be smaller than
centrifugal force, so the aircraft will skid to the right, away from the centre of the
curn, Thiz Imbalasce of forces will also cause the ball to move to the right. So
peedle left and bail to the right indicates s left turn with too Littie bank or too much
TAS. If the right pedsl is pushed forward the alreraft will move tato a wider furn
where the forces will be balanced and sidestip will cease. The ball will then return
to the centre. It shonld however be noted that If the ariginal radius of ture Is to be
maintained, the correct action is to Increase bank angle.

The turn needle moves in the direction of the turs, so needie to the right Indicates 2
tura to the right. The posltion of the ball and the magnitude 2od direction of any
sideslip are determined by the relative sizes of centrifugal force and the borizontal
composent of Ift. In a right turn the alreraft s banked to the right in order to tilt
the I\ft force townrds the centre of the turs.

It bank angle is too great the borizontal component of 1ift will be greater than
centrifugal foree, sa the alreraft will slip to the right, towards the cenire of the
ture. Thhlmbdmeofformwmalucamthbnlltomo\reteﬂwright. So
needle right and ball to the right indicates & right tara with too much bank or too
little TAS. ummmuwmrmwmmmwmmumu.mm
turn where the forces will be balanced and sideslip will cease. The ball will thea
return to the centre. It should however be noted that if the original radins of turs
is to be malntaiwed, the correct action is to reduce bank angle.

TURN/SELP 40, 8,
Tmm“dhmuhmmm«otmmmwnmnmmmmn
mmmmmmdmmmmwmmmauy..
nwwmmmdwmnudnmadcuummmmmmw
component of 1ift. In & right turn the aircraft ks banked to theé right in order to dit
the lifk forve towsirds the cenize of the furm. -

If bank snghe Is to0 small the horizontal component of 1ift will bé smaller than
centrifugal force, 30 the sircraft will skid to the 1eft, away from the centre of the
turn. This imbalance of forces will also cause the ball to move to the left. So needle
rigbt and ball to the left indicates & right turn with too little bank or too much TAS.
If the left pedal is pushed forward the aircraft will move luto a wider tura where
the forces will be balanced and sideslip will ceasé. The ball will then return to the
centre. It should however be noted that If the original radius of turn Is (o be
maintalned, the correct action Iy to increase bank angle.
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INSARS/FMS 1. &

The period of time that is required for a peadulum to carry out one full cycte of
motion is determined by the length of the pendulum. For a pendulem with a length
equal to the mean radius of the earth, this perlod is approximately 84 minutes. The
term “Schuler perlod™ is named after the scientist whe discovered the
phencmenon, sad refers to 2o oscillation cycle of 34 minutes duratien (optien d).
INS and IRS phatforms oscillate ¢ this frequency.

INVIRSFMS 2, 8,

INS and IRS systems obtain heading information from rate gyros. These sense the
rate at whick the aircraft yaws sbout its vertical axts. The output of a yaw rate
gyro is &n electrical signal that is proportional te the yaw rate. This signal is then
integrated to give a secoud electrical signal that is proportional to the yaw
displacement, which is the angle through which the aircraft has yawed. This yaw
displacement is then added to the initial beading to give the new heading. So
heading Information is obtained from yaw rate gyroa, In order to sense yaw rate,
these gyros muat have L degree of freedom and a horizontal spin axls (option a).

INSARSFMS 3. 8,

The period of time that is required for s pendulam to complete one fult cycle of
motion Is propertionsl to its leugth. For a pendulam with a length equal to the
mesn radlus of the ¢arth, this period is approximately 84 minates. The term
“Schuler period” Is named sfter the scientist who discovered the phenomenon, and
refers to an osciliation cycle of approximately 84 minutes duration (optica d).

1n an INS the platform must be maintalned vertical relative ta the earth. In so IRS
the platiorm is strapped down, but the system must maintain s record of the
direction of vertical relative to the earth. INS platforms and IRS accelerometers
exhiblt oacillntions sbout the earth vertical. In order to mainain s sstisfactory
level of securncy, the errors caused by these oscillations must be minimised. This
is achieved by the use of damping aud Schuter tuning with » period of about 84
minutes {aption a).

INVIRSFMS 4. b, ;

Ir order to suswer this question correctly it must be noted that the term nsed is o
“gyro platform® and not a “gyro-stabilised platforms”. The term “gyro platform™
refers to the gryo used In a Directional Gyro Indicator or DGI and not in an INS or
IRS. [n 2 DGI the gyro spin axis mast remain horizontal a1 the aircraft pltches,
and must remain pointing north as the aircraft yaws. In order to de this it requires
1 degrees of freedom In the horizontal zxls (option b).

INS/IRS/FMS 3. a.

The Alert light warns the pilot that the aireraft is approaching the next waypoint.
In aute mode the Alert tight will Muminate steady two minutes before the waypoint
and extinguish when overhesd the waypolnt. In manual mode the light will
lluminate 2 minutes before the next waypaint, it will then flash for 30 seconds
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befare the waypoint until the truck is changed.  Option u. is thercfore the most
accurate in this question.

INS/IRS/FMS 6. b,

The term “Entegratirn™ refers fo a mathemaitical process wherceby a rate of change
of one vurisble is used to calculate the total change of that variable sver a given
time period. Acccleration, for example, is the cate of chamge of speed. When this is
integrated the result is speed. But speed is rate of chaage of position. S0 when
integrating spevd. the result s distance moved.

In an ENS or IRS system the accelerometers measure accelerstions. The function of
the integrator at the first stage of infegration is to convert acceterations inlo speeds.
And the function of the integrator at the second stage of integration is (o convert
speed inie distance gone.

ln the case of the E/W acceleromeier and integrators the fisi stage integration gives
E/W speed. The second stage pives E/W distance gone or departure. Fo convert
this inin the change of langitude it is necessary to multiply departure hy the secant
of the latitade (vption b),

INS/IRS/FMS 7. ¢,

The term “Integration™ refers to a mathematical proeess whereby = rate of change
of one variable is used 10 calculate the total change of that variable over a given
lime period. Acceleration, for example, is the rate of change of speed. When this is
integrated the result is speed. But speed is rate of change of position. So when
integrating speed, the result is distance moved.

It an ENS or IRS system the accelersmeters measure accelerations. The funciion of
the integrator ai the first stage of integration is to convert accelerations into speeds.
And the function of the integrator at the second stage of integratien is to convert
speed into distance gone,

In the case of the E/W accelerometer and integrators the st stage integration gives
E/W speed. The second stage gives E/W distance gone or departure. To convert
this into the change of longitude it is necessary to multiply departure by the secant
of the latitude.

But at latitudes greater than about 82°, the functions of secant latitude and tangent
latitude start to approach infinity and the computer cannot handle the rapid
changes involved {option c}.
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INSARSFMS B

Gimhal number t allows the platform to remain level while the aircraft rofls, se it
is the robl gimbal, Gimbal number 2 ullows the platform to remain level white the
aircraft pitches, so it is the pitch gimbat (option a).

INS/ARS/EMS 9. d,

The term “three axis data generator™ means a gyroscopic device which is used to
previde dats 1o instruments that are fitted in a separaie location. To provide three
axis duta the uait must be fited with at least one vertical gyro and one horizontal
gvru. The vertical reference unil in sach a device will use a vertical gyro with 2
degrees of (reedom 10 sense changes in pitch and bank angle (option d). 1t should
he noted that such a device is not part of an INS or IRS system.

INS/ERS/FMS 10. d.

The term “Integration™ refers tv 4 mathematical process wherchy a rate of change
of une variable is used to calenlate the totsl change of that variahle over a given
time period. Acceleration, for example, is the rate of change of speed. When this is
integruted the result ks speed. But speed is rate of change of position, So when
integrating speed, the result is distance moved,

Ln an INS or IRS system the accelerometers measure accelerations. The funclion of
the integratar at the first stage of integration is to convert secelerations inte speeds
{statement 21 And the function of the integrator at the second stage of integration
15 to comvert speed intu distance goue (statement 3). These are the only correct
statenments i this question, so option s trac.

i ST I 0 B
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INS/ARS/FMS 11, d.
A slmple ring laser gyro Is illustrated below.
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The ring laser gyro senses rates of rotation by measuring the difference between
the resonsant frequencies of two Iaser heams, The two beams travel In opposite
directions around the triangle and sre captured by a collecting mirror and detector
unit. The detector unit then compares the resonant frequencies of the two beams to
mesaure the difference between the two. These resonant frequencles sre
proportional to the length of the resonant atructare threugh which they have
passed. If the gyro is stationary the path taken by the two beams and hence the
resonant frequencies are identical.

If however the aircraft yaws, the gyro will rotate with It. This means that the path
of the heam travelllng in the szme divection as the gyro hecomes siightly longer,
whilst that of the other beam becomes siightly shorter. Thlis difference in path
length will cause a difference in resonant frequency that is proportonal to the rate
and direction of rotation. But when the gyro Is rotating scatter from the mirrored
surfaces sometimes cavses the beams to lock together making the detection of small
yaw rates Impossible. To prevent this laser lock, » dither motor vibrates the gyro
at 2 resonsnt frequency, thereby causing the beams to unlock. So the purpose of
the dither motor Is to prevent lock in the laser beams (option d).

INSARS/FMS 12. b,

The term “Tutegration” refers to & mathematical process whereby a rate of change
of ane variable is used to calculate the total change of that varizble over a glven
time period, Acceleration, for example, is the rate of change of speed. When this is
integrated the result is speed. But speed ia rate of change of poaition. Se when
Integrating speed, the result is distance maoved,
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In sm INS the sccelerometers measure accelerations. The function of the integrator
at the first siage of integration is to convert accelerations into speeds. So the
prodact of the first stage integration of the E/W atceleration sensed by the INS
system s speed along the locai (E/W) parallei (option b).

N
The term “Integration™ refers to a mathematical process whereby 2 rate of change
of one variable is used ta calculate the total change of that variable over a given
time period. Acceleration, for example, is the rate of change of speed. When this is
integrated the result is speed. But speed is rate of change of posltion. So when
Integrating speed, the result Is distance moved.

I an INS or IRS system the accelerometers measure accelerstions. The function of
the integrator at the first stage of integration is to convert accelerations into speeds.
And the function of the integrator at the second stage of integration is to convert
speed into distance gone.

In the case of the E/W accelerometer and integrators the fist stage Integration gives
E/W speed. The second stage gives E/W distance gone or departure. To convert
this into the change of longitude It is necessary to multiply departure by the secant
of the Iatitude. The secant of an angle is 1/cosine of that angle. The cosine function
is also used by the system to correct for earth rate gyvo drift.  As latihtde increases
towards 900, the cosine approaches zere. Thls makes alignment with true north
virtualty impossible (option d).

INS/A 8 14.

In order fo align an INS before use it is necesaary to input accurate latitude and
lengitude values for the position of the aircraft. H the latitude input is inaccurate
the system will detect the error and provide a warning. I however the input
longitude is insccurate, the Inaccuracy will not be detected, Thia will then resutt ln
poor alignment and inaccuracy throughout the subsequent flight {aption b).

INS/IRS/FMS 13, ¢.

To understand the coneept of coriolis It is necessary te consider the manner ia
which the circumference of the earth varies as Iatitude increase from zevo at the
equator towards 99 at the poles. The circumference of the earth at the equator s
approximately 21600 nautical miles. The earth rotates from west to east through
one full turning approximately 24 hours. So any point on the surface of the earth
at the equator s moving at approximately 900 Kts. This means that an alreraft
standing on the ground at the equator, ot a northerly heading will have a west to
east veloclty of 300 Kis.

As Iatitude increases towards the poles, the circumference of the earth decreases,
but it stil) takes 24 hours to complete ane full revolution. This means that a point
on the surface at any latitude greater than zero will be moving west to east at less
than 4040 Kts. As latitude increases the rotatlonal speed of any given point
decreases until it reaches zere at the poles. This means that if the aircraft takes-off

from the equator and malntains its nertherly beading and 900 Kts west to east
speed, it will ot move due north, but ake drift from west to esat and an increasing
rate. Very close to the North Pole this drift rate will be almost 900 K.

This menns that in order to fly due north the aircraft must gradually reduce its
west to east speed, to match the reducing rotational speed of the earth as latitude
increases. But this reduction in west to east speed constitutes acceleration. This
acceleration is termed coriolls acceleration and it will be detected by the
accelerometers In the INS.

Whenever aircraft fly along fight paths that are referenced to the earth, they are
flying along curved paths. These curved paths cause the accelerometers to detect
accelerations which are called corfolls accelerationa.

In order to achieve this gradual reduction in west to exst speed, the heading of the
aircraft relstive to space, must gradually change In an anti-<clockwise directioa.
This will have the effect of reducing the south to north speed of the aircraft. The
accelerometers will detect this change of south to north speed. So coriolis errors
affect both the N/S and the E/W accelerometers (option c).

INS/TRS/FMS 16. <.

INS systems exhibit a number of different errors. These Include bounded errors
which alternste between maximum an minimum values over a perlod of 84.4
minutes. The main causes of bounded ervors are:

a Platform tilt due to initial misalignment.
h. Inaccurite measurement of accelerations by the accelerometers.
c. Integrator errors in the first stage of integration.

The tecond ¢ype of error is unbounded errors. These are elther cumulative track
errors or distance errors. They are caused by:

. luitiat azimuth misalignment of the platform.

b. Wander of the azimuth gyro.

c. Real wander of the platform levelling gyre (option b). This causes &
Schuler oscillation of the platform but the mean recorded value of
distance run is increasingly divergent from the true distance run.

d. integrator ¢rrors in the second stage of integration.

‘The third type of error ia inherent error. Inherent errors are crused by factors
such as the irreguiar shape of the earth, the movement of the earth through spsce,
and mechanical imperfections in the components of the system. These can be
reduced, but this invariably makes the system more complex and hence more
expensive to manufacture.

So the ervors of an INS fall into three categories, bounded, unbounded and
inherent {option ¢).
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Both INS and IRS systers employ accelerometers mounted at 90" to each other to

sense accelerstions in three pianes. The fundamentsl difference between INS and

IRS Is that the IRS is & strap down system (option d), whereas the INS uses & gyro-
stabilised platform that must be kept earth horizontal st all times.

INS/IRS/FMS 18. b.

Because they do not employ any rotating parts, RLGs (Ring Laser Gyros) are
extremely sensitive. This enables them to achieve accaracy levels of within 2
nautical miles per hour {option b).

INS A
This type of problem ¢2n be soived using the standard equation:

Radial error =

Ryl 1l 1LY L W POSIRON
Time in navigational mode (In hours)

The diagram below Hustrates the situation described in thls quesiion:

eeeddYS Posltion
4810.9°N
Northerly ¢error Distance ramp to INS
4807.8"N" """ ' Ramp Position
* Westerly error *
00012.2°W 00005.1'E

The northerly error bs:
ENS latitude (4818.9°N ) - ramp latitude (4807.3"N} = 3.4’

This can be converted using the standard equation that 1° of latitude = 1 nm to give
a northerdy error of 3.4 om.

The westerly error can be calealated using the standard departure equation:
Distance (nm) = d long {in '} 1 Cos (mid latitude)

d long is INS longltude (00012.2°Wy - Ramp longitude (00005.I°E) = 17.3*
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Mid Istitade -

Sa distance (nm) = 17.} x cos 4809.2' = 11.54 nm
These distances can now be drawn as [llustrated below:

INS

1.4 nrH Distance ramp to INS

Ramp
11.54 om

Using pythagorus’s theorem Radial error = v(3.4' + 11.54%} 12.03 nm
Dividing this distance by the time taken gives:
Radial error = 12,030m/ 833 hours = 1,44 nm hour.

This I closest to opdon b 1.37 nm/h.

The term “Integration” refers to a mathematical process whereby a rate of change
of one variable is used to calculate the total change of that variable over a given
time period. Acceleration, for example, is the rate of change of spred. When this is
integrated the result is speed.

An INS uses accelerometers set at 90° to esch other, in order to measure
accelerations in three directions. These accelerstions are then integrated to give
the speeds In those directions, Both the mensnred accelerations and resulting
speeds, are values measured relxtive te s stationary frame of reference.

This mesns that they are not related to the alr and therefore do not take into
account any winds that may be blowing.

TAS Is measured relative to the alr, so the TAS at any given absolute speed
depends upon wind speed and direction, So in order to calculste the TAS, the INS
must take the absolute speed and direction of the slrcraft and add to this the wind
speed and direction. This is closest to option d.

INSIRYTMS 21. b,

INS systems exbibit s aumber of different ervors. These inclnde bounded ervors
which alternate between mazimum an minlmum vatues over & period of 84.4
minutes. The main causes of bounded errors are:
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a Pistform tlle due to initial misallgnment.
b, inaccurate measurement of accelerations by the accelerometers.
c. lutegrator errors in ihe first stage of Integration.

The second type of ervor ls unbounded errors. These are elther cumulative frack
errors or distance errors. They are caused by:

a, lnitis} azimuth misallgnment of the platform.

b Wander of the azimuth gyro,

c. Real waader of the platform levelling gyro (option b). This causes a
Schuler osclllation of the platform but the mesn recorded value of
distance run is increasingly divergeat from the true distance run.

d. Integrator errors in the second stage of integration.

The greatet cause of unbaunded errors is real wander of the platform gyroscopes

{option b).

INS/IRS/FMS 22, d, :

During |uitialisation of an INS the platform is levelled and aligned with true north.
This process takes several minutes to complete and during this tme the atrerafy
must 1ot be moved from the ramp. Once initialisation bas been completed a greea
NAY READY light illuminates to indicate that the system is ready to be set to NAV
position. Oaly after these processes bave been completed may the aircraft be
moved. Sq during initialisation of the INS the aircraft must not be moved vntil the
green READY NAY Hght Is Muminated and the mode aelect switch has been set to
the NAY position (option d).

INVTRSFMS 23, d,

In order to eanble an INS to align its plstform before flight, it Is necessary to input
accurate latitude and longitude data. The system cannot detect errors of longitude
but can detect errors of Intitude. If incorrect data is pravided the system will

accept az ervor of §0" longitude bot not one of 10° of Iatitude in the inserted inttial
position (option d).

INSARSFMS 24, »,

The period of time that is required for a pendainm to carry out one full cycle of
motion is determined by the length of the pendulum. For a pendulam with a length
cqual to the mean radius of the earth, this period ia approximately 84 minutes. The
term “Schaler period” ks named after the scientist who discovered the

phenomenon, and refers to an oscillation cycle of approximately 84 minutes
duration (option d).

In an INS the platform on which the accelerometers are mounted must be
maintained vertical reladve to the earth. In zn IRS the pladorm is strapped dawn,
but the system must maintain a record of the divection of vertical relative to the
earth. INS platforms and IRS accelerometers exhibit osclilations shout the earth
vertical. In order to maintatn a sztisfactory level of accuracy, the errors caused by
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these oscillations must be minlmised. This is achieved by the use of damplng and
Schuler tuning with a perlod of about 84 minutes. As IRS with laser gyros should
{1} always be Schuler tuned, and (il) always be strapped down (option a)

Both INS and IRS use three sccelerometers set at 90° to esch other ta sense
accelerations ln three planes. This arrangement of three gyros st 90° to each other
ks called the orihedron.

In an INS the platform on which the accelerometers are mounted must be
maintained vertical relative to the earth. In an IRS the platform is strapped down,
but the system must continnously compute its position and orfentation relative to
the earth. [n order to slign an INS the platform is phyatcally moved untll it Is
earth vertical and aligned with true north. In an IRS the platform is not physically
meved but ifs orientation must be caleulnted by a computer. 1n order to align s
strap-down inertial unit In an RS, It is required to insert accurate latitude and
longitude data to enable the system to determine the computed tribedron before
meving the alrcrafl from the ramp (option ¢).

A RLG or Ring Laser Gryo has no splaaing parts but uses two laser besins to sense
anguier acceleration rates. In order to produce these lnser beams the RLG must be
fiiled with a suitable gas or mixture of gasses. Most RLGs are filled with & mixture
of helium and neon (option b).

A slmple ring laser gyro is Hustrated below.
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INS/IRS/FMS 27, &,

The principle difference between conventionsl gyros and RLGs (Ring Laser Gyros)
Is that ring laser gyros do not have any rotating paris. This means that they can be
brought up to working condition more quickly than conventional gyros. It should
alse be noted that there ls no requirement to actually align a RLG. The séart-up
process I3 a matter of bringing the RLG up to working temperature and calculating
lts orlentation. So alignment of REG takes less than 10 minutes (option =)

IN.

The period of Gme that Is required for a pendulum to carry out one full cycle of
motion is determined by the length of the pendulum. For a pendulum with a length
equal to ¢he menn radius of the earth, this period Is approximately 84 minutes. The
term “Schuter period™ is named after the scientist who discovered the
phetomenon, and refers to an asclllation cycle of approximately 84 minutes
duration (optlon d).

In an INS the platform on which the accelerometers are mounted must be
maintained vertical relative to the earth. In an IRS the platform is strapped down,
but the system must maintain 2 record of the direction of vertical relatve to the
earth. In an INS the gyros should never be strap down. In an IRS the gyros
shouid always be strapped dowa (option c).

9
Both INS and [RS use sccelerometers sense accelerations. Inm the ease of IRS, the
symm uses three gyros set at 90° to each other. This arrangement of three gyros at
90" to each other is called the trihedron.

1n i INS the platform on which the accelerometers are mounted must be
maintrined vertical relative to the earth. In an [RS the platform Is strapped dowa,
but the yystem must continuonaly coropute its position xnd orientation relative to
the earth. In order to align arn INS the platform is physically maved until it 1a
earth vertical and sligned with true north. In an IRS the platform Iy not physically
maoved but its orlentation must be continuonsly calculated using » computer. In
order to align s virap-down igertisl unit in an [RS, It is required to insert the local
geographical coordinates. This is necessary to enable the computer to pastion the
computing trihedron with reference to the earth {option ).

INSY/IRS/FMS 30. ¢,

The accurate pre-flight alignment of an INS requires the inputting of the current
longitede and Iatitude. If an lncorrect longitude Is put into the system during
aligument it will be accepted. I however an lncorrect Iatitude s put into the
system, the result depends npon the magnitude of the error. The alignment process
Is carried out in two stages, fine levelling and gyro-compassing. The latitude put in
by the pilot Is used during the gyro-compassing stage. If the error iy significant, the
Eyro-compassing process will fail and the system will luvite the pilot te recheck the
ramp pasition. If however the error is very smail, the system will accept it but the
gyro-compassing process will be corrupted such that It will czuse a Ealse porth
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aligement. This in tura will result in ever incressing {(unbounded) errors as the
flight progresses. Because the system will accept all longitude errors, but ondy very
small 1atitude errors, option ¢ is the most appropriate.

INYIRS/FMS 31, ¢,

In considering this qaeestion It should be noted that sn 1RS will always use a
strapped down platform and ring laser gyros, whereas an INS always uses &
stabilised plaiform and conventiunal gyros. But both INS and IRS suffer Schuler
errors and corlolis effects, so options a and b are both anirue. Options ¢ and 4 are
both dubious In that the ring laser gyros in IRS de net spin and hence do not have a
spin up time. This might however be takea to mean that their spin up time Ls zero,
in which case option ¢ is better than option d. Optlon ¢ Is 2lso correct in saying
that an IRS suffers lnser lock, because they employ ring laser gyros. So although
none of the options are entirely irue, option ¢ is the most accurste.

INVIRS/FMS 33. b,

FMS databases are produced by speclalist agencies such as Jeppesen, usually in the
form of magnetic tape. The standard validity period for an FMS database Is 28
days (option b). Minor updates can be made manually to take account for changes
introduced by such things as NOTAMS.

INS/TRS/FME 33, 8,

Two types of inertial system are currently in use. These are stubillsed platforms
and strapped down platforms. In the stabilised platform system, both the gyros
and the accelerometers are stabllised. In a strapped dowwm sysiem, both the gyros
and accelerometers are strapped down. The stabftiantion processes emaployed na
stabilised plaiform are not simply a matter of using gyros, so all of the options
referring to gyro-stabllisstion are not entirely true. Option a is however eatfrely
true of & strapped down system.

INYIRSFMS 3. b,
The JAR 25 standard colour code system for elecironic display includes:

CYAN Background shading aad static Information.
MAGENTA Active rontes and waypoints, command Information.
RED Warning information,

WHITE Statle nformsation such ss scales.

GREEN Present situstion and Information of low priority.
YELLOW Cautionary informaton,

INSARSEMS 35 2,

When an INS is switched on it must go through » number of stages. The flrst of
theae Is & warm up period, which must be followed by the alignment process. After
allgument is complete the aystem ¢an be used to navigate the atreraft. If faults
develop in the navigation modes of the aystem, some types of syatem can still be
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uséd to provide attitude Information. The standard sequence for switching om INS
is therefore Off, Standby, slign, oav, sttitude reference. These settings are
illustrated below.

+ ALIGN P
STBY NAV
OFF ATT
REF
MOOE SELECT

The sccurate pre-flight alignment of an INS uires the Inputting of ¢

loagitude and Intitude, If an Incorrect lonat::: is pat lntopt:e sy!t:;l hd::t:l:em
alignment it will be accepted. If however an incorrect latitude is pot luta the
system, the reanit depends upon the magnitude of the error. The alignment process
Is carried out In two stages, fine levelling and gYro-compassing. The latitude put in
by the pilot iz used duriag the EYro-compassing stage. If the ervor is siguificant, the
fyro-compassing process wil fail and the systern will nvite the pliot to recheck the
ramp position. If however the error i very small, the system will accept it but the

It shauld be noted that becanse an IRS has an inbullt memo

ry, it can remember the
potition at the time the system was iast shut down, Itjs therefore able to Inform
the pilot when an incorrect position ls inserted during the subsequent start up.

In both the stabiMsed platform and strapped down pl
platform inertial syste Kyros
and accelerometers are used te sense anguiar and Hpear aceelerltlon:‘ Mﬁ

3
A stable platform which Is maintained earth horizontal will behave like 2 very
large penduium, the iength of which is equat to the radius of the earth. The time
taken for a pendulum to swing through one cycles Is determined by its iengtk, 10 an
earth horizontal stable plaform oscillates at » fixed frequency equal to that of a
penduium of iength of one earth radius. The period of such a peadulum is 84.4
minutes. A piatform cxhiblting this effect Is termed s “Schuler tuped platform™,
and & Schuter period is spproximately 84 minutes (opton ¢).

9
The inputs to a0 FMS include:

R Radio information from VOR, ADF, DME, SSR, ILS,
RADALT, Weather radar, GPWS (3).

if. Alr dats computer Information (1).
lii. INS (2).
iv. Thrust management system (4).
Y. AFCS (5),
vi, EFIS.
vil, ECAM/EICAS (4).
viit. Flight mansgement computer (5).

S0 all of the statements In this question are true (option a).

INSARS/FMS 40. 4,

When as INS Is switched on it must go through & number of stages. The first of
these is 2 warm up period, which must be followed by the alignment process. After
aligninent i3 complete the system can be used to navigate the afreraft. 1f fsults
develop in the navigation modes of the system, some types of system can stili be
used to provide attitude Information. The standard sequence for switching on INS
Is therefore Off, Standby, align, uxv, atiltude reference (€). A typical switching
arrangement (s llustrated In question INS/TRS/FMS 6 above,

INMIRSFMS 41, b,
The first page in an FMS CDU database Iy the [dent page.

INSARSFMS 42, 3.

Flying sm aircraft ineurs a wide range of costs, including such things as fael, crew
salaries, landing charges, ATC charges, alreraft leasing or deprecistion costs,
sircraft malutenance costs. The optimum oversil cost for any given Mght depends
upon the relative magnitudes of these individual costs. A cost index Is 8 messure of
the relationship between the fael costs of a flight and all of the other fight time
related costs. Setting & cost Index of zero on an FMS, will cause the system to
sssign hsolate importance te fuel costs. 1t will therefore generate a flight profile
that will produce the greatest possible range for a given quantity of fuel. This will
give maximum range for a given fuel load (optian 2). Setting any higher cost Index
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wlii alter the profile such that fuel conts Increase but other costs such a1 Night time
decrease.

IN FMS 4
Standard FMS CDU waypolnt information includes:
I Runway pumber (1).
I Alrport ICAQ identifler {3).
it Navald identifier (4).
iv. Waypolnt name (5).

So option b Is correct,

Lntegration is & mathematical process whereby acceierations rate are converted
into velacities and velocities are converted into pesitions. A rate Integrating senses
angular accelerstion rates and Integrates these fo provide angular veloclty and
displacement (heading, plich sttitude and bank angle)information. Rate
::)tegrating gyres are used in inertial attitude units (4) and Inertial navigation unlts

Tntegration is » mathematical process whereby accelerations rate are converted
Into velocities and velecities are converted Into positions. Yaw rate is a measure of
anguiar velocity, so integrating chis will glve yaw displacement.

INSARSFMS 46, d,

A stable platform which is maintained earth borizontal will behave ke a very
large pendulum, the length of which is equal o the radius of the earth. The time
takea for & pendulum to swing through one cycles ls determined by its length, so 2u
earth horizontal stable platform oscillates at a fixed frequency equal to that of »
pendutam of leagth of one earth radius, The period of such a pendulum is 84.4
minutes, A piatform exhibiting this effect is termed a “Schuler tuned platform™,
a8d a Schuler perfod ia approximately 84 minutes (option d).

In both the stabilised platform and atrapped down platform inertial systems, gyros
and accelerometers are used (o sense angular and linear accelerations, Moat
systems employ three accelerometers and three gyroscopes. Each accelerometer is
3¢t at 90 degrees to the others to form 2 trihedron. The BYros are arranged in &
similar mapper. Iu order to convert outpats from the gyros and accelerometers
lato meaningful information, the alignment of the three axes of the tribedron must
be known. In a stabilised system the trihedron is physically sligned with true
north. In a strapped down system the physical alignment ia not altered but the
relatlonship between the trihedron and hrue north Is established (option b).' This
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relationship is then used in the computation of all motions throughout the
subsequent flight.

INS/IRS/FMS 48. 4,

Each of the gyros in a stabilised platform Is nsed to sense acceleration rates abont
one axls. Fhese acceleration rates are integrated once to calculate sngular velocity
and twice to calcuiate snguler displacement, [n order to sense these accelerations,
the gyros must each have one degree of freedom and their spin axis in the plane in
which they are to sense motion. Heading changes accur ia the horizantal plane so
the apin axis must be horizontal in order to detect heading changes. The heading
information gyro must therefore have one freedom of motion and a horizontal spin
axis.

INSIRSFMS 49. ¢,

[n both the stabilised platform and strapped down platform inertial eystems, gyros
aod sccelerometers are nsed to sense angular and linear acceierations. Most
systems employ three accelerometers and three gyroscopes. Each accelerometer ha
set nt 90 degrees (o the others to form a trihedros. The gyros are arvanged in a
similar manner. In order to convert outputs from the gyros and accelerometers
into meaningful Information, the slignment of the three axes of the tribedron must
be known. In a stabiliscd system the trihedron (s physically aligned with true
north. In a strapped down system the physical aligament la not altered but the
relationship between the trihedron and true north is established. This process may
be termed calculating the computed trihedron (option ). This relstionship is then
used In the competation of all motions throughout the subsequent Right,

IN: X
The inputs to an FMS include:

i. Operating dats from the AFCS (1) and Flight management
computer (1),

Alr data from the Alr Data Computer informatien (3).
Route data from the Flight management System snd the INS
or IRS (4

Eagine data from the Thrust Management System and from
ECAM/EICAS (5).

Radio Aids Dats from from VOR, ADF, DME, SSR, ILS,
RADALT, Weather radar, GPWS (6),

So all of the statements in this question are correct (option d).

INY/IRS/FMS 51, 4.

A stable platform which Is maintained esrth borizontal will behave ke o very
farge pendulam, the length of which is equal to the rading of the earth, The tme
taken for a peadulum to swing through one cycles is determined by its length, so 2n
earth horizantal stable platform oscillates a¢ s fixed frequency equal to that of



penduium of length of one earth radlus. The peried of such a pendulum ls 84.4
minutes. A platform exhibiting this effect Is termed a “Schuler tuned platform”,
and a Schuler perlod Is approximately 84 minutes.

|

A ring laser gyro senses anguiar velocities by measuring the changes In the
resonant frequencles of twa beams of laser light. Because this employa no rotating
parts or bearings, lazer gyros provide much ionger service lves thay their
mechanical eqaivalents (option ¢). It should be noted that strictly speaking ring
laser gyros do not have & rua up dme and the system alignment time is refsted
more to the type of platform (stabilised or strapped down) than to the type of
gyros. The electrical power consumption of the two types of gyro is not signifcantly
different.

Integration ia » mathematcal procest whereby acceleration rate are converted Into
velocities and velocities are converted into positions. A rate Integrating gyro scases
anguisr scceleration rates and integrates these to provide angular velocity and
displacement (heading, plich attitude and bank angie) information. Rate
integrating gyros are used I inertia oavigation system (¢). They are not however
commoniy used in artificial borizons, flight directors nor turn and sllp indicators,

IN

Two modes of guidance can be employed using the FMS. The term “roanaged
guidance” refers to the process whereby FMS provides commands to the nutopilot
fo manoeuvre the alreraft in order to ensure that the aircraft follows the pianned
track. The term “selected guldance” refers to the process whereby the FMS
commands the pliot to manseuvre the aireraft to maintain the pisnned traci.

IN 5

When an aircraft is using only multiple inertial systems, the FMC will compute the
mean of the [nertial positions. Whes using only multiple radio navigation beacon
lﬂomaﬂontﬁeFMSwiﬂcomputethmnoﬂievaﬂouradjompuiﬂou.lf
however It is using both wultiple Inertial and msultiple radfo information scurces,
the FMS will display the mean of all of ¢the positions, That I to say it will compute
both the mean inertial position and the mean radto position. 1t will then compute
the mean of these two and display the resulting position (optien c).

INS/IRS/FMS 56, »,

As the flight progresses the FMC wili automadcally select the appropriate DME
statfons. It will then decode the reply and display the Identifier letters on the
screen, If however the FMC autofunes to a DME station and does not receive &
satisfactory decede, It will display the frequency of the station. The pilot nust then
identify the station.

INSIRS/EMS 57 b

Flying an aircraft incurs a wide ranpe of costs, including such things ux fuek, crew
salaries, landing charges, ATC churges, aireraft leasing or depreciation costs,
aiceruft maintensnce costs. The aptimum overall cost for any piven {ight depends
upon the relative magnitudes of these individual costs. A cost index i o measare of
the relationship between the fuel vosts of o flight and all of the other flight time
related costs. Setting a costindex of zere on an FMS. will cause the system (o
assign absolute importance to fuel costs, 1t will therefure generate a flight profile
that will produce the greatest pessible range for a given quantity of fuel. Setting
amy higher cost index will alter the profile such that fuel costs increase but other
costs such ws fHght tine decreases. So a cost index is an MY input cnde tetling the
FNIS the required balance between aptimising firei costs ad sector time (option h).

INS/ARS/FIVS 58, ¢,

When operating in VNAV and LN¥AV modes the FMO manages the Aight of the
aircrafl from: waypoint (o waypoint, 1f a waypoint is reached beyond which ne
route is defined, the FMS will revert s heading hold mode.

INS/IRS/FMS 89, ¢.
An FMS is able to control flight in both he lateral nas igation {1.NAY) mode and
vertical navigation (VNAV) modes.

INS/IRS/FMS. 60, d.

In bath the stabilised platform and strapped dewn platform inertial systems, gyros
and accelerometers are used to sense angular and finear accelerations. Maost
systems employ three accelerometers and three gyroscopes. Each accelerameter is
set at 30 degrees to the others to form a trihedron. The gyros are arranged in a
stmilar manner. Ln erder to convert outputs from the gyros and accelerometers
tnto meaningful information, the alignment of the three axes of the trihedron must
be known. Iu a stabilised system the trihedron is physically aligaed with true north
(option d}. In 4 strapped down system the physical alignment is not altered but the
relationship between the trihedron and true north is established. This relationship
is then used in the computation of sl motians thraughout the subsequent flight.

EFIS ). ¢,

The EFIS system uses the following colour codes:

Green Active or selected modes and/or dynamic conditiuns.

White Present status, situation and scales,

Magenta Commund information, puinters, symhols, and fAy-to
conditions, weather radar turbulence,

Cyan Non-active and background information.

Red Warnings,

Yellow Cautionary information, fauhs, Hags,

Black Biank areas, off codition.

EL



No aptivn ¢ (yellow or amber) is the most accurate in this question.

EFIS 2. b,

The purpose of the EFIS Primary Flight Display (PFD} is to display primary flight
information. Of the options listed in this question, aptlon b, “piloting” information
is the most accurate. Weather Radar information {option &) is displayed on the
Navigation Bisplay or ND. Engines and alarms {option ¢} and Systems (option d)
are shown on the EICAS or ECAM displays.

EFIS 1. b.

Decision Height is the height at which in a precision approach, a missed approach
must be initlated if the required visual reference to continue the approach has not
been established. TFhils constltutes primary flight informatloa, so it is displayed an
the Electronle Attitude And Directlon Indicator (EADI} in an EFIS fitted aircraft.
This display is alse referred to as the Primary Flight Display or PFD. The Decision
Height is set by the pilot uisng the EFIS central panel prior to commencing the
approach. So option b is the most accuraie in this question.

EFIS 4. c.

079

The symbols in thls question appear at the top of che Electronic Horizontal
Situation Indicator or EHS1 in an EFIS system. The first three digits indicate the
type of information that is being displayed. [a this case the green letters HDG
indicate heading. The central white digits enclosed in the white box indicate the
value of the informstior being displayed. In this case & heading of 079°, The green
letter ar the right indicates the reference relative to which the Information is
measured. In thly case u green M indicates Magnetic. The white V in the centre is
the pointer for the information being displayed. So the symbols provided in this
questien indicate the headlng orientation, current heading, heading reference and
heading pointer (option c).

EFIS S, ¢.

The Electrunic Attitude and Directlon [ndicator or EADI in an EFIS system
displays the Primary Flight [nfermatlon. This includes speed, altitude, ILS
Lacsliser and Glide Slope information, and selected auto-throttle and autopilot
maodes. Depending on the selections made, the EADI can also display heading
information. Option ¢ is therefore the most accurate in this question. A typlcal
EFIS EAIM is illustrated below.

Ay

Auto-throttle _ \titude,
infarmation,

Glideslope.
Autopilot
modes.
Aldrspeed. Localiser.
Heading, \

TYPICAL EFIS EADI

EFIS 6. d,

A typical EF1S svite comprises two types of instruments. The first of these is the
Primary fiight Blsplay or PFD. This displays primary Right information such as
altimeter setting, altitude, attitude and airspeed. The PFD is therefore the main
fiying instrument, The second type of instrument is the Electronic Horizontal
situation Indicator or EHSE. This shows a range of navigational information.
Comparing the above descriptions with the statements provided in the question
reveals thut aption d is the most securate.

EFIS 7. b,

Deciston helght is displayed in one of two formats on the EADL. When the aircraft
is more than 10040 it agl the declsion height is indicated by the letters DH [ollowed
by digits to indicate the decision height. When the aircraft is at or below 1000 ft agl
the display changes to a white clreular scale with a magenta pointer to indicate
decision height. The circumference of the scales increases or decreases (o reflect
the zlreraft radio altitude at any given palnt in time. The dispiay changes to vellow
and flashes momentarily when the aeroplane descends below decision height, The
most accurate option in this question is below 1000 ft (option b).

EFIS 8. b.

The BOEING 737 Operations Manual, which is used as the reference seuree by the
JAA for EFLS questions states that the weather Radar Informatien is cnabled using
the WXR switch and can be displayed in all EHSI modes except FULL NAY,
FULE YOR/ILS and PLAN modes. So in the PLAN mode the Weather Radar
display data is inhibited {option b),

467



EEES Y v,

Brecisian beight is displayved in one of two formats on the EADEL When aircralt js
Hurre thare BN IS aph the decision height is indicated by the letters DI followed by
digrits  indicate the decision hefght. When the airerattis at or below H0H £t agl
the display changes to s white circular scale with u magents pirinter to indicate
decision height. The circumfercnce of the scules increases or decreases to retlect
the aireralt radio sltitude at any given point in ime. The display changes to vellow
and flashes momrentarily when the acroplane descends below decision height, The
most accarate optivn in this guestion is helow 1000 ft AGL (option ¢},

EEDS 1«
Fhie BOEING 737 Operation Masoal, which is used sy the reference source for

JAAEFES guestions states that the westher radar display uses the following calour
conlles:

Red Intense procipitation.

Y eMow L.ess tricnse precipitation.
Lareen St dess intense precipitation.
Mupenta Furbulence.

So Weather Radur returns show as arens of precipitation in greem, yellow and red.
Fhe option chwsest to this is {nption c).

LEFIS 1L o
The magen:a betters VLV
here indicate that the
NEXEACHIVE warypoint is
VEM,

The white digits
here indicate
that the ETA at
VLM is
1508.27

‘The white triangle §
here represents the i
aireraft current

pusition.

So in the dingram above the next waypoint te be overflown is V.M and the
vstimated tinte of areival at VLM is 1$08.2Z. This is closest to aption d.

s

EF1S12.b.
The BOEING 73T Operations Manual provided which is used as the reference

source for JAA EFI1S questions states that the symbol below in white when shown
on the EF1S EHSI indicates the aecroplane (option b).

EFIS 13, b.

The BOEING 737 Operations Manual which is used as a reference source for JAA
EFIS questions states that wind velocity aad direction are indicated on the EHSI in
Full Nav and Expanded NAY and VOR/ILS modes, but not In Pian mode, When
Plan mode s selected the EHSE displxys the FMC flight plan route. This does not
include wind velocity or direction. Taking these factory into account It can be seen
that option b is the most accurate in this question.

EFIS 14. d,

The EFIS system uses the following colour codes:

Green Active or selected modes aud/or dynnmi¢ conditions.

White Present ststus, situation and scales.

Magents Command information, poluters, symbols, and fly-te
conditions, westher radar turbulence,

Cysn Notr-active and background informaton,

Red W

Yellow Cautionary information, faults, flags.

Black Blank areas, off codition.

So option d {Magenta for command information) 1s the most sccurate in this
question.

EFlSls s

The BOEING 737 Operations Manual, which is used as the reference source by the
JAA for EF1S queations states that the weather Radar Information is enabled using
the WXR switch and can be displayed in ali EHST modes except FULL NAY,
FULL YOR/ILS and PLAN modes. So Weather Radar data is visible In the Map
mode and in any expanded mode (option c).



EFIS 16, b.

Declsion helght is displayed in one of two formats on the EADE. When aircraft ks
more than 1000 1t agl the declsion height Is Indicated by the letters DH folfowed by
digits to indlcate the decision beight. When the aircraft Is ac or below 1000 ft agl
the dlsplay changes to a white circuiar scale with a magenta pointer to lndicate
decision beight. The cireumference of the scales decreases as the aircraft descends.
The dlspiay changes to yellow and flashes momentarily when the seroplane
descends below decision helgbt. The most accurate optlon in this question is that
the decision height is displayed on the “EAIN and below 1004 ft is shown a3 &
circular scale which Iy erased ant-clockwise as the aircraft descends”{option b).

EFIS 1. b.

The heading reference used on the EHSI may be true or Magnetic {option b).
Magnetic heading is indicated by the ietter M i the top of the display snd ¢an be
used between Iatitudea 73 North and 65° South. True heading ls used at latitudes

beyond 73° North and 65° South and is indicated by the letter T at the top of the
diaplay.

EF1$ 18. b,

The EFIS system uses the foliowlng colour codes:

Green Active or selected modes and/or dynamic condltions.

White Presenet status situation and scales.

Magenta Command Information, pointers, symbels, and fiy-to
conditons, wether radar turbulence,

Cyan Nop-active and background Information.

Red Warnings.

Yellow Cautionary information, faults, flags.

Black Blank arcas, off codition.

S0 on the FMA, engaged flight autamatic flight modes are displayed in green
{option h).

The EADI has only ane operating mode so option a is untrue. The EHSI has no faft
optrational mode, but dats can be transferred to other screens if one fails. But this
process Is not controlied nsing the EFIS control panel, so option b is untrue. The
autopliot modes are selected using the Autopilat Mode Countrol Panel (MCP), 30
option ¢ ls untrue. The EFIS control panel allows the pilots to select a variety of
fanctions including the setting of declslon height. So option d Is true.

The EFIS system uses the foliowlng colour codes:

Green Active or seiected modes and/or dynamic condltlons.
White Presenet status sltuation and scales.

410

Magenia Command informstion, polnters, symbols, and fiy-to
conditions, wether radar turbulence,

Cyan Non-active and background information.

Red Warnings.

Yellow Cautionary infermation, faults, flags.

Black Blank areas, off codlition.

So the cotours typicatly used ou an EHSI display are white, green, magenta, Cyan,
yellow and red (option d).

The display in this question ahows an expanded section of the VOR diaplay. ‘:l:li
therefore the expanded VOR mode {option ). Furiber detaills of the Expande
VOR mode are provided in the key facts section off this book.

Th: BOEING 737 Operations Manual, which is used as the reference soumdby :ihe
JAA for EFIS questions states that the weather Radar Information is enabl‘e( using
the WXR swiich apd can be displayed in all EHS] modes except FULL NAY,
FULL VOR/ILS and PLAN modes. So in the PLAN mode the Westher R.d.:;ded
display data is inhiblted (cption b), Further details of the Plan mode are pro

in the key (acts section oif this book.

Decision height is displayed in one of two formats on the EADL When th: ‘;::cr::t
is more than 1000 ft agl the decizion height is indicated by the Jetters DH m‘;t e
by digits to indlcate the decision height. When the alrcralt is at or bdo:l 1

the display changes to & white cireuisr scals with a magenin pointer (0 nmt o
decision height. The circumference of the scales increases or decreases (0 o
the atreraft radio altitude at any given point in tme. The display changes 0 y;o
and flashes momentarily when the acroplane descends below decision hefght.

the most accurate option in this question s (option b).

The BOE[;HG 737 Operation Manual, which is used a3 the reference source l'n»rl
JAA EFIS questions states that the weather radur dispiay uses the following colour
codes:

Red Intense precipitation.
Yellow Less intense precipltation.
Green Suilk less intense precipitation.

Magenta Turbulence.

Sa in the displayed weather modes, the Intensities of the returns ip ascending order
of intensity are green, yellow, red and magenta (option ).
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EFIS 25.d.

The BOEING 737 Operstion Manual, which Is used as the reference source for
JAA EFIS gquestions states that tke green symboi of a circie with T/D on the EHSI
display below represents the FMC calculated top-of-descent {option d).

EERS 36, d,

The Expanded NAY mode displays iateral and vertical navigation guidance
information slmilar to & conventional HIS. The FMC is the source of the
navigation data. Weather radar dats Is also displayed in this mode when the
weather radsr is switched on. The Expanded Nav mode does not display the whoie
compasa rose, but only an expanded part of it. The relative bearing to the active
waypolot is also shown in this mode, but the waypoints themselves ure not (option
d). More details of this mode are provided in the key facts section of this book,

EFIS 2. d.

The BOEING 737 Operations Manual, which Ls used as the reference source by the
JAA for EFIS questions states that the weather Radar Information is enabled using
the WXR switch. Weather Radar information caa be shown on both the Captain's
and the First Officer's EHSI simuitanecusly, but is Inhibjted ln the FULL NAY,
FULL VOR/ILS and PLAN modes. So the Weather Radar Display can be shown
on the Captain’s snd the First Officer's EHSI simultaneously (option d).

EFI1S 28. ¢.

In order to provide adequate levels of reliability EF1S systems are typicatly
provided with at least two symbol generators, s option a is unitie, The dispinys
are CRT screeas so option b is untrue. Each pilot typically has two CRTs one
serving as the EAD and the other serving as the EHSL In order to ensure
satisfactory levels of visibllity EFIS systems typleslly Incorporate automatic CRT
brightness control, which adjasts the CRT brightness for changea In ambient light
levels {option ¢).

EF1S29. a

Ax flustrated In the diagram below, the speed tape is located =t the [eft slde of the
EADI (eption ).

Speed tape located
at the left side of
the EADI,

TYPICAL EF1S EADI

EFI1S 30. ¢.
As illustrated in the disgram of the BOEING 737 EFIS system below, the system

has four sereens and rwo symbol generators (option c).
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EFIS 31, d.
As illustrated in the dizgram in EFIS 30 sbove, the EFIS system include 2

F;.Iectronic Attitude MHrector Indicaters (EADILs} and 2 Electronic Horizontal
Situation indicators (EHSIs) {option d).

EFIS 12, ¢,
With its depiction of the full compass rose, YOR caption und VOR deviation

command hars, the disgram in this question depicts the EHSI in the FULL VOR

mode (option ¢). More details of this mode are provided in the key facts seetion of
this haok. .

EFIS 33. b,

Decision height is displayed in one of two formats on the EADL. When the aircralt
is more than 164 ft agl the decision height Is indiczied by the letters DH followed
by digits to indicate the decision height. When the aircraft is at or belaw 1000 ft ag
the display changes to a white circular scale with a magenia pointer to indicate
decision height, The circumference of the scales increases or decreases to reflect
the airerafl radie altitude at any given point in time. The display changes to yellow
and fiashes momentarily when the seroplane descends below decision height. In
this way the scale also acts as the decision height warning light.

Because decision hight is pre-set by the pilot, the most accurate option in this
question s that the decision height (DH} warning light illuminates when the
aircraft descends below a pre-set altitude (option b).

EFIS M. a.

The BOEING 737 Operatlons Manual which is used as a reference source for JAA
EFIS questions states that wind velocity and direction are indlczted on the EHSI in
full and expanded NAY and YOR/ILS mades, but not in plan mode. When plan
made is setected the EHSI displays the FMC flight plan route. This does not
include wind velocity or direction.

The Operations Manual states that wind directlon is indicated relative to the map
display orientation. The Manual also states that the EHSE dlsplays are oriented
relative to the aircralt headiog. This means that wind direction is displayed
relative to the aircraft heading (option a).

EF1S 35. ¢

A Head Up Display or HUD is a device whereby selected elements of the instrument
dispiays are projected onto the inside of the windscreen or onto 2 glass panel in the
field of view of the pilots. In this way during sutomatic approaches and landings
the HUD provides a synthetic view ef the Instrument procedure (aption ¢}
superimposed on the pilots’ view of the area in front of the alrcrafi. All of the
uther options in this question inciude some aspects of the functlons of the HUD, b
all are incomplete. Option 2, is also uatrue in that the HUD can be used in other
procedures in addition to CAT [l precislon approaches.

EFIS 36. d,

Armed and engaged auto-throttle modes are displayed on the annunciator panet,
which is located at the upper area of the Primary flight display (PFD} (option d)
directly above the artificial horizon display. A typical PFD is illustrated below.
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bnagaged or
armed auto-
throttike
modes are
displayed
here.

TYPICAL EFIS EADI

EFIS 37. b,

IElu \B(IEI}(.: ‘H’? Operativns Manual which is used as a reference svurce for JAA
_,H.‘s questions states that wind velocity and dirvection are indicated on the EHSI in
Tubl an’d expunded NAY and VOR/ILS modes, but not in plan mode. When plan
fmu.h- i stlected the EHS) displays the FMC flight plan route. Wind directiﬂn is
lfldwntcd h\ means of a white arrow at the bottom left corner of the EHSI display
So the white arcow in the lower left corner in the dingram below imdicates tht'p g
current wind of 305%8 kis is being experienced (aption b). .

Linm

EFIS M. €. )
The hending pointer at the top of the display shows a heading of 229" Magnetie,

But the track indicated by the magenta line is 240°. This means that the aircraftls

slipping to the right. This suggests that there is a crosswind from the lefr (aption ¢).

I'his fcat is also evident from the divection of the arrow at the bottom left corner of
the EHSI.

Letters OKL here Heading is 229° Track is 230" as
indiacte the active as indiacted \ indicated here.
waypoint. N here. \ J

. \

\

/

/
The woard FROM here indicates
that the YOR radial i from the
active waypoint

This white arrow indiacies
that the wind is form the
left.

EFIS 9. d.

On an EADI the pitch attitude is indicated by the positien of the black square at
the centre of the aircraft symbol, relative to the scale markings on the background
sky and land. A 15® nose down pitch is indicated when the black square iv midway
between the 10° and 20° markers on the land part of the background. This
situation can be seen in figure 4. The bank angle is indicated by the white outlined
hlack triangle at the top of the display. In figure 4 this trlangle indicates
aprruximately 30" right bank.  Figure | indicates approximately 5° nose up and
35" jeft bank. Figure 2 indicates approximately 15° nose down and 35° left bank,
Figure 3 indicates approximately 5¥ nose up and 30° right bank. So Mguare 4 is
closest to indicating 30* right hank and 15* nose down atticude (vption d).



indicates
30° right
bank

4

of this
square

nose down
pitch.

E¥IS 46. a,

In the diagram in question EFIS 38 the letters OKL. at the top left corner of the
dispaly indicate the active waypoint VOR. The letters FROM at the bottom right
corner indicate that the aireraft is flying away from OKL VOR. The magentu line
from the triangular aircraft symbol to the di%its 24 indicate that the radial in use is
240°. So the aircraft is follawing a radial 240° from OKL VOR {opiion a).

EFIS 41. a,

The symbol T/C in an EFIS EHSI display indicates the position of the FMC
generated top of the climb, The distance to this point is indicated by the inner
range are which is at § nm from the aircraft. So in the diagram below the T/C is a
FMC generated top of climb and it will be reached at approximately 5 nm from the
present position (option a). 1t should be noted that the digits VLM at the top left

corner and 1508.2Z at the top right corner indicate that the ETA at VLM is
1508.22. So options b and ¢ are untrue.

This traing

The positior

indiactes 15

e T nhde S0

E - eipe

s

The letters

I'hese letters indicate
that the active
wavpoint is VLM,

The green ketters F/C
here indicate the
position of the FM(
penerated top of the
climb.

‘This green circle on
the S nm range arc
indicates that the
distance to the top of
the <limb is 5 nm.

EFIS 42. b.

The numbers
1508.2Z here
indicate the ET A
#t VLM,

This white
triangle indicates
the curreat
position of the
aircraft.

Although the position of the current active waypolnt is not visible in ﬂ:li.'i diagra.m,
the letters VIW at the top rieft corner of the dispaly mean that this is the aclive

waypoint (option b).

VIW here
indicate that
this is the
active
waypoint,

b om
VIW
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EFlS 43, b
‘The green dotted tine in this diagram is the 130° radial from FRE VOR. The white

triangle is the current position of the aircraft. The white circle with the letters
(INTC) indicates the peint at which the aircraft will intercept radiat 330 from FRE
YOR. The magenta star at FRE VOR indicates that this is the next active
wuypoint. So the white circle indicates & locatian where you will intercept radial
130" from FRE VOR and track inbound (option b).

EFIS 44. d.
The curremt heading is indicated by the white oulined triangle just to the right of
the track pointer. This indicates that the current heading is t25 (option d).

This white wrianglc

2. I'he magenta
star and magenta
fetters FRE
indicate that the
aclive wavpaint is
IFRE.

Y. This green
datted line is the
336" rudial from
FRE.

LRI
FRI

I. Heading 150° is here
so & line from here
passing through the ;
magents star at FRE and
the white circle marked
INTC is at heading 330"

4. This white circle and
the letters INTC indicate
the point at which the
aircraft will intercept the
green dotted line
representing the 330
radial from FRE.

The tetters TRK
and M indicate
magnelic track is
selected and the
figures 115
indicate that the
current track is
1s".

These two
magenta squares
indiacte that the
current heading
sebected is 120°,

EFIS 45. c.

/

indicates that the
current heading is
125°,

The selected heading is indicated by the magenta symbol [T] adjacent to the auter
scale. In the diagram in question EFIS 44 this is located st 120° indicating that the

selected heading is 120° {option c}.

EFIS 46, b.

450

On the EHSI display in question EF1S 44, the track is indicated by the white
vertical line above the point of the triangular aircraft symbol. This is indicating a
track of 115" (option b),



EFEN 47. b.

Fhe disphny below shows the white (risngular acroplane symbol at the centre of the
display and the Might plan route and navaids in use. The top part of the dispiay
shows the track, active waypoint, distance to go and ETA Fhis is therefore 2
Centre Mup display {opiion b).

Muagenta letters 35.5nm
ANCI0 indicate ANC D
active waypoial,

TRK150M —
indicates current
track, Z
Expanded 684
segement of
COmpass rose,

Yhite triangular
symbol for current
aircraft position at
centre of display.

s - s b s v

—

ety ._.-

FEES 48. d. '
The Navigation Displtay (EHSI} in the diagram below shows the similar
information to that in the Full Nav maode, but anly an t'xpsn:!cd part‘of the
compass rose is visible. It is therefore the exanded Nav mod‘e (option d}. Further
details of this mode are provided in the key facts section of this book.

|1 1138.57

B
-¥

Approximutely
64 sector of the
COMPAass rose is
shown in
capanded form.
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EFIS 49, ¢

Fhe Nuvigation Display (EHSH in disgram below show the ful] compass rose plys
the magnetic heading pointer and the deviation bar. This coupled with the word
AV atthe battom corner means that i is the Full Nav mode {optios ¢).

Full cormpass

rose, \\

Aircraft
heading buy in
migents, T

Fettery NAV
it bottomn teft
corpere of
display,

151

40.0 nm

AN

IS

140,57

EFIS S ¢,

Fhe Navigatiion Display (EHSI) in the diagram below is ariented (o0 Frye north and
shows the FMC generated fight plan. 1t s theretore the Plan Mode (option c).

Further deiails of this ntode are provided in the key facts section of this book.

Prisplay is oriented w
I'rue North.

Details of FMO
genvrated Night plan,

EFIS 51. d.

~N

6. dnm
ANCHO

-

113942

<= PES

- EMILY

-

Y OKRASTI

The BOEING 737 Operations Manual, which is used as the reference source by the
FAA for EFIS questions states that the weather Radar Information is enabled using
the WXR switch. Weather Radar information can be shewn on both the Captain’s

and the First Officer’s EHS1 simultanecusty, but is inhibited in the FULL NAV,
FULL VOR/LS and PLAN maodes. So when using the EHSI, the weather radar
may be dispiayed on the Mzp, Expanded VOR/ILS settings (option d). Further

details of the various modes are provided in the key facts section of this book.

EFIS 82 b,

The title of an active waypoint is shown at the top left corner of the dispiay. In the

diagram below itis ANC10 (option b),



EFISS4.d

The BOEING 737 Operations Manual, which is used as the reference source by the
JAA for EFES questions states that the weather Radar Information is enabied using
the WXR switches on the Captain’s and First Officer’s EFLS control panels.
Weather Radar information can be shown on both the Captain’s and the First
Officer's EHSE simultaneously, but is inhibited in the FULL NAV, FULL VOR/ILS
and PLAN modes. So the Weather Radar Display is controlicd from both the
Capatain’s and the Co-piloi’s ESI control paneis (option d).

15.5nm
Vagenta letters ANCTD
ANCH at the top ==
feft corner of the
dispaby slow the

‘ | EFLS §5. d.
active wavpoint,

The BOEING 737 Operations Manual, which is used as the reference source by the
JAA for EFIS questions states that the weather Radar Information is enabled using
the WXR switch. Weather Radar information can be shown an beth the Captain's
and the First Officer’s EHSI simultaneousty, but is inhibited in the FULL NAV,
FULL VOR/ILS and PLAN modes. So the WXR display is on both the Captain’s
and the Co-pilot’s CRTs {option d).

Friangles indican
off-raute
W points.

EFIS 56. b, _ ‘
As illustrated below, the airspeed is shown on the speed tape at the left side of each
of the ADIs {option b).

EFLS 53. ¢,
tn the BOEING 737 aircraft the decision height is set using a conto) knob and LED

display on the ADI seciion of the EFTS control panel (option ¢). This section of the
EHSI cantrol panel is illustrated below,

Scale displays selected —
I#eight. This is also
displayed on the EADI.

Pushing the decision
height reset button
resets the decision

height Indication

| on the ADL.
Decision height selector —

is turned ta select the

Turning the brightness
required decision height.

knob adjusts the
brightness of the ADI
te the required level.

Speed tape located at the left side of the EADE




EFIS 537, a,

tn addition 10 the centrol panel, symbol generators and remote light sensors, EFIS
systems employ Electronic Attitude and Direction Indicators (EADIs) and
Electronic Horizontal situation Indicutors (EHS1s) {option a). Altitude indications
are provided om the EADE so option b is untrue. EICAS is not part of the EFIS
system hut is usually closely integrated with it, so option ¢ is untrue. Weacher
radar (WXR} displays can be shown on the EFIS EHSL, so no separate WXRT
dispisy tubey are required in EFES system. So optien d is untrue. A typical EFHS
sisplay system is iflustrated below,

ECAM (Airbus) or
EICAS (Boeing)
digplays

Captain's EADI First Officer's EADI

Captain’s EHSL First Offlcer's EHS!

EFIS 58 b,

EFIS systems use wide 2 range of data inputs, including manometric, magnetic,
inertial, radio, snd computer generated, Option d is therefore untrue. Airspeed
and Mach hold are functions of the Auto-Throttle system, so option a is unteue,
EFIS display functions include VOR. ILS snd MAP, but not Auto Select, so option
¢ is untrue. This leaves only aption b which is true but incomplete in that it covers
only a fraction of che EFIS modes. More details of EFIS EHSE modes are provided
in the key facts section of this book.

EFIS 59. b,

Magnetic compasses operate by aligning themseives with the lines of magnetic force
which make up the magnetic field of the Earth. As iatitude increases, the lines of
magnetic force dip towards the centre of the Earth. This dipping of the lines of
force reduces the strength of the harizontal component of the magnetic field, This
in furn reduces the effectiveness of magnetic compasses. In order to ensure that an
adequete degree of accuracy is achieved at all times, EFIS guidance, is based on
Magnetic North between 73°N and 65°S and True North above these latitudes
(option b),

EF1S 60, ¢,
Decision height is displayed in sre of two formats on the EADI. When aircraft is
muore than 1000 It agl the decision height is indicated by the letters DH followed by

AN

47

Mg et

-

4L

Jaals

digits to indicate the decision helght. Whea the alrerafi is at or below 1000 ft agl
the display changes to a white ctrcular scale with s magenta pointer to indicate
decision height. The clrcumference of the scales increases or decreases to reflect
the aircraft radio altitude at any given point in time. The display changes to yellow
and flashes momentarily when the seroplage descends below decision helght. In
disgram below the data is is shown on (i) EADI, which Iz displaying (ii) 600 ft RA
{option c).

600

The BOEING 737 Opertalons Maouaul that is used by the JAA as a reference
source for EF1S quesiions states that the symbol below appears in yellow in place of
the normal radio altitude display when there is » frifure of the radio altimeter
(optiom ¢).

RA

The BOEING 737 Opertajons Manuaul that is uaed by the JAA s & reference
source for EFIS questions states that the symbol A s a waypoint which is active
when shown in msgenta, C bs & navigation aid aud E is an off-route waypoint. Se
option d Is the most accurate ip this question.

0%\ A

A B
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EFIS 63. ¢
The BOEING 737 Opertaions Manuaul that ia used by the JAA as a refernce
source for EFIS questions states that the symbols at C are a navigation ald and an
cnroute waypeint. So option c is the most accurate in this question.
,\ O c
B Q ; \
c
!
D &
'34
+
L

s

o

EF1S 64, s and d.
In the diagrama in question EFES 64 which are copied on the next page, the
displays are as follows:

A = FULL VOR/ILS with a VOR frequency selected,

B = PLAN.

C = Expanded VOR/ILS with a VOR frequency selected.

D = FULL YOR/ILS with an ILS/LOC frequency selected.

E = Expanded MAP,

F = Eipanded YOR/LS with an ILS/LOC frequency selected.

So tull YOR display are in diagrams A and D, (options & and d). Students should
lodge an appesl because there are two correct aptions.

190
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EFIS 63. &, .
The BOEING 737 Operations Manual, which is nsed as the reference source by the
JAA for EFIS questions states that the weather Radsr Information is enabled

the WXR switch, Weather Radar information can be shown oa both the Captain’y *

ard the First Officer’s EHSI in all EHSI modes except the FULL NAY, FULL
VOR/ILS and PLAN modes, In the disgrams in question EFIS 64, the displays are
as follows:

FULL YOR with & VOR frequency selected.

PLAN.

Ezpanded YOR/ILS with 2 VOR frequency selected.
FULL VOR/ILS with an ILS/LOC frequency selected.
Expanded MAP.
Expsnded VOR/ILS with an ILS/LOC frequency seiected.

So weather radar returns caz be displayed on C (Eapanded YOR/ILS), E
(Expanded MAP) and F (Expanded VOR/ILS), {option d).

EFIS 66,
The selector knob is set to MAP, so the MAP display as iliustrated below would

appear on the EHSI. This is display E In the diagram (opton b).

rEXP1 HSI1

NAY YORILA

YOR/ILS

NAV

CTR MAP
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EKIS 67 a,

\s iltustrated in tuhe display below, the aircraft is closing the localiser from the
right, heading 130°M and is approaching the glide path from above (option a).

The pointer at the lop centre
indicates Heading 130°M.

The rectangle here indicates
the position of the vertical
aircraft,

Localiser centre line bar

The triangle here indicates
the current position of the
aircraft to the right of the
tecaliser centre line.

The point‘er here indicates the glideslope. Comfaring the positions of this pointer
sl the aireraft rectangle shows that the sircraft is approaching the glidestope
from abeve,

J13



EFIS T0. b,
EVES 68, a, CGroundspeed is at the botiom left carner of the EADI in white digits (option b).

As ilustrated below, the traek from ZAPPO 10 BANTU is 318"M (option a).

EFIS 71. d.

The BOEING 737 Operations manual which is used by the JAA as the reference
seurce for EF1S guestions states that “1f the Captain’s or F/O's LOC deviation

it exceeds one-half dot expanded scale (one-fourth dot standard scale), the respective
: LOC scale changes colour frem white to yellow and the mintature runway stem
Rashes™ and “If the Captain’s or F/('s G/S deviation exceeds one dot deviation, the
respective G/5 scale changes cotour from white to yellow and the /5 pointer
Nashes™. Comparing these statements with the options in this question reveals that
option d, “The respective localiser or glideslope scales change colour from white to
amber and the pointer flashes” is the most accurate,

Track E30"M is indicated
by the pointer at the top of
the display.

FAPPO) is alomost directly
above BANTU so the track
framm BANTE to ZAPPO is
approximatley 130"M.

Fhis means that the track
fenm ZAPP(Y to BANL is
approximaiely 130°M +

190° = 310°M (option a). EFIS 72, a

An HS1 Map Maode display is illustrated below. The distance to go is shown at the
top left corner of the display (option a).

Bistance to go is
displayed at the
top keft corner
EF1S 6%, b,

In the display below, the aircrafl heading is shown (o be approximately 133"M and
the wenther radar returns are a¢ about 28° (o the teft of the airerart heading. This
means that the centre of the weather return is 360° - 28" = 332 relative. This is
indicated by the thick curved arrow on the diagram below. The aircraft is
represented by the triangle at the bottom of the display. The range arcs indicate
thaut the centre of the weather returns is about 13 nm from the aircraft. So the
centre of the weather refurn is at approximately 332° relative, £3 nm (option h).

Adrcraft heading 133°M

Weather returns,

Centre of weather
refurns at approximately
I3 nm from point of
triangle,

EFIS 71 d.

The BOEING 737 Operations Manual, which is used as the refercnce source by the
JAA for EFIS questions states that the weather Radar Information is enabled using
the WXR switch. Weather Radar information can be shown on both the Captain's
and the Firs{ Officer’s EHSN simultaneously, but Is inhibited in the FULL NAV,

Centre of weather FULL VOR/ILS and PLAN modes.

retarns is approximatley
332° relative to the
heading of the aircraft as
indivated by the thick
curved acraw.

Of the options listed in this question option ¢ “MAP is incorrect. Option a2 “VOR"
and option b (EL5" are unclear as the do not specify whether full or expanded
mades are to be considered. Se of che options listed in this question option d is the
most accerate, because the Weather Radar data cannet be displayed on the EHSIE
in the PLAN mode.
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ALTOFLEGHT | d.

During the majority of the time that an aireraft spends flying af cruising altitude it
is contretted by the autopilot. This relieves the pilots of the task of constantly
neaking minor adjustments (o correct far minor deviations from the required flighe
prath.

Ax u flight prugresses, the burning of fuel gradustly reduces the mass of the
aireralt und causes its Centre of Gravity to move. This movement of the Centre of
Gravity necessitates action from the autopilot to prevent changes in attitude and
atrspeed. I these chanpes were carried out by the autopilot stabilisation systems
slone, it would resultin a continuous command signal being sent te the elevator
actuators. I the autopilot was then switched off, this would result in a loss of these
signals causing the elevators to move abrupily to thelr neutral position. This would
ciuse & sudden change of pitch artitude,

Ihe Aute Frim system is part of the autopitot. Its functien is te monitor the
#utapilot circuitry for any steady state or continuous control signals. §f such
signals are detected, the Auto Trim system adjusts the elevator trim tabs so that the
acrodynamic forces generated by the tabs keep the elevators at the required angle.
This retieves the elevator foad toption d) enabling the control signals to be reduced
o zero. This prevents any sudden snatching of the controls whenever the autopilot
is switched oll.

AUTOFLIGHT 2 d.
The Auto Throttle or automatic throttle system has & number of functions which
tvpically include the following:

L. Maintain constant engine power during take-off and climb.
2. Maintain constant airspeed or mach number in ¢ryise flight.
LN Adjust engine power as required to maintain or achieve selected aircraft

performance in conjunction with the autapilot.

Optian d &s true in that i comprise functions ¥ and 2 above,

AUTOFLIGHT 3 d.

Modern aircraft employ Electronic Flight Instruments Systems (EFIS). These
s¥stems consist of a pair of Primary Flight Displays (PFD), which display primary
flight data such as altitude, attitude and alrspeed. A second pair of dispiays calied
the Navigation Displays (ND). show navigation and flight pach data. 1n sircraft
cquipped with EFIS the engaged auto throttle modes are displayed in the upper
strip of the PFD (option d).

AUVTOFLIGHT 4 d.

The armed snd uctive modes of the auvtopilot, aute throttie and flight director are
#ll displayed on the upper part of the EFIS primary fight display. This is ahle to
display 2 stites for the Localiser function. The first of these is “Localiser ARM” in
white text. This indicates that the systent is armed for & Locatiser approach and

i

L 2 i
| e

Pl

coupling will accur upon capturing the cenire line of the Localiser beam {option d).
The second state is “Localiser Captured” which is in greea text. This menns that
the system has captured and fecked onto the centre line of the Localiser beam.

AUTOFLIGHT S b,

Ahitude select is one of the pitch axis command modes of the autopilot system. The
pitot dials up the required altitude on the sutopilot mode control panel (MCP) then
presses the altitude select buttan. The autopilot then adjusts pltch attitude such
that the aireraft climbs or descends (o the selected altitude. YWhen this altitude is
reached the autopilot will autematically level the aircraft at thet altitude.
Engagement of the altitude select function is annunciated by lights an the upper
part of the EFIS PFD and by a sound when the aircraft is appragching or
departing from the selected altitude (option b). A typical autopilot mode control
panet is illustrezed below,

Altitude select

knob Altitude select display

showing 16004 ft selected.

TYPICAL AUTOPLIOT MODE CONTROL PANEL

AUTOFLIGHT 6 a.

One of the basic functions of ap autopilot system is 10 provide automatic
stabilisation of the aircraft flight path. In order to do this, the system detects
deviations from the selected pach, and makes adjustments te the flying contrels 1o
correct these deviations. En order to minimise osciliations it is essential that any
corrective control deflections are praportionai to the difference between the
reference attitude and the instanteneous attitude of the sircraft (statement i} In
order to avold very large deviations it is necessary to adjust control deflections to
match the rate of deviation from the selected attitude (statement 2), Very large
rates of deviation or very large deviations will require correspondingly large
coutrol deflections. Very slow rates of deviation or very minor deviations witl
require correspondingly small control deflections. Fhe temperature and pressure
altitude have na direct effect on control deflections.

AUTOFLIGHT 7 a,

The magnitudes of the control deflections that are required to maintain a given
altitude depend upon various factors. In arder to minimize oscillations about the
preset condition it is essential that the contral deflections arc proportionsl to the
degree of deviztion. This meuans that control deflections are greatest when the
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differvace between the required pitch actitude and the actual artitude is greatest
istatenient B). Similarly very targe rates of change of pitch attitnde will require
sery laree cortrol deflections {statement 2}

Pa avoid any very large deviations from rhe selected abtitude it is also essential that
vontrol deflections inerense wirth increasing deviation from the selected sltitude
atement 3). Similarly very laege rates of change of deviation will atso require
very farge control deflections (statement 4). So statements | 2, 3, and 4 arc al)
correct {oplion a).

AL TOFLIGHT 8 a,

An sutematic landing is one in which the entire landing process from initial
approach dowa to the ground rol is conducted sutematicatly. In Category 3A
s¥stems the autopilet is disengaged at the start of the ground roll. 1n Category 3B
systems the uutopilut remains in control unttl the end of the ground roll. So in an
Automatic landing the autopiiot and the auto-throttie ensure a correct final
approach, at least (v the ground rol),

Lacatiser and Glide

Flare mode ACSD ft radio . ) . Slape beams are
disengaged a¢  ultitude (45 [t The stabiliseris  captured,
touchdown. gear altitude) trimmed (o an '
the flare mode aircraft nose-up Off-line autopilot
Elevators is engaged. pasition. channels engage.
move down to This causes the '
hoid the nose clevators te The elevators Fizre mode
wheel ento the brring the move down to becomes armed.
runway. aireraft to u 2 conterbalance
' ft/sec descent the effect of the
path. siabiliser
Reevrse thrust an The autothrottle ~ change. !
anto-brakes are hegins to retard | s
applicd. the throttes. \ ; I_,/"
Autpilot is \ 0

disengaged by the

pitot. i
N\ R

Roll sut.  Fouchdown. Glide Path  Flare path, 2 Ft/sec path.
‘Fransmitter.
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AUTOFLIGHT 9 4,

Under JAR regulations the minimum autopilot capability required for single-pilot
IFR flight is heading hold and aliitude hold (option d)

AUTOFLIGHT 10 b,

Autopilots pruvide autontitic stabilization by sensing deviations from the required
conditions. In the case of pitch bank and yaw angles, these deviations are detected
using gyroscopes. The signais (marked Airceaft response feedback in the disgram)
from these gyroscapes are compared with the pllot command inputs (marked
Command E in the diagram). The crossed circle symbol in which these two signals
meet represents this comparisen process. The results of this comparisen sre seat as
error signsla (marked E for Epsilon) to the computer, which uses them to generate
control surface commands (marked BC in the diagram). The term “offset epstlon”™
means the difference or offset between the aciual attitude detected by the
gyroscopes and the selected attitude. It can therefore be said that the piloting law
is the relationship between the deflection of the control surface commanded by the
computer (BC) and the offset EPSILON at the computer input (option b).

LOIRITE st e

s (> ,\-(

# contral surface feadback

Alreraft S response feedback

Al rat

A FLIGHT ! a

During the majority of the time that an gireraft spends flying at cruising altitude it
is controlled by the sntopilot. This retieves the pilota of the task of constantly
making minor adjustments to correct for minor deviations from the required flight
path.

As a flight progresses, the burning of fuel gradualty reduces the mass of the
aircraft and causes its Centre of Gravity to raove. This movement of the Centre of
Gravity necessitates action from the autopilot to prevent changes in sttitude and
afrepeed. If these changes were carried out by the autopilot stabilisation systems
alone, it would result in a continuous command signal betng seat to the elevator
actuators. When the autopilot is then ywitched off, this would result Ln a loss of
these signals causing the elevators to move abruptly to their neutral position,
thereby causing a swdden change of pitch attitude.

The Auto Trim system is part of the autopilot. lts function is (0 monitor the
autopilot circuitry for any steady state or continuous control signals. If such
signals are detected, the Aute Trim system adjusts the elevator trim tabs so that the
aerodynamic forces generated by the tabs keeps the elevators at the required angle.
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I'his relieves the elevator load enabling the conitrol signgis to be reduced to zero,
This prevenis any sudden snatching of the controls whenever ihe antopilet iy
switched off. Because the greatest changes in Centre of Gravity are atong the
longitudinat axis, the auto-trim operates unly in the pitch sxis (option a).

AUTOFLIGHT 12 d.

he term “closed loop system™ mexns one in which the system receives feedback
signsls to inform It of the effects of any control tuputs that it has made. This
ensures the stablitty of the system and prevents systent runaway. Such systems
comprise a detector, a computer, a feedback loop and & mexns of converting
command signals into control movements ly & strictly proportional manner, The
device in which small power inputs in the form of command signzis control mach
targer pawer outputs Is called & servomechanism (option d). in mast cases such
mechanisms are electricaity or hydraulicaily powered.

AUVTOFLIGHT 13 b,

As an alreraft accelerstes through the transonic speed range, shockwaves begin to
form on the upper surfaces of fts wings. These cause separation of the boundary
tayer, which in turn causes an iscrease in drag and loss of lift, The overali ¢ffect of
these processes is the reapward movement of the centre of pressure to

approximately the 50% chord polnt. This causes the aireraft to pitck nose down In
& phenomenan called Mach tuck-under.

The purpose of the mach trim system ls to compensate for this rearward motion {or
backing} of the centre of presyure at high mach numbers by moving the elevators to
ngse ap (option b). Tt should be noted that strictly speaking the “aerodynamic
centre™ referred to in option b Is not the same thing as the centre of pressure, but
this remains the most accurate option.

AUT 1 1

As ap alreraft accelerates through the transonic speed range, shockwaves begin to
farm on the upper surfsces of Its wings. These cause separation of the boundary
tayer, which in torn causes ap increase in drag and loss of IIft. The averall effect of
these processes is the rearward movemest of the centre of pressure to

approximstely the 50% chord polnt. This causes the aircrafl ts piteh nose down in
 phenomenon calied Mach tuck-under.

The purpose of the mach trim system is to compensats l'o;r this resrward motion of
the centre of pressure at high mach numbers by moving the elevators to the nose
up position. Because mack tuck-under occurs only at high subsonic mach

uvmbers, the mach trim system only operntes above a pre-determined mach
number {option a).

AUT
Strictly speaking there is no such thing as a “semi-automatic” tanding. It could
however be argued that thls term means that the approach down to decision height
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is conducted automatically then the remainder of the landing controlled manually.
Ta achieve thia the autopilot must maintain the airptane on the ILS besm unttf the
decislon helght Is reached it Is then disengaged (statement 1). To sddition to this,
the auwto-throttle maintains 2 constant speed untll the decislon height is veached
and is riven disengiged {statement Z). So option d Is the most accurate in this
question,

AUTOYLIGHT 16 b,

During the majority of the time that an alrcraft spends flying at crulsing aldtude jt
1s controlled by the autopilot. This reileves the pilots of the task of constantly
meking minor adjusiments to correct for minor deviations from the required Might
path.

Aax 2 flight progresses, the hurning of fuel graduslly reduces the mass of the
aircraft and causes its Centre of Gravity (0 move. This movement of the Centre of
Gravity necessltates action from the autopilot to prevent changes I attitude and
alrspeed. If these changes were carried out by the autopiiot stabilisstion systems
slone, it would result in a continuous command signal being seat ta the elevator
actuators. [f the autopilot is then swliched off, this will result in » loss of these
signaly causing the elevators to move abruptly to their nentral posiclon, This will
cause a sudden change of pitch attitude,

The Auto Trim system I3 part of the autopilot. Its function is to monitor the
sutopllot circuitry for any steady state or continucus control signels. If such
signals are deiected, the Auto Trim system adjusts the elevator trim tabs so that the
aerodynamic forces generated by the tabs keep the elevators at the required angie,
This cancels the elevator hinge moments (statement 1), thereby easing ot reducing
the loads on the servo-actuators (statement 2). This in tarn wili ensure that the
gircraft Is slways returned to the pitot in & triramed condltion upon disengagement
of the autipilot (statement 3). So option b is true.

AUTOFLIGHT 17b,
The functions of an gutopilot can be broadly divided into two types. The Qirst of
these Is automatic stabllisation, which includes pitch attitude holding (1), .
borizoatal wing holding (2), and yaw damping (6). The second type might
termed guidance: functions wuch{ldmb indicated airspeed or mich sumber -
holding (3), altitude hoiding (4) and VOR sxis bolding (5). So optfon b is true.

.

s L T

The functions of an sutopilot can be bitpadly divided inte two types. The first of
these is automatic stabilisatios, whichincludes pitch attitude hotding (1),
horizontal wing holding (2}, and yaw damping (5). The second type might be
termed guldance functions which include displayed heading or Imertial track
holdiﬁg {3}, Indicated alvspeed or machjnumber holding (4), VOR axis holding (6).

So optien b is true. “
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AUTOFL

In arder to intercept the Localiser, the aircraft Nles on a constant keading until it
enters the beam. The sircraft system then captures the beam using what might be
described 25 a radio deviation iaw. Although this option has been recommended by
many grousid schools over many years, It is now known thas the JAA answer ks
option ¢. A typical Localiser interception is illustrated below,

AL the polot of Snnseoption of the beam, :
tia FO gives bomk connmintl siginle b Alrerafl sppresche
aftgn the xirwrslt with Ou contre of the bowm, e Locatiser beam om

Dutch roll is » cyclie rolling and yawing motiop that occnrs when the lateral
stability of an aircraft Is too strong in comparison to its directional stability, When
s!.lch a0 alreraft is disturbed In yaw, it immedistely rolls away from the resulting
videsip. This causes sidestip in the opposite direction whick caoses the atreraft to
rolt In the oppoalte direction. The overall result of this process [s repeated rollin
and yawing motion which ¢can become unstable and violent, ' 4

The purpose of the Yaw damper is to prevent Dutch Roll. To do thls Is

gyro to detect yaw rates. This gyro senses the angular rate of motion abl::::: t!h:a“
vertical axis of the aircraR. The signals from this gyro are fllrered to ellminate
rates that are not asseciated with Dutch Roll. The Yaw Damper controls the
rudder, with the angular rate abowt the vertical axis as the input signai (optihn b).
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AUTOFLIGHT 21 b,

An automatic 1anding is one lo which the endre ianding proceas from initial
approach down to the ground roll ia conducted sutomatically. In Category 3A
systems the autopilot is disengaged at the start of the ground roll. In Category k!
systems the autopliot remains in control until the end of the ground roll. 50 inan
automatic landing the autopilot and tbe auto-throttle of an airersft are disengaged
by the flight crew during or at the end of the ground rofl (option b).

AUTOFLIGHT 21 2,

The purpase of the Yaw damper is to prevent Dutch Roll. To de this is wses a rate
gyro to detect yaw rates. This gyro senses the angular rete of motion about the
vertical axls of the atrcraft. The signals from this gyro are filtered to elimlnate
rates that are not assoctated with Dutch Roll.

in order to enable the pitot to menitor the operation of the system, the Yaw
Damper Indicator suppiles the pllot with information regarding the yaw damper
action an the rudder (option a), it should be noted that this Indlcator shows only
the rudder deflection produced by the dsmper and not the total rudder deflection,

AUTQFLIGHT 23 ¢,

Mach number is equal to TAS/LSS, where TAS [s the true afrspeed and 155 is the
local speed of sound. Sa i the auto-throttle system is holding a constant miach
number it Is holding a constant vatue of TAS/LSS.

LSS is proportional to temperature, o any increase In temperature will cause a
corresponding increase the TAS equating to any given mach number. This means
that an increase In temperature at constant mach auntber will cause TAS to
Increase.

Dynamie pressure is equal to 1/2pV’

Where p is the alr density.
V¥ is the true alrspeed or TAS.

An increase in air temperature will canse the air to expand, thereby causing i
density to decrease. So the combined effects of Increasing temmperature at constant
mach number will be to incresse V and decrease the p in the dynamic pressure
equation 1/2pV>, The ratia of these changes ls such that the overall value of 1720V
remains unchanged.

Calibrated airspeed CAS Is proportional to l!lpV’. soif lﬂp\" does not change
then CAS will not change. So for an sircraft that s steady cruise at flight level 290
with the auto-throttle malntainiog  constant Mach number, if the total
temperature increases, the calibrated airspeed will remain conatant (option c).
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AUTOFLIGHT 24 4,

The Mach number or calibrated airspeed can be held constant automatically by
two different systems. The first of these s the auto-threttie system, which is able to
vary the thrust In order to maintain constant Mach or CAS.

The second system s the autapiiot, which Is able to vary pitch attitude in arder to
maintain constant Mach or CAS. The autopliot can aiso use this method to control
to hold constant attitude, or & constant glide path,

Any change in pitch attitude will affect both the sirspeed (mach and CAS) ard the
flight path. So the antopilot cannot be ured to matatain constant altitude or
constant glide path, and hold constant sirspeed simulttaneously. So when the
autopilot is using pitch changes to hold constant sltitude or a constant glide path,
the auto-throttie must be used to maintain Mach or CAS. The autopilot can

however hold constant Mach or CAS while cHmbing, provided a constant climb
gradient is not aisa required.

8o the calibrated airspeed (CAS) or Mach holding made ia carried out by the
sutopllot pitck chanoel in the cmb mode at a constant calibrated airspeed (CAS)
or Mach oumber (staternent 1} and by the auto-throtiles in the altitude or glide
path holding mode (statement 4). So option d is correct.

ALT

An automatic landing can be interrupted by the pilot by pushing any one of the twe
TOGA buttans on the throttte quadrant. When this is dene:

a. The auto-throitle reacts immediately upon the pilot action on the TO/GA

(TakeofHGo-around) switch n order to recover the maximum go-around -
thrust (statement 1).
Awtoptiot monitors the climb and the rotation of the airplane (statement 2),

The pilot retracts the landing gear and reduces the flap defiection in order
to reduce the drag (statement %).

So option ¢ is correct.

Madern sutopilot systems provide a range of automatic flight control fanetions.
Uising the Locallser and 1LS besms for example the autopllot can provide
automatic approaches down (o any decision height or any other height selected by
the pilot. An automatic landing is considered & be one in which:

a. The autopilot maincains the alrplane on the ILS beamn until the Rare

(statemment 3).
b, The auto-throttle decreases the thrust w
Ft (statement 4),

The Nare and the ground roll are performed automatieally (staternent 5.

hen the beight is approximately 30

C.

So option d is correct.
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F T17a
Under JAR Repulastions An autopllot capable of holding at least attitude and
heading mode is compulsory for IFR or night flghts with oaly one pilet (option a)

AUTOFLIGHT 28 8,

Modern auto-throttie systems are able to perform » wide range of functions. These
typically inciude the foilawing:

a, Capture and holding of speeds (statement 1) 3
b. Capture and holding of Mach number (statement 2).
C. Ca::tnre and holding of N1 or EPR (Engine Power Ratio) (staternent 4).

1t should be poted that the functions below are carried out by the autopilot.

a. Capture and holding of flight angle of attack (statemaent 3).
b. Capture and holding of Night paths (statement 5).

So option a, is correct.

A

i i ont of an autopilot are those refating to vertlcal, latersal
::; I?ng:ltudlnd‘ 'u‘d“:ot::::ﬂnf the nlrcrnll':. The “basic stabilizing or stability
functions” are those relating to the rotations of the aircraft i pitch, roll and ysv:t.
So from a flight mechanics polnt of view, the "guidance” functions of » l“n:mla
airplane autopilat consist in monitoring the movernents of the centre of gravity
the three dimensions of space (path) {option b).

AUTOFLIGHT 9 ¢ .

“ idance” functions of an autapiiot are those relating to vertical, latera
I:; lo?mll motions of the sircraft. The “basic stabilizing or stability
functions” are those relating to the rotations of the sircraft in pitch, rolt and yaw.
So the functions of an autopilot (bask modes) consist of stabillzing and monitoring
the movement around the airpians centre of graviey.

is able to
m “control wheel steering” refers to the method by whick the pilot is 2
:;:]:::arﬂy takegver control of am aircraft in sutomatic flight without :jheng:glng
the sutopilot. Thia Is done by applying pressura to the control yoke. This pre:sure
is converted inte error signals, which are then fed into the autopdlot in order to :
change the attitude of the nircraft. When the pressure is refeased, the n‘ﬁn:eh o\}e
the autopifot depends upon how the actusl conditions compare with these that ha
previcusly been selected on the 2utoptiot mode controi panel (MCP).

In the Boeing 737 sircraft if the bank angle iy within 3 degrees of wings level then

3 degrees then the
the aircraft will roll level. If the bank angle is greater than
existing bank angle will be maintained and the aircraft will be held in » steady
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turn. M sltitude ls within 250 feet of the pre-selected aititude then the aircraft will
refurn to that altitude. If the attitnde Is more than 250 feet away from the pre-
sefected altitude then the current altitude wiil be maintained,

Taking the above facts [nto accaunt jt can be seen that none of the options in this
Question are fruly correct. Students must therefore select the option that appears

to be clasest to the truth. The JAR answer to this question is option b, but option ¢
Is equally true.

A

All modern automatic landing systems use the Radio Altlmeter to provide height
information. Sc option b is true in this question.

A I

During the majority of the time that an aircraft spends flying at cruising altitude it
is controlled by the avtopilot, This relleves the pilots of the task of constanity

making minor adjustiments to correct for minor deviations from the required flight
path,

As a flight progresses, the berming of fuel gradually reduces the mass of the
sireraft and causes its Cenire of Gravity to move. This movement of the Centre of
Gravity necessitates action from the autopllot to prevent changes in attitude and
alrspeed. I these changes were carried out by the autopilot stabilisation systems
alone, It would result in » continsous command signal being sent to the clevator
actuators. 1f the autopilot is then switched off, thls will result in a loss of these
signala causing the elevators to move abruptly to their neutrsi position, therchy
causing a sudden change of pitch attitade.

The Auto Trim system Is part of the autopilot, Its function Is to monltor the
sutopilot circaitry for any steady state or continaous control signals. 1f such
signals are detected, the Aato Trim system adjusty the elevator trim tabs so that the
aerodynantic forces generated by the tabs keeps the elevators at the required angle.
This relleves the elevator control hiuge moments (option d) enabling the control

signais to be reduced to zero. This prevents sny sudden snatching of the controly
whenever the autopilot is switched off,

The fonctien of an autotmatic pilog I3 to reduce pilot workload by providing
dutomatie piloting and guidance when selected by the pilot so options ¢ and d are
untrue. The pitot has the ability to switch the antepilot on or off in flight so option
4, Is not true. The most accurate option i thiy question is that the sutopiiot

provides piloting aud guidance in both tke verticat and horizontsl planes {option
b).
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AUTOFLIGHT 35 ¢
The purpose of an autopilot is to reduce pilot workload by providing astomatie

stabilisation and in some ¢ases sutomatic guidance when selected by the pilot.
Whee a modern autopilot is engaged without selecting any of the command modes,
a modern sutopliot typically provides automatic stabilization with attitude hold
and posstbly automatic trim. It should be noted that option a, b and d all Include
some of the command modes. Although the vertical speed hold part of option ¢ Is
in fact a command mode, this option remalns the closest to the truth (option c).

Y ilat Is able to
H the sitmation becomes dangerous during an automatic landing the p able
interrapt the process by selecting go-around mode. This is done by pushing ene of
the Take-OfT / Go Around (TOGA) buttons on the throtties (option a)

AUTOFLIGHT 37 ¢,

ht path of the sircraft
The purpose of ap autepilot is to detect changes in the filg
and mamorruﬂve sctions to maintain or achieve a selected condition. Ta do this
it emplays various components Including the following:

a Sensors {statement 2).
b. Comparators (statement 3).
<. Computers (statementi 4).

d. Amplifiers (statement 5).
e, Servo-actustors (stniement 6),

Statement 1, “The alrflow valve” is not part of a rypical autopilot. So the most
accurate option in this question is option <.

AUTOFLIGHT 38 4.

In order to prevent the system from producing damngerous deviations in flight path,
autopilot systems Include s number of safety interlocks. These prevent the
auntopilot from becoming engaged when essentiai services or conditions ave not met.
These safety lntertocks typically lnclude the following: :

a, Required DC electrical supplies svailable.

b, Required AC tlectrical supplies avaiiable.

c. Turn control knob in the central position.

d. Automatic synchronization system s servicexble.
' Attitude reference units are s¢rviteable.

f. Automatic trim system is serviceable.

Comparing this fist with the options Ip this question shows that option d is the most
accurate.
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AUTOFLIGHT M9 ¢,
_Durlng the majority of the fime that an sireraft spends flying at crulsing althtude it
is cantralled by the autopilet. This refleves the pilots of the task of constantly

mal;lng minor adjustments to correct for minor deviations from the required flight
path,

As a flight progresses, the burning of fuel gradually redaces the mass of the
glircraft and canses ity Centre of Gravity to move. This movement of the Centre of
Gravity necessitates actlon from the autopliot te prevent changes in attitude and
airspeed. If these changes were carried out by the autopilot stabilisation systemas
nlone, it would result in a continuous command signal being sent to the elevator
actuators. If the autopilot Is thea switched off, this will reault in 2 loss of these
signals causing the elevators @ move abruptly to their neatral position, thereby
causing a sudden change of pitch aititude.

The Auto Trim system ls part of the autopilot. Its function Is to monitor the
a_utopilot ciccuitry for any steady state or continuous control signals. If such
signals are detected, the Aute Trim system adjusts the elevator trim tabs so that the
aerodynamic forces generated by the taba keeps the elevators at the required angle.

This relieves the elevator control hings moments fom zers therehy reducing the
loads on the autopilat servo-actuators (statement 1)

This ensures that the aircraft Is praperly trimmed to prevent any sudden snatching
of the controls whenever the autopilot is disengaged (statement ), By constantly
re~-trimming the aircraft this system maintains the sane stability/manoeuverablity

trade-off withtn the whole flight envelope (statement 1), Se option ¢ Is correct in
this question.

AUTOFLIGHT 40 b,

In order to ensure adequate levels of safety during automatic iandings, sircraft
must have more than one serviceable sutopilot. The level of redendancy available
is indicated hy specific terms. When an aireraft has two serviceable autopilots each
of which is capable of conducting an automatic Innding, it Is said to be & “Fail
Passive”™ afrceaft. This means that if one avtopiot Inily it will be aulomlically.
disconnected and the aircraft will net.make dangerons devistions (rom its Light
path. Under these circumstance the automatic Ianding must be aborted and s
manual ianding carried out. The term “Fail Soft” is nat » standard term but Is
sometimes used in place of the correct term “Fail Pussive”. :

If an aircraft has three or more serviceable sutopilots it is said to be “Fail
Operadonal”. The terrs “Fall Safe” and “Fail Hard” are not standard autopilot
terminology. Option b is therefore the most accerate in this question,

ALT

En order 1o ensure adequate levels of safety during automatic landings, aircraft
must have more thap one serviceable autopllot. The level of redundancy avallable
ia fadleated by specific terms. When an aircraft has two serviceable sutopilots each
of which i capable of conducting an automatic landing, it is said to be a “Fail
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Passive™ aircraft. This means that if one autopliot faila it will be automaticatly
disconnected and the aircraft will not make dangerous devistions {rom its fight
path. Under these clrcumstance the automatic landing must be aborted and a
manual landing carried out. The term “Fail Soft” is not a standard term but is
sometimes used in place of the correct term “Fail Passive”,

£f an aircrsft has three or more serviceable autopilots It is szid to be “Fail
Operational”. The terms “Fail Safe” and “Fail Hard™ are not standard autopilot
terminolegy. Option c la therefore the most accarate In thls question.

AUTOFLICHT 42 ¢.

JAR regulations require chas all autopilet systems be designed such that their
fallure cannot endanger the sircraft or its occupants. Toe achieve thls condition, an
alrcraft with only one sutopllot must be designed such that an autopilot failure will
cause it to be sutomatically disconnected without causing dangerous deviates from
the Night path. The terms “ Fail Survival”, “Fall Safe” and “ Fall Soft” are not
standard autopilet terms so none of the options in this queston are strictly correct.
The term “Fail Passive” appiles only to aircraft with two autopilots, so ita use in
option d Is incorrect. Option c ls bowever the most accurate.

AUTOFLIGHT 43 b,

The muost basle functiony of an autopilot are those relating to automatic
stabilization. Of thoas listed inn this guestion statements 1 and 3 are the most
accurste, Pressare altitude hoid (statement 2) and heading bold “statement 4) sre
command modes.

AUTOFLIGHT 44 4,

The term “control law™ relates to the algorithms used to define the permitted and
required relationships between inputs snd outputs of the antopilot system. Of the
options listed in thh question option d, “Computer input deviation dats and the
cutput control defle¢tion signals™ is the most accurate.

The optimal path is that which produces oscillations, whick are initially small xnd
subside quickly. In figare § the very rapid damping would result In large Mlight
loads being Impased on the aircraft and ity occupants. 1s figure ) there are no
oscillations at afl. Iz fgdre 4 the cscillations are very lirge, resulting in excesslve
flight loads. The optimal situatton is best illnatrated by figure 2 (option b).
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AUTOFLE 2
VOR operates by producing radially tranami
tted radio signals indiceting each
:e\gtr;; c;:;l:ie:;ni:g. l':;h; ter:n “ﬁtone of confuslon™ refers to the srea diregctly abové
which no intelligible signals can be received. When an alrcraff
rxrndn%u VOR coupled mode Mes directly over the statlon it is uslng, it
porarily loses meaningful heading signais. To overcome this problem the

autopilot system will hoid its exi
received (option . existing heading until incelligible signals are again

5rg

1 47 ¢.
The point at which & fully awtomatic landing is compieted depends upon the
category of landing, Category 3A automatic landings are complete at the start of
the grouad roli. Category 3B automatic tandings are complete at the cad of the
ground roli. Category 3C automatic landings are complete at the ramp. Of the
options listed in this question option c. “During the lasding roll and sometimes
until the sircraft comes to 2 compiete stop” is the most accurate.

Strictly speaking the term “Semi automatic landing system™ has no official
definition or use. The use of the prefix “Seml-automatic™ suggests a system that iy
incapable of carrying out a fuil sutomatic landing alf the way to tonch-down. This
¢liminates option 2. Option b is also improbable in that certain aspects of the go-
around are usually executed automatically. Although optiona ¢ and d couid be
considered (o be equally accurate, i is known that the JAR answer to this question
is option ¢. Option d is probably considered te be inzppropriate In that If decision
hefght is greater than 100 ft the system usually needs to be disconnected mapuaily.

AUTOQFLIGHT 49 ¢,
Fo order to ensure adequate levels of safety during automatic landings, aircraft
‘must have more than one serviceable autopilot. The level of redundancy avaliabie
is indicated by specific terms. When 2n aircraft has two serviceable autopiloty each
of which Is capable of conducting sn automatic landing, it is said to be » “Fail
Passive” aircraft. This means that if one autopilot faiie it will be automadeally
disconnected and the alreraft will Bot make dangerous deviations from its flight
path. Under these circumstance the sutomatic landing must be aborted snd »
manual landing carried out. The terms “Fail Safe (option b)” and “ Fail
Redundant (optior <} are not stapdard terms, The term “Fall Opérational (option
a) ™ refery to an alrcraft with at least 3 sutopilots. So an automatic isnding system
necessitating that the janding be continued manually in the case of & system fallare
during an sutomatic approach is called “"FALL PASSIVE (option d).

AUTOFLIGHT 50 b.

Im order to ensure sdeqeate levels of safety during antomatic landings, aircraft
must have more than one serviceable antoplist. The level of redundancy avallable
In indicated by specifie terms, When sz aircraft has two serviceable autopiloty ench
of which i capable of conduwcting an automatic fanding, [t bs said to be a “Fail
Passive (option ¢)” aircraft. This mesns that if one¢ sutopilot falls i will be NEh
sutomatically disconnected and the alreraft will a0t make dangerous devintlons
from Its flight path. Under these circumstance the automatic landing must be
aborted and a manunl Isnding carried ont. The terma “Fail Safe (option d)” and
Fail Redundant {(option a) sre not standard terms.. The terte “Fajl Operational
(option b) ” refers to an aircraft with st least 3 sutopilots. If one autopilot falls the
automstic landing can continne under the controf of the 2 remaining sutopllots. So
an automatic ianding systers which can keep on operating withaut deterioration of
its performances following the faflure of one of the autopilsta is called “FAIL

OPERATIONAL" (option b).



AUTOFLIGHT 51 u,

A typical automatic lending profile is illustrated below. This shaws that at
appreximately 50 fi the flare mode is initiated. During the flare manoeuvre, the
sutopilot changes pitch attitude to gradually reduce the rate of descent such that
the aircraft contacts the ground gently. The autopilot uses radio altimeter helght
information to enable it to carry aut the flare manoeuvre. Thix means that during
an autematic landing, from a helght of about 5& ft the autopilot maintains a
vertical speed depending on the radio altkmeter height (option a).

Flare mode At 50 Tt radio
disengaged at altiude (4% ft The stabiliser is
touchdown, gear altitude) trimmed to an
ihe Nare mode aireraft nose-up
Elevators Is engaged. position.
move down to This causes the .
hold the nose elevators to The elevators i
wheel onto the  bring the mave down to
runway, airerafttoa 2 conterbalance
It/sec descent the effect of the ;
path. stabiliser
Reevrse thrust an The sutothrattle  “hange. ald
suto-briakes are beglos to retard . - .
applied. the throtties -
A 2E
Autpilet is \
disengaged by the [Poapp— 7 ?
pilot. . Caniry Line. " 4‘._}*.1 e . ..{
il l

Roll out.  Touchdown, Glide Path Flare path. 2 ft/sec path,
Transmitter.

A

During the majority of the time that an aircraft _shenda fylng at crulsi;g_altil z:;'mi. it
is controlied by the autopilot. This relieves the piloty of the task of constantly

m:::lng ﬁ)ll_mr sdjustments to correct for ninor deviations from the required Might
path, _ ; ] ! e

As a flight progresses, the burulng of fuel gradually reduces the msss of the .
aircraft and canses lts Centre of Gravity to mave, This movement of the Cexitre of
Gravity necessitates action frons the autopilet te prevent changes In attttude and
airspeed. §f these changes were carrled okt by the autopilot stabilisation systems
alone, it would result in a continuous command signal belng sent to the elevator

actuators. When the autopilot is then switched off, this will result 1o a foss of 1 i_:ti'c

2.

. msint:ln_qd constant by the suto-throttle system (option b),

signals. This wiil cause the elevators to move abruptly to their neutral position,
thereby causing & sudden change of pltch attitude.

The Auto Trim system {3 part of the autopilot, [ts function is to monitor the
sutopiiot circultry for any stendy state or continuoss control signais. if such
signals are detected, the Aute Trim system adjusts the elevator trim ¢abs so chat the
serodynamic forces generated by the tabs keeps the elevators at the required angle.
This relieves the elevator load enabling the control signals to be reduced to zero.
This enables the autopilot to transfer a stabilized aeroplane to the pitot during
autopllot disengagement {option d).

OF .
Modernp auto-throttle sysiems carry out a number of functions. These typically
inctude maintaining constant power setting by controlling the low-pressure spool’
speed N1 (statement 1) or the engine pressure ratlo (EPR). Other functions include
the holding of constant Indicated Alrspeed (IAS) (statement 3) or Mach number. -
The high-pressure spool speed N2 (statement 2) Is not directly related to thrust so it
Is not controlled by the auto-throttle, Althougl the auto-throttle is usually used in
conjunction with the aotopilot, they are in fact separate systems, which can be vsed
independently of each other, Statement 4 is therefore unirue. So¢ statements | and
3 are correct {option a).

AUT I

Ad[usting the elevator positions will vary both the aiditude and slrspeed. 1t is
therefore possible to control either of these variabies using the sutopiiot to vary
elevator position.  If for example the elevators are rafsed to increase altitude, the
airspeed will deerease. If the elevators are lowered to restore speed, the altitude
will decrease. This means that it is not passible to use the elevator {6 hold both
aitttude and speed simultzneounsiy. :

When [t is necessary to provide automatie simaltaneons controt of both altitude

‘and airspeed modern sireraft use a combination of xatopllet and auto-throtite.

When the altitade acquisition mode is engaged on a jet transport atrplane equipped
with autopilot (AP) and auto-throtile (ATS) systems the Indicated airspeed (IAS) la

G RENER s

Whenever the aufopiiot engagement [y selected; thie autopilot servomotors take
controf of the flying control surfaces. Whenever autopilot distugngement iy
selected, the autopllot servomotors release their control of the fiylng control
surfaces, Unless the autopilot servomotors and control surfaces sre at the same -

setting when engagement deeurs the control surfaces will be snatched to a positien )

that matches the servomotor positions. This matching of thie controls will cause
sudden snd potentially violent changes in the siveraft fight path, , il
Maodern autoptiot systems fnclode & synchronization system whereby the
servomotors and control surfaces are constantly matthed and synchronized.

o
-
o
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During periods of flight when the wutopifot is in the disengaged condition the
servomators follow the actions of the flying control surfaces, In this way the
aatopliot synchronization system prevents jerks during engagement of the
autopilot (statement 3). [n order 10 ensure maximum effectiveness the
synchronization system functions in all modes including the heading, navigation,
and approach modes {statement 4). 1t should be noted that jerks on disengagement
are prevented by the atuo-trim system. So statements 3 and 4 are correct {aption
Ak

AL 3

Although the wording of this question s rather ambiguous, the optivns imply that
it is concerned with the heading select autopliot mede. When this mode Is used to
select & new beading, the autoplet benks the aircraft such that it turns onto the
newly selected heading., The bank angle used Is proportional to the difference
between the existing heading and the newly selected heading. In order to avoid the
use of excessively large bank angles, the pilot first selects the mazimum bank angle
that he or she wishes the autopilot to use. So in & selected axis capture mode, the
autopilot gives & bank attitude input proportional t¢ the deviation between the

selected heading and the current hexding but not exceeding a given value {option
a)

AUTQFLIGHT 57 b,

The term “controk laws” refers to the algorithms that the autopilot uses when
converting input error signals into output control signals to fly the aircrait. On the
iongltudinal axis, the control Inws may combine the load tactor and the changes in.
the pitch rate as cantrol data sources (atatement 1) in order to ensure that the
afrcraft is not subjected to excessive stresses. The trimming = automaric and
ensures stability (staterment 1) by preventing snatching of the controls on
disengagement of the autopilot. In order to prevent stalling and over-stressing of
the sircraft the protections apply to pitch and bank attitudes depending on the
speed (statement 3). In order to ensure safety at all times these laws apply to the
whole flight envelope, 3o statement 4 Is untrue. The correct option in this question
is therefore option b,

This is » curlous question in that the functions of an awtopilot system vary with
aircrafl type. In the case of the Boelug 737 aircenft, adjustient of the altimeter
subscale will Bot cause a chauge of aititude until the uext accasion on which & new-
attitude is selected, Thin is to ennble the pilot to select the new pressure setting
prioe to the start of the descent to land, without causing immediate changes in the
aircraft flight tevel.

None of the options match this situation exactly, but it is kmown that the JAA
answer (o this questlon is option d. It should however be noted that this aption [
not entirely accurate because autoptlots do not “take their pressure information
from the statle source™. If this were the case, then the altitude actually held would
not match that indlcated on the altimeters except in ISA conditions,
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AUTOFLIGHT 59 ¢,

Whenever the autopilot engagement ls selected, the autopilet servomotors take
control of the flying control surfaces. Whenever awtoptiot disengagement is
selected, the antopliot servomotors releass their control of the flylng control
surfaces. Uniess the antopilot servormotors and control surfaces are at the same
setting whes engagement occurs the control sarfaces will be saatched to a position
that matches the servomotor positions. This suatching of the controls will cause
sudden and poientally violent changes in the aircraft fiight path,

Modern autopllot systems include a synchronization system whereby the
servomotors and control surfaces are constantly matched and synchroalzed.
During periods of flight when the antopilot is in the discagaged condition the
servomotors follow the actions of the Nying control surfaces. [x this way the
autopilot synchronization system prevents jerks dwuring engagement of the
autopllot. In order to ensure maximum safety, modern sutopilots include a system
of safety iaterlocks, which prevent engagement whea cessential inputs and functions
are not avallable. These safety interiocks usually include a test of the - :
syachronlastion system. So In an autopliot slaved powered control circuit, the
systews that ensnres syachronization ean {tself, whes it falls, prevent the antematic
pilot from being engnged (option c). "

AUTOFLIGHT 60 b,

The range of fanctions provided by an satopilet varies with aireraft type. But most
modern autopilot systems (an Inrgs tramapert alveraft provide at least the
foBowing: :

»~ Vﬁ'ﬂ?ll spced {statemment l)s
b, Altitude (statement 2). . .
') Heading (statement 5)

The holding of Atilinds (statemment 1) and bank angle (statement 4) are part of the
stabilisation functisns. So opticn b is the most accurnts in this question..

During the majority of the time that an aircraft spends flylng st crulsing altitude it
is controlled by the autopilot. This relieves the pilots of the task of constantly 3
making miser adjustments to corTect for minor deviations from the reqeired flight

As » flight progresses, the bwrning of fue) gradually reduces the masa of the -
alrcraft and canses iz Centre of Gravity to move; Thiy mavemant of the Centrs of
Gravity secessltates action from the sutopilot te prevent changos in atiitude and
sirspecd; If these changes were earried ont by thie autopilot stabiiisation systems
alone, it wonld result in 2 continuons command signal being sent to the elevator
sctuators. When the autopilot is thes switebed off, this will result Ia s Joss of these
sigunls. This will cause the elevators ts msave abraptly to their meniral position, .
thereby cansing s suddam change of pitch atthudm.... ... - it i tees

-
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The Auto Trim system is part of the autopilot, [ts function is (o monitor the
autopiiot circunitry for any steady state or continuous control signals, H such
signals are detected, the Aute Trim system adjusts the elevator trim tabs 80 that the
aerodynamic forces gererated by the tabs keeps the clevators at the required angle,
This relieves the elevator load enabling the control siguals to be reduced to zero.
This int turn ensures that the aircraft is In a trimmed conditdon when passed
haaded over to the pilot at autopilot disconnection (option d) It shouid be noted
that option a, it untrue because there are no forces on the control columa in
atomatic Mighe,

[1]
A typical sutomatic isnding sequence using s triple redundant autopiiot systent ia
as follows:

a. RADALT becomes operational st 2500 ft.

b. Localiser and glideslape beams sre captured before 1500 fi and the armed
off-Hue channels of the autopilot enguge te provide triple chanpel operation.
The Autoland status annuncinter indicates LAND 3 (or LAND 2 if one
cannel falls to engage).

¢ Flare mode is armed and pitch and rolt are controiled by the localiser and
glidestope beams.

d. At 330 {t radio height the horizontal stabiliser is automatically set to an
aircraft nose-up trim position to prepare the sircraft for the flare, This
action is counterbalanced by & downward deflection of the clevators, so that
the sircraft attitude remains unchanged.

e At 50 ft the ghideslope signal Is disconnected and the flare mode takes over
pltch control, increasing noze up pitch attitude thereby bringing the aircraft
into & 2 ft per second descent path. Auto-throttle begina to retard the
throtties.

L Just prior 10 touchdown (at about 5 i), the flare mode disengages, and the
touchdown and roll-out mode engages.

g At about & Ft the pitch artitude is reduced to 2 degrees.

k. On touchdown the etevaiors are brought down to hold the nose wheeis in
contact with the ground.

L Auto-threttle disengages when reverse thrust Is selected. The automatie
Might control system remains on untll disengaged by the pilot.

So the glidesiope signal is automatically discannecetd at 56 ft agl (option b).
A

A typical autoland sequence ls described in AUTOFLIGHT 62. The auteland iy
consldered to have been completed and the autopilot disconnected at the roll-put.

In order to achleve the required levels of safety, antopilot systems employ extensive
self test systems. These prevent engagement when various component and systems
are defective.
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1. Aftitude reference unlt failure, because attitude informatton is
easential for all autopilot functions.
i Synchronisation error, because engagement of the autopilot without

ensuring that It synchronised with the current flying control positions, will
cause violent attitude changes, due to snatching of the controls.

3 Electrical supply fatlure, becanse the autopitot cannat fuaction without an
appropriate electricat supply.

4. Turn control knob not at centre off posidon, because engagement in this
condition would cause a viclent yawing motion,

Although the sutopiiot empioys barometric aititude sigaals, engagement with
incorrect QFE set (5) would not cause any sudden attitude or aititude changes, s0
this condition woald not prevent engagement.

AUTOFLIGHT ¢5. b,

The principal differences between Cat 2 snd Cat 3 sutoisnd are the miafmoem
authorised decision beights and the level of capahility of the equipment required.
In both cases, belght information iy provided by the radie altimeter.

AUTQFLIGHT 6¢6. 4.
The standard autopilot failure conditions are as follows:

FAIL PASSIVE

There is no siguificant out of trim condidon or deviation of flight path or altitude
following fallure, but the landing is not completed antomatically. The pllat mus¢
therefore be made aware of a fail passive sltuntion so that he can take manusl -
contrel of the rircrafl. A fail passtve system requires two independent antopilot .
channels and & monitoring system to ensure thet any discrepancies between the two
remain within acceptabie limits.

FAIL OPERATIONAL

In the event of & failure below alert helght during an sutomatic landlng, the
approsch, fisre and landing can be completed sutomstically by the remalaing part
of the systems. This requires at icast throe independent chanmels, all of which are
engeged during sutomatic Iaadings. The number of channels engaged Is indicated
on the EFIS display as a caption. “LAND 3” indicates three chanuels operating,
“LAND 2" indicates two channels operating, and “LAND 17 {ndicates only one
channel operating.

7
The standard autopliot fallure conditions are as follows:

FAIL PASSIVE

There ls no significant out of trim condition or deviation of flight path or altitude
followlug fallure, but the landing is not completed automatically. The pilot must
therefore be made aware of a fai) passive situation so that he can take manual
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control of the aircraft. A fail passive system requires two independent autopilat
channels and & monitoring system to ensure that any discrepancies between the two :
remajn within acceptable Umits. g

FAIL OPERATIONAL

In the event of a fatlure below siert height during an sutomatic landing, the
approach, fiare and Ianding can be completed sutomstically by the rematning part
of the system. This reguires at lenst three independent channels, all of which are
engaged durlng automatic landings. The number of channels engaged Is indicated

an the EFIS display as s caption. “LAND 3” indlcates three channels operating, T e FIV ghven & roll ot
“LAND 2" indi¢ates two channels opersting, and “LAND 1” indieates only one 5 Lonadiver somtre W""‘"""
channel operating. ;'rp*_._.,:‘ owmigobvns Lo The 7D ghot 4 viap bt S
; m:f."::.'_.. Yk ihghs hat oo eubiovanl,
AUTOFLIGHT 68, c. +
JAR OPS 1.655 specifles that the mintmum standard of autopilot required for IFR = J
or night operations by  single pilet are a system providing hexding hold and 2
altitude hold, 3
37 At the pelnt of intarvaption of fhe beam,
;3&' hn':u:t—u_n“- AN g
T align s strorelt wilh e ey of the bagm. . Locnllasy

The cone of confusion s the area immediately above 2 VOR beacon, in which it Is
not possible to obtaln ap unambiguons signal. To overcome this problem sutepilot
VOR tracking systems hold a constant heading untit Intelligible signals are
regained (option a).

AUTQFLIGHT 70. b.

The purpose of the yaw damper system is to prevent Duich roll by enhancing the
directional stability of an aircraft. It does this by moving the redder In
proportional to signals from a yaw rate gyro which senses yaw rate. Most yaw
damper systems include an indicator showing the degree to which the rudder has

AUVIOFLIGHY 72, ¢
The purpase of the yaw damper aystem & to prevent Dutch roll by enbancing the
been moved by the datuper (option b), and a fallare warning light, P ¥ 4 P

directional stability of an sircraft. It does this by moving the rodder in
proportional to signals from s yaw rate gyro which senses yaw rate {optien c).

AVTOFLIGHT 7). ¢.

o order to lnterceps the Localiser, the sireraft flies o8 a constunt heading until it
enters the beam. The aircraft system them ¢aptures the beam using what migist be
described as a radio devistion law. Although this option has been recommended by
many ground schools over many yeary, it is now known that the JAA saswer Is
option ¢. A typical Localiser interception is illusirated below,

AUTOFLIGHT 73, ¢,
A typical automatic landing sequence using a triple redundant autopilot system s
as follows:

L RADALT becomes operations] at 2500 ft.

1. Localiser and glidesiope besms are captured before 1300 ft and the armed
off-lize channels of the sutopilot engage to provide triple channe! operation.
The Avtoland siatus anaunciatar indicates LAND 3 (or LAND 2 if one
cannel fails to engage).

IIl.  Flare mode is armed and pitch and roil sre controlled by the localiser and

beams.

Y At 330 fi radlo height the horizontal stabiliser is sutomatically set (o an

alrcraft nose-up trim position to prepare the aircraft for the flare. This
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action is counterbalanced by s downward deflectica of the elevators, so that
the alrcraft attitude remalns unchanged.

v, At 50 ft the giideslope signal is disconnected and the flare mode takes over
pitch control, bringing the sircraft into a X ft per second descent path.
Auto-throttie begins to retard the throttles to match reduced thrust
requirement In the flare.

VL Just prior to touchdown (at abaut § ft), the flare mode disengages, and the
touchdown snd roll-out mode engages.

YIl. At about 1 ft the pitch attitude is reduced to I degrees.

VIll. On touchdown the elevatars are brought down to hold the nose wheels In
contact with the ground.

IX.  Aulo-throttle disengages when reverse thirust is selected. The automatic
flight centrol system remalns on until disengaged by the pilot.

S0 in an automatic ianding the autoplioet and the auto-throttle tagether control the
airceaft until at least the roll out (option c).

AUTOFLIGHT 74, ¢,

Whenever an aircraft fylng oo sutoplloet deviates from its selected condition, the
autapilet must provide corrective control inputs to return It to that condltion, I
the magnitudes of these control inputs were constant, the aircraft would tend to
overshoot beyond the desired condition, thereby requiring the sutopilot inputs to
be reversed. This would iead to 2 constant escillation about the selected condition,

To overcame this problem [t It necessary that the autopilot control inputs be
proportional to the degree of deviation. When the aircraft condition is very
different from that required, the control inputs must be quite iarge. But a3 the
aireraft approaches the desired condition, the control inputs must be gradually
reduced to prevent oversheoting and oscillation. So in the case of heading hold, the
alleron control inputs provided by the autopilot must be propertional te the
difference between the selected heading and the actual heading (option c). In some
system the magnitude of the control inputs Is also proportional to IAS but this is to
prevent overstressing of the structure rather than to avold overshooting the desired
cendition.

A
En order to achieve the required leveis of safety, autopiot systems employ extensive
self test systems. These prevent engagement when varlous components and systems

are defective. Typlcal examples of fauits that would prevent engagement are lsted
below.

Attitude reference uait faillure, because attitude Information is

essentiai for all autopilet functions.

Synchrenisation error, because engagement of the sutopilot without
ensuring that It synchronised with the current flying control positions, will
cause violent attitude changes, due to snatching of the controls,

Electrical supply failure, beeause the autopilot cannot funetion without an
appropriate ¢lectrical supply.

L¥

Turn control knob not at centre off position, because engagement in this
condition would cause a violent yawing motion.

So statements 1 and 3 are correct (opticn b).

In conventional flying control systema, the control inputs from the piiots control
levers are transmitted through a system of push-pull rods and steel cabies to the
fiying control surfaces. In powered flying control systems the same processes sre
used, but the control inputs are fed to the selector valves of hydraulic actustors
attached to the control surfaces.

Lo fly-by-wire systems, the pilots control levers produce digitsl or anslogue
eiectricai signaly that are proportional 1o the degree of iever deflection. These
electrical signals are thes fed to computers, which determine how the pilot Input
demands are transiated Inte control surface movement (aption a). Electrical
outputs from the computers are then fed ta the hydraulic actustors.

A

In conventional powered flying control systems the Inputs from the pilota control
levers are (raesmitted through push-pull rods and steel cabies, to the selector
valves of hydraulic servomechanisma, attached to the flying control surfaces. In
fly-by-wire systems, the pliotz controi levers produce digital or anslogue electrical
signals that are proportionat to the degree of lever deftection. These sigaals are
then fed vis computers, to the servomechanism selector valves,

These input siguals are typically quite small. The purpese of the servomechantsma
is to vary the force applied and range of movement, in proportion to the magnitude
of the input signal (option c). Autostab moduies (a), amplifiers (b) and negative
feedback loops (d) are all component parts of the systems by which the control
signals are processed before being passed to the servomechanism. This question Is
however somewhat aabiguous in that all ampliflers, regardiess of the type of
system in which they sre fitted, take in smail input signals and produce Iarger
outpuls in a proporticnate maoner,

A3 a flight progresses, the consumption of fuel gradually causes the C of G of an
alreraft to move. This In turn atters the Rying control positions necessary to
maintain the alreraft trinimed In any given flight condition. Changes in airapeed
also alter the control posttions required to trim the aircraft. In manually
couirolied flight the pilot adjusts the trim tabs or horizontal stablliser so that the
ioads on the contral levers are reduced to zera,

Modern autopilots employ 3 system of antomatc trim or auto-trim, whereby the
trimming process is carried out without the need for pllot Intervention. The system
continucusly monitors the flylag conirol positions necessary to maintain the
selected flight condition. Whenever & continoous conirel deflectlon is detected, the
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autopllet sdjusts the trim of the alreraft, thereby reduieng control hinge moments
io zero (statement 5). [f the auto-trim system becomes defective the fying conmtrols
will remain deflected to malntain the desived fight condition. If the autopilot is
thea dlsengaged the flying controis will suddenly return to neutrai. In extreme
cases this snatching of the controls will cause the sircraft to manoeuvre violentty.
The auto-trim aystem therefore prevents snatching of the flylng controls when the
autopilot Is disengaged (2). Modern autopilot systems often include safety
interlocks, which prevent engagement of the sutopilot if the auto-trim system fs
defective (3). So statemens 2. 3, and S are correct (opton d).

9

A typical sutomatic landing sequence using # tripie redundant sutopilot system ls
ay follows:

& RADALT becomes operstional at 2500 ft.

b Localiser and glideslope beams are captured before 1500 ft and the armed
off-line channela of the autopilot engage to provide triple chanoel operation.
The Autoland status annunciator indicates LAND 3 (or LAND 2 if one
cannck falls to engage).

e Flare mode Is armed snd pltch and roll are controtled by the localiser and
glidesiope beams,

d. At 330 ft radio helight the horizontal stabiliser is sutomatically set for to a
nose up trim position with elevators providing pitch confrol.

e At 50 t the glidesiope signal is disconnected and the flare mode takes over
pitch control, bringing the sircraft Into a 2 It per second descent path.
Auto-throttie begins to retard the throtties to matck reduced thrust
requirement in the flare.

f. Just prior to touchdows {at about & ft), the flare mode discugages, snd the
touchdown and roli-out mode engages.

g At about I ft the pitch attitude ls reduced to 2 degrees.

h. On touchdovn the elevatars are brought down to hold the nose wheels in
confact with the ground.

L Auto-throftle disengages when reverse thrust is selected. The automatic
flight control system remains on until disengaged by the pllot,

Aithough “sem}-automatic landing™ is not s scandard term, It is frequendy used in
JAR examinations. It should be taken to mean s taken to mean one lo which the
autopilot controly the sircraft down to decislon helght (option b),

AVTOFLIGHT 80, b,
A typical automatic landing sequence using a triple redundant autopilot system is
as follows:

a. RADALT becomes operntionai at 2500 fi.

b. Localiser ard glideslope beams are captured before 1500 ft and the armed
off-tine channels of the autopilot engage to provide triple channel operation.
The Autoland status annunclator indicates LAND 3 (or LAND 2 if one
cannel fafls to engage).

§2z

c. Flare maode is armed and pltch 2nd roll are controlled by the localiser and
glidesiope beams.

d. At 330 {t radio height the horizontal stabiliser is automatically set for to &
nose up trlm position with elevators providing pitch control.

e At 50 It the glidealope signai is dlsconnected and the flare mode takes over
pitck controi, bringing the aircrafit into a 2 ft per second descent path.
Auto-throttle begins to retard the throttles to match reduced thrust
requirement in the flare.

f. Just prior to touchdown (at about 5 it), the flare mode disengages, and the
touchdown and roli-out mode engages.

s At about 1 ft the pitch attitude Is reduced to 2 degrees.

h. On touchdown the eievators are brought down to hold the nose wheels in
contuct with the ground.
i Auto-throttle disengages when reverse thrust is selected. The sutomatic

flight control system remains on until disengaged by the pllot.

So at 50 ft agl the glideslope disconnects and the airrafk [alres (option b).

AUTOFLIGHT 81, ¢,

The sequence of events in & typical autoland procedare is detalled In AUTOFLT 61.
The autotand Is complete when the roll out starts for Category 3A systema {opdon
¢) and when the ground roll ends for Category 3B systema.

AUTOFLIGHT 82. b.

When a subsanic atreraft exceeds its critical mach number Mcur, the sudden
rearward movement of its C of P causes it to enter an unstable viclent dive, termed
mach tuck w purpose of the mach trim system is to prevent mach tack
under By automatically adjusting the trim of the alrcraft. Mcur i typieally Just
less thian mach 1, which for subsonic aircraft constitutes a high mach number. So
the mach trim system prevents tuck under at high mach numbers {option h).

AUTOLFLIGHT §3, ¢,
Deflection of an aircraft’s Nying controt surfnces tn Night, whether manually or by
the sutopllot, canses the aircraft to rotate about its centre of gravity (option ).

AUTOFLAGHT 84, o

Although it would be moat unusuai to operate an autopilot lu this condition, it
would provide automatic stabillsation snd In some cases autotrim (a). It would ot
however provide constant altitude, VNAY, LNAY or height held, becanse these sre
selectable modes,
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Pushing of the take-off and go-sreund (TOGA ) butten initintes the following
sequence:

L. The auto-throttle Increases power to go-around setdog (2).

I The autopilot pitches the aircraft into a 15° nose up atticude.

1l The autapilot climbs the alrcraft at a preset rate of climb, whilst
maintsining existing heading (5),

V. Other antopliot modes may then be selected whep sbove 400 ft agl.

So statemeants 2 and § are correct (option c).

A typical automatic ianding sequence using a tripie redundant autopilot system s
as fallows:

R RADALT becomes operationatl at 2500 ft.

Localiser and glideslope beams are captured before 1500 ft aad the armed
off-line channels of the autopilot engage to provide triple channei operation.
The Autoland status annunciator indicates LAND 3 {or LAND 2 if one
cacnel inlls to cngage).

Flare mode is armed and pitch and roll are controtied by the localiser and

glideslope beams.

At 330 ft radio height the horizontat stablllser Is automaticatly set for to a

Rose up trim posltion with ¢clevators providing pitch ceatrol

Y. At 58 Rt the glideslope signal is disconnected and the flare mode takes over

pitch control, bringing the sircraft into a 2 ft per second descent path.

Auto-throttie beging to retard the throttles to match reduced thrust

requirement in the flare,

Just prior to touchdown (at about 5 ft), the fare mode disengages, and the

touchdown and rell-out mode engages.

vil. At about 1 ft the pitch attitude is redaced to 2 degrees.

viil On touchdown the elevators are brought down to hoid the nose wheels in
contact with the ground,

Auto-throttle disengages when reverse thrust is selected. The sutomatic

flight contrel system remains on untif disengaged by the pliot.

For Category 3A systems the autoland Is complete at the start of the ground

roll. For Category 3B systems the autoiand Is complete at the end of the
ground roli.

ix,

L
So option b, (1, 2) Is correct,

A typleal autoland procedure ls detailed in AUTOFLIGHT 86. For Category JA
systems the autoland is complete at the start of the groound roll (option ¢). For
Category 3B systems the autoland Is complete at the end of the ground roll (option
b).

4

T
;lshlng of the take-off and go-around (TOGA } button initlates the followlng

sequence:

L Auto-throttle Increase power to g.arannd ut:]:: 3).
. Autopilot pitches aircraft Into 2 nose up & .
::l. Auto:ﬂot :llmln the aircraft at a preset rate of ¢limb, whilst maiotaining
isting heading (5).
v e(;.tller Eutopllot modes muay then be selected when above 400 ft agl.

So statements 2 and 5 are true (option c).

and those controlled by the

meters controlled by the anto-throttle

I:teo:;: depend upon flight conditon. In straight snd level cruise flight, (ke auto~
throttie bolds the speed, while the autoptiot holds the height.

The standard autopilot failure conditions are as follows:

PASSIVE
g‘:::e ia ao significant out of trim condition or deviation of ﬂight(plth :rb;‘lu;uhie
ollowiag e, bt he Lndleg L b <o o s o b can
t must therefore be made aware of a fa !
l:::l:nusl control of the slrcraft. A fall passive system requires t:l:c }ndep:;::n
autopllot chaunels and » monitoring system to ensure that any repa
between the two remaln within acceptable limits.

L OPERATIONAL
f:l the event of a faflure below slert height daring s automatic l::dlng. alt:I:g part
approach, fare and landing can be completed automatically by t .“r:?'hk. P
o?!he s avtamatic :;:ent The l:mber :: :;:m?’w Is indicated

matic ixndin a

eo:g;g:ng:sﬂ:;;l:;o” a caption. “"‘LAN!} 3" indicates tlu'e: channels opera:ll:l:.
s, AND 2" indicates two channels operating, and “LAND 1" indicates only
channel operating.

adard of autopllot required for IFR
OPS 1.655 specifies that the minimum sia

i?fight operations by a single pilot are a system providing heading hold and
altitude hold.

Auto-throttle modes constitute primary flight information, they are therefore
displayed on the EFIS primary flight display PFD.
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AUTOFLIGHT 93. a,

When I altitude hold mode, in the Boeing 737 (one of the sircraft on which the
JAR syllabus is based) the left autopiiot systent uses the captsin’s altimeter and the
right autopiiot uses the first officer’s sithneter, to provide the necessary altitude
signals. But regardiess of which aitimeter i being used, sdfustment of the sub-
scale after the aititude hold has been engaged will not affect the operation of the
system. The new sub-scale setting will however take effect the next e a new
altitude Is selected.

In order to stabilise the sirceaft In any given flight condition, the autopilot mast
respoud to deviations by returpiug the aireraft to its erigioal condition, without
causing it to overshoot and ascillste about the desired condition. To achleve thin
the control [npats at any point i dme, must be proportioral to the degree of
deviztion st that time (statement 2). But Inertia of the sircraft Is proportional ta ity
rate of motion, so if for example the aircraft s yawing at a high rate, 2 large allsron
deflection will be required to arrest this yaw rate before the deviation becomes very
large. The autopilot must therefore provide control Inputs that are propoertions! to
both the rate of deviation (3) and the degree of deviation from the desired attitude.

So statements 2 and 3 are true (option c)

AUVTOFLIGHT 95, b

The purpese of the yaw damper is to prevent Dutch role by artificlally enhancing
the divectionat stability of the alreraft. To do this it employs a yaw rate gyro, and
moves the radder ia proportion to yaw race (option b).

AVTOFLIGHT 96, »,
JAR OPS 15,1329 requires that all autopliots:

A Can be quickly and positively diseagaged by the piiots to prevent It
interfering with their conurol of the aireraft,

b. Puvﬂoqukkrdun(emy)muboﬂmtrdwhuk,onm
side of sach wheel opposite ©0 the throtties, .

¢ Mmumsmﬂmnmmmmmnm
alrcnlt,oreruuhmrdoudﬂhﬁmlnmghtpcm

d. Provide protection against sdverse interactions between the autopilot and
any system igtegrated with it, resulting from s maifnnction.

The above reguiations do oot explicitly state that the antopilet must disengage
automadeally in the event of its fatinre, so option a is not entirely true. The shove
requirements do however mean that the system canniiot rum away upon failure, so
option b is untrue. The question specifies only = single autopilot, so the redundamcy
referred to in option ¢ Is also untrue. The term “fall operational™(d), refers oaly to
an umtland:yntan,whichemphytuthutﬂlmautnpm The tero “fuil soft” (b)
is only applicable to sutomatic landing systems wich at least 2 antopllats. The term
“Iai} safe”(a) might reasonably be taken to mean complisnce with 11l above, and
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slthough not strictly necessary to sathify regalations, most autopilots do disengage
antomatically in moat failure sitwations. Option a Is cherefore the most
appropriste, for this question.

AUTOFLIGHT %7. d

Auto-throttle mode selected conatitute primary flight information. They are
therefore usually displayed on the EFIS primery flight display (EFIS PFD) {option
d).

AUTOFLIGHT 98, ¢
A typical sutomatie Ianding sequence using a triple redundant autoplist system is
as follows:

RADALT hecomes operational st 2500 11,

Localiser sud glideslope beams are captured before 1508 fi and the srmed
off-lime channely of the autopliot engage tv provide triple channel aperation.
The Autoland ststus anpunciator ludieates LAND 3 (or LAND 2 if ens
cannel fils to engage).

8
b.

< Flare mode is anned and pitch and roll are controlled by the localiser and

glideslope bearns.

d. At 330 It radio beight the horizontal stabiliser is sutomatically set for ta &
nose up trim posltion with elevators previding plich control.

e At 50 It the glidestope signal is disconnected and the flare mede takes over
pitch countrol, bringiny the afircraft into 5 2 ft per second descent path.
Aute-throtile begins to retard the throttes to match redweed thrise -
requirement in the flare. '

k. Just prior te tonchdown (st about 5 ft), the fiare mode disengages, and tha
toachdown and roll-out mode engnges.

£ At about 1 Rt the pitch attitude is reduced to 2 degrees.

h. On touchdown the elevators are brought down to hold the nose wheeks in
coutact with the ground, i

i Aute-throttle diseugages when reverse thrust Is selected. The antomathe
fHght control system remains on uotil disengaged by the pllot.

S0 the flare {s inttated st 50 ft agl (optien d).

AUTOFLIGHT 99, b,
Avto-throttie mades selected constituie primary fight informetion. They are
therefore usunlly displayed on the EFIS primary (tight dispiay (EF1S PFD).

AVTOFLIGHT 100. 4,
A typieal automade landing sequence using a triple redundant sutopiiot system bs
as follows:

% RADALT becomes operational at 2509 f1,

1



b. Localiser and giideslope beams are captured before 1500 ft and the armed
off-iine channels of the 2utopilat engage 1o provide tripie channel operation.
The Antoland status snnuncistor indicates LAND 3 {or LAND 2 if one
cannet fails to engage).

[ Flare mode ls armed and plich and roll are controlled by the localiser and
glidestope beams.

d. At 330 ft radic height the horizental stabiliser Is automatically set for to &
nose up trlm position with elevators providing pitch control,

e, At 50 ft the glidestope signal is disconnected and the flare mode takes over
pitch control, bringing the sircraft into a 2 ft per second descent path.
Auto-throttie begins to retard the throtiles to mateh reduced thrust
requirement in the flare.

f Just prior to tonchdown (at about § ft), the flare mode disengages, and the
touchdown and roif-out mode engages,

g At ahout ! ft the pitch actitude is rednced to 2 degrees,

On touchdown the eievators are brought down to hold the nose wheels |n
contact with the groend,

Auto-throttle disengages when reverse thrust is selected. The automatic

flight control system remalns on until disengaged by the pilot,

Although “semi-automatic Ianding” Is not a standard term, it is frequently used in
JAR examinations. It should be taken to mesn one in which the autopilot controls
the alrcrait down to decision height (option d),

JAR OFS 1.655 specifies thet the minimum standsrd of autopllot facility for single

pilot flight st night of in IFR conditions is a two axis system providing both altitude
hold and heading hold.

JAR OPS 1,655 specifies that the minimum acceptable standard of autopllot facility

for single pilot flight at night or io IFR conditions s & two axis system capable of
heiding both heading snd altitude,

The caption “LOC ARMED” mesns that the locaiiser is armed and ready for
capture of the locatiser besm. The arming of the jocaliser s typlcally achieved by

pushing the “APR” switeh on the flight control panel at & specified stage of the
approach.

A typical sutomatic landing sequence using a triple redundant autopitot system is
as follows:

I RADALT becomes operationat st 2500 ft.
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1L Localiser and glideslope beams are cxptured before 1508 ft and the armed
off-tine channels of the autopilot engage to provide triple channel operstion.
The Autoland status annunciator indicates EAND 3 (or LAND 2 if one
cannel fails to engage).

[ll.  Flare mede is armed and pitch and roll are controlled by the locallser and
glideslope benms,

iV. At 330 ft radio height the horizontal stabiliser is automatically set for to a
nose up (rim position with elevators providiag pitch control.

V. At 58 ft the glideslope signal is disconnected and the flare mode takes over
pitch control, bringing the aircraft into s 2 It per second descent path.
Auto-throttle begins to retard the throttles to match reduced thrust
requirement in the flare.

¥1.  Just prior to touchdown (at sbout 5 ft), the flare mode disengages, and the
touchdown and roll-out mode engages.

VIl. At about 1 ft the picch attitude s reduced to 7 degrees.

YIUI. On touchdown the elevators are brought down o hold the mose wheels in
contact with the ground.

IX.  Auto-throttle disengages when reverse thrust is selected. The automatic
flight control system remsins op uutil discogaged by the pilot.

So stateemnts 1 and 3 are true {option b).

AUTOFLIGHT 103, b,

As a flight esses, the consumption of fuel gradually causes the C of G of an
tlrmf(gl:o m This in turn alters the flying control pasitions aecessary to
maintain the aircraft orimmed in any given flight condition. Changes in alrspeed
also alter the control positions required te irim the aireraft. In manaally
controlled flight the pilot adjusts the trim tabs or horizontal sinbiliser so that the
loads on the control levers are reduced to zero,

Modern autopitots employ & system of antornatic trim or auto-trim, whereby the
trimming process is carried out without the need for pitot Intervention. The system
continuously monitors the flylng control pesitions necessary to maiataio the
selected flight condition. Whenever a continuous control deflection Is detected, the
autopijot adjmsts the trim tabf, Thareby reducing the loads on the satopliot .
magﬁ%um 1f the auto-trim system becomes defective the sutopllot sctuators
will be subjected to a continuous load to maintain the desived fiight condition. If
the aatopilot is then disengaged the flying controls will suddenly return to neniral.
I1n extreme cases this snatching of the controls will canse the alreraft to mamoeuvre
\}ioleuﬁy. The auto-irim system therefore prevents saatching of the flylng controls
when the antopilot Is disengaged (b). Modern antopilot systems often laciude
safety Interiocks, which prevent engagement of the autopilot if the suto-irim system
ia defective,

A similar process termed synchronisation, prevents snatching on engagement of the
sutopilot (a) by ensnring that the antopilet and control surfaces are synchronlsed
in von-sutomatic flight. System runaway {c) is prevented by feedback loops and
slipping clutches. Mach tuck under (d) is prevented by the mach trim system.
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AUTOFLIGHT 106, 8,
JAR OPS 25,1329 requires that alt autopilots:

L Can be quickly and posltiveiy disengaged by the pilots to prevent Lt
interfering withk their contral of the aircraft,

i Provide qulck release {emergency} controis on both controi wheels, on the
side of ench wheel oppasiie (o the throtties.

Il Must be designed such that it canmot produce hazardons ioads on the
aircraft, or create bazardous deviations in flight path.

1V.  Provide protection against sdverse interactions between the autopilot and
Ry system [ntegrated with |t, resulting from a malfunction,

The shove requirements mean that the system cannot ran away upos failure, 30
option b Is untrue, The questions specifies only a single autopilot, 3o the
redundancy referred to in option c Is also unirue. The term “fail soft” (d) is only
applicable to sutomatic landing systems with 2 sutopliote. The term “fail safe” (a)
might reasonsbly be taken ta mean compliasce with requirements 1 and IV
abave, and the majority of autopllot systems will disconnect sutomatically in mrost
fallure situations. So option # is the most appropriate in this question.

AUTOFLIGHT 197. ¢,

The auto-throttle system I most large sircraft is capsble of holding mach number
(1), [AS (2), and N1 or EPR (4). But altitude hold (3}, VOR tracking (5) and
vertical speed hold (6) are oli sutopilot functions. It should however bo noted that
the auto-throttie and autopiot frequently operate in unison. When is the vertical
speed hold mode for exsmnple, the autopilet maintalus constant vertical speed (rale
of climb or descent) by varying pitch attitede, while the anto-throttle maintsins
corstant IAS by varyiay thrust.

As a fiight progresses, the consumption of fuel gradually causes the C of G of am
alrcraft to move. This in turs alters the flying centrel positions necessary to
maintain the sircraft trimmed in any gives flight condition. Changes in airspeed
also aiter the control peaitions required to trins the areraft, In manually
comtrotied fight the pilot sdjusts the trive tabe or kerizontal stabiliser 3o thet the
loads om the comtrol levers sre reduced to zero,

Modera autopllots employ & system of awtematic trim or anto-trim, whereby the
trimming process bs carried oot witbout the need for pilot intervention. The systems
cond:mmlymummnyh;mnwpm!ﬂoummnrytomdnmm
selected flight condition, Whenever a continnons control deflecton is detected, the
antopliot adjusts the trim taba, thereby reducing the control hinge moments te zero
(option k). This in turn reduces the loads on the autopliot servos to zero (option c).
This means that two of rhe options in this question appear to be true. It should
however be noted that the auto-trime operates contipuously so the option ¢ Is

Incorrect in that it implis that the load reduction occurs only prior to handover to
the pilot,
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In order to ensure that the sircraft settles quickly in any given flight conditton
without excessive oscillations ahout it, the sutopilot control inputs must be
proportional to the magnitude of the error between the actual conditions and the
selected conditions (1). But it it also necessary to ensure that the autopilot does not
cause excessive bank sngles. So the autopilot control signals are also limited such
that bank angles remain within preset hmita (2). 1a the case of the Boeing 737
aircraft, these limits are selected by the pliot using the autopilot mode control
panel. 5o statements 1 and 2 are true (option a).

AVTOFLIGHT 110, 5

The most basic functions are those of the lnner loop antomatic stabilisation. These
include pitch hold, yaw bold and wings levei hold. The most basic of these is to
keep the wings level.

AUTOFLIGHT 111, &,

As a flight progresses, the consumption of fuel gradually causes the C of G of an
aircraft to move. This in ruro alters the flying control pasitions necessary to
maintain the aircraft trimmed in any given flight conditlon, Changes In sirspeed
also alter the control posltions required to trim the atreraft. In manually
contralied flight the pilot adjusts the arim tabe or horizontal stabiliser so that the
losds on the contrel levers are reduced to zero.

Modern autopilots employ a system of automatic trim or acto-trim, whereby the
trimming process in carried out without the need for pllet luterveation. The tystem
continuously moniters the flying control pesitions necessary te maintain the
selected flight conditdon. Whenever a continucus controt deflection is detected, the
sutopllot adjusts the trim tabs, thereby reducing the loads on the autopliot
actuatots to xero, If the suto-trim system becomes defective the autopllot actuators
will remain loaded to keep the controls deflected and maintain the destred fHght
condition. If the autopllot is then disengaged the farces necessary to maintsin the
controls In thelr deflected positions will suddealy be transferred to the pilots
control levers. This Is likely to cause the controls to suddenly return to neutral
before the pilot can take the load. In extrems cases this snaiching of the controls
will canse the alreralt to manoeuvre violently.

The auto-trim system prevents snatching of the flylng controls whean the autopilot is
disengaged, by reducing the conirol forces on the autepliot actuntors, 3o that these
forces are ot transferred to the pilots cootrol levers on disengagement (3).
Modern systems Include safety interfocks which prevent autoplilet engagement if
when auto-trim is defective (4), So statements 3 and 4 are true (option d).

AUTOFLIGHT 112, a,

The take-off and go-around (TOGA ) are located on or cloge to the throttle levers
Opton s). The TOGA buttons may be pushed at any time durlng an sutomatic
ianding to Initiste the following sequence:
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a. Auto-throtile increase power to go-around setting.
h.  Autopilot pitches sircraft inte » 15° nose up attitude.
[ Autopilot climbs the aircraft at 2 preset rate of climb, whilst maintaining

exlsting headlng.
d. Other aotopllot medes may then be seiected when a2bove 400 1t agl.

An automstic go-around b initlated by pushing one of the take-off and go-around
{TOGA } buttons. This sclects the following sequence:

Auto-throttle increase power to go-around setting (4).

Autopilot pitches sireraft into a 15 nose up attitude csusing It to ciimb
away from the ground (2).

Autopliot cHmbs the slrcraft at a preset rate of climb, whilst maintaining
existing heading (5). '

Other sutopilot modes may thea be selected when above 400 fit agi.
Retraction of landing gear and (laps must be selected manually,

S0 statements 2, 4 and 5 are true {(option b).

AUT 4

A typlcal automatic landing sequence using a triple redundant autopilot system s
as follows:

L RADALT becomes operational at 2500 ft.

Il.  Localiser snd glideslope beams sre captured before 1506 ft and the armed
off-line channels of the satopilot engage to provide triple channel operation.
The Autolnnd status snnuncistor Indicates LAND 3 (or LAND 1 if one
cannel fails to engage).

III.  Flare mode is armed and pitch and roll are controlled by the localizer and
glidesiope beams.

IV, At 330 ft radio height the horizontal stabillser is automatically set for to &
sose up {rim position with elevators providing pitch control.

Y. At 50 ft the glidealupe signal b disconnected and the fiare mode takes aver
plich control, bringing the sjircraft lnto a 2 @t per second descent path.
Auto-throttle begins to retard the throttes to match reduced thruse
requirement in the Mare,

VE  Just prior to touchdown (at about 5 fi), the flare mode disengages, and the
touchdown and roil-out mode engages.

VIL. At about 1 ft the pitch attiimde 1y reduced to 2 degrees.

VIIL. On toachdown the elevators are brought down to hold the nose wheels in
contact with the ground.

INX.  Auto-throttic disengages when reverse thruse is selected. The autematic
fNight control system remains on until disengaged by the pllot.

This meany that the autopilet and auto-throttie control the aircraft until the roll
out (eption a).
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AUTOFLIGHT 115. b,

The standard sutopliot failure condltions are as follows:

FAIL PASSIVE

There is no slgnificant out of trim condition or deviation of flight path or altitude
following failure, but the landing is not completed sutomatically (option b). The -
pilot must therefore be made aware of a fali passive situation so that he can take
manual control of the sircraft. A fail passive system requires two independent
autopilot channels and a monitaring system to ensure that any discrepancies
between the two remsin within acceptable limits.

FAIL OPERATIONAL

In the event of a fatlure betow alert helght during an automatic isnding, the
approach, fiare and landing can be completed automatically by the remaining part
of the system. This requires at ieast three independent channels, all of which are
engaged during sutomatic iandings. The number of channels engaged is indicated
an the EFIS display ss a caption. “LAND 3" indicates three channels operating,
“LAND 2" indicatea two channely operating, and “LAND 1 indicates only one
channel operating.

AUTOFLICHT |16. a,

When in altitude mode, in the Boeing 737 (one of the aircraft on which the JAR
syltabus is based) the left antopilot system uses the captain’s altimeter and the right
autopilot uses the firat officer's altimeter, to provide the necessary altitude signals.
But regardless of which altimeter is being used, adjusiment of the sub-scale after
the altitude hold bas been engsged will not affect the operation of the system. The
new sub-scale setting will however take effect the next time the selected althiude s
changed.

AUTOFLIGHT U7, b. '
Whenever the flying controls of an aircraft are deflected, whether by the pilot or
autopilot, the aircraft rotates about its C of G.

AUTOFLICHT 118, ¢
JAR OPS 1.655 specifies that the minlmum standard of sutopilot for single pilot
fiight in IFR is & two axis system providing altitude hold and heading hold.

AUTOFLIGHT 119, ¢,

A servomechanism (c) is & closed loop system in which 2 small input signat is
converted into a larger output according to some preset law of propartionality.
They are frequently employed as component parts of autepilot systema (a).
Although am amplifler (b) alsc prodnces a large output in response to a small Inpat,
amplifiers are not necessarily close loop systems. A positive (eedback loop (d) is
employed In many types of system to provide a self-exciting feedback signal. The
feedback loop is simply an informsation path and bence does not itself increase the
ratio of output to Input.
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AUTOFLIGHT 129. &

Automatic flight control systems usually employ both sutepilet and auto-throttie
sub-systems. The reiationsbip between autopiiot functions and suto-throttle
functions varies depending npon the mode selected. In most alrcraft the auto-
throitle can be used to control IAS, mack aumber, EPR and N1. Autopilots
comamouly use the elevatars to coatrol LAS (a) but never use the elevators to control
headiug (b). Se option s bs correct

AUTOFLIGKT 121.4d.
A typleal automatic landing sequence using a triple redundant autopliot system ls
as follows:

L RADALT becomes operational at 25300 ft.

1. Localiser and glideslope beams are captured before 1500 ft and the armed
of-line channels of the autopllot engage to provide triple channel operstion.
The Autoland status anouncister indicates LAND 3 (or LAND 2 if one
cannel fails to engage).

Hi.  Flare mode is armed and pitch and roll are controlled by the localiser and
glideslope beams.

IV. At 330 ft radip helght the horizontal stabiliser Is sutomatically set for to »
nose up trim posltion with elevators providing pitch control.

V. At 30 ft the glidesiope signal is disconnected and the flare mode (akes over
pitch contrel, bringing the alrcraft ln6o a 2 ¢ per second descent path.
Anto-throttie beging to retard the throttles to match reduced thrust
requirement in the Mare.

V1.  Just prior to touchdown (at about % fY), the fiare mode disengages, and the
touchdown and roll-out mods engages.

VII. Atabout 1 ft the pitch attitude is reduced to 2 degrees.

YIII. On touchdown the elevators are brought down to bold the noae wheels in
contact with the ground.

IX.  Auto-throttie disengages when reverse thrust is selected. The automstic
Night control system remains on und) disengaged by the pliot.

So at 30 ft agl the glideslope disengages as the flare manoeuvre commences (option
d).

AVIOFLIGHT 122, b,

The go-around mode Ik selected by pushing one of the take-off and go-sround
{TOGA ) buttons on the throttle quadrant (option b), to inittace the fotlowing
sequence:

A Auto-throttle increase power to go-around setting.

b.  Autopilot pitches alreraft Into 2 15* nose up attitude.

e Autopilot climbs the aircraft at a preset rate of climb, whilst mnintsining
existing heading.

d. Other autopllot modes may then be selecied whea above 404 ft agl.
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AUTOFLIGHT 123. 4,
A typical sutomatie landing sequence using a triple redundaat sutopllot system is
as follows:

L RADALT becomes aperational at 2500 It

118 Localiser and glideslope beams are captured before 1500 ft and the srmed
off-line chaunels of the autopilot engage to provide triple channel operation.
The Autoland status anpuncistor indlcates LAND 3 {or LAND 2 H one
cannel falls to engage).

III. ° Flare mode Is armed and plich and roll are controlied by the localiser and
glidesiope beams.

IV. At 330 ft radio height the horizental stabllser is antomatically aet for to s
nose up trim position with elevators providing pitch contral.

V. At 50 ft che glideslope signal s disconaected and the flare mode takes over
pitch control, bringing the aircraft into a 2 ft per second descent path.
Auto-throttie beging 1o retard the throitles to match reduced thrust
requirement in the flare.

VL.  Just prior to touchdown (at about 3 ft), the (lare mode disengages, and the
touchdown and roilout mode engages.

VIL  Atabout 1 fi the plick attitude is reduced to 2 degrees,

VHL On toochdown the elevatora are brought down to hold the nose wheels In
contact with the ground.

1X,  Aute-throtte disengages when reverse thrust is selected. The sutomatic
flight control systéim remains on until disengaged by the pilot.

So at 5 i agl the autpllot fiare mode takes over picth control from the glideslope
{opton d),

AUTOFLIGHT 124. d,

The purpose of the yaw damper is to prevent Dutch Roll by artificially enhancing
the directional stability of the alrcraft. It does this be moving the rudder in
proportion to the yaw rate. In some systems an indicator Is provided (o show the
degree to which the rudder has been moved by the yaw damper.

AVTOFLIGHT 123, b,

The most basic fanctions of an autopilot are the inner loop stabilisation mades.
These inclade pitch hold and wings level hold. Heading held, airspeed hold, and
altitade or beight hold are all examples of higher level, pliot selectable outer loop
modes. If the sutopliot is engaged with no modes selected, it will provide only the
ianer loop modes and in some cases aatomatic trim.

AVIQFLIGHT 126, ¢,
The “LOC ARMED” caption Indicates that the system is armed and ready to

capture the localiser besm. The system ls armed by pushing the “APR” butten at
some specifi¢ polnt in the approach.
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AUTOFLIGHT 127. b.

The relationship between the roles of the autopliot and auto-throttie vary with both
aircraft type and mode selected. [n the case of the Boeing 737 when inthe LYL
CHG (fevel change) mode, the autopilot controls the airspeed while the throtitle
controls the thrust (N1 or EPR). When ¢climbing in LYL CHG, the auto-throtile
maintaing mazimum climb power, while the autopilot maintains the seiected
airspeed by verying pitch attitude. Whea descending, the suto-throttie maintaing
idle power and the autopilot maintains the selected airspeed by varying pitch
atdtude. It should be nated that all of the other options are untrue for the 737
aireraft, and probably mest other types. So option b Is correct.

A typica! sutomatic landing sequence using @ triple redundant sutopilot system Is
s follows:

. RADALT becomes operationsl at 2500 ft.

b Localiser and glideslope beams are captured before 1500 fi and the armed
off-line chanuels of the autepliot engage to provide tripic channel operation.
The Autoland status annunciator indlcates LAND 3 (or LAND 1 If one
capnel fails to engage).

fl. Flare mode Is armed and plich snd roli are controlled by the localiser and
glidestope beams.

IV. At 330 ft radio height the horizontal stabiliser is automaticaily set for to 8
nase up trim poalition with elevators providing pitch control.

V. At 50 ft the glideslope signal is disconnected and the flare mode takes over
pitch control, bringing the aircraft [ato a 2 It per secand descent path.
Auto-throttie beging to retard the throtties to match reduced thrust
requirement in the flare.

V1. Just prior to touchdown {at about 3 ft), the Mlare mode disengages, and the
touchdown snd roil-out mode engages.

VIL. At about 1 ft the pitch atittude is reduced to I degrees.

Yill. Oun touchdown the etevators are braught down to hold the nose wheeis in
contact with the ground.

FX.  Auto-throttle disengages when reverse thrust is selected. The antomatic
flight control system remains on until disengaged by the pitot.

So at 50 ft agl the glidesiope sigusl is automatically disengaged (option b).

AUTOFLIGHT 122, b.

Mach number is the TAS expressed 14 a fraction of the locai speed of sound (LSS},
such that mach number = TAS / LSS, But LSS Is proportional to tempersature, so
as altitude increases in & constant mach ¢limb, the decreasing air temperature
ciunes the LSS and TAS to decrease. CAS at any giver TAS Is proportionsi ta air
deasity, which also decreases as altitude Increases. So in & constant mach clmb,
the temperature, density, LSS, TAS and CAS all decrease (opdon b). The
relationships between EAS, CAS, TAS and Mach number in vsrious atmospheric
conditions are ilustrated in the key facts section of this book.
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FLIGHT DIRECTOR 1b.
A typical EFiS PFD is illustrated below,

The green FD
caption indicutes
that the Flight
Director mode is
active,

Flight Director
command bar
are displayed in
magenia.

TYPICAL EFIS PRIMARY FLIGHT DISPLAY

Modern alreraft employ Electronic Flight Instruments Systems (EFES). These
systems counsist of a pair of Primary Flight Displays (PFD), which display primary
flight data such as altitude, attitude and airspeed. A second pair of displays called
the Electronic Horizantal Situation 1ndlcators (EHS1), show navigation and flight
path data. In aircraft equipped with EFIS the flight director modes are displayed
in the upper strip of the PFD {option b).

FLIGHT BIRECTOR 2 c.

The purpose of the Flight Director system is to reduce pilot workload by providing
easily interpreted command signais te enable the pilot to maintain preset flight
conditions. The specific components which make up the flight director system vary
with aircraft type but typically include at least a computer (1) and command bars
(4). The autopilot and aute throttle systems are not part of the flight director
system but often aperate in conjunction with It. Optien ¢ is therefore correct.

FLIGHT DIRECTOR 3 ¢.
The purpose of the Flight DIrector system is to reduce pitot workload by providing
easily interpreted command signals to assist the pllat to return to a desired path in
an optimal way (optien c},

FLIGHT DIRECTOR 4 ».

The kocation of the Rlght director command bars depends upon the type of aircraft.
In non-EFIS aircraft they will be on the ADE, Attitude Display indicator {option a).
In EFIS equipped aircraft they will be on the EFIS Primary Display (PD).
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FLIGHT DIRECTOR 5 b,

The function of the Flight Director (FD) command bars is to give command signals
to the pilot to indicate the correct manceuvres to achieve the desired flight path In
the most efficient manner. 1f & new heading of 186" is selected when the aivcraft is
established in heading bold en £60° the aircraft must roll right to intercept the new
heading. This command witl be indicated by the vertical command bar moviag te
the right. As the aireraft rofls towards the requlred bank angle the command bars
will gradually move back to the central position, So the vertical command bar will
be centred if the aiveraft is on optimem path to join headlng 180° (option b).

FLIGHT PIRECTOR 6 ¢c.

The flight director bars may be visible in manual flight aad in some modes of
automatle flght.

In manual flight with the Aight director switched on, the bars give the pilot
indleations of the bank and pitch attitudes required to achieve the selected heading

airspeed or altitude. The bars are not visible when the flight director is switched
off.

in antomatic flight the command bars indicate to the pilet what actions the
autopilot is taking. But when the sutepilot Is engaged without any command
modes selected, there gre no commands 1o be shown on the FP bars. So the FD
bars are not visible in this condition. The command bars also disappear from view
when the flare mode of an automatic landing is initiated. So the Flight Director
command bars are sometimes visibie in antomatic flight (option c).

ELIGHT DIRECTOR 7 a.
The diagram Hlustrates the typical layout of the flight director bars on an attitude
ang direction indicator.

The W symbol represents the aircraft,

The thin horizontal line represents the horizon.

The thick horizontal line represents the pitch attitude command bar. 1€ it is above
the aircraft then a nose up pitch change Is required,

The thlck vertical line represents the bank command bar. If 1t is to the left of the
alrcraft then a bank to the left is required.

Each of the command bars will centralize on the aircraft symbol when the
command has been satisfied. In this question the pltch command bar is abave the
aircraft so must roll left and increase the flight attitude untif the command bars re-
centre on the symbolic alrplane, This is closest to option option a.

FLIGHT DIRECTOR 8 d.
The Flight Director can be displayed on varlous instruments. In the case of EFIS
cquipped aircraft they will be on the Primary Flight Display or PD. En less

sophisticated atreraft they are typically displayed on the Attitude and Direction
tndicator ADI (aption d}.
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FLIGHT DIRECTOR2b.
The parpose of the flight director Is to provide commased indications t0 enable the

pilot to take up the pltch and bank attitudes to achieve or mainiain the selected
flight path In the most efficient manner, In this question the newly selected
heading is to the right of the current heading. The vertical command bar will
therefore move to the right. As the pilot banks the aircraft towards the required
bank sngle the displacement of the bar will gradually decrease to zere when at the
correct bank angle. The bar will thes move to the left to commaund the roll out
manoeuyre whea appropriate, 2

The most accarate option in thiz question is option b, “The vertical bar deviates to
the right and will be ceutred a3 soon ss you roll the aireraft to the bank angle
calculated by the flight director” (option b). :

FLIGHT DIRECTOR 10 4,

t director bars may ba visible in manual ftight and in some modes of
mm flight. In manual flight with the flight director switched on, the bars
give the pllot indications of the hank and pltch sttitudes required to achieve the
selected hesding airspeed or altitude Lo the most efficient manner. So when VOR
hold is selected the flight director bars Indicate the optimam instapianeous path to
reach the selected YOR radial {(option d).

FLIGHT DIRECTOR |1 8,
The flight director bars may be visible In manusl fiight snd in some modes of
automntic fHght. :

he pilot

In manual flight with the Right director switched on, the bars give the p
Indications of the bank and pltch attitudes required to achieve or bold the selected
heading alrspeed or sititade. So the position of the flight director command bars
indieates the manoeuvres to execute, to aclhileve or maintain a flight situation

{option a).

FLIGHT DIRECTOR 12 &
The diagram ilinstrates the typical layout of the flight director bars o am atlitude
‘and direction indicator.

The W symbol represents the alrcraft,

The thin horizontal line represents the horizon. _
The thick horizontal line represeats the pitch attitude command bar.lfitlsnhouy
the nircraft then s nose up pitch change is required. be left of th
The thick vertical Hine represents the bank command bar. If it is to the left of the
asircraft them & hank to the left is required.

Each of the command bars will centralize om the aircraft symbol when

command has been satisfied. In thiy question the pitch command bar Is abeve the
aircraft you so must increase the {flight attitude untl the :omq:md hars re-centre
on the symbolic airplase.
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So After having programmed your flight director, if you see that the indications of
your ADI (Attitude Director Indicator) are as represented in diagram below. On
this instrument, the command bars indicate that you must Incresse the flight
attitude and bank your sirplane to the left aotil the command bars re-centre on the
symbolic aeroplane {option a).

'
ELICGHT DIRECTOR 13. b
The command bars of a flight director Indicate commands s follows:

9, Upward displacement of the horizontsl bar indicates a pitch up command.

b. Left dispiacement of the vertical command bar indicates = turn left
command.

So the MHght director in this question is indicating comimands to go up and left.

FLIGHT DIRECTOR 14,¢,

The command bars of & fight director judicate commands as followa:

a. Downward dispiscement of the horizontal bar indicates a pitch down
command.

b. Left displacement of the vertical command bar indicates a turp left
command.

So the Might director in this question s indicating commands to go down and left.

FLIGHT DIRECTQR (5. 8,
The command bars of a flight director indicate commands as follows:

L Dowaward displacement of the borizontal bar indicates a pitch down
command,

Ik Left displacement of the vertical command bar indicates a turn left
command.

So the flight director In this question is indlcating commands to go down and right.

FLIGHT DIRECTOR 16, 8.

The command bars of the flight director indicate the commands that sre belng sent
to the autopilot, t0 achieve the selected flight conditdon, Selecting & heading of 350*
when on 275", would require a right turn. The command roll bsr would therefore
move to the right unc! the AFDS angle of bank required to intercept the 350°
heading is achieved. The roll bar would then centralise (option s). It should be
noted that the bar would then mave to the left when the sircraft is withis sboat 10°
of the selected he heading, to level the aircraft on the required heading.

FLIGHT DIRECTOR 17. 8,
Flight director modes constitute primary flight laformation, so they are typlcally
dispisyed on the EF1S Primary flight Display (PFD).

ELIGHT RIRECTOR. 18.» -
The command bars of a flight director indicate commands aa follows:

L Upward displacement of the horizontal bar Indicates a pitch ap command.
1. Left displacement of the vertical command bar indicates a turn left
command.

So the flight director ia this question is indicating commands to go up snd right.

FLIGHT DIRECTOR 19, b,

The fAight director bars constitute primary fiight information. They are therefore
displayed on the EFIS primary fight dlaplsy (EFIS PFD). In nea-EFIS alreraft
they are usuaily displayed oa a separate attitude and direction indieator or ADL

FLIGHT DIRECTOR 20, 3,

The command bars on ap attitede and direction indicator (ADT), show the changes
In attirade necessary to achieve the desired fight path. In the case of u toro the
bars indicate the bank angle required to intercept the selected beading. When that
bank angle Is schieved, the bars returs to seniral. As the sireraft gets within shout
10 degrees of the desired hending the bart meve to indieate the bank required to
level the aircraft on the correct heading.

FLIGHT DIRECTOR ZL. 3.

The flight director bars on the ADI indlcate the manoewvres that are required to
achieve the selected flight conditfon. In this case the bars have moved [eft and up,
so the pllot mast bank left and increase the nose up attitude until the bars
centralise,

FLIGHT DIRECTOR 21, b,
The Night director bars mave vertically and laterally to indicste the masoeuvre
required to achieve the selected flight condition. If 180 degrees Is sclected when
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ftying on a heading of 160 then the aircraft must bank to the right. The Night
director bars will therefore move right.

ELIGHT DIRECTOR 23. b,
Flight director mades selected constitute primary flight information. They are
therefore displayed on the EFIS primsry flight dispiay (EF1S PFD).

ELIGHT DIRECTOR 14: 8.

The Aight director bars move to indicate the manoceuvres required to attain the
selected flight condition. 1f & heading of 350 i selected when om 270 degrees, the
alrcraft must bank right. The FD bars will therefore move right to indicate the
angle of baok required to intercept the 35¢ heading. The bars will gradually
centralise as bank sngle approaches thst required. As the heading approaches 340
the bars will move left to ludicate the bank angle required to level to achieve & roll
out on 2 heading of 350, It should be noted that this is not s magnetic compazs
question, so compass errors need not be conaidered.

EICAS/ECAM |. 1,

This guestion refers to the basic version of ECAM, in which the screens were
displaced laterally. In this sysiem the lefi screen displays informaton in the form
of checkliata or memos, while the right screen displays supporting diagrama (option
2} In more modern versions of ECAM the screens are displaced vertieally with the
upper screen displaying engine primary data and warnlogy white the lower screen
displaying secondary Information.

EICASECAM 2. 2.

This question refers to the basic version of ECAM, which has four modes of
operation. Three of these are automatic and the other manual. The modes are as
follows:

NORMAL. The nermal flight mode sutomatically provides informadon related.
to the stage of flight. This includes such things as pre-start check
lists, post-start check lists, and pre-take-off check lst.

ADVISORY. This mode automatically dispiays any non-emergency change in the
status of the aircraft or its systems. This might include events such as
switching from APU o maln generators.

FAILURE. This takes precedence over all other modes sutomatically indicating
when pre-set parameters bave been exceeded. A warniog message
and list of required corrective actions is provided in the left screen,
and a supporting diagram ju the right screen. Examples might
inchide eagine over-heat, flre warning or generator failure.

42

MANUAL. This mode may be selected manually by the pHoks 10 afuc, .o v vy
diagrams and messages indicating the current status of various
aircraft systems.

EICAS/ECAM 3. d.

In certain circumstances a system or item of equipment, slthough serviceable in
itself, may become nop-operaticnal due to the failure of seme other system or
component. A left generator failure for example may disable a number of clectrical
Bus bars and the non-esseatial systems fed from them. ECAM indicates such
serviceable but non-operational systems or components by enclosing them in boxes
on the display screens (option d). This method is not vmployed in the EFCAS
system.

EICAS/ECAM 4. aand ¢,

LT this question refers to the basic version of ECAM, in which the screens are
displaced laterslly then engine information is net included (option c). In this
system the left screen displays information in the form of checklists or memos.
while the right screen displays supporting synoptic dtagrams (option a). H however
the question relates to the advanced vesions of ECAM, then the screens are
displaced vertically with the upper screen displaying engine primary data and
warnings while the lower screen displays secondary information. Option a and ¢
are therefore both true of the basic systera but o optiens are true of the advanced
system. Students should appeal if this question appears in their JAR examination.

EICAS/ECAM S, ¢,

This question refers to the basic version of ECAM, in which the screens were
displaced laterally. In this system the left screen displays information in the form
of checklists ar memos, while the right screea displays supporting syneptic
dlagrams. This version of ECAM was fitted in aircraft which did not employ EFIS,
so no alternative CRT screens were available in the eveat of a single ECAM screen
fallure. Failure of a single screen therefore caused the loss of the data that would
normally be displayed on that screen (aption ¢). So a right sereen failure would
eause the lass of the diagram, leaving the written information available on the left
screen. 1t should he noted that this early version of ECAM did not display any
englne data, so screen failure did not affect the operation of the engines.

EICAS/E 6. b.

This question refers to aircraft which possess both ECAM and EFIS. I such
aircraft a total of six CRT screens (2 ECAM, ! EFIS PFD and 2 EFIS ND) are
available. The ECAM system in such aircraft is also of a more advanced version in
which the displays are vertically displaced sad indicate different data. The upper
screen displays engine primary information and warnings and advisory messages,
while the lower screen displays secondary informsation. Because the screens display
different data, the loss of data from any one screen is unacceptable. So when a
single ECAM screen fails in such atreraft, the data from that screen is
antomatically transferred to one of the EFES screens. It should be noted that the
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compacted display referred to in optien & is employed orly in EFCAS. A typleal
maodern ECAS/EFIS display panel is illustrated below.

ECAM {Airbus) or First Officer’s EADIL

Captain's EADI
\ displays

L oxrt
- e

= &

/

/
4

Captain’s EHSI) First Officer's EHSI

EICAS/ECAM 7. a,

All versions of the EICAS system employ two verticully displaced screens. The
upper screen displays engine primary data, waraings, cautions and advisory
messages, while the lower screen displays secondary data. Because each screen
displays different daia, the loss of data from any one screen is unacceptable. In
nan-EF1S equipped aircraft there are normally ouly the two EECAS CRT displays
available. In the event of a single EICAS screen failure, the data from both screens
is displayed on the remaining serviceable screen in & compacted version (option a),
The emergency engine primury data LCD display referred o in option d is used in
the event of both ELCAS screens lailing, A typical compacted ELCAS display is
illusirated below,

This message in amber
indicates that an EICS display
fiilure has been detecied.

EICAS DISPLAY

I'his iy engine primary data

This space is retained for
advisory, caution and warning
MUSNAZEs,

‘Fhis is engine secondary data X

that is displayed on the lower 50

EICAS display when both * 100 97.0
displays are serviceable, Ity 20 8.4

TYPICAL EICAS COMPACTED DISPLAY
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‘This question refers to aircraft which possess both EECAS and EFIS. In such
aircraft a total of six CRT screens (2 EICAS, 2 EFIS PFD and 1 EFIS EHSI) are
available. AH versions of the EFCAS system employ two vertically displzaced
screens. The upper screen displays engine primary data, warnings, cautions and
advisory messages, while the lower screen displays secondacy data. Becsuse each
screen displays different data, the loss of data from any one screen Is unacceptable.
So in the eveat of a single EFCAS screen (ailure In EFIS equipped aircraft, the data
that would normaily be displayced on the falled screen ls automatically transferred
to one of the EFIS screens. A typical EICAS display Is illustrated helow,

EACAND TIIRUST COMPUTED EPR LIMIT DISPLAYED AT TOP OF UFPER DISPLAY

RED WARNING
OF VIBRATHN ol ENGVIR
IN Mo 2 ESGINE

UG HT SIDE OF
UPPER DISPLAY
IS USED FOR
ENGINE PRIMARY
DATA

LLEFT SIDE OF
L'PI'ER DHSPLAY
IS LSED FOR
WARNINGS
CALTHENS AND
ADWISOREES

ALELDACA IS
DISPLAYED EN
ROTH IGETAL
AND ANALOGUE 11
FORMATS TENMIP

PRESS

MHIF VIBRATION
WARNING HAS
TRIGGERED THE
LOWER DISFLAY
TO SHOW ENGINE
SECONDARY DATA

14
0

TYPICAL EICAS DISPLAY

EICAS/ECAM 9. a.

In advanced ECAM the upper display is divided laterally. The upper portion shows
engine primary data, while the lower portions shows warnings and advisory
messages. Warnings are provided as red messages at the battom left corner of the
upper display. These are accompanied by list of the corrective actions to be taken,
shown in blue. The amber messages referred to in option b, are used for lower
priority, advisory massages indicating non-emergency changes in status.

Whenever a warning or advisory massage appesrs in the upper display, a
supporting diagram appears in the lower display.
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EICAS/ECAM 0. ¢,

All versions of the ENCAS system employ (wo vertically displaced screens. The
upper screen displays engine primary data, warnings, cautions and advisory
messages. while the lower screen displays secondary data. The upper, primary
display is divided vertically, with engine primary data on the right side. If an
cMmergency occurs, its nature s shown as a red message in the left side of the upper
display. This area is alse used to display lower priority cautionary and advisory
massages in amber. Whenever a mix of warnings, cautions and adviseries is being
shawn, the warningy appear at the top of the fist, followed by cautions and then
advisories, So emergencies will be indicated in red at the top left side of the upper
dispiay {(option c). It should however be noted that in some aircraft such messages
appear at the right side of the upper display with engine primary data on the left
side.

EICAS/ECAM 1. d.

All versions of the EICAS system employ two vertically displaced screens. The
upper screen displays engine primary data, warnings, cautions and advisory
messages, while the lawer screen displays secondsry data. The upper, primary
display is divided vertically, with engine primary data on one side. If an emergency
uceurs, its nature is shown as a red message in the ather side of the upper display.
This area is also used ta display lower priarity cautionary and advisory massages in
amber. The lower display i5 used to show secondary data relating to the engines or
systems. In normal fiight the Engine primary data such as N1, EGT and EPR are
displayed constaptiy on the upper screen, while lower screen remains blank.

EICAS/ECAM 12. a,

Various reference books contain slightly different versions of the number of modes
provided by the EICAS system. The following modes are however Included in all
such references:

OPERATHONAL.

This is the normal flight mode. The upper screen displays engine primary data,
while the lawer screen remains blank. [n the event of a change in status, the upper
screen dispiays a warning, cautionary or advisory message and the lower screen
displays a suppoerting diagram and secondary data,

STATUS,

‘Fhis mode may be selected by the pilot in order to interrogate various systems. kn
the status mode the upper screen continues to display engine primary data, while
the lower screen shows the status of whatever system the piiot has selected.

MAINTENANCE.

This mode Is not available in flight. The maintenance mode shows condition and
usage information for various systems and components within the aircraft. This
information is used to determine what servicing is reguired between fights.

Some references also refer to the displaying of warnings, cautions and advisery
messages as 4 fourth EMERGENCY mode. The MANUAL mode referred to in

b

options b, ¢ and d, is the ECAM equivalent of the EICAS status mode. Sa option a
is the most apprapriate. '

EICAS'ECAM 13. b,

Messages provided by the EFCAS system are divided into the following three
categortes:

WARNINGS. These are displayed in red, together with an aural message.
They indicate situations which require immediate corrective
actlon (optien b in this questlon).

CAUTIONS, These are displayed in amber and may or may not be
accompanied by an aural message, depending on their
nature. They indicate situations of which the pilot must be
made aware, which do rot require immediate corrective
action, but might do sa in the near future.

ADVISQRIES. These are displayed in amber, indented to the right by a
distance of one digit on the EICAS display. They are not
accompanied by any aural message. They indicate system
status changes not requiring corrective action.

EICAS.ECAM i4. d.
Messages provided by ETICAS are divided into the following three categories:

WARNINGS. These are displayed in red, together with 2n aural message.
They indicate situations which require immediste corrective
action.

CAUTIONS, These are displayed in amber and may or may not be

accompanied by an aural message, depending on their
nature. They tadicate situations of which the pilot must be
made aware, which do not require immedlate corrective
action, but might do so in the nesr future.

ADVISORIES. These are displayed In amber, Indented to the right by a
distance of onte digit on the EICAS display. They are not
accompanied by any aural message. They indicate systemm
status changes not requiring corrective action.

So an amber message may be 2 caution or an advisory {eption d).

EiC 15

In both ECAM aand EICAS, green bugs are used to indicate target values. fn the
case on the EPR gauge, the green bug is set by the Flight Managenment Computer

or the Thrust Computation system to Indicate target EPR for the flight condition
selected (optlon ¢),
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EJICAS/ECAM 6. ¢,

‘The advantages provided by modern systems such as ECAM and EICAS gre
reduced cockpit clucter and improved information management. Cockpit cintter is
reduced by replacing a large number of conventional instruments with two display
screens. Information management is improved by displaying information aniy
when it is reguired hy the crew. Although (he benefits llsted in options 2, b, and d
#re glso provided, these are of a secondary nature.

ERCASECAM 17, d.

The EEC AS system includes extensive built in test facilities, which are designed to
detect and respond to system failures, Responses available include all of these
listed in this question.

EICAS/ECAM I8, ¢,

All versions of the EFCAS system employ two vertically displaced screens. The
upper screen displays engine primary data, warnings, cautions and advisory
messages, while the lower sereen displays secondary data. Because each screen
displays different data, the loss of data from any one screea is unacceptable.

The basic EFCAS system was fitted to non-EFIS aircraft. In such aircralt there are
normally only the twe EFCAS CRT displays available. In the event of a single
E1CAS screen failure, the data from both screens is displayed on the remaining
serviceable screen in 8 compacted format. If both screens fail, a llmited range of
engine primary data is pravided oo an emergency engine data LED display {option
c). Because of the small size of this display the daca provided is (ypically restricted
to actual and limlting values of N1, N2 and EGT. A typical standby engine LED
display is illustrated below.

Uperating

limits are

listed en the

quter edges of A display

the display. select switch
enables the

A sell test display to be

switch s set to

provided. permanently
on or aute.

Current With aunto

values of selected the

ngine display

arimary data becomes

wre provided active when

n the central an EICAS

aart of the failure is

lisplay. detected,
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EICAS advisory messages relate to non-emergency changes in status. They are
are displayed In amber, indented to the right by a distance of one digit on the Eeft
slde of the EICAS upper display. They are not accompanied by any aural message.

In order to ensure a common standard, JAR reguiations specify the functions for
which various colours are to be used in siveraft Informaton display and
management systemns inciuding EICAS , ECAM and EFIS. Red Is used to display
warnings and Hmite,

Ln order to ensure a common standard, JAR regulations specify the functions for
which various colours are to be used In aircraft Information dispiay and
management systems including EICAS , ECAM snd EFIS. Amber ks used te
display cautionary and advisory message and time limited or cautionary data
values. These do not require immediate corrective actiona, but the pilot must be
aware of them ia order to assess thelr poteatial effects lu the event of ather fallures.

EICAS/ECAM 23. 4,

To the event of a failure of any single component in an ECAM system, the system .
will provide an amber advisory message, and auiomatically take corrective action..
Because no action 1s required by the pilot, no other aursl or visusl warning will be
provided. In the event of 2 totsl ECAM system failure (Including the built-in test
and fault diagnosls facilities) the sysiem would be unable te previde any indications
or warninga. So option d, amber message Is the most appropeiate.

EICAYECAM23. b, ik,

Bath ECAM and E}CAS systems Include “cancel” and recall” buttons. In -
situations where a large number of warnings , cautions and sdvisery messages are
displayed, the cancel buttor enable the pilot to scroll down this Hst. The recall -
button can them be wse to scroll back (o the top of the list. 1t should be noted that ;
pressing cancel removes ouly the cantions and advisory massages from the sereen.
Warnings cannot be deleted without the appropriste corrective actioms belng
taken, 30 option a and ¢ are untrue. Meuqumdwuysdhmuhm‘tf
priority, so option d i3 also untrue.

ECAM warnings are displayed in red st the bottom left corner of the npper or left.
dispiay, These are accompanied by = list of required corrective actions displayed in
cyan. When the corrective actions have been taken, the cyan instructions turs into
a statement of the new configuration displayed in green. :
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EICAVECAM 13. b,

JAR regalstions require that all newly certificated class A passenger aircraft be
equipped with an automatic means of indicating whether or not the aireraft is In
the correct configuration prior to take-off. In the ECAM system this facility is
provided by mesns of a take-off button on the ECAM control panel. When the T/O
button ks pressed the system checks that the sircraft is in the appropriate
configuration (option b) and Hsts any discrepancies,

EICASECAM 26. <.

JAR reguintions require that all newly certificated clnss A passenger alreraft be
equipped with an automatic means of indicating whether or not the aireraft is in
the correct coufiguration prior to take-off. In the ECAM system this facility is
provided by means of a take-off bution en the ECAM control panel. When the
take-off button i3 pushed, the system checks the configuration of the aircraft and
Indicates any discrepancies. Items checked include trailing and leading edge flaps,
korizoutal stabiliser setting, brakes, power lever positions, spoilers, side stick, and
flex temperature setting.

EICAYECAM 27. 4,
The basic ECAM system does not provide any form of engine indications so options
# and b are untrae. This version of ECAM provides both primary and secondary

data for a range of sircraft systems (option d). In more sdvanced versions engine
primary and secondary information is also imcluded.

EICAYECAM 28, ¢,

1t should be noted that becamse sl of the options include engine dats, the question
must be referring to the advanced version of ECAM, because the basic ECAM did
nof provide any form of engine data. It s a2 JAR requirement that all such systems
display information ia both digital aad snalogue format.

EICASECAM 29. ¢,

The basic ECAM emuploys a left and right diaplay, whereas the sdvanced version
empleys wpper and lower displays. Warnings sad cautions are pravided at the
bottem of the left or upper displny depeading on which versiom of the system Is
being used. The right and lower dispinys show secondary dsta and diagrams.

EICASTECAM 30, 2,

1 both the ECAM snd EICAS systems, red messages are used for warnings. These
sre situstions which require inmediate corrective nction (option a). Itis
uDnecessary to press the statws button (optioa b) because the lower screen will
sutomatically dispiay relevant secondary data whenever a warning message
appears on the upper acreen. A number of warnings can be dispiayed
simultaneously and the cancel button will not affect warning messages, so option ¢

is also untrue. Lists of corrective actions (option d) are provided by ECAM but not
by EICAS.
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EICASECAM 31. b,
In the EICAS system amber menages accompanied by aural alerts indicate

cautionary situations. Cautionary mesaages de not require any immediate
corrective action, but the pilots must be aware of them.

EICASECAM 32, b,

In the EICAS system amber messages not accompanied by sural alerts ludlcate
advisory situaticus. Advisory messages do not require any hnmedinte corrective
action, but the pilots must be aware of them.

EICASECAM 3). &

In both the ECAM sad EICAS systems, red messages ars used for warnings. These
are slituations which require immediate corrective action (option a). In the case of
ECAM these corrective actions are Hsted in cyan at the bottoms of the left or upper

display (option a). :

EICASECAM 4. 4,

In the advanced ECAM system, the primary flylng control positicns are diapiayed
on the left side of the lower display. It should be noted that Map positiens are
displayed on the right side of the upper display.

EICASECAM 38 5, .
In the ndvanced ECAM system, the flap positions are displayed on the right side of

the npper display. It shounld be noted that primary flying contrel pesitions are
displayed on the left side of the lower display. .

EICASECAM J6. 8, -
Two versions of ECAM, are currently n use. In the basic system the lofl screen
dispiays information la the form of checklisty or memaos, while the right screen
display» supporting diagrams. In more moders versions of ECAM the screena are
dispisced vertically with the upper screen displaying engine prisanry datn and-; -
warsings while the lower screen displays sccondary information. .. . ..

‘When an aircraft system faliure occurs, the loft display will indicate the sitnstion In.
red or amber, together with the required corrective sctions im cyan. The right .

display will show a diagram of the fanity systems (option n). 18 an advanced system
the same information is previded but on the apper aud lawer dixplays respectively.

i
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When an sircraft system failure aceurs, the left display will Indicate the situation fn
red or ainber, together with the required corrective actions In blue, The right
display will show a dingram of the faulty system. In an advanced system the same
information is provided but on the upper and lower displays respectively.

When the required correctlve action has been take, the upper (or left) screen will
briefty continme to dlsplay the original fault statement, but the list of corrective
actions wlit become green. Both screens will then revert to normal.

Twao versions of ECAM, are carrently in use. In the b:

displays information In the form of cll)l'ecldlm or memo:l:vz::ire(:leg;et'::::::n
displays supporting disgrams. In mere modern versions of ECAM the screens are
displaced vertically with the upper screen displaying engine primary data and
warnings while the lower screen dlsplayed secondary Information. In normal flight

conditions, the lower (or right) screen is blank and th
indicates primary engine data. © Upper (or lef) scren

E

In both the ECAM snd EXCAS systems, red messages are used for warnings. These
are situstions which require immediste corrective action, Such situations Include
eogine fires. Tn the case of EICAS this would be indicated by a red warning

caption on the upper display, an aural warning, and
lawer display. % and engine secoudary dats on the

El

ia both ECAM ll!‘d EICAS engine data is provided in both digit
al and analogue
forms. The llmiting value of EGT Is shown by a red bug on the analogue dls:lay. 1{)

thls limifing valae is exceeded, both the digital and anal
draw attention to the matter. ¢ opve diaplays fur red o

Bath ECAM and EICAS systems em
ploy extensive bullt-in test and fault dingnostic
::mlt: to detect and respond to internal fanlts. H 2 fauit Is detected the syst.E:l will
ate this by an amber advisory message and take corrective action. If however

the fzult Is not detected the system can neither provi
corrective action. provide % caption, nor take

Because the lower EICAS display Is normally biank, It is posaible that

coald go undetected by both the sysiem and the pilot. Tol::\'rercome lhl?p::tl:l'er:l
the upper screen gives an indication whenever any dats should be visible on the

lower display. This indication takes the form of & line of 7 at the tower left

corner of the upper dispiay. So If the lower screen fails and the system does not

detect it, the lower display will remaln blank, but the upper will show a series of
N/ signs whenever data should be on the lower display.
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EICAS/ECAM 43, <.

In certain circurstances, s system, although serviceable in itself, can be rendered
non-operattonal because of the fallare of another supporting system. In ECAM
equipped aircraft, such nop-opg rational, but serviceable systems are indicated by 2
bozed caption. So a message would indicate that the RADALT is not
Itself defective, but haT DEEE dered unavailable due to the fallure of another
systems which Is also identified by another message.

EICAS/ECAM 4. ¢,

Pressing of the EICAS status button (option b) causes the lower display to show the
first page in the status menun. Repeatedly pressing the status button {option ¢) then
causes the system to scroll down through the full range of status pages. 1f the
button ia pashed when the dispiay 1 on the Lsst page, the screen will be cleared. It
should be sated that pressing the clear (CLR) button (option ) scrolls down
through the warnings, cautions and advisory messages oo the upper screen.
Pressing the recsil (RCL) (option d) button scrolls up through thh Ust.

EICASECAM 4. ¢,

All modern commercial transport aircraft employ bath £F1S and either ECAM or
EICAS. It should be noted that ECAM and EICAS are never used In the same
sircraft, and an ECAM or EICAS type system s now a mandatory JAR
requirement for such aircraft.

EICAS/ECAM 48. 4,

The principal reasons for the development of the ECAM and EICAS systems was
to reduce cockplt cludter (1) and to reduce pliot workload (2) by maklng it easler to
interpret information in difficult circumstance (4) and hence make faults easier to
jdentify (3). The use of modern electronics in these systems also makes them
lighter (5) and facilitates better Integration of Information (6). So alt of the benefits
listed (n this question are achleved.

ENGINE 12,

In x mult-cylinder piston engines it is mever possible to provide every cylinder with
the exsctly the same amount of cooling airflow. This means that each of the
cylinders will run at a different temperatare, with the hottest cyliuder being that
which recelves the least effective cooling. In order to mintmize the cost and
complexity of the temperature measurement system, # tempersture seasor is
nsually fitted to onty one of the cylinders. The greatest of risk of damage to the
engine lies [n excessively high cylinder temperatures, so the single temperature
sensor |y usually fitted to the hottest cylinder. The position of this hottest cylinder
will depend upon ts position in the englae block (option a).

This question refers to a DC tacho-generstor system as ilustrated below.

553



This type of system employs s smali DC generator driven by the engine. The
volatge output from this generator is propertioan! to the RPM. This voltage is fed
¢ & sruall DC motor which drives a tachmeter through a magnetic drag cup. This
could be described s s & magnetic tachometer (option d).

3. A small DC motor in the Indicator
rotates at an RPM that is proportional

to the applied voltage. \

4. A drag cup converts rofation of
the mator Into angular deflecdaon of
the pointer.

the drag cup.

2. The DCslgnalisfed toa

I." A DC generator driven by the engine
motor in the tacho indicator. 4 oo

produces ag output voltage that is
proportional to the engine RPM.

THREE PHASE TACHO GENERATOR

ENGINES 3 4,

This guestion refers to the magnetic or Inductive RPM messurement system
commonly called a speed probe or Inductive probe. The detector or speed probe
ltvelf, I3 simply am Inductive coll and magnet fized sdjscent to the tips of the
rotating noiched wheel or the faw or compressor bindes. As the notches on the
wheel or the fan/compressor biades pass by the maguet the strength of the
magnetic field finctustes. This causes & varying DC signal to be genersted ln the
inductive coll. The frequency of the variations in this DC sigus] fa proportional to
the RPM. In some suck systems the varying DC signal is converted into a square
wave pulses which are then counted to gve an indication of RPM (option d).

ENGINES 4 b,

Vibration monitoring systems in sircraft commonly employ sccelerometers to
messure both the frequency and amplitude of the vibration. The sccelerometers
measare the radial movement of the engines. But the signals from the
accelerometers are a combination of all of the vibration frequencies present, pins
tlectrical noise. The frequency of an engine vibration h proportional ta the RPM.
Frequeney filters are therefore used to filter ont all of the unwanted frequencies, 30
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§. A wesk hairspring
balanaces the torque of

that only those of Interest to the pilot remaln. The amplitude of the vibration is
proportional to the degree of damage of Imbalance of the object producing it. A
vibration indicator therefore recelves signals from different sensors
(acceferometers) and then indicstes the vibration amplitude at a given frequency
(option b).

N
A wide variety of RPM measuring systems have been empioyed in aircraft as
technology has developed. Tacho-gemerator systems for example have evolved
from using DC generstors (2), through the widety used three-phase generators 4
to 12 pole single-phase gemerators (3) used in the most modern computerized
systems. A commonly used modern alternative system is the inductive speed probe
which uses a magnetic sensor to produce an AC or pulised DC signal (1). Option b
is therefore the most accurate in this question.

ENGINES ¢ 2.

Engine Pressure Ratio is a measure of tive degree by which the engine has increased
the pressure of the sir passing throagh it. EPR is the Low pressure turbine outlet
or discharge pressure divided by the low pressure compressar inlet pressure
(option »).

ENGINES 7 a.

Vibration metering systems in afrcraft commonly employ sccelerometers to
measure both the frequency and ampiltude of the vibration. The commonly use 2
accelerometers mounted st right angle to each other and at right angles to the
engine drive shaft, to measure the radial movement of the engine spools (aption ).

The signals from the accelerometers are a combination of alf of the vibration
frequencies present, plus electrical noise. Frequency filters are therefore used to
filter out all of the naise and unwanted frequencies, 30 that only those of lnterest to
the pilot remaln. These signals are very weak so they are then amplified before
belng used to trigger Indication systems. Options b, ¢, and d are not accursie
however because the pumber of filters and amplifiers vartes from system to system.

ENGINES 8 d.

Different coloured arcs are commonly used on ganges to provide easily recognised
indicattons of the significance of varions ranges. In most such gaoges, the grecen
arc indicates the normal operating range (option d).

ENGINES 9 d.

In multi-propeller aircraft a considerable amaunt of noise and vibration can be
caused by the Interaction between adjacent propeliers. In order to mintmise these
effects it Is necessary to ensure that all of the propellers operate at the same RPM.
In soroe aircraft this is achleved by manaaily adjusting the speed select levers for
each engine. The purpose of synchroscopes Is to assist the pllot tn this task of
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setting afl engine sat the same speed (option d), by indicating the RPM differences
between the various engines. In one such system each synchroscope comprises of a
small dial with & prapeller symbol witkin it. If all engines are a¢ the same RPM, ail
of the synchroscopes will be stationary. Any engines not at the same RPM will be
indicated by the rotation rate of their synchroscopes.

ENG b

Thermocouple systems measure ternperature using the Seebeck effect. If two
dissimllar metals are connected together, 2 voltage will be generated whemever the
junction between the two metals is heated. The magnitude of the voitage Is
proporticaal to the temperature of the junction. If this voltage iz used te drive an
electrleal current the current can ther be measured to give an ludication of the
temperature at the junction of the two metals.

In order ta provide a cantinuous clrcuit the other ends of the two metals must be
alsa be joined together. This may be by a direct connection or by means of some
other type of metal. But for the system to function, the two dissimilar metals must
be directly joined to each other at lesst one point (option b). Options a and ¢ are
untrue because the system requires two dissimilar metals. Option d ls untrue
because wheatstone bridges measure resistance and sre not used in thermocouple
systems.

ENGINES 11 ¢,

Ta arder to give an easily interpreted reminder of the significance of various
operating temperatures, the scales of temperature gauges are often marked with
arcs of different colours. In such gauges the yellow or amber are indlcates the
temiperature range that may be used only In exceptional clreumstances {optien ¢).
An example of this is the temperature range that may be used for a limited time ,
usually of a maximum of five minutes during take-off.

ENGINES 12 ¢,

Yibration monitoring systems in aircraft commonty ¢employ accelerometers to
measure both the frequency and amplitude of the vibration. They commeonly use 2
accelerometers mounted at right angle to each other and at right sugies to the
engine drive shaft, to measure the radlal movement of the engine spools, The
signals from the accelerometers are a combination of all of the vibration
Irequencles present, plus efectrical nolse. Frequency filters are therefore used to
fitter out all of the neise and unwanted frequencies, so that only those of interest to
the pliot remain. These signals are very weak so they are them amplified before
being used to trigger indication systems. Option ¢ is therefore the most accurate in
this question.

EN

The type of sensor that must be used In a pressure gauge i3 determined by the .
magnitude of the pressure that is o be sensed, Thin brass or bronze capsuies are
used for very low pressure. More substantial bellows are nsed for medinm

A5

pressures, while much stiffer bourdon tubes are used for high pressures. The
correct sequence in order of Increasing pressure ly therefore 3 aneroid capsules, [
Bellows, and 2 Bourdon tebes (optien b).

ENGINES 14 ¢,

in order to give s easlly interpreted remlnder of the significance of various
operating conditions, the scales of cockpit gauges are often marked with arcs of
different colours. In some RPM gauges s uarrow red arc appears within the wider
green arc. The green arc Indicates the allowabie RPM range for normal
operations. The narrow red arc indicates the RPM range withim which there s a
risk of the propeller generating vibration within its resonant frequency, Such
vibration can quickly become destructive, so contlnuous operation within the
narrow red are is forbidden {option c).

ENGINES 15 a,

Cylinder Head Temperature (CHT) is normally measured using a thermeocouple.
Such systems measure temnperature using the Seebeck effect. B two dissimilar
metals are connected together, a voltage will be generated whenever the junction
between the two metals Is heated (option a). The magnitude of the voltage Is
proportional to the temperature of the junction. If chis voltage ix used to drive an
electrieal current the current can then be messured to give an Indication of the
temperature at the junction of the two metals. Optlons b and ¢ are untrue because
they are not commonly used on cylinder heads. Option d is untrue because
Bourden tubes measare high pressure.

ENGINES 16 ¢,
The most commen type pf manifold pressure gauge Is the Manifold Absolute

Pressure or MAP gauge. The term absolute pressure means the pressure relative
to absolute zero pressure. Any restrictions in the manifold such as the alr Gilter,
carburetor and throttle valve will reduce the sir pressure in the manifold. The
manifold pressere must therefore be messured downatream of all such restrictions.
The MAP gauge therefore measures absolute pressure in the intake system near to
the inlet valve {option ). A cyplcal MAP gauge is lllustrated below.
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ENGINES 17 a,

The mest common type of manifoid pressore gauge s the Manifold Absolute
Pressare or MAP gauge. The term “absolute pressure” means the pressure relative
to absolute zero. Any restrictions in the manifold such as the alr filter, carburetor
icing and the throttle vaive will reduce the air pressure in the manifold. The
manifold pressure must therefore be measured downstream of all such restrictions,
To overcome this problem the MAP gauge measures ahsolute pressure in the intake
system near to the inlet valve.

In a normally aspirated engine the engine must suck alr into the manifold, so the
MAP will always be less than locaf etmospheric pressure whenever the engine s
runping. 1n a supercharged engine & compressor forces alr into the manifold at
increased pressure. So the MAP in such an engine will afways be greater than local
atmospheric pressure. This means that if & manifold pressure gattge conslstently
reglsters atmospheric pressure, the cause is probably s lesk in the pressure line
from the manifold to the gauge {option u).
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Thermaocouple systems measure tempersture using ihe Seebeck effect. if two
dissimilar metals are connected 1ogether, a voltage will be generated whenever the
junction between the two metals is heated. If this voltage Is used to drlve an
tlectrical current the current ¢an then be measured to give an Indicatton of the
tempergture at the junction of the two metsls. n order to provide a continuous
circuit the other ends of the two metals must be also be Joined together. With such
% circult the voltage and current produced are proportional to the temperature
difference between the hot and cold junctions. This messs that to provide an
sccurate indication of the temperature of the hot junction It is necessary to keep the
cold function at % constant temperature (option a).

A typlcal ratiometer Is illustrated below.

+ruirem e
detrrmbunt by the |
Fuths of tiistancey

RATIOMETER TEMPERATURE MEASUREMENT SYSTEM

In order to measure temperature very accurately it is necessary to ensure that
variations In indication caused by such things aa line resistances and supply voltage
Mluctuations are minimised. The ratiometer operates by applying the same supply
voltage to two resistive circuits, The reslstance of one circuit is constaat, whilst that
of the other incresses with tempersture. The current flow throwgh each circuit s
therefore proportional to the supply voliage and the resistance of each circult. But
both circuits share the same power supply, 3o the ratie of the two currents will vary
oniy with varlations jn temperature. This means ihat the ratiometer carrles out an
independent test of the supply curreat (option @), A ratiometer Is therefore largely
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immune to variations in power supply and is therefore idesi for the accurate
measurement of temperatures,

ENGINES 10 ¢ and d.

This question iy probiematic in that different engines have used different types of
sensor #s the technology has developed. M the requirement is for an indication of
absolute pressure then an aneroid capsule will be used (option d). But if the °
measurement is to be used to vary fuei flow in a hydro-mechanical fuel system them
2 bellows is more likely (option ¢). Differential capsules and Borden tubes (options
4 snd b} are unlikely to be used. Options ¢ and d are therefore both potentially
correct answera to this question. Students should therefore appeal if this question
appears In their exsmination. 1t should aise be noted that very modern aystems nse
electronic teansducers,

This question is dublous in that the sensor may be an aneroid capsule or bellows,
n moat aircraft the LP {uel system pressure la not jndicated, but its pressure js
maonitored to operate a low pressure warning or hooster pump fajiure lighe. In
such circumstances, it is the absoiute pressure (relative to zero) that is importsnt.
So s differential capsuie (option d), subtracting one pressure from anather, is
unsuitable. Bourdon tubes (option ¢) are used to measure very high pressure so
they are totaily unsuitable for use in measuring the low pressure produced by LP
luel pumps. Then most commonly used senzor is & raicro-gwitch activated by the
deformation of & thin capsule or bellows as liiustrated below.

Bl oy spring
wppases hel prevece

BELLOWS TYPE LP FUEL PRESSURE SENSOR

Sl

It shouid however be noted that whether 2 capsule or bellows, it must be an
aneroid in order yo give an indleation of absolute pressure (refative to zero). So
although options £ and b are both true, eption a is the most accurate.

E. 2
The question is rather dubjous in that none of the options represent serious
disadvantages in single phase AC generator tachometers. [t is therefore necessary
to select the best optlon through a process of elimination. Sistement t s totally
untrue because such systems do not have commutxtors. Se any option which
includes statecnent 1 is untrue, This eliminates opticns b, ¢ and d. leaving option a
as the best snswer, It shouid however be noted that even this aption is dubious
because such system transmit information In the form of the frequency of an AC

current. Line resistance bosses wili not aiter this frequency, but will reduce current
strength,

Single phase AC generator tschometers do not have commutators so statement 1 is
true. This fact eliminates option ¢ and d because they do not include staterment 1,
AR AC tachometers transmit the information in the form of the frequency of the
AC carrent produced. Although Hne resistance iosses will reduce the strength of
the signal, they will not aiter che frequency. This means that fine resistance bosses
are aot of great importsuce in terms of the information transmitted, so ataterment 2
is untrue, This fact ellminates aptivns b, ¢ and d. Because they generate thejr
own AC current such systems are independent of the airersft power suppiies, s¢
statement 3 ia true. So option a is the only correct answer to this question.

Some early types of afrcraft employed DC generator tachometers to measure
engine RFM. These consisted of a minlature DC generatar driven by the engine
and » simple BC motor driving the indicator. The voitage produced by the
generator was directly proportional to the engine RPM. The motor drave »
magnetic drag cap consisting of a small magnet rotating within a metal cup.
ARthough there was no direct connection between the magnet and the cup, the
maguetic fleld of the rotating magnet applied & torque t¢ the cup. The cup was
connected direcdy to the spindle of the indlcator needle.

The torque cracted by the darg cup was opposed by s weak hair spring. The faster
the motor turned the greater would be the torque spplied to the cup and the
grezter would be the deflection of the hairspring snd needle. In this way the
rotation of the motor was converted into angular deflection of the indicator needie.
The motor RPM, was proportional to the DC voitage produced by the generator.
Because this DC voitage was proportional to the generator RPM, the needle
position gave an indication of the englne RPM.

Because the system used 2 DC current, only two wires were required to transmit

the information. This made the transmission of data very simple, o statement 1 iz
true. Also because the system genersted its own current it was independent of the
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1.
ts driven by the engine

aircraft power supplies, so staternent 1 is aiso true. One of the disadvantages of this
system way that arclng at the commutators of the generator and motor produced
spuvious signals that could affect other equipment, so statement 3 is untrue. The
oniy correct answer to this question is therefore option c.

‘The question iy ambiguous in that the term “electronic tachometer sensor™ may be
taken to mesn a pumber of different things. One such system uses a toothed wheel
rotating in front of an electro-magaet (option ¢). Whenever one of the teeth i
aligned with the magnet, the magnetic ficld Is very strong. Whenever a gap
between the teeth s aligned with the maguet, the fleld strength is reduced. The
frequency of the variation If field strength Is proportional to the RPM of the
toothed wheei. A typical system is tilustrated below,

3. Ao inductive coll wound
around A permanent magnet
produces an AC or pulsed DC

signal the frequency of which i
proportionsl to RPM

Amplifier

A toothdd phonic whee

1. As the teeth of the wheel
pass scross the face of the
magnet they cause the
magnetic fleld strength to

vary

EN

This question is smbiguous in that the term “electrical lnduction tachometer” may
be taken to mesn 2 number of different things. One such system uses a toothed
wheei rotating in frost of an electro-magnet. Whenever ome of the teeth is aligned
with the magnet, the magnetic fleld is very strong. Whenever a gap between the
teeth is aligned with the magnet, the field strength is reduced. The frequency of the
variation if fleid strength is proportional to the RPM of the toothed wheel,

Because the information §s in thie form of frequency it s not very sensitive to errors
due to varistions in line resistances, so | is true. The system generates its own
electrical power making it independent of the sircraft power supplies, 30 2 is also
teve. Aithough temperature variations wilk not affect the frequency of the signal,
any very large changes in temperature will siter the smplitude of the signai and
can In extreme cayes affect the indications. Stateroent 3 is not therefore entirely
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4. Eiectrical sigoals from
the phonic wheel drive s

synchronouws motor in the
indlcator

true. The system can however be used ta drive several different {ndicators
provided they are conuected in parallei. Statements 1, I and 4 are therefore true
(option d). [t shoutd however be noted that the difference between options b snd d
are marginal. Students should therefore appeal if this question appears in thelr
examination.

The hot gasses passing through a gas turbine cogine become exhaust gas only after
they have passed through the final turbine. In a muid-turblue engine this would be
the iowest pressure turbine. This Is not provided as an option in this question, 30
option d, “the high pressure turbine outlet” is the best answer. Options s, bandc
are all untrue because they are all upsiream of the turbines.

The hot gatses passing through s gas turbine engine become exhaust gas oniy after
they have passed through the final turbine. Tn a multi-tarbine englne this wotld be
the loweat pressure turbine, Temperatures in thia location are extremsely high 1o
the most commonly used type of sensor is the thermocouple (option s). A sumber
of thermocoupies connected in parallel are typically used as illustrated below,

Typical Therinocouple Temperature Gauging System

ENGINES 32 .

This question refers to a comporent called a dead needle, which s used o some
temperature gauges, The dead needle is not directly conaected to the gauge
indicating needle, but is mounted ou an independent coaxlal spindle. The dead
necdle Is maneally set at the maximum sliowable temperature prior to engine start
up. Asthe engine s started up, its exhaust gas temperafure Increases snd the
indicator needle rotates towards the dead needle. If the EGT resches the limit, the
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indlcator needle will come into contact with the dead needle. If EGT continues to
rise the indicator needie will drive the dead needle around with it

When EGT starts to fall the indicator needle will move back, leaving the dead
needle at the point indicating the highest temperature resched. In this way the
desd needle moves when the corresponding vaiue is ¢xceeded and remains
phaitioned at the maximum velue that has been reached (option ¢)

A3 technology has deveioped over the years engine fuel control systems have
evolved from simple mechanical devices, through hydro-mechanical system io the
modern computer coutrolled electronic systems. The curreat state of technology I
tire Full Autherity Digitsl Engine Control system or FADEC. As ity pame suggests,
FADEC has full suthority over aii of the functions of the engine. These functions
incinde all of those iisted In this question, so option b is correct.

As lllustrated below an inductive tachometer system employs an eiectro-magnetic
induction coll placed close to a notched wheel. The wheel is driven by the engine 2t
a speed that ls proportioant to engine RPM. Whenever one of the teeth is aligned
with the magnet, the magnetic field Is very strong. Whenever » gap between the
teeth is aligned with the magnet, the field strength is reduced. The frequency of the
varistion if field strength is proportional to the RPM of the notched wheei. This
fructuating magnetic fleld induces a fluctuating voltage in the induction coil. The
frequency of the eiectrical outpeut signal is therefore a measure of the RPM of the
engine. So the operating principle of an inductive tachometer is tc measure the

frequency of electrical impulses crested by a notched wheel rotating in a magnetic
fieid (option b).

3. The fluctuating
magnetic fleld induces a

fluctuating voitage in ¢
induction coll. \

Amplifier

I. A notched wheel §a
driven by the engine

4, FElectrical signals from
the notched wheel drive 2.
.synchronous metor in the
indicator. The RPM of the
motor {3 &« measure of the

muagnet they cause the frequency of the electrical
magaetic ficld strength to signal.
vary

1. As the teeth of the wheel
pass acrons the face of the
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ENGINES 22 ¢,
on is dublous in that it does not specify what ia meant by the term

I{;lu:c:lrt::il:” tachometer™. If this is interpreted to mean a modern digital :’y:tem
used for example with ECAM or EICAS, then the sensor is most likely ::'1 :’n
inductive speed probe, This consists of an Inductive coil wrapped nr|ou ; h: :an o
magnet. The magnet is placed close to cither a toothed phonic wh;e m:r e I e
compressor bindes of the engine. As the engine rotates the teeth o ) w Lo
fan or compressor blades pass in front of the magoet. This cause:uhc T&n‘ o
field strength to fluctuste, belng stroagest when a tooth or blade lf"lmld ih the
magnet and weakeat when a gap does to. This fluctuating magnetic fle ) e
pulsed DC or AC voltage in the inductive coil. The frequency of this voltage

proportional to the engine RPM.

w N is to measure the
the operating principle of an electronic' tachometer
?:eqnens; of th% electric impulse created by a notched wheel rotating in s magnetic

field (option c).
| Speed prebe oa [an
casing veuses passing
Fan casing gﬂ'u.t. fam M4 Imdicat edle position
s determined by frequescy
J—\ ot AC stgmal from prebe
Fan bledey

Permancni
gt
1 Tndactive coll scumes 3 Cables carry AC
variwtiens in maguetic signal to ndleator
ekt camsed by fan blades whetw frequency
passlag close o mageet I anatysed

ENGINES D o, .
As fllustrated below this type of system employs au AC generator t;; ali;erut::”.
driven by the engine. This {s usually a three phase device, but :I”Th:;\g:i:ul ’
The frequency of the alternator output varles with engine RPM Ax

fed to & synchronous motor within the magnetic tachometer. :l“f“ g
synchromous nature, the motor runt at an RPM equsl to the sign rc? 8 y‘.m“.
continuous rotation Is them converted into sogular deflection of = pointer by

of magnetic = drag cup. 30 ouly statements 3 and 5 are true {option a).
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AC TACHO-GENERATOR SYSTEM

Turbojet engines produce thrust by scceierating alr rearwards. The smount of
thrust produced ks equad to the mazs flow of alr passing through the engine
multiplied by the acceleration given to that air. This means that su indication of

thrust can be provided by measuring cither the mass flow of sir or the acceieration
glven to that air.

The mass flow of alr a¢ any given aititude is proportional to the engine low pressure
spool or Fap RPM. One type of thrust indication system is based upon the fan
RPM, which is termed N1.  The acceleration given to the afrflow is preportional to
the amount by which ity pressure is increased as It passes throngh the engine. This
is called the engine pressure ratio or EPR, which is equsl (o the low pressure
turbine outlet pressure divided by ihe low pressure compressor inlet pressare. It is
important to note that EPR ia the ratio of the pressures at two different locations
within the engine, and s not stmply the pressure at any one point. So the two main
sources of information used to calculate turbojet thrust are the Fan rotation speed
(or N1) or the EPR (Engine Pressure Ratto).

ENGINES 35 b,

The hot gasaes passing through a gas turblne engine become exhaust gas only after
they have passed through the flual curbine. In & mult-turbine engine this would be
the lowest pressure turbine. Temperatures in this iocation are extremely high so
methods such as bi-metalic strips and Hquid expansion thermometers are
unsuitable. The most commonly used type of sensor is the thermocouple (option b),

A number of thermocouples connected in parailei are typically used as iflustrated
below,
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Typical Thermocouple Temperature Gauging System

N
Engines fitted with constant speed propetlers have three msin controls. These ave:

1. The RPM lever which controis propelier/engine RPM.
1. The throttle or power lever which controls engine power output.
kS The mixture control lever which controls the fuei:alr ratio.

1t shouid be noted that because they run at constant RPM, the power output of
such engines is not directly related to RPM. The indicators nsed with such engines
are typically:

1. The RPM indicator which s used to indicate propeller RPM snd (o enable
the pilot to controf the propetler RPM regulator (optioa d).

1 The MAP or Boost gange which s wsed in conjunction with the throttle or
power lever to control power output.

kR The temperature indicator which ls used in conjunction with the mixture
lever. :

One comuionly nsed type of torque meter measures the oil pressure reqoired to
prevent rotation of the annular gear of a epleyelic reduction geardox as illastrated
below. Although option a appears to describe this system, closer Inspection of the
wording of the is option reveals that it does not in fact do s0. The option uses the
term “flxed crowe gesr”. This is not the correct name for the “Annular gesr” nsed
Iv this type of system. The use of the term “epicycloidal” is alse incorrect as the
type of gearbox s in fact an “epleyclic gearbox”™. Option a is therefore incorvrect,
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Optlon ¢ is incorrect because the frequency of the output of a single impuise
tachometer will indicate RPM but not torque, Optlon b is correct in that one type
of torque metering system uses this method as iHustrated below, Optlan d appears
to describe the type of system used in the Gazelle heticopter. But this system
measure the frequency of pulses of light rather than the quantity of light.
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TWIN PHONIC WHEEL RPM AND TORQUE MEASURING SYSTEM

ENG 38.

Engine air iniet temperatures are typically in the low to medium temperature
range. They are usually measured using a resistive temperatare probe {option a)
or thermocouple (not an option). Mercury (option b) and alcobol (option ¢} are
rarely ased for this purpose in modern sircraft beczuse of the hazardous nature of
these materiais sud their need for reiatively heavy capillary tubes, Optical
pyrometry ls an advanced temperature sensing method and is currentdy only in use
for the measurement of turbine temperatures in protofype engine testing.

ENG 39, d,

Thermocouple temperature messurement systems operate on the basis of the
Seebeck effect. Two dissimbiar metal electrical conductors are joined at esch end,
Whenever ane of these junctions is botter than the other, a voltage is created in the
conducter. The magnitude of this voltage is proportional to the difference in
temperature hetween the two junctions. If the cold junction {a kept 2 constant
temperature, the voltage will be proportionsl to the tempersture of the hot
junction. So if the cold Junction is kept at conatant temperature, 2 millimetric

voitmeter can be calibrated to indicate the tempersture of the hot junction (option
dj.
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Aithough options a and b are also true, keeping the junction at absolute zere wouid
be an unnecessary complication, because any constent temperature will suffice.
Option ¢ is 2is0 trie but omits the need for the seiected temperature to remaln
constant. Option d is therefore the most appropriate in this question.

Thermocoupie temperature measusement systems operate on the basis of the
Seebeck effect (option ¢), Twe dissimilar metni eiectricai conductors are joined at
ench end. Whenever one of these junctions is hotter than the other, a voitage ia
created in the conducter, The magnitude of this voltage is proportional to the
difference in temperature between the two junctions. So basie thermocouple
systems do not require any form of external power suppiy (options 2 and by. 1t
shouid be noted that option d is incorrect in that inductive resctance piays no part
In the Seebeck effect.

ENG 41.d.

The most commoniy used method of measuring cylinder head temperature is by
means of & thermocouple (options a and d). Resistive probes (options b and ¢) are
not in general use because of their need for an externat power supply.

Ajrcraft piston engines waually possess & considergbie number of cylinders, so the
use of 2 thermocouple on each would be expensive and complex. Tn erder to
overcomoe this problem, most light aircraft piston engines employ a single
thermocoupie fixed to the hottest cylinder(option d), This is because the danger of
detonation and engine damage is greatest where temperature is highest

ENG 42. d.

Engine turbine and £xhaust gas temperatures are usually messured using
thermocouples (). Resistive temperature probes (3) #re commonly used for engine
oil temperature measurement and sometimes alr iniet temperature. Mercury s
rarely used in modern engines becsuse of the hazardous xnd corrosive nature of
the materiai and the need for reiatively heavy capiflary tabes. Capacitive
temperature sensing elements (4) are possible, but are never used in current
alreraft engines. So option d, thermocouples and resistive probes, is the most
appropriate for this question.

Engine turblee and exhaust gas temperatures are useally measured nsing
thermocouples. In order to maintain system effectiveness in the event of a probe
failure, a lsrge number of probes are nsually employed. These are connected in
paraliei as illustrated beiow, so that failure of a single probe will have a minimal
effect on the accuracy of the system (aption c).
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Typical Thermocouple Temperature Gauging System

ENG 44, 2.

The most commonly used method of measuring cylinder head tempersature is by
means of a thermocouple {option ). Resistive probes (options b) are not in general
use because of thelr need for an external power supply. Although the deslgn of 2
capacitive temperature {option c) sensing system Is possible, such systems are not in
use la any current aircraft. Bi-metal strips (option d) are generally used only in
such thlogs as thermostatic vaives.

ENG45. b,

Thermocouple temperature measurement systems operate on the basia of the
Seeheck effect. Two disstmilar metal electrical conductors are jolned at each end
(option b). Whenever one of these junctions is hotter than the other, a voltage is
created in the conductor. The magnitude of this voltage s proportional to the
difference In temperature between the twe junctiops. If the cold junction is kept a
constant tempersture, the voltage will be propertional to the temperature of the
hot junction.

If the metals were connecied at only one point (option &) no current could Now.
Option ¢ apperrs to refer to some type of capacitive system. Such systema are aot
related to thermocouples and are oot currently used In aivcraft. The Seebeck effect
is caused by the dissimilar nature of the two metals so using two similar metais
(option d), wouid be ineffective.

ENG 46, ¢,

Engine turbine and exhaust gas temperatures are usuaily measured using
thermocoupies, in order to malntain system effectiveness in the event of a probe
failure, & large number of probes are usually empioyed. These are connected in

B

paraliei (option ¢) as illustrated below. so that failore of a single thermocouple will
have s minimai effect on the accuracy of the system. A single thermocouple (aption
a) or a pumther connected in series (option b) are not used becruse this would cause
alt indications to be Yost if one thermocoupte falied. A thermistor {option d)isa
transistor, the resistance of which variea with temperature. They are often used as
thermostatic switches but are not used (o measure Jet engine exhaust temperatures.

{. Multiple thermocoupies arranged in a
¢ircle around the jet pipe or turbines

View looking lnto measure the hot gas temperature

jet plpe from rear

2, Alrinlet
thermocouples
measure the
temperature of the
incoming air

N 4. Engine

3 A" {emperature
Temperature indicator
data is sent to /
engine fuel /
control unit

Engine Fuel Controi

Unit

TYPICAL THERMOCOUPLE SYSTEM

47
This question refers ta the dead needle sysiem employed in some sircraft fypes. A
movable red poluter can be rotated to position it over the red line that indicates the
maimum permissibie temperature. As engine tenaperature Increases during start
up and operation, the indicatoer pointer moves up towards the movable red pointer.
If the mazimam permissible temapersature is exceeded, the needle pushes the ved
Hme up to whatever maximam is resched, then leaves it there as temperatares
subsequently decline. So the red polnter position remaiss a3 & record of the
maxtmum temperature that was stiained in excess of the red iine itmit.
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ENG 48. ¢,

Thermocouple teraperature measurement systems operate on the basls of the
Seebeck effect. Two dissimiiar metal electrical conductors are joined at each end,
Whenever one of these junctions is hotter thas the other, 2 voitage Is created in the
conductor. The magnitude of this voitage is proportional to the difference in
temperature between the rwo functions. 1f the coid junction is kept & constant
temperature, the voltage will be proportional to the tempersture of the hot
junction. So if the coid junction is kept at constant temperature, a milllmetric
voltmeter can be caiibrated to indicate the tempersture of the bot junction (option
c). The temperatures specified in options a snd b, have no special significance in
this matter. Option d is incorrect because the hot junction must be exposed to the
hot gasses in order to measure their temperature,

ENG 49. 4

Thermocouple temperature measurement systems aperste on the basis of the
Seebeck effect {1). Two dhsimllar metal elecirical conductors are joined at each
end. Whenever one of these junctions is hotter than the other, & voltage is created
in the conductor. Resistive tempierature probes as lilustrated below, operate on the
basis thst the probe resistance increases as ternperature increases (2). Although It
might be possible to design and construct a temperature measurement system
based on capscitance (3), such systems are not currently iu use in alreraft,
Thermal expanslon and contraction (4) are sometimes used to measure
temperafures in aircraft. Such systems are filustrated beiow.

View looking into 1. Multiple thermocoupies arranged In a
jet pipe from rear circle around the jet pipe or turbines
measure the hot gas temperature

the incoming air

),
Temperature
duts is sent to
4. Engine
engine fuei
control unit """ temperature
indicater
Engine Fuel Control _
Unit TYPICAL THERMOCOUPLE SYSTEM
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measure the temperature of
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RATIOMETER TEMPERATURE MEASUREMENT SYSTEM

Typieal Thermal Expansion Type Temperatare Measuring System
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The mast commonly used method of measuring cylinder head temperature is by
means of a thermocouple. Alrcraft piston engines wsuaily possess a considerabie
number of cylinders, so the use of a thermocoupie en each wonld be expensive and
complex. in order to overcome this problem, most light alrcraft piston engines
empioy # single thermocouple fizxed to the hottest cylinder{option d), Thisls
because the danger of detonation and engine damage is greatest where temperature
is highest

ENG 51, b,
Various terms are used to describe the temperatures at different points within gas

turbine engines. Examples are compressor inlet temperature, compressor outiet
tempersture, turbine inlet temperature, turbine outlet temperature, jet plpe
temperature and exhaust gas temperature, The term exhsust gas temperature
{EGT) refers to the temperture of the gas as it exits from the ixst or low pressure
turbine. So option b is the mast appropriste in this question, Tt should be noted
that where an engine has more than one turbine, the high pressure (HP} turbine is
upstream of the LP turbine. Gas flowing into and out of the HP torbine (options »
and d) is therefore hotter than the EGT of the gas Nowing out of the LP turbine.

ENG 5. a.

Various terms are used to describe the temperatures at different peints within gas
turbine engines. Exampies are compressor inlet temperature, compressor outlet
temperature, turbine inlet temperature, turbine outlet temperature, jet pipe
temperature and exhaust gas temperature. The term exhanst gas temperatare
(EGT) refers to the temperature of the gas as It exits from the last or low pressure
turbine. So option a is the most appropriate in this question.

Options b and ¢ are incorrect hecause they refer to turbine inlet temperature (TIT)
and jet pipe temperature (JPT) respectively. Combustion chamber temperature
(option &) is much higher than EGT aud Is in fact rarely measured except in
prototype and development engines. It should be noted that few if any alrcvaft
provide Indications of both EGT and JPT simultaneously.

ENG S).a

A ratiometer system is Hlustrated below. It works by comparing the ratio of
currents passing through two resisters. One resistor is kept coustant, whilst the
ather varies with changes In temperature, But both resistors are fed from the same
voltage supply, so the ratlo of the currents flowing through each is determined only
by the temperatore-induced variations Is resistance in the temperature probe. The
lengths and heuce line resistances of the two sides of the cirenlt are approximately
equai. A ratiometer is therefore iargely insensitive to line resistance losses, option &
is true and options b and ¢ are vntrue. It shoald however be noted that damage to
any single side of the circuit will degrade Its accuracy se option d is unirue,
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RATHOMETER TEMPERATURE MEASUREMENT SYSTEM

ENG 54, a,

Reaistive tempersture probes as liustrated in the previous question, operate on the
basis that the electrical resistance of the probe [ncreases as temperature incresses,
They are not sultabie for the sensing of extremely high temperatures, but are
commanly used for such things as engine lubricating oil tempersture messurement
systems.

Although it might be poasibie to design & capacitive temperature messurement
system (option bj, such systems are not commonly used |a aircraft. Thermocouplhes
(optiot ¢} are commonly used for exhaust gas and turbine temperature
measuremsnt but rarely for lubricating ofl. Bi-metalic strips are moat commonty
used in thermaostatic switches and light aircraft air temperature gauges.

EPR is the ratio of LP Turbine outlet pressure to LP compressor inlet pressure. It
I3 therefore calcuinted by dlviding the first of these pressures by the second. None
of the options listed will schieve such a divition, 560 none are strictly correct. This
question has however been reported by s number of students, so 1t Is probably an
accurate representation of » real guestion, It is therefore necessary to gauge which
of the options the examiners nrost probabiy believe to be correct.

Bourden tubes measure bigh pressures and capsules produce very smali
mechanleal outputs, neither of which are required in sn EPR gauge. So option a
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can be discarded. A differential capyule subtracts one pressure frem spather to
icave the differcnce between the two. n an ASI for example this method is used to
extract dynantic presyure from pitot pressure by subiracting static pressure. But
the EPR gauge must divide one pressure by another to glve the ratlo of the twe
pressures 3o aptlen b is untrue. Capacitive probes (option d) are used in fuel taok
contents measuring sysiems.

The diggram below shows hew & typical EPR gauge is constructed. LP compressor
(or Fan) inle¢ pressure (P,) is fed into s beliows opposite au aneroid capauie{option
c}or bellows (option b). This arrangement gives an absolute value of P;. The
integrased sum of Fan outlet and LP turbine outlet pressares (Pra) is fed into a
beilows oppesite & P; bellows. This gives s value of P, minus P,. The forces
generated by the bellows act upom & transducer and Linear Voliage Transformer
to generate an ¢lectricai signsl. This is amplified and fed 10 a serve motor to
position & potentiometer to produce & signal relative to the ratio Py : P; which Is
EPR. This signal iy fed to the EPR indicator in the cockpit. Option b, bellows snd
option ¢ aneroid capsule, are therefore both correct.
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The range of temperatures 10 be measured n a carburcttor intet temperature
system is relatively low and great accuracy is not required. The most commonly
used method s therefore the resistive probe as llustrated below. It shouid be noted
that reactive and capacltive probes, option < and d are not in common use in any
sirceaft systems.

ratls of redutapcem

RATIOMETER TEMPERATURE MEASUREMENT SYSTEM

The range of temperatures to be measured in az engloe ofl system is relatively iow
and great accuracy is not required. The most commoniy used metbod is therefore
the resistive probe as [lustrated im the previons guestion. it should be noted that
reactive and capacitive probes, option ¢ and d are not in common use in any
atrcraft systems.

The range of temperatures to be measured in b engine fuei system to compensate
for altitude changes, is relatively low. Ir non FADEC systems there is no specific
requirement for an eiectrical output, so the most commonly used method is
therefore the Liquid expaosion probe (option a} as illustrated below.
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Typleal Thermal Expansion Type Temperature Messuring System

Tt should be noted that reactive and capacitive probes, option b and d are vot in
common use in any alrcraft systems, Bi-metatic strips (option c) are most
commeniy used In thermoustatic switches and light alreralt air temperature gRuges.

ENG 59. b,
The circumferences of the dials of EGT ganges are commonly marked with colour

coded arc to Indicate vartous temperature ranges. The usual coding system is as
follows:

White, green or uncoloured. Normal range for unrestricted use (aption a).

Amber. Cautionary range available for limited dme.
This might include maximum EGT for
take-off or climb power (option b).

Red. Maximum silowable temperatare, avsilabie for
momentary use anly.

It should be noted that options ¢ and d are not commoniy used terms.

ENG 60, b.

The ratiometer operates by applying the same suppily voltage to two resistive
circuita, as iflustrated in ENG 19, The resistance of one clreuit is conatant, whilst
that of the other increases with temperature. The curvent flow through each
circuit is therefore proportionad to the supply voltage xnd the resistance of each
ctrenlt. Both circuits are of the same iength and share the same power suppiy, so
the ratio of the fwo currents wili vary only with variations in temperature. A
ratiometer ls therefore iargely insensitlve to variations in line resistances {option b)
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or power suppiy. So options a and d are untrue. Option ¢ is strictly true only if the
line resistance of both circuits vary to the same degree,

ENG 61. band d.

Turblne engine air intet pressures are typically quite low, so a bourdon tube
(optien a), which measures high pressures, would be ineffecdve. A differentisi
capauie (option c} is also inappropriate in that It Is the absolute pressure abave zero
that Is of interest. Bellows (option b) and aneroid capsules (option d) are both
suitable in that they are both capable of measaring low pressurea.

ENG63. e,

Capsules (1) are very thin metsl enveiopes which expsad sod contract in response
to changing pressures. They are typically used in pltot static instruments where
they measure small changes in very low static and dynamic pressures. Bellows (2)
alse measure low pressures. They are commonty used In hydro-mechanical fuel
systems, where the pressures are in the iow to medium renge. Bourden tubes are
flattened metal tubes formed into a curve. They gradually straighten out when the
internal pressure increases. Bourden tubes are used to messure high presaures.
The correct sequence ia thercfore 1,2, 3, as indicated in option 2.

ENG 6. ¢

A capaule stack is simply 2 number of capaules stuck togetber, so that their
individuat movements are added together to give » larger overall response. They
are used to measare low pressures when a large mechanical outpat for & glven
pressure change Is requlred (option c).

ENG 64, »,
Bellows are used to measure presure. They are commoanly used in hydro-
mechanical fuei systems, where the pressures are in the jow to medlum range.

Turbine outlet pressures are oreasured for a variety of reasons, When measured as
part of an EPR gauging system, they are measured using capsules or bellaws
(option b). In older hydro-mechanical engine fael systems they sre also measured
using beflows (option b) to operate engine pressure rato limitdnyg systemn.
Differential capsules (option c) are not used because they subtract one pressure
from another and bourdon tubes (option d) are not used because they measure high
pressures, So options a and b sre both correct. Optioa b is however the most
widely used method, so this i3 peobably the one that the examiners require.

ENG 66. b,

Remote pressure sensing systems work by producing az electrical resistance that is
proportional to the pressure, This is then transmitted to the cockpit where it is
measured using & wheatstone bridge or ratiometer gauge (option b). Options a, ¢
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and d are all incorrect because capacitance s not used to measure pressures in
current aircrafi.

ENG 67, ¢.
The EPR gauge jpdicates the ratio of LP turbine cutlet pressure to compressor

intet pressure. To do this it divides turbine cutlet pressare by compressor inlet
pressure (aption c) a3 illustrated in the disgram below.
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The critical altitude is the maximum altitude at which a turbocha

maintain its rated boost when climbing st rated power sciting, Atrg a:ld l::?: e
altitudes the system will sutomatically maietain rated boost. In this case the
critical alticude Is 15000 ft, 30 the boost at 10000 ft will be 10 PSI. But the questions
asks what MAP will be at this point. MAP is the absolute preasure in the manifold
and can be calculated by adding ISA msl pressure of 15 PS1 to the boost pressure.
So in this case the MAP will be 23 PSL. This can be converted imto inches of

mercury by multiplying by 2. So the MAP of 25 PSl iy equal to 50 inches of
mercury. So option a is correct,

ENG69. ¢,
All rotating bodies produce vibration due to minor imbalances and roughness in
the bearing surfaces. In the case of aircraft eagines, sudden increases in vibeation

are a sign of damage and car potentiaily indicste im
pending failure, 1t is therefore
important that engines be shut down if such increases go beyond specified timdis.
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VYibraton monitoring systems messure both the frequency of the vibration and the
amplitude. The lrequency indicates the RPM of the damaged component whilst the
amplitude indicates the degree of damage. But a pilot in Nlight has Nttie intereat in
which specific component in an engine is causing vibradon. What be or she needs
to know is whether or the not it is safe to continue running the cngine. So aircraft
vibration monitoring systems indicate the amplitude of the vibratioa, relative to
seine specified shut-down threshold (option ¢).

ENG 70. b,

All rotating bodies produce vibration due to minor imbalances and roughness In
the bearing surfaces. In the case of aivcraft englnes, sudden incresses in vibration
are g sign of damage and csn potentiaity Indicate impending faflure. 1t iy therefore
important that englnes be shut down if such lacreases ga beyond specified limits.
Vibration monltering systems measure both the frequency of the vibration and the
amplitude. The frequency indicates the RPM of the damaged component whilst the
amplitude indicates the degree of damage. But » pilot in flight has little interest in
which specific component in an engine Is causing vibration. What be or she needs
to know is whether or the not it is safe (o continue running the engine. So aircraft
vibration monitoring systems indicate the amplitude of the vibration, relative to
some specified shut-down threshold (option b).

ENG 7LD,

Vibration in alreraft is commonly measured by acceleremeters (1) based on two
principles. The inductive (3) method nses & small permanent magaet suspended on
weak springs. As the aireraft vibrates, the magnet oscillates on the springs. The
magnet ls surrounded by an inductive coil, so this osciliation indoces an alternating
voltage in the coll. The second method is the piezoclectric crystal (2), which creates
a small voliage whenever pressure is applied to it. The crystal with & small weight
attached te it, s fized to the structure. As the aircraft vibrates the welght
alternately presses on and releases the crystal. This creates an alternating voltage
simdlar to that in the inductive method. In both cases the frequency of the voltage
fa proportional to the RPM of the vibrating compotent snd the amplitude of the
voltage Is proportional (o the vibration amplitude. So option b Is correct.
Capacitive systems (4) and straln gauges (5) are not used o measure vibration in
carrent sircraft.

Vibration metering systems In aircraft commenly employ accelerometers to
measure both the frequency and amplitude of the vibration. Bat the signals from
the accelerometers are a combination of all of the vibration frequencies present,
plus electrical noise. Frequency (liters are therefore used to fitter aut all of the
noise and nnwanted frequencies, sa that ounly those of interest to the pilot remain.
These signals are very weak so they are then smplified before being used to trigger
indication yystems. So option b is correct.
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All rotating bodies produce vibration due to mizor imbalances and roughness in
the bearing surfaces. In the case of aircraft engines, sudden increases in vibratdon
are & sign of damage and can potentially indicate impending failure. ¢ is therefore
important that engines be shut down if such Increases go beyond specified limits,
Vibration monltoring systems measure both the frequency of the vibradon snd the
amplitode. The frequency indicates the RPM of the damaged component whilst the
amplitude indlcates the degree of damage. But a pilot in fight has Uttle interest In
which speciflc component in an engine is causing vibration. What he or she needs
to know is whether or the not it is safe to continue running the cngine. So alrersft
vibration monitoring systems indlcate the amplitude of the vibradon, relative to
some specifled shut-down threshold {option d),

All rotating bodles produce vibration due to minor imbalances sud roughness in
the bearing surfaces. In the case of sirceaft engines, sudden increases In vibration
are a sign of damage and can potentially indicate impending fallure. It ls therefors
important that engines be shut down if such increases go beyond specified limits,
The components most likely to sustain damage In turbofan engines are the fans and
the turbines. The main direction of vibration from rotating bodtes is radial, so
turbofan vibration sensors are normally radially aligned on the fan and turbine
casings (option a).

ENG 7% ¢, -

1n muld-propeller aircraft a considerable amount of noise and vibration can be
caused by the internction between ndjacent propellers. In order to minimise these
effects it is necessary to ensure that all of the propellers operate at the same RPM,
Im some aireraft this is schieved by maauaily adjusting the speed select levers for
each engine. The purpose of synchroacopes is to assiat the pilet in this task, by
indicating the RI'M differences between the various engines (option ¢). Each
gynchroscope typically comprises of a smal) disl with a propeller symbol within it.
if ali engines are st the same RPM, ail of the synchroscopes will be stationary, Any
engines not at the same RPM will be Indicated by the rotation rate of their
synchroscopes.

Vibration metering systems in aireraft commonly employ accelerometers to
measare both the frequency and amplitude of the vibration. The accelerometers
meazare the radial movement of the eagines, But the signals from the
accelerometers is s combinatior of all of the vibration frequencies present, plus
electrical noise. Frequency filters are therefore nsed to filter out al} of the noise
and unwanted frequencies, 10 that only these of interest to the pllot remain. Theso
signals are very weak so they are then amplified before being used to trigger
indication systems. So option d is correct.
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Vibration in alrcraft is commonly messured by accelerometers based on two
principles. The inductive (1) method uses a small permancnt magnet suspended on
weak springs. As the aircraft vibrates, the magnet osciliates on the springs. The
magnet is surrounded by an inductive coll, so this osclllation induces an salicrnating
voltage in the coll, The second method is the piezoelectric crystal (4}, which crestes
a smai] voltage whenever pressure is appiied to it. The crystal with a smuall weight
attached to it, is flxed to the structure. As the aircrsft vibraies the weight
aiternately presses on and releases the crystsl. This creates an alternating voitage
similar to that In the inductive method. In both cases the freqmency of the voliage
is proportional to the RPM of the vibrating compounent and the amplitude of the
voltage I proportional to the vibration amplitude. So option b kx carrect. Phonie
wheels (2) are used to measure RPM and torque. Magnetometers (3) are not used
in current aircealt,

ENG 78.4.

A tacho-generator engine RPM messuring systemn employs an AC generator driven
by the engine. This is usually » three phase device, but can be single phase or even
DC in older system. In the AC systems, the frequency of the generator output
varies with engine RPM. The AC signal Is fed to 2 synchronous moter within the
indicator. Because of its synchronous nature, the motor runs at an RPM equal to
the signal frequency. This continuous rotation is then converted inte saguiar
deflection of a polnter by means of magnetic a drag cup. Most modern systems are
3 phase AC, so option d is the most appropriate in this question.

4. A drag cup converis rotntien of the
:ynzl:::o:sp;'::or motor into angufar deflection of the pointer.
in the indicator \
rotates at the same " 1S
RPM as the
generstor.
baluuces the torque of
the drag cup.
2. The three N\a— I Athreephase AC
phase AC signal «,l» generator driven by
ia fed to the tacho ';r,_J ilte engine produces s
indicator, / AC sigoal the
frequency of which is
proportional to the
engine RPM.
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ENG 79, a,

Both torgue and engine RPM can be measured simultaneously using a system of
two phonle wheels, Wheels are flzed 1o each end of the engine output shaft, such
that their teeth are aligned when no torque is applied. Adjacent to each wheet Is a
speed probe comprising of an inductive coil wrapped around a magnet. As the
shaft rotates, the tecth of each wheel pass close to the adjacent magnets. The
passing of the teeth causes the magnetic flelds to fluctuate, thereby inducing a
currenty j the coils. The frequency of each carrent is proportional to RPM of the
wheel. The signals from both wheels are in phase when no torgue ls applied to the
shaft. But as torque increases, the shaft Is twisted, causing the phonic wheels to
rotate out of alignment. This in turn causes the siguals rom the two wheels to
mave out of phase. The phase difference between the wheels is proportional to
torque. S0 option & is the most appropriate in thiy question, This system iy
iRastrated below.

4 Frrgurnc; af vignl from caa
probn b prapertinasl w RPM

TWIN PHONIC WHEEL RPM AND TORQUE MEASURING SYSTEM

ENG39. b,
A tacho-indicator receives an elecrical signal that s in some way proportional to
the RPM being measured. In an AC system it is the signal frequency that

represents RPM, whilst in a DC system it is the amplitude, In both cases this siunnl.‘.'
is fed to a motor which rotates at a speed proportionsal to the RPM being measured,’

This continwous rotation must then be converted into & Hmited degree of angular
deflection of a pointer in the indicator. This is achieved by s magnet rotating
within & metal drag cup (option b}, As the magnet is rotated by the mator it
attempts to turn the cup with it. But cup rotation is Limited by a weak spring. At
any given RPM, the turning effect of the magnet balances the spring such that the
pointer angle indicates REM,
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AC iachometer systems employ an AC generstor driven by the engine, (o produce a
signal the frequency of which is proportionai to measured RPM. This signad la fed
to a squirrel cage synchronous AC motor. Becawse of its synchronous nature, the
motor runa at a speed that s propartional to the frequency of the signsl. Most

modern systems employ 3 phase generators and motors to improve accaracy. This
system s jlluserated below,

3. A three phase synchronous motor
in the indicator rotates at the same

RPM az the generator. \

4. A drag cup converts rotadon of
the motor inte angulsr deflection of
the pointer.

5. A weak balrspring
balansces the torque of
the drag cup.

7

2. The three phase AC 1.” A three phase AC generator driven by the
signal is fed to the tacho engine produces an AC signal the frequency
indicator, of which Is proporticasl to the ¢ngine RPM.

THREE PHASE TACHO GENERATOR

Tacho-generator systems employ an AC generator driven by the engine, to produce
a sigual the frequency of which is proportional (o measared RPM. Thia signal is fed
to a squirrel cage aynchronons AC motor. Because of ity synchronous nature, the
motor runs at a speed that is propertional to the (requency of the sigual (option d).
Most modern systems employ 3 phase generators and motors to improve accuracy.
This system Is illustrated in the previcns question sbove.

[r s non bypass turbojet engine EPR Is the ratto of the LF turbine outlet pressure
to the LP compressor inlet pressure. i s therefore s measure of the proportion by
which the pressare of the air has been increased. But in a high bypass turbofan
engine the sltuxtion is more complicated becanse the majority of the thrust is
produced by the cold stream, or bypass flow. This does not pass through the
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turbines, so turbine ouslet pressure is less relevant to thrust output. EPR in such
turbofans must therefore take into the pressure rises in both the hot and cold gaa
streams. So EPR In a modern turbofan is the ratie of the integrated mean of LP
turbine outlet pressure pius fan cutlet pressure ta the fan inlet pressure.

Option a is incorcect because it not sufficiently precise. Option b is untrue becsuse
it refers to the HP compressor. Option d is incorrect because it refers (o
combustion chamber pressuore.

The EPR gauge indicates the ratio of LP turbine outlet pressure (o compressor
inlet pressure. To do this it divides turbine outlet pressure by compressor infet
pressure as Blustrated |a the diagram below.

When the engine are spaoled up to take-off power, prior to brake reiease, the air
pressure in tfenalr intake becomes very low, Dividing turbine outlet pressure by
this very low inlet pressure gives & very high initial EPR. But as the aircraft
accelerates down the roawsy, ram effect increnses the inlet pressure io a value
greater than ambient. Dividing turbine outlet preasure by this increased Inlet
pressure gives a iower vaiue of EPR. So as the aircraft acceierates during its take-
off run, the EPR decreases, But if the compressor {nlet air tapping was blocked the
system wouid continue to sense the lower pressure that existed at the time of
blockage. Dividing turbine outlet pressure by this iower trapped pressure would
cause the EPR gauge to over indicate during the take-off run (option a).

1. Evacuaated or
aneroid bellpws

5. The
voitage sigoal
from the
' LYDT drives
C“'“P"*”“"'{ the pointer of
pressure |s the EPR
fed into
these two
bellows | - "‘ﬂ 4. Distortion of the
1?3 3. Turbine outlet | four bellows cansed
| pressure is fed into | by the different

this bellows

pressures moves a

— —“'] Hnesr votage
transformer (LVDT)

! to create & voliage

| thatis proportional

to the rato of turbine

outlet pressure

divided by

compressor inled

pressire,
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ENG 85, a.

In many modern aircraft the indicated EPR is uted when setting the power levers
at the start of the take-off. So if the EPR gauge is over reading by a wide margin,
there is danger that an unzcceptably low thrust will be availabie during the take-
off. In the worst case this will prevent the fake-off from being completed within the

distances (TORA and TODA) avaiiable. Option 1 is therefore true and the other
eptions are untrue,

ENG 86, b.

The torque output of & turho-prop engire is the turning force applicd to the
propeller drive shaft, En the SI system it is measured in Newton meters (1) and in
the Imperial system it is measured in Lbf i (5). But the method by which it ia
actually measured varies from aircraft type to type. One such method involves the
creation of s hydraulic pressure that is proportional to the applied torque. In some
aiccraft employing this technique the torque is indicated as & pressure In PSI (3).

In more modern aircraft types, torque is usually messufed using phonic wheels or
strain gauges, and indicated in % (2). EPR is never used as an indication of torque
in 2ry aircr2ft cypes. So optlon b is true and the others untrue.

ENG 87. 4.

‘Fhe torque output of a turbo-prop engine is the turning force applied to the
propeller drive shaft. The method by which It is actually messured varies from
aircraft type to type, One such method involves the creation of & bydraulic pressure
that iz proportonsl to the applied torque, This may be in the form of either &
rotary (1) or axial (2) hydrautic system. These sre illustrated befow. Ia more
maodern alrcraft types, torque is usvally measured using phase shift betwéen fwo
phonic wheebs {4), as illustrated in ENG 79, or straln gauges {3) as iliustrated
below. So option d is the most appropriate in this question.
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ENG 88. ¢

The type of tache-generator system that employa a squirrel cage synchronons
motor is ilustrated below. The frequency of the three phase signel produced by
thenchmmnmhmmtomm(ep&-c). The AC signat bs fed
to & synchronous squirrel cage motor within the indicator. Becanse of its
syuchronous nature, the motor runs at an RPM equal to the signal frequeney. This
centinuows roiation is them converied into anguiar deflection of a pointer by means
of magnetic 2 drag cup.
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A three phase synchroneus motor 4. A drag cup cenverts retation of

int the indicator rotates ut the same the motor into anguiar deflection of

RPM as the generater. ™ the pui}ﬂer.

the drag cup.

/

+. The three phase AC L.” A three phase AC generator driven by the
signal is fed to the tacho engine produces an AC signai the frequency
indicator, of which Is proportional to the engine RPM.

THREE PHASE TACHO GENERATOR

ENG 89, ¢.

Vibration metering systems in aircraft commoniy employ accelerometers to
measure both the frequency and ampiitude of the vibration, The accejerometers
measure the radial movement of the engines. But the signals from the
accelerometecs are a combination of all of the vibration frequencies present, pius
ciectrical noise. Frequency filters arc therefore used to filter out ail of the noise
and nowanted frequencies, so that onjy those of interest to the pilot remain. These
signals are very weak so they are then ampiified before being used to trigger
indication systemns. So nptien ¢ is correct.

ENG 9. ¢,

In order to measure any variable very accurately it s necessary to ensure that
variations in indication caused by such things as line resistances and supply voltage
MMuctustions are minimised. The ratiometer as jllustrated below, operates by
applying the same supply voltage to two resistive circuits. The resistance of one
circuit is constant, whilst that of the other increases with temperature. The current
ftow threugh each circnit is therefore proportional to the suppiy voitage and the
resistance of each circujt. But both clrcuits share the same power supply, so the
ratio of the twe currents will vary only with variations in temperature. A
ratiometer is therefore largely iImmune o variations in power supply voltage
{option c). Varjometers {option a) and gajvanometers (option b) are simply
moving coll insiruments and are not in themseives particularly immune to lne
resistance losses. Rheostals foption d) are variable resistors and are usvally used
#5 the sensor in ratiometer systems,
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RATIOMETER TEMPERATURE MEASUREMENT SYSTEM

TEMP L. b,
Total Air Temperature (TAT) is the Static Air Temperature (SAT), plus the
tempersture changes caused by the foliowing:

a. Heating due to kinetic energy being converted Into heat us wirflow is
brought to rest whe it strikes the surface of an aircraft.

b. Heating due to adiabatic compression of the air due to pressure changes
cuused by the motion of the aircrafe through it.

< Heating due to frictien.

So TAT is greater than SAT. The difference between the two depends upon the
msach number of the aircraft, and is described by the standard equation:

TAT = SAT x {1 + (02 x K x M)y

Where K is a measure of the accuracy of the temperature sensing probe.
M is the mach number of the aircraft.

But mach number is TAS/LSS, so TAT is mere proportionsi to TAS than to any of
the other opslons offered in this question. So Totai Air Temperature i3 higher than
Static Air Temperature, by an amount which is proportionst {0 TAS

(option B).
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TE . &
Total Air Temperature (TAT) is the Static Air Temperature (SAT), plua the
temperature changes caused by the following:

a. Heating due to kinetic energy being converted inot heat as airflow is
brought to rest when it rikes the surface of an aircraft.

b. Hesting due (o adinbatic compression of the sir due to pressure changes
caused by the motion of the aircraft through it.

c. Heating due to friction.

But all of the above can be said to be kinetic heating effects, 30 option a is the most
accurate,

IEMEJ. b.

Ram Recovery Factor is a maesure of the accurscy with which » temperature
porbe is able to mensure the full heating effects of ram compression of the air at
high speeds.

TAT = SAT x (1 + (0.2 x K x M%)

Where TAT Is totsl air temperature after ram besting has taken place.
SAT is the static air temperaiure before any ram heating takes piace,
K i the RAM recovery factor, which is 2 messure of the accuracy of
the temperatare seaslng probe,
M is the mach number of the aireralt,

For a Rosemount probe the ram recovery [actor is normally assumed to be 1.0,

TEMP 4. &,
TAT = SATx (1 +(0.2: Kt M)

Where K ia the RAM recovery {actor, which is 2 measure of the accuracy of
the temperature sensing probe.
M Is the mack sumber of the aircraft.

TEME. 5. b.

In some aircraft the EGT guuge s flited with a red line, which is oot connected to
the temperature sensing system, but which cas be moved msnuaily. It is positioned
over the maximum sBewable (red line) EGT prior to engine start-up. If this
temperature s exceeded during the start or subsequent flight, the polnter will
contact the red line and push it sround the dial to the maximum value attsined by
the gauge pointer. The red line will thes remain in this pesition to give & record of
the maxinmem teraperature schieved.
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TEMF 6, ¢

This s a badly worded questioa, but is Included in this book because it has been
reported (o have been in examinations taken by a large namber of students.

Of the five thermometera suggested in this question, only two are reguiarty vued In
modern sircraft. Resistive temperatare coils (1) are used to measure temperature
in & pumber of aysiems such as engine lubricating oil and hydraulle fluid.
Thermoconples () are used in a wide range of systems Including EGT and cylinder
head temperature. But each option includes three metbods, 30 ancther must be
selected. Although Mercury is used to measure tempersture In von-avinton
situations, it [s rarely used In moders afreraft. It is however a more likely option
than Capacitive (3) or Inductive (4) methods, in that ¢can be said to be used in
adreraft first aid kits, Option d Is therefore the most accurste In this guestion.

XEMP 7. b.
Totnl Air Tempersture (TAT) iy the Static Air Temperature (SAT), plus the
temperature changes cawsed by the following:

3 Henting due to kinetic energy being convereted into heat as airflow is
brougit te rest whea it strilies the surface of an aircraft.

b. Heating due to adisbatic compression of the air due to presssre changes
caused by the motion of the alrcraft through it.

c. Heating doe to friction.

Options s and b, are therefore each partly correct. 1t is bowever true that
adisbatic heating makes & greater contribution to the temperatare rise than does
friction heating. So option b is the meet appropriate. Options ¢, heating due to
shock waves, and d, gauge errora are both nutrae.

JEMP 8. b,

Thermocouples operate on the basis of the Seebeck effect whereby two dissimilar
niectals are joloed together at two jusetiom. 1f one of these jonctions are hesied, s
voltage is generated across the twe metals. The maguitude of this voltage is
increased by heating one junction (iu the temperatare probe), whilst keeping the
other junction (In the gauge) st a lewvey temperaiure. In this way thermoconple
systemn gemerate their own clectrical pawer supply (1). Becumse the

sensors are imply metal junctions, they huve oo meving parts to wear oat (2). The
voltages produced are typically very low and are ifieasured im millivolta (3).
Provided suitxble metals sre used, thermocouples cam be employed in high or low
temperature areas (5).

Thermocouple systems are however sasceptible o line resistance losses (4} I for
example, electrical counectors at the back of the guitge or probes become corroded,

the voltages and carrents sensed by the gauge will be redoced. So statemenst 1,23
and 5 sre true (option b}
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TEMP 9. b,

Fhermocouples operate on the basis of the Seebeck effect whereby two dissimilar
metals are joined together at two junctions. If one of these Junctions are heated, a
voltage is generated across the two metals. The magnitude of this veltage is
increased by beating one juncton {im the lemﬁeratq{: probe), whilst keeping the
other Juncdon (in the gauge) at a lower temperature, If the cold junciion ia kept 2t
a constant temperaiure, any change in voltage will be entirely due to changes in the
temperature of the hot junction. The gauge can ther be calibrated in degrees of

temperature. A typical Jet engine thermocouple temperature measurement system
is illastrated overieaf.

View looking lato I. Multipie thermocoupies arranged in »
jet pipe from rear circie around the Jet plpe or turbines
measure the hot gas temperature
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TYPICAL THERMOCOUPLE SYSTEM

T

The temperatare of hot gasses In jet engines is normaily measured vsing
thermocoupics. These operate on the basis of the Seebeck effect whereby two
dissimilsr metals are joined together at rwo junctions. If these junctions are beated,
a voitage Is generated across the fwo metais. The magnitude of this voliage is
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2, Air inlet thermocouples
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increased by heatlng one junction (in the temperature probe), whiist keeping the
other junction (in the gauge) at a lower lemperature. [f the cold junction is kept at
& constant temperatare, any change in voltage will be entirely due to changes im the

temperatare of che hot junction. The pauge can then be calibrated in degrees of
tentpersture,

But if ooly one hot junction Is used, the entire syster will be rendered
unserviceable if this junction becomes damaged. To overcome thia problem,
operational thermocoupie systems typically employ s large number of hot
junctions, connected in parsllel. 1f one or more junctions become damaged this has
a minimai effect on the overall voltage. The system then continues to operate,
albeit with siightly reduced accuracy. A typicai thermocouple EGT gauglng system
is iliustrated below. So EGT is messured using thermocouples connected in
parsliell (option b),

EGT Gauge
1Tl fuartiom |

Typical Thermocouple Temperature Gauging System

TEMP 11, a

This preblem must be solved in twa stages. Firstly the SAT =t 36000 ft must be
calculaled. Aj altitude increases up to 36000 ft in the ISA, SAT decreases at & rate
of 1.98* C per 1400 ft. 1SA means sea Tevel SAT Is 15° C, so the SAT at 36000 It can
be ciculated using the standard equation:

SAT at altitude in the ISA = 15° C - (1.98° C x altitude in 10003 of ft)

Which for 36000 tt gives SAT = 15° C — (1.98" C x 36} which = -56.28° C.

This is converted inta absolute temperature by adding 273 to give 216.72° K
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This can then be used to calcalated TAT using the standard equation:

TAT = SAT x {1 + (8.2 x K1 M?))

Where K jq the RAM recovery factor, which is s measure of the accuracy of
the temperature sensing probe.
M is the mach namber of the aircraft.

K for a Rosemount probe is normally assumed to be 1, 30 using this and the data
provided In the question gives:

TAT = 21672°K x(1+ (@21 11 1Y) which = 268.64° K.

Subtracting 273 couverts this to TAT = -12.936* C

This is approximstely ~13° C (option a).

TEMP L. b,

The stundard equaton for TAT is:

TAT = SAT x (1 +(0.2 x Kr 1 M%)

Where Kr is the RAM recovery facter, which is a measure of the sccuracy of
the temperature sensing probe.
M is the mach nomber of the aircraft.

Comparing this with the optioms oifered in this question reveals that option b is the
most appropriate on the basis Indicated below:

TAT = SAT( 1+ 8.2Kr M?),

Where Kr is the RAM recovery facior.
M is the muach nember of the aircraft.

TEMP L), A
Tota) Alr Temperature (TAT) is the Static Air Temperature (SAT), plus the
tempersture changes caused by the following:

&, Heating due te kinetle cnergy being released by the as it is brought to reat
upea the surface of an afreraft,

b. Heating due to adinbatic compression of the air dwe to pressure changes
cansed by the motion of the aircraft through it.

c. Heating due to friction.

Options a, b and ¢, are therelore each partly correct, bat incomplete. It is however
true that sdiabatic heating makes a greater contribution to the temperature rise
than does kinetic heating or frictien. So optien a s the most appropriate.
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TEMP 14. ¢, _

The temperature of hot gasses in jet engines is normally measured using
thermocouples. These aperate on the basis of the Secbeck effect whereby two
dissimiiar metals are joined together at cwo junctions. If these junctions sre heated,
a voliage is generated acvess the two metals. The magnitude of this voltige is
increased by heating one junction {in the temaperaturs probe), whilst keeping (he
other junction (in the gauge) at x lower tempersture. If the cold junction s kept i
a constant temperatare, any change in voltage will bre entirely due to change sin the
temperatare of the kot junction. The gauge, which comprises of 2 moving coll
instrument, ¢an then be calibraied In degrees of tempernture.

IEME LGB, .

A rceslstive temperature probe contalus a smsll metallic reststive clement. This
forms part of an eiectrical circmit. Incrensing temperature increases the electrical
resistance of the coil. By sensing these variations in the clectrical resistance, the
changes (n temperature of the coll are semsed. A typleal resiative gauging system is
ltugtrated below.

Moving coil instrument
within » Wheatstone

bridge

[Resistive Probe

Electrical power supply

L]
 Resistive type temperature gauging system

JEME 16. ¢

A bl-metalie strlp tempeentare sensor is made up of two parallel strips of dissimilar
metsls, joined st cach end. As the temperuture increases or decreases, both strips
cxpand or contract. But because the metnls are dissimilay, thelr thermal expansion
rates are alse dissimilar. So ome strip eipands and contracts at a greater rate than
the other, This canses the strips to bend in & manuer that Is propertional te the
temperature.

This bending motien s commonly msedio open and close electrical thermestatic
switches (option c) In order ta control indicaters or cooling/heating systema.
Although bi-metullic sirips can be used over a wide temaperature range, they are
not used to messure jet pipe temperatures, becasae they do not produce an
clectrieal signal that is proportional to temperature. A thermistor ls 3 semi-
conductor or transistor the output of which varies with temperature.
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T 17,

Resistive temperature probes (1) are commonly used to measure fluid temperatures
in aircraft jubricating oil and hydraulle systems. They contaim & small metatiic
resistive element. This forms part of an ¢clectyical circuit, Increasing temperature
increases the electrical resistance of the coll. By sensing these variations in the
electrieal resistance, the changes in temperature of the coll are sensed.

Expansive sensing elements (4) are often used i Jet engine fuel control systems,
and iz some piston engine fuel injection systems. The system comprises of small
sphere or cylinder at ouc end of a capillary tube, and a bellows or capsule at the
other end. The entire assembly is Mlled with a highly volatile fluld. Changes in
temperature cause this fluid to expand or contract. This in turn causes the bellows
or capsule to expand or contract, operating a gauge or providing » mechanical
output proportional to temperature. A typlcsi expanstve type temperature
measuring system ls Hustrated below.
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Typicsl Thermal Expsnsion Type Temperature Measuring System

The temperature of hot gasses in jet engines is normally messured using
thermocouples. These operate on the basia of the Seebeck effect (5) whereby two
cables made of dissimilar metals are joined together xt two junctions. If one of
these junctions is heated, n voltage is generated across the two wires. The
magaitude of this voltage is increased by heatiag one junction (in the temperature
probe), whilst keeping the other junction (in the gauge) at a lower temperature. If
the cold junction is kept st a constant temperature, any change in voltage will be
entirely due to change siu the temperature of the hot junction, The gauge, which
comprises of a moving coll instrument, can then be calibrated in degrees of
temperature.
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Although it is possible to construet inductive () and capacitive (3) temperature
sensing systems, these are not commonly used in aireraft.

TEMP 18. b,
TAT probes indlicate total air temperature. The standard equation for TAT fa:

TAT = SAT x{1+{0.2 x K 1 M*))

Where SAT is the static (ambient) alr temperature
Kr is the RAM recovery [xctor, which is & measure of the accuracy of
the temperature sensing probe.
M is the mach number of the aircraft.

This can be rearranged to give:
SAT = TAT/(1+(0.2 1K x M)
Inputting the data provided In the question gives:

SAT = 45/(1 + (0.2 x 0.95 x 2%} which s SAT ~ 26.78° K

TEMP 19. b,

The electrical cables and connections between the temperature sensing elements
and the gauges and indicators in the cockplt can be quite long, particularly in large
sircraft. The elecirical resistance of these cables and connectors depends upon the
material from which they are made, the quality of mannlactore, their temperature
and physicsl condition. Dering the life of and alreraft, these components sustain
damage dne to corrosion and fatigue. This increases their electrics] resistance,
This in torn decreases the carrent that will flow far any gives applied voliage. So
systems which use electrical carrent as a messure of temperature, will be made less
accurate due to these line resistance losses. But reslstance losses occur only whew 2
current is flowing. This means that systeras based on varylng voltages, are iess
affected by Hne resistance losses. So temperature sensing systems based on varying
currents are less accurate than those employing varying voltages (aption b). It s
bowever importaut to note that this is trué only when the system Is designed to
allow no significant current flow. This would be the case for example ina digitsl
system.

Rosemount probes are used in modern aircraft to measore the total sir
temperatare or TAT, They do this by passing & small amount of the airflow over a
sensing element within the probe. Buat if the probe freezes up, this flow of sir
through the probe will stop. In order to overcome this problem., the probes are
fitted with electrical heating coils to prevent iclng. A typicsl Rosernount Probe is
iltustrated below.
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FUEL . b,
A typical Moat type fuel gauging system bs iilestrated below.

1. A wheatstone bridge bs made up of four
constant resistances and one varisbie resistance,
The foel contents gauge is connected across the
center of the wheatstone bridge.

1. The curreat through the gauge Is proportienst to
the resistasce of the varinble resister.

(| —

Power supply.

3. Movement of the Nloat move the |
wiper arm across a wire wound
resivter cail, This varies the
resixtance of the colf. This varies the
currewt through the gauge and hence
the fuel contents indications,

TYPICAL FLOAT TYPE FUEL CONTENTS SYSTEM

Fuel tank.

The scosursin flont-type fuet ganging systems are slmply small cork flosts,
tonccted to the wiper arms of variable resistors. As the faef level rises or falls, the
floats mave up or down, decreasing or increasing the resistance of the variable
resistors. These changes are measured, usunlly by means of a wheatstone bridge, to
give an indication of fuel level, But changes in aircraft sttitnde also cause the fuel
level In esch part of the tank to change, making the system Insccarate (1),

Accelerations and decelerations cause the fael to surge backwards and forwards In
the tanks, thereby changing the indications asd making the system Insccurate )
As altitude increases the temperature causes the fuel to contract,
Mwmhdm“lﬁm&cmueheﬂcdwmdmmn
mmmmm&.mmmm-m Se the system asccuracy
Is reduced by varistions I amblent temperature (4), But amblent pressure
variations (3) have ns sigaificant effect on the accuracy of the system provided the

’ pmmredoumlbecnmlwemugbforthfulmhﬂnmy. So option b, (I, 2,

4} is the only oue that ls entirely true.

EUEL 2. b.

The seavors In capacltive fuel gnuging systems take the form of large capac
each of which is made up of two concentrie tubes, These tbes are vertically
oricnted reaching from the top of the fael tank to the bottom, The dielectrie
mﬂeﬂajhﬁoucapadhncombhoﬂhfniforthatmﬂoﬂhtnh«&nis
below the surface of the fuel, and alr for that part of the tubes that Is above the
surface of the fael.

fuel (optinn b). Ahioqhtheuaymmd.ntopermbylenduehmhm
c:pldmeudlelaelﬂccomuoﬂhhd(owma.&udd)&qdo
automatically compensate for such changed.

FUEL 3, candd
InUMmhhmnmmﬁaBWunw
cm(mc)uwmmm(opﬁolﬂwoﬂhlmbhpm
mmuwmmmummhmmuummb-th
mom“dhorduhmm-hwpmmwnrﬂqwmmrwmhﬂm
light. Mmmmam(mﬂ.emnmmu
illustrated bedow. Bnmmhu(npﬂul)mnlymllmuthq
are unsuliable for this wse, It sheuld alsq be noted that capaciters (sption b) are
not used t» measurs pressare In aay curreat aircraft systems. Se option d, bellows
is the most prabable method, but opion ¢, an aseroid capsule can 2lse be ased. A
typleat fiuel pressare semsor is ilastrated below.
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BELLOWS TYPE LF FUEL PRESSURE SENSOR

FUEL 4. a,

The seasors Ip capacltive feel gauging systems take the form of large capacitors
each of which s made up of two concentric alumininm tmbes. These tubes are
verticaily oriented, reaching from the bottom of the fuel tsnk to the top. The space
between the inner sud outer tubes Is not sesled, so fuel and air ave abie to flow into
and out of the space as the fuel level In the tank changes. The dielectric material
in these capacltors consists of the fuel for that part of the tubes that Is below the
surface of the fuel, and rir for that part of the tubes that Is shove the surface of the
fuel,

The capacitance or charge storing capacity of the sensors is proportionsl ta the
average dielectric constant of the materist between the two tubes. The dlelectric

constant, which 1s proportional to the density (p) of the fucl, s approximately twice

that of air (option &), so the aversll capacitance of exch sensor is proportionai ta the
amount of the sensor that Is immersed in fuel.

FUEL 5. a,

The sensors in capacitive fuel gauging systems take the form of isrge capacltors
each of which Is made up of two concentric tubes. These tubes are verticaliy
orlented reaching from the top of the fuel tank to the bottom. The dlelectric
material in these capacltors conslsts of the fuel for that part of the tubes that {s
below the surface of the fuel, and alr for that part of the tubes that is above the
surface of the fuei.
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The capacitance or charge storing capacity of the sensora is proportiensi to the
average dielectric sirength of the materis} between the two tubes. The dielectric
constant of fael |s approximately twice that of air, so the overall capacitance of
each sensor is proportional to the amount of the sensor that i Immersed In fuek As
the fuel ievel rises and falls, the capacttance of the sensors increases and decreases.
The term capacitive reactance refers to the manner In whick s capeciter affects the
flow of AC carrents. By applylng an AC current to the semsors, am indication of
fuel conteats Is derived om the basia of changes in cxpacitive reactance of the circwit
(option s). It should be noted that the term “reactive capacitance” im options b and
¢ has no recognised weaning. Variations in the dielectrie constant of fael (optien d)
occar only with changes [n fael type,

FUEL 6. 3,

Fuel flow meters can be divided into two general types. These are volumetric flow
meters and mass flow meters. A very baske volumetric flow meter consists of an
Internal finp placed scross the fael pips. Whesn e fael is flovwing, the flap is held
closed by a weak spring. Whenever fusl i flawing (e flap is pushed back te make
a passage through which the fael flows. The size of the orifice crensed by the
deflection of the flap, Is just sufficient to accommodste the volume of the fiasl
fNowing through. Se the orifice size and hence fiap angie b determined bry the
volume flow rate of the fuel. The flap is connected te the wipsr of & variable
resistor. The resistance of this verizhle resistor ts therefors praportional te
volumetric fuel flow rate.

But the energy being supplied to the engine la proportionsl to the mass Bow of foek
Most modern flow meters are therefors of the mass flow typs. Ome such meter
consists of & small turbine through which the fual flaw on itx way te the engine.
The RPM of any turbine is not proportional te the volume flow through i, bat to
the mass flow. This is because the turbine extracts kinetie energy from the
material passing through it, by changing the momentum of that material,
Momentuca is proportional ot to volmme but to mass. So the RIFM of » terbine-
type flow meter b proportioaal te the mass flow of fael hrough &, Mam (Gow at
any given volumetric flow rate is proportional to density, se any chawges i fael
density crused by variations in temperatare or faol type, are antematiexily
compensated for by a mass flow meter foption a).

EVEL. L &

The sensors lo capacitive fuel gauging systems take the form of large capacitors
each of which is made np of two concentric tubes. These tubes arw vertieally
oriented resching from the top of the fuel tank to the boitom. The diefectric
materinl in these capacitors consisis of the fuel for that part of the tubes that {s
below the surface of the faek, and air for that part of the tubes that is above the
surface of the fuel

The capacitance or charge storing capacity of the sensors is propertional to the
average dielectric strength of the material between the two tubes. The dislectria
constunt of fael ls approximately twice that of air, so the sversll capacitance of
each sensor is proportionsl te the amount of the semsor thui ts fmmaersed is foel As



the fuel level rises and fails, the capacitance of the sensors lacreases and decreases
In response to variations in the proportion of the sensors that are immersed in the

fuel.

The dielectric constant of fuel Is proportional to kts density, As fuel temperature
decresses, the fuel contracts, canslng Its density and dlelectric constant (0 increase,
But this contraction also reduces the proportion of the sensor that ls immersed in
the fuel. So as fuel tempersture decreases, the increasing sensor capacitsnce
caunsed by increasing fuel dielectric constant Is negated by the decreasing
capacitance due to the decreasing fuel level. The effects of temperature varistions
are therefore effectively self cancelling. So fuel temperature changes have no effect
on Indications tn & capacltive fuel gauging system (option ).

FUEL 8. 4,
Fuel flow meters ¢an be divided into two general types. These are volumetric flow
meters and mass flow meters (option d). A very basic volumetric flow meter

consists of 2 spring loaded vane placed across the fuei flow passage. This system is
illustrised below.

A spring loaded by-pass valve
aliows fael to by-pass the
metering vane If it becomes
blocked, o
1

(T

: —} Faaid
Fuel outlet. ﬂ X “| = Fuel intet.
Pl ‘ﬁ;lr' Y A

Fuel flow metering

1. A calibrated spring unit.

resists deflection of the

i, This vane ks deflected

by the flow of facl. The 3. The size of this gap Increases with

deflection of the vage lncreadng deflection of the vane.

incresses with lucreasing This means that the deflection of the

fuel flow. vane is proportional to the volume
flow rate of the fuel.

VOLUMETRIC TYPE FUEL FLOW METER

When no fuel is Nowing, the vane Is heid closed by & weak spring. Whenever fuel i
Nowing the Nap is pushed back to make » passage through which the fuel Nows.
The slze of the orifice created by the deflection of the flap, is just sufficient to
accommodate the volume of the fuel flowing through. Se the orifice size and hence
flap angle Is determined by the volame flow rate of the (wel. The flap is connected
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L. The wurbine rotates at an
RPM that Is proportionsl to the /
mass flow rate of fuel passing
through it.

to the wiper of & variable resistor. The resistance of this variable resistor iz
therefore proportional to volumetric fuel low rate.

But the energy being supplied to the engine is proportional 1o the mass flow of fuel.
Most modern flow meters are therefore of the mass flow type, One such meter
consists of a small turbine through which the fuel flow on its way to the engine.
The REM of any turbine Is not propertional to the volume flow through it, but to
the mass flow. This is because the turbine extracts kinetic energy from the
material passing through it, by changing the momentum of that material,
Momeatum is proportional not to velume but to mass. So the RPM of a turblpe-
type flow meter is proportional to the mass flow of fuei through It. This type of fule
flow meter is ilnstrated beiow.

3. Each tme the magnet passes in front of t

inductive coll It induces a small pulse of

electrical current. The frequacy of these pu
is proportionsl to the RPM of the tarbine, 1
in turn is proportional to the mass flow of fu

passing throught the turbine.

Ball bearings to

reduce fricdon, _ Inductive colL.

Bearing support\
vames.

2. A magoetic insort flited to one
bisde of the turbine rotates with the

turbine, This sabjects the inductive flow Rexter:
cotl to a magnetic fleld each time it
: Vaned siraighten out flow
REEE to the
P S Inductive ol before it enters the tmrbine.

SIMPLE MASS FLOW TYPE FUEL FLOW METER

EUEL 9. b,
The sensors In (loat-type fuei gauging systems are simply small cork foats,
connected to the wiper arms of variable resistors, As the fuel level rises or falls, the

M

/ Ball bearinga to reduce frictior

Fuet flow Into



floats move up or down, decreasing or Increasing the resistance of the variable
resistors. These changes are measared, usunally by means of a wheatstone bridge, to
give an indication of fuel ievel. But changes in aircraft attitude also canse the fucl
level ln each part of the tank to chagge, making the system inaccurate (2).

Accelerations and deceierations canse the fuel to surge backwards and forwards in
the tanks, thereby changing the indications and making the system inacenrate (1),
Changes in temperature cause the fuel to expand and contract. So an aircraft that
is refuclled with cold fuel will receive a greater masa of fuel than one recelving
warm fuel. But the pllot must know the mass of fuel on boaard rasher than the
volume, because [t is the mass of fuel that determines aircraft performance. Se fuel

gnuging systems indicate units of masa. Tb’uez_cyp{aﬂnttypemelpm
system |y therefore reduced by variations in ambienytémpersture (5).

Different grades of fuel have different densitiesyso thiv:will also reduce the
sccuracy af the system (6). Flosat type ayste::;n Be‘nwercd by AC or DC 30 (3)
and (4) are nntrue,

FUEL 18 8,

Fuel flow meters can be divided Inta two genersd types. These are volumetric flow
meters and mass flow meters. A very basie volumetric flow meter consiais of &
vane placed scross the fuel pipe. When no fuel ia flowing, the vane is held closed by
a wesk mpring. Whenever fael b flowing the flap k& pushed back to make a passage
through which the fael flows. The size of the orifice created by the deflection of the
finp, is just sufficient to accommaodata the volume of the foel Nowing throagh. So
the orifice size and hence fiap angle is determined by the volume flow rate of the
fael. The fap b connected to the wiper of & varinbie resistor. The resistance of this
variable resistor is theyefore proportional te velumetrie fuel Mlow rate.

But the energy being supplied to the engines Is propertional to the mass flow of
fuel. Most modern flow motors are therefore of the mass flow type. One such
meter consiats of & snaadl tarbing through whick the fuel flow on its way to the
enging. The RPM of any turbine it not proportionsl to the volume flaw through it,
but to the mass few. This 4 becanse the turbine extracts kinetic energy from the
materisl passing through it, by changing the momentum of that materisl,
Momentam is proportiensl pet te valume but to mass. Se this RPM of « turbine-
type flow meter s proportionst to the mass flow of foel through it,

Mass flow at any given volumetric flow rate is proportional to demsity, so any
chasges [n foel denalty cawsed by variations in tempersature or fuel type, are
axtomatically compensated for by & mass flow meter (option 2). Although the
sywtem iy not capable of detecting variations In pressure (option 1), calorific value
(optien cy nor viscosity (option d), these have no effect on the sccaracy of Its mass
fow indications.

FUEL 1L b,
The combustion of fuel converts comples hydrocarben materials into much slmpler
carbon dfaxide, carbon monoxide and water. The effect of this Is to break the high

energy chemical bonds within the fuel and replace them with mach lower energy
bonds. The energy relensed in the form of heat represents the difference between
the high energy content of the Initiaf bigh esergy bonds snd that of the new lower
energy bonds. The calorific vatue of & fuel bs & measure of the energy svallabie in
each unit of fuel. Both the chemlen] emergy content and the mass of fuel are
proportional to the number of chemical bonds. This in turn Is proportional to the
number of wolecules.

As fuel temperature increases and decreases it expands and contracts. This mesns
that the same number of molecules take up 2 differcot volumse. This in tarn menns
thnthmpentunchng«wmalterthmofchemkalmrgyhuyghu
volume of fael, but will not alter the amount of energy in any given mass. So
calorific value of fuel is proportional to mass rather thas to volume.
Thcnhatwllctuemhpnﬂdedh(hemglmheqnﬂhlhuhﬂﬁcvﬂud
the fuel muitiplied by the mass fuel flow. Fuel mass flow rate is therefore more
Importast than fuel velumetric fiow rate because calorific value is proportional to
mass (optica b).

[t should be noted that although options s and d are troe, they are not the most
significant factors in determining the relative importance of mass flow and volume
flow,

EUEE 12, b.
Thecombwﬁuotfndconemconpluhydmmbummhhhtnmmm
carbon dioxide, carhon monoxide and water. The effect of this is te break the high
cnergy chemicat bonds within the fael and replace them with much lewer eneryy
bonds. The energy released in the form of heat represeats the differemce between
the high emergy content of the initisl high energy bonds and that of the new lower
energy bonds. The calorific valae of a fuel bs & messure of the energy avallable in
each unit of fael, Both the chemical emergy content and the mass of fuel are
propartional to the sumber of chemical bonds. This im turn is proportional to the
number of molecules.

As fuel temperature increases and decreases It expands and contracts. This means
that the same number of molecnlos talie ap & different volame. This in tors means
thet temperature changes will slier the amount of chomienl snergy in any givea
volume of fwel, but will net aiter the amount of caergy in auy given masn. Se
<calorific value of fuel v proportienat to mass rather thas te volums.

mrmatwmwummummquummm‘-«
the foel multiplied by the mass fuel flow. Fuel mass flow rate is therefore more
Important than fuel volumetric flow rate bocause calorific value is proportional te
ma. 5o most modern turbofap cagines employ mass fuel flow meters (option b),

EVEL L. d,

Fuel ow meters can be divided inte two gemernl types. These are volumetric flow
meters and mass flow meters. A very basic volumetrie flow meter consists of an
interual vane piaced across the fuel pipe. When no fuel is flowing, the vane Is beld



closed by a weak spring. Whenever fuel is flowing the flap Is pushed back to make
a passage through which the fuel Rows. The size of the orifice created by the
deflection of the flap, I just sufficient to accommodate the voiume of the fuel
flowing through. Sa the orifice size and bence fap angle is determined by the
volume flow rate of the fuel. The flap is connected to the wiper of a variable
resistor. The resistance of this variabie resistor is therefore proportionai to
volumetrlc fuel flow rate.

But the energy being supplied to the engines is propoertional to the mass flow of
fuel. Most modern Aow meters are therefore of the mass flow type. One such
meter conslsts of a small turbine through which the fuel flow on its way to the
eagine. The RPM of any turbine is not proportioasl to the volume fMow through It,
but to the mass flow. This is because the turbine extracts kinetic energy from the
material passing through it, by changing the momentum of that material,
Momentum s proportional not to volume but to mass. So the RPM of & turbine-
type flow meter is proportional to the mass flow of foel through it. So modern
turboprop aircraft are Ukely to use turbloe impeHer type fuel Now meters (option
d)

FUEL 14.¢.
The sensors in capacitive fuel gauging systems take the form of iarge capacltors

each of which ls made up of two concentric tubes. Fhese tubes are vertically
oriented reaching from the top of the fuel tank to the bottom. The dlelectric
materisi In these capacitors conslats of the fuel for that part of the tubes that Is
below the surface of the fuel, snd air for that part of the tubes that Is above the
surface of the foel.

The capacktance or charge storing capacity of the sensors is proportional te the
aversge dielectric strength of the material between the two mbes. The dlelectric
costant of fuel ls approximately twice that of air, so the overall capacitance of each
sensor is proportional (o the amount of the sensor that is immersed s fuel. As the
fuel levei rises and falls, the capacitance of the sensors increases sod decreases in
response to variations in the proportion of the sensors that are Immersed in the
fuel.

The dielectric constant of foel is proportional to its density. As fuel temperature
decreases, the fuel contracts, causing its density and dielectric constant to Increase,
But this contraction alse reduces the proportion of the sensor that Is immersed in
the fuel. So as fuel temperature decreases, the increasing sensor capacitance
caused by increasing fuel dielectric constant Is negated by the decreasing
capacltance due to the decreasing fuel level. The effects of temperature varintions
are therefare effectively self cancelling. So fuel temperature changes have no effect
on |ndications in & capacitive fuel gauglug system. But If fuel of a different grade Is
put jnto the tank, thls fuei will have s differenet dielectric constant, This menns
that contents indications will be Inaccurate.

One method of overcoming this problem is to use a compensated capacitive fuei

guging systems. This system gives an indication of tank contents In the manner
described above, but in dolag so compares the capacitance of the maln sensors with
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that of a small reference capacity. This reference capacitor is fixed in a horizental
positien at the bottom of the tank. This means that the reference capacitor is
completely immersed in whatever liquid is in the bottom of the tank, The system
measures the capaciatnee of the reference capacitor and uses this value to culeulate
the dieleciric constant of the liquid surrounding the reference capacitor, It then
calewlates the mass of fuel in the tank based upon the assuinption that al) of the
liquid is of the same dielectric constant. Lo this way the system Automatically
compensates for changes in fuel grade,

The diclectric constant of air is I, that of jet fuel is about 2 and that of pure water is
about 80. If the fuel tank holds a very small amount of water and a larger amount
of fuel, this water will be at the bottom where it will immerse the reference
capacitor. The system will then compare the more-or-less normal capacitance of
the main capaciters with the greatly increased capacitance of the reference
capacitor. This will cause it to read almost (but net quite) empty. [ however then
tank holds only water this wili greaetly increase the capacitance of the main
capacitors. The system will therefore calulate that the tank holds an exceptionslly
large mass of fuel (sbout 40 times its normally full mass). Becsuse of the
limitations of the indication system it is highly unlikely that it wit) be capable of
indicating this mass accuariely. The system will therefore give an indication that is
more than zero, but inaccurate (option d),

FUEL I5. b,

The sensors in float-type fuel guuging systems sre simply small cark Moats,
connected to the wiper arms of variable reslstors. As the fuel level rises or falls, the
floats move up or down, decreasing or increasing the resistance of the variable
resistors. These changes are measured, usuzlly by means of a wheatstone bridge, to

give an indication of fuel level, The principal advantage of this system is that it is
simple and cheap (2),

But changes in aircraft attitnde also canse the fuel level in cach part of the tank to
change, muking the system inaccurate, so (4) Is untrue, By sensing the fuel level
this system actually measure volume rather than mass, 50 it is unable to
compensate for changes in density due 1o therma! expansion and contraction or
differing fuel grades. So (1} and (4) are untrue,

FUEL 16. a,

The sensors in float-type fuel gauging systems are simply small cork floats,
connected to the wiper arms of variable resistors. As the fuel level rises or falls, the
floats move up or down, decreasing or increasing the resistance of the variable

resistors. These changes are measured, vsually by means of a ratiometer, to give
4 indication of Tuel level,

A ratiometer operates by applying the same supply voltage to two resistive circnits.
The resistance of one circuit is constant, whilst that of the ather increases with fuel
fevel. The current Row through each circuit is therefore proporiional to the supply
voltage and ithe resistance of each circuit. But both circuits share the same power
supply, so the ratio of the twa currents will vary anly with variations in fue level,

nlps



\ ratiometer is therefore largely immune to variations in pewer supply voltage, 50
uption b is untrue. It should however be noted that if the supply voltage becomes
extremely tow, the cureent will be insufficient to power the gauge, so option d is not
entirely true.

Acgab anometer is simply an ammeter and is therefore unable to compensate for
varistions in pewer supply or line resistances. So il the system uses a galvanometer
as its inclicatar, its readings will also be sensitive to changes in supply voltage
(option ). A faat type fuel gavging system using a ratiumeter is illsutrared below,

I. The currentsin 1. The relative magnitudes of

two coils atiempt fo the twe currents depends upon
A permunent moave the peinter in the relative magnitudes of the
magnet opposite directions, two reslstances,

provides the
magnetic ficld
within the

s0 the pointer

guupe. magnitudes of the wiper arm position.
two currents.
Variable
resistance, !
Constant |
resistunce, .
% =
’/"!F Fuel tank.
A comimon power supply 4 Th i f th
! . e position of the I
feeds both sides of the cirenit, wibar pus| ol mmiad 5. The float position is
o variations in supply voltage per aFm is determine : :
- by the [lout positi determined by the level
o not alfect the indications, ¥ OuE postao.,

FLOAT 1YPE FUEL GAUGING SYSTEM WITH RATIOMETER

FUEL i7. b,

A paddic wheel type fuel flow meter is ilustrated below. 1i consists of a paddle
wheel enciosed within a cyliadrical casing, When a fuel pusses through the uait, it
causes the wheel to rotate. The volume of fuel that passes thraugh the unit doring
vach turn of the wheel, is cqual to the sum of the volumes of the spaces between the
daddles of the wheel.  Uhis means that the indication form this fype of unit is a
measure of volumetric flow rare,

position depends 3. The value of the variable
npon the reistive resistance depends upon the

of the fuel in the tank.

P —

Each time the paddle wheel rotates, a small magnet attached to one of the paddles
passes close fo an inductive coil. When it does so the magnetic field induces & smail
pulse of electrical current in the coil. One of these pulses is produced for each rurn
of the wheel, so the pumber of pulses over any given time period is proportional to
the RPM of the wheel. But this RPM Is proportional to the valumeiric fuel flow
rate. So this type of gauge measures vélumetric flow rate by counting the impulses
{optian b),

An inductive
coil is fixed
close to the
rotating
paddle wheel,

3. The gauge produces an indiaction of
fuel Aow by counsing the elecirleal
impuises fed from the inductive coil.

1
2. Each time the
magnetic infert
passes the
induction cofi, the
magnetic Fegd
induces a pulse of
electrical current.
in the coil.

A magnetip
insert is
fixed to ome

of the L. The fuei lowing thraugh the
paddies. unlit causes the paddie wheel to
rotate. ‘The RPM of the paddle
wheel Is determined by the
Paddle volumetric flow rate of the fuel
wheei. passing through the unit.

Fuel outlet. h h Fuei inlet,

SEIMPLE PADDLE WHEEL TYPE FUEL FLOW METER
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COMPASS 1. d,

The sensing element in a direct reading magnetic compass is a small bar magnel,
By atigning iisclf with the lines of magnetic force produced by the magnet field of
the carth, it continzously peints towurds the magnetic north. But because the
senser is simply a magnet, its alignment can be affected by any other source of
magnetic field. The degree to which compass alignment is affected depends vpun
the strength of the magnetle fields produced by these sources. This in iurn is
proportional to the proximity of the source (o the compass. Even a relatively weak
magnet close to the compass can sertously degrade its accuracy,

The muin sources of magnetic fields in aircraft are electrical currents and
magnetically hard iron. The term magnetically hurd iron refers to the
phenomenan whereby some ferraus materials are difficult to magnetise, but retain
there magretism for long periods. So any magnetised hard iron {option b}
vraterisls {ocated close to the compass within an aircraft, will affect the compass
readings. Soft iron (option a} leses jts magnetism very quickly and alumininm
{optioa ¢) cunnet be magnetised. so neither of these will affect compass readings,

Fhe term “soft iron effect hard iron™ refers to the effect ot a compass as hard iron
close to it gradually loses its magnetism, When 2 compass swing is carried out,
adjustments are made 10 compensate for any hard ivon close to it. Buf as this hard
iron loves its magnetism, (he compensating adjustments remain in place, caunsing
the comipass to becume over compensated. This will cause errors in the apposite
sense to those of the origin hard iron.  So soft iren effect hard iron, snd hard iron
will affect compasy readings (option d).

COMPASS 2. a,

In a gyra siabilised magnetic compass system, The gyro and the compass magnets
wark in harmony to exploit the henrefits of esch. The gyro is largely immune to
acceleration and trning errors, but suffers from drift due ta earth rotation and
transport wander. The compass msgnels suffer from errors when accelerating or
decelerating on east-west headings, snd when turning on nerth-south headings, but
is immune to earth rotation and transport wander errors. In order to improve the
accuracy of the system, the datum heading of the gyro is regularly reset using
signals from the magnetic compass. This is achieved by a precession coil controlled
by amplified error signals from the error detector. Ieis also necessary to ensure
that the gyra spin axis is always in the yawing plane of the aircraft. This is
achieved by a torque motor which causes the directional gyro te precess {option a),

The selsyn stater (option by cannot be rotated or adjusted by compass signals, It is
the selsya rotor that is udjusted by the gyro and precession coil, Calibration of the
peinter {option ¢) and pointer mevement (option d) are functions of the gyro more
than they are functions of the compuss signals,

COMPASS 3, ¢.

This question is coneerned with the effects of deceleration on a direct reading
mugnetic compass. These effects depend upon the magnetic latitade, the direction
of flight and the deceleration rate.

il 2

The lines of force produced by the earths magnetic fleid flow vertically upwarda,
out of the ground at the magnetic south pole and vertically into the ground at the
magnetic north pole. The degree to which they are inclined vertically at all other
polnts on the earth i determined by the magnetic intitude. At the magnetic
equator they are horizontal or parallel with the surface. As magnetic Iatitudes
lncrease towards the magnetic poles the degree of jnclination slse increases. The
Inclinstion of the lines of force causes the maguets In compasses to dip below the
horizoatal, thereby reducing their accuracy.

In orde: to minhmise this problem, compasses are typically suspended such that
their C of G is lower than thelr pivot. In this way the weight of the magnet is mace
to oppose the dipplog cansed by the lines of magnetic force, This in termed
pendulous suspension. Although this reduces compass dip, it does not entirely
climinate It. This means that whenever an sircraft headiag b anything other than
maguetic north or south, the C of G of the compass magnet will be off-set to one
side of the plvot, a3 ilustrated helow.

1 Alrcrait fyfng o4 sutarty Tanding b
A wortiors
Virm ikan Bromn the Esar

L]
e —— P
Adruralh Byimy
itk B el
Cdg 4 C of G of compass mrguet
s e,
Lpping of the dup nad somtharty gt it

EFFECT OF DIPPING MAGNETIC LINES OF FORCE ACTING
ON PENDULOUSLY SUSPENDED COMPASS MAGNET

Whenever an aircraft accelerates or decelerates on such a heading, the latersl
displacement of the C of G and the Inertia of its compass magnet, canses the
maguet to rotate. The magnitude and direction of this rotstion Is determined by
the aircraft hesding, the hemispbers and the accelerntion or deceleration rate.
This question specifies a northerly heading, so there will be no rotation of the
compass magnet. The effect of flight on & northerly heading is illmstrated below,
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EFFECT OF DIP WHEN FLYING NORTH
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COMPASS 4. 8,

Im order to ealculate magnetic heading from true heading It Is necessary to 2pply a
correction for variationa in the direction of the maguetic fleld of the earth. Thia
variation differs at all points on the earth, snd is indicated In the form of & map of
isogonal liwes. So to find maguetic beading from true heading requires 2 compass
and & map indicating [sogonal lines,

A compass calibration card (optioa b} and a deviation card (apiion ¢), are the same
thing. They indicate the deviation between an sircraft compass north and
magnetic north. They cannot however show the relationship between true heading
and magnetic heading because this differs at all points on the earth,

COMPASS 5. ¢,
']”Innniueluwntlnadlrectreadlngmmeﬂccmpushummbarmmet.
By aligning itself with the [ines of maguetic force produced by the magnet fleld of
the earth, it continnously points towards the magnetic north. But because the
seaser bs simply & maguet, fto aliguasent can be affecied by any other source of
maguet fleld. The degree to which compass alignment fs affected depends npou the
strength of the magmetic flelds produced by these sources. This in turn is
proportional to the proximity of the source to the compass. Even a relatively weak
magnet close to the compase can seriously degrade ity aceuracy.

The maju sources of magmetic fields ln aircraft are ferrous materials (option 1), and
electrically Induced magnetic fleids (option ¢). Sach fields are created by the
operation of many types of electrical equipment, including transformers (option b).
Noa-ferrous metals (option d) cannot be magnetised so they will not affect compass
readings.
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The sensing eiewent in # divect reading magnetic compass is a smatl bar magnet.
By aligning itself with the lines of magnetic force produced by the magnet fleld of
the earth, It continuously points towards the magnetic north. But because the
sensar ls simply & magnet, ity alignment can be affected by any other source of
magnet field. The degree to which compass alignment ls affected depends upon the
strength of the magnetic ficlds produced by these sources. This i turn is
proportional to the proximity of the source to the compass. Even 2 relatively weak
mageet close to the compass can seriously degrade fts accuracy.

All sircraft contailn a number of sources of magnetic fleids, so all aircraft
compasses will be affected by them. The purpose of a compass awing s to maximlse
compasy accuracy by making adjustments for the effects of these magnetic flelds.
In this way the compass nerth [s aligned more sccurately with magnetic north
{option c). The iubber line (option 2) is 2 mark on the outside of the compass. Its
relndonship with true north changes whenever nircraft heading changes. The teym
“schuler tuning™ (option b) is related to the stabilisation of INS systems and not
direct reading magnetic compasses. The refationship between compass north and
true north (option d) varies with longitude snd Iatitude, so the two cannot be
aligned during compsss swings,

This question is concerned wlth the effects of deceleration on  direct reading
magnetic compass. These effects depend upon the magnedc tatitude, the direction
of flight snd the deceleration rate. The geperal effects are ustrated In the
diagrams in the answers te questions 3 and 13,

This type of question can be answered by vissalising the gemeral ¢ffects or more
simply, by noting that decelerations on easterly or westerly headings always cause
an apparent tura away from the peareat maguetic pole. But In accelerations or
decelerativns on southerly or northerly headings, or constant speed oo any
heading, no apparent turn occurs.

This question specifies » sontherly heading, so there wilt be na rotation of the
compass magnet and no fales indicatlon of a turn (option ¢).

COMPASS 3. 3 apd d.

The sensing element lu » direct resding magnetic compass is & small bar magaet.
By aligning itself with the lines of maguetic force produced by the magnet fleld of
the earth, it continnounsly polats towards the magnetic north. Bet becanse the
sensor is simply & maguet, its alignment can be affected by any other source of
maguet field. The degree to which compass alignment bs affected depends upon the
sirength of the magnetie flelds produced by these sources. This In turn ia
propertional to the proximity of the source to the compass. Even s relativeiy weak
magnet close to the compass can serionsly degrade |t wecuracy.

The main sources permanent magnetiam in aircraft is hard lron. This term refers
to the phenomenen whertby some ferrous materisls are difficult to magnetise, but
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retain there magnetism for iong periods. The Inlttal magnetisation of such
materizls requires the application of very strong magnetic fieids. These are
typicaily induced by strong eiectrical fields or lightening strikes {(option d).
Although changes in longitude (option ¢) and Iatitude {(option b} affect compass
accuracy, these effects become permanent only after very long perlods in the new
longitude or Iatltude.

One explanation of permanent magnetiam iy the idea that a material is made up of
am enormous number of microscoplc magents. When a materlalis in 2
demagnetised condition, these tiny magnets are aligned in random directions so
that there Iy no overall maguetism. The material exhibits permanent magnetism
when the majority of these tiny magnets are aligued in any one direction,

One effect of the hammering of rivets (option ) is to shake up these tiny magnets,
causing them to lose thelr mutually aligned state. This returns them to » rabdomly
aligned condition, thereby reducing say permanent magnetism within the aircraft,
But if the alrcraft remains oo any one heading during the hammering process, the
shaking process tends to align the tiny magnets with the local magnetic fleld of the
earth. This means that bammering of rivets during roanufacture can also cause
permanent inagnetism (option a). Students should lodge an xppeal if this question
appears in their examination, because the question bas two correct options,

COMPASS 9, 2.

The magnets of & compass point towards compass north. This Js determined by the
combined effects of the magnetic fAeld of the earth snd the magnetic flelds
generated by componenty within each alrcraft. The direction to the magnetic north
pele Is termed magnetic north, Because the magnetic flelds within esch individual
alreraft are slightly different from those in all other alreraft, it s unlikely that
compass north snd magnetic north with be identical. The term compass deviation
refers to the difference between magnetic north and compass norih for & given
compass. The purpose of compass swinging Is to reduce compass deviation to the
minimum possible valne. Compass swings must therefore be carried out after any
event that is likely to have significantty altered compass deviation,

Such events inciude: Lightening strikes.
Large changes In magnetic iatitude.
Long periods of storage op any one heading.

Replacement of certain major components.

Oniy option &, long term chauges In !atitude, Is the anly one that meets these
criteria. It should be noted that although short term changes in istitude alao alter
deviadon, it would be Impracticable to carry out a compass swing after such
changes, because for long north-south routes, this would require a compnass swing
after every flight. Changes in longitude and base changes not involving large
changes in Iatitude, have mach smaller effecty on deviation, no they do nat require
compass swinging.
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P 10, a.
Whenever an alreraft turns, the compass Is sccelerated in the direction of the Rits.
If the aircraft Is not over the magnetic equator. [ts compass magnet will be dipped,
due fo the dip of the Jines of magnetic foree around the earth. This will cause the C

of G of the magnet to be displaced as tlustrated In the diagrams In the anawer to
question compass 3,

Because the C of G of the compass magnet bs no longer directly below ita pivat
polat, scceleration of the compass during turns shout the north and south otaguetic
poles, will cause the magnet to rotate. This will cause the compass lodications to
alter as tilustrated beiow.
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SITUATION BEFORE THRN SITUATION DURING TURN

COMPASS ERROR WHEN TURNING SW TO SE I¥ NORTHERN HEMISPHERE

This is the greatest canse of compass ervors, except when landing or taking-off. It
should be noted that changes in iatitade (option b) affect the degree of dip and
hence the degree of turuing error. But changes in Intitude do not actually cause
errors, Parallax errors and changes in magnetic devistion are generally quite
small,

The sensing element In & direct reading magnetic compass is a small bar maguet.
By aligning itseif with the Hues of magnetic force produced by thve magnet fleld of
the earth, it continuously points towards the magnetic north, Rut the lines of
magnetic force that make up the magnetic field of the earth are oot horizontsl at all
pelats. As |Hustrated in the diagram below, the lines are vertical at the magnetic
poles and horizontal only at the magnetic equator. At ali other latitude the lines
dip to varying degrees.



The direction of these lines at any polnt on the surface of the earth is therefore
made up of a horizantxi (H) component and » vertical (Z) component. As
iliustrated In the answer to question Compan 30, the Z component causes the
compass magnet to dip. This reduces it effectiveness in aligning with magnetic
north. So Increasing Z component decreases compass sensitvity, Ltin the H
component which aligns the compass with magnetic north, so increasing H
component increases compass sensltivity. So both the Z snd H cemponents affect
comnpass sensitivity (option c).
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VARIATION OF DIP ANGLE WITH MAGNETIC LATITUDE

COMPASS 12. ¢,

This question I comcerned with the effects of deceleration om a direct resding
magnetic compass. These effects depend upen the maguetic latitude, the direction
of flight and the decele¢ration rate. The general effects are itlustrated in the
diagrams in the saswers to questions Compass 3 and 13.

This type of question can be anawered by visualising the general effects or more
simply, by nating that decelerations on casterly or westerly headings siways cause
An apparest toru away from the nearest magnetic pole. But ia accelerstions ou
southerly or northerly headings, or constant fpeed on any beading, no apparent
turn occurs. This question specifies crulsing flight, so it can be assumed that
sirspeed will be comstant, Se sithough the heading is westerly, the constant speed
means that there will be no rotatlon of the compass magnet, and hence no apparent
turn (option c).

618
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This question is concerned with the effects of decelerntion on a direct reading
magnetic compass. These effects depend upon the magnetic intitude, the direction
of flight and the deceleration rate.

The tines of force produced by the carths magnedic fleld flow verticatly upwards,
out of the ground af the magnetic north pole and verticaily nto the ground at the
magnetic south pole. The degree to which they are incllaed vertically at all other
points on the earth is determined by the magnetic latitude. At the magnetic
equator they are horlzontal or parallel with the surface. As megnetic istitudes
increase towards the magnetie poies the degree of inclination also incresses. The
inclination of the tises of foree causes the magnets In compasses to dip beiow the
horizontal, thereby reducing their accurscy,

In order to minimise this problem, compasses are typically suspended such that
their C of G is lower than thelr pivot. T this way the weight of the magnet Is made
te oppose the dipping caused by the lines of magnetie force. This Is termed

magnetic north or south, ihe C of G of the compass magnet will be off-set to one
side of the pivot.

Wheaever an sircraft accelerates or decelerntes on such » heading, the iatersl
displacement of the C of G and the inertia its compass magnet, causes the magnet
to rotate. mmmmuddincﬁoud%mhﬂonhdetermlmdbythe
aircraft heading, the hemisphere and the acceleration or deceleration rate. This
question specifies scceleration om s nerth westerly heading, se the compass magnet
will rotate clockwise as filustrated helow, The compass will therefore indicate less
than 45°, This illustrates the more general result that accelerations produce an
Apparent turg towards the nesrest pole.
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COMPASS 14, a
A typical gyro magnetic compass system Is illusirated helow.
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TYPICAL GYRO STABILISED COMPASS SYSTEM

This illustrates the fact that the Nluzx valve or fux gate Is part of the magnetic
detector unit. Upon leaving the detector unit the signals pass to the signal selsyn in
the error detector vxit (option ), where it is compared with the gyre direction.
Error signeis are then sent to the amplifier and ultimately to the precession coil.
The do not pass te the erecting system (option ¢). The annunclator (optien d)

monitors these signals to indicate when the gyro Is correctly synchronised with the
compass,

In order to calculete magnetic heading from true heading it Is necessary to apply »
correction for variations kn the direction of the magnetic fleld of the earth. These
variations differ at sll points on the earth, and are indicated in the form of & map of
isogonal lines. So to find maguetic heading from true heading requires a compasa
snd a map indicating isogonal lines (option b).

Esoclinal lines (option a) indicate the points where the degree of dip or Z component
in the magnetic feld of the earth sre equal. These cannot be used to calcuiate
magnetic heading. A compass calibration card {option c) and a deviation card
(option d), are the same thing. They indicate the deviation between an aircraft

compass and magnetic north. They canmtot however show the relationship between
true
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The detector unit in a remote indicating magnetic compass employs a flux valve to
produce an electrical signal, representing the direction of the magnetic fleid of the
earth. To do this it employs AC current {option b) to generste an alternating
magnetic field. This alternating magnetic fleld interscts with the non-slternating
aagnetic field of the earth to produce an electrical signal representing beading. I
a DC current (optiom » } were to be used the flux valve would immedlately become
magnetically satursted and remain so. It is essentinl that the magnetism of the flox
valve is easily reversibie, so they are made of magnetically soft matertals xuch a
perm-alioy steel (option d). But Is cannot be sald that alf (lug valves are made of
perm-ailoy steel, so option d ia not entirely true. Option b is therefore the most
appropriate In this quesation.

A typical gyro magnetic compass system is fllustrated in the answer to question
COMPASS 14. This illustrates the fact that the fiux valve or flux gate is part of the
magnetle detector volt. Upon leaving the detector unit the signals pass to the signal
selsyn, in the error detectar (option d), then on to the amplifier {option c). The
amplifier and the precession colls are bath part of the feedback foop (option a).
Flux valve output does not pass directly to the compass card (optien b)

COMPASS 18. a,

The magnetic fleld of the earth is made up of & vertical component (Z) and
horizontal (H} component. The direction of the itnes of forces st any point abave
the earth's surface, is the vector sum of these two components, At the poles, the
lines of force flow vertically out of the earth at the magnetcic South Pole and into
the earth xt the magnetci North Pole, so their vertical component i» maximum and
their horizontsal component is zero.

The sensing element in a direct reading magretic compass ls 8 small bar magnet.
By aligning itself with the lines of magnetic force produced by the magnet Aeld of
the earth, it continnously points towards the magnetic north. Bat because the
sensor it simply a magnet, its allgnment can be affected by any other source of
magnet fleld. The degree to which compass alignment i3 sffected depends npon the
strengih of the magnetic flelds produced by these sonrces. This in turn is _
proportioaal to the proximity of the source to the compass. Even a relatively weak
magnet close to the compass can seriously degrade its accuracy.

The malo sources of magnetic fields in aivcraft are ferrons materials {2), and
electrically induced magnetic flelds (1). Such fields are created by the operation of
many types of electrical equipment, including transformers. Non-ferrous metaks
(3) cannot be magnetised so they will not affect compass readings. So option x is
the most sccurate.
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COMPASS 20, ¢,

This question is concerned with the effects of deceleration on a direct reading
magnetic compass. These effects depend upon the magnetic iatitude, the direction
of flight and the deceileration rate. The general effects are illustrated in the
diagrams in the answers to queations Compass 3 and 13.

This type of question can be answered by visualising the gemeral effects or more
simply, by noting that decelerations on easterly or westerly headings always cause
an spparent turn away from the nearest magnetic pole. But in acceleratians or
decelerations on southerly or northerly headings, or constant speed on any
headling, nc apparent turn occurs. This question specifies a northerly heading, so
there will be no rotation of the compass magnet.

Whenever an aireraft turns, the compass is accelerated in the direction of the turn.
1f the aircraft is nat over the magaetic equator. its compass magnet will be dipped,
due to the dip of the lines of magnetic force around the earth. This will cause the C
of G of the magnet to he displaced as illustrated in the disgrams [n the answer to
question compass 3,

Because the C of G of the compass magnet is no longer directly below its pivot
Point, acceleration of the caompass during turna about the north and south magnetic
poles, will cause the magunet to rotate. This will cause the compass indications to
alter as iilustrated in the anawer to question Compass 10,

In 2 gyro stabilised magnetic compass system, the gyro and the cOmpassy magnets
work in harmony to explolt the beneflts of each, The gyre is largely immune to
acceleration and turning errors, but suffers from drift due to earth rotation and
transport wander, The compass magnets suffer from errors when accelerating or
decelerating on east-west headings, and when terning on north-south headings, but
are immune to earth rotation and transport wander errors. In order to improve
the accuracy of the system, the datnm heading of the gyro is reguiatly reset asing
signals from the magnetic compass and ervor detector. These sigmals are fod to &
precession cofl that keeps the gyro synchronised o magnetic orth. It is also
necessary to ensure that the spin axis of the gyro is always within the yawing plane
of the alrcraft. This is schieved by a torque motor which precesses the directionsl
gyro wheaever it moves out of the yawing plane.(option c).

The selsyn stator (option a) I used in oider type systems, but cannot be rotated or
adjusted by compass signals. Hesding pointer mavement (option b) is functions of
the gyro more thum they are functions of the compass sigoals. The inputs from the
flux valve (option d) are recetved by the ervor detector.

Thls question is concerned with the effects of deceleration on a direct reading
magnetic corpass. These effects depend upon the magnetic Iatitude, the direction
of flight and the decelerntion rate.

The lines of force produced by the earths magnetic field Row vertically upwards,
out of the ground at the magnetic South Pole and vertically into the ground st the
magnetic North Pole. The degree to which they are inclined vertically at il other
points on the earth Is determined by the magnetic iatitude. At the magnetic
equator they are horizontal or parallel with the surface. As magnetic Inttudes
increase towards the magnetic poles the degree of inclination alse increases, The
inclination of the lues of force causes the magoets in compasses to dip below the
borizontal, thereby reducing thelr accuracy.

Ln-order to mintmise this problem, compasses are (ypically suspended such that
thelr C of G la lower than their pivot. In this way the weight of the magnet is made
to oppose the dipping cansed by the lines of magnetic force, This is termed
pendulous suspension. Although this reduces compass dlp, it does not entirely
ellminate it. This mesns that whenever sn alrcraft beading is anything other than
magretic north or south, the C of G of the compass magnet will be off-set to one
side of the pivot.

Whenever an aircraft accelerates or decelerates on such a heading, the interai
dispiacement af the € of G and the inertia lta compass magnet, cuuses the magnet
to rotate. The magnitude and direction of this rotation is determined by the
aircraft heading, the hemisphere and the acceleration or deceleration rate.

These effects are illustrated in the diagrams in answers to questions Compass 3 and
13

COMPASS 24, b,
This question is concerned with the effects of deceleration on a direct reading

magnetic compass, These effects depend upon the magnetic latitude, the direction
of flight and the deceleration rate.

The lines of force produced by the carths magnetic fieid Aow vertically npwards,
out of the ground at the magnetic south pole and vertically Into the ground et the
magnetic north pole. The degree to whick they are inclined vertcally st all other
peints on the earth is determined by the magnetic latitude. At the magnetic
equator they are horizonatal or parallel with the surface. As magnetic latitndes
increase towards the magnetic poles the degree of inclination also Increases. The
iaclination of the tnes of force causes the magneis in compasses to dip below the
horizontal, thereby reducing their accuracy.

In order to minimise this probiem, compasses are typicatly suspended such that
their C of G is lower thau their pivot. In this way the weight of the magnet is made
to oppose the dlpping caused by the lines of magnetic force. This is termed
pendulous suspension. Although this reducey compass dip, it does not entirety
eliminate it. This meany that whenever an sircrafi heading is anythlng other thas
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magnetic north or south, the C of G of (he compass magnet wili be off-set to one
side of the pivot,

Whenever an afrcraft accelerates or decelerates on such 1 heading, the fateral
dispiacement of the C of G and the inertia its compass magnet, causes the magnet
to rotate. The magnitude and direction of this rotation is determined by the )
aireraft heading, the hemisphere and the scceieration or deceleration rate. This
question specifies acceieration on a westerly heading In the nerthern hewmisphere,
This wiif cause the compass magnet to rotate antd-clockwise as itlustrated below,
So the compass will indicate a turn to the north as illustrated below. Thils answer
Hlustrates the more general result that accelerations cause an apparent turn
towards the nearest pole.
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COMPASS 25. b,

A typical gyro magnetic compass system iy illustrated o the answer to question
Compass 14, This illustrates the fact that the flus valve or flux gate is part of the
magnetic detector. Upon leaving the detector unit the signals pass to the signal
selayn, in the error detector (optien b), then on to the amplifier (option ¢} and
uitimately to the precession coll. The do not pass direcily to the erecting system
(option 1) nor to the heading indicator card {option d).

58
Magnetic north ls the direction te the magnetic north pole of the earth. Compass
north is the direction to the magentic north pole as indicated by the compass
needie. True north is the direction to the geographle north pele of the earth.

The sensing element in a direct reading magnetic compass is 2 smail bar magnet.
By aiigning itself with the lines of maguetie force produced by the magnet fleid of
the earth, it continuously polnts towards the magnetic north. But because the

sensor is simply & magnet, its alignment can be affected by eny other source of
magnet flelds. The degree to which compass alignment is affected depends upon
the strength of the magnetic fields produced by these sources. This in turn s
preportional to the proximity of the source to the compasy, Even a refatively weak
magnet close to the compass can seriously degrade its accuracy.

Al aircraft contain 2 number of sources of magnetic fleids, so all aircraft
compasses will be affected by them. The purpose of a compass swing is te maximise
compass accuracy by making adjustments for the effects of these magnetic fields,
In this way the compass north s aligned more accurately with magnetic north
(option b). The lubber line {option c} is & merk on the outside of the compass. [ty
relationshlp with true north changes whenever aircraft heading changes. The
relationship between compass north and true nocth (option a}varies with longitude
and latitude, so the two cannot he aligned during compass swings, A compass
correction card (option d) is drawn up during a compass swing but this is not the
primary purpose of the swing. So the purpose of a compass swiag is to align
compass north with magnetic aorth (option b).

7

COMPASS 27, b,

The detector unit tn a RIMC (Remote Indicating Magnetic Compass) empioys a
Nux valve to produce =n electricai signai, representing the direction of the magnetic
fteld of the earth. To do this l¢ empioys AC current (option b) to generate an
alternating magnetic field. Thia aiternating magnetic field interacts with the non-
siternating magnetic field of the earth to produce an electrical signsl representing
heading. If 2 DC current (option a } were to be used the fux valve wonld
immediately become magneticaily saturated and remain 0. Tt is essential that the

__nillgnetism of the flux valve Is easily reversible, so they are made of magneticatly

soft materials such a perm-ailoy steel (option d). But even those that are made
from thiz material require an AC current to function. Option b is therefore the
most appropriate in this question.

CoOMP 28. b,
This question is concerned with the effects of acceleration on a direct reading

magnetic compass. These effects depend upan the magnetic latitude, the direction
of flight and the deceleration rate.

The lines of force produced by the earths magnetic fleld flow vertically upwards,
oat of the ground at the magnetic south pole and verticslly into the ground at the
magoetic north pole. The degree to which they are inciined vertically at alf other
points on the earth is determined by the magnetic iatitude. At the magnetic
equator they are horizontal or parallel with the surface. As magaetic iatitudes
increase towards the magnetic poies the degree of inclnation also increases. The
inclination of the llnes of force causes the magnets in compasses to dip below the
horizontsl, thereby reducing their accuracy,

I order to minimise chis problem, compasses are typically suspended such that

their C of G s lower than their pivot. In this way the weight of the magnet is made
to oppose the dipping caused by the lines of magnoetic force. This is termed
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peaduious suspenaion. Although this reduces compass dip, it does not entirely
eflminate . This means that whenever an aircraft heading is anything other than
magnetic north or south, the C of G of the compass magnet wili be off-set to one
side of the pivot.

Whenever an aircraft accelerates or decelerates on such & heading, the lateral
displacement of the C of G and the inertia its compass magnet, causes the magnet
to rotate. The magnitude and direction of this rotation is determined by the
aircraft heading, the hemisphere and the scceleration or deceleration rate, This
question specifies acceleration on a westerly heading, so the compass magnet will
rotate clockwise as illustrated fn the diagram in the answer to question Compans
13. The compass will therefore jndicate less than 45° {option b). This answer
ilustrates the more genersl result that accelerations canse an apparent turn
towards the nearest poie.

Magnedc north is the direction to the magnetic north pole of the earth. Compass
north s the direction to the magentic north pole as indicated by the compass
needle. True north is the direction to the geographic north pole of the earth,

Tr order to cziculate magnetic heading from true heading it 1s necessary to apply »
correction for the variation in the direction of the magnetic field of the earth. This
variation differs at all poines on the earth, and is indicated lu the form of a map of
isogonal linez, So to find magnetic heading from true heading requires a compass

and a map indicating isogona! lines (option ¢),

Isoclinal lines (option d) indicate the points where the degree of dipor Z
component in the magnetic fieid of the earth are equal. These cannot be used to
calculate magaetic heading. A compass deviation card (option 2), indicates the
deviation between an aircraft compars and magnetic north, They cannot hewever
show the relationship between true heading. The term “error card” (optian b) has
o recognlsed meaning in reletion to aircraft compasses.

This question is concerned with the effects of decelerniion on a direct reading
msgnetic compass. These effects depend upon the magnetic intitude, the direction
of Night and the deceleration rate.

The lines of force produced hy the earths magnetic fleld flow vertically upwards,
cut of the ground at the magnetic south pole and vertically into the ground nt the
magaetic north pole. The degree to which they are inclined vertically at al) other
points on the earth is determined by the maguetic intitude. At the magnetic
equator they are horizontal or parallel with the surface. As magnetic intitudes
Increase towards the magnetic poies the degree of inclination slso increases. The
inclination of the jines of force causes the magnets in compasses to dip below the
horizontal, thereby reducing their accuracy.
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In arder to minimise this probiem, compasses are typically suspended such that
their C of G la lower than their pivot. In this way the weight of the magnet is made
to oppose the dipping caused by the iines of magnetic force. This is termed
pendulous suspension. Although this reduces compass dip, it does not eniirely
¢liminate it. This means that whenever an alrcraft heading is anything other than

magnetic north or south, the C of G of the compass magnet will be off-set to one
side of the pivot.

Whenever an aircraft decelerates on such a heading, the laterat dispiacement of the
C of G and ihe inertla its compass magnet, cause the C of G of the magnet to move
abead of the suspension point. This wiil cause the magnet to rotate, The
magnitude and direction of this rotation is determined by the xircraft hesdlug, the
hemisphere and the deceleration rate. But if the hexding ls north or south the C of

G of the magnet will be direcdy In front of or behind the suspemsion poiat, 50 no
rotation will occur.

Thix question specifies deceleration on a southerly heading, so the compass magnet
will not rotate, The compass will therefore indicate no tarn {option c). The effect
of dip when flying on a northerly heading is iBustrated below.
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EFFECT OF DIP WHEN FLYING NORTH

C of G ol comvpinn magnat

The lines of force produced by the earths magnetic field fow verticaily upwards,
out of the ground at the magnete south pole and vertically Into the ground at the
magnetic north pole. The degree to which they are inclined verticaily st alf other
poiats on the earth is determined by the magnetic latitude. At the magnetic
¢quator they are horizontal or paratlel with the surface, As magnetic [ntitudes
increase towards the maguetic poles the degree of inclination also Increases. The
inclinatfon of the Hnes of farce causes the magnets in compasses to dip below the
horizontal, thereby reducing thelr accuracy, In order to minimise thls problem,
compasses are typleily suspended such that thelr suspension point Is above their C
of G (option c).
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COMPASS 32, a,

The sensing element in a direct reading magnetic compass is & smzll bar magnet.
By aligning itself with the lines of magnetic force produced by the magnet fleld of
the earth. it continuousiy points towards the magnetic north. But because the
sensor is simply a magnet, its alignment can be affected by any other source of
magnet field. The degree to which compass alignment is affected depends upon the
strength of the magnetic fleids produced by these sources. This in turn is
proportional te the proximity of the source to the compass. Even a reiatively weak
magnet close to the compass can serjousiy degrade its accuracy.

The maln sources of magnetic Relds in sircraft are electrical currents and
magnetically hard iren. The term magnetically hard iron refers to the
phenomenon whereby some ferrous materizls are difficult to maguetise, but retain
there magnetism for long perleds. So any magnetised hard iren (option a)
materials focated close to the compass within an aircraft, will affect the compass
readings. Soft iren (option c) loses its magnetism very quickly so it will not affect
compass readings. The term mild iron {option b) has no specific meaning with
regard to magnetism or compasses. As explained in the answer to question
Compass 30, accelerations on northerfy (option d) and southerly headings do not
affect compass accuracy.

COMPASS 33, b,

Gyro drift due to earth rotation I3 termed apparent wandey. Tt is caused by the
fact that the gyro is carried around with the earth as it rotates. It is negative in the
northern hemisphere and positive in the southern hemisphere. The rate of
appareat winder can be calculated using the standard equation:

Apparent wander in ' per haur = §5° 1 the sin of the angle of latitude.

So drift rate is greatest where the sin of the latitude Is greatest. This occurs at 90°
degrees north and south, where:

Apparent wander = 15° x |, which = 15" per hour {option b)

Or mere intuitively, a gyro at the poles witl drift one full revolution per day. That
is 360° per 24 hours, which is 360/15, or I5° per hour.

CON 5 34

Whenever an sircralt turns, the compasy iy accelerated in the direction of the turu.
Lf the aircraft Is not over the magnetic equator. [ts compsass magnet will be dipped,
due to the dip of the lines of magnetic force around the earth. This will cause the C

of G of the magnet to be displaced as illustrated in the diagrams in the answer to
question compass 3,

Because the C af G of the compass magnet is no longer directly below its pivot
poiat, acceleration of the compass during turns about the north and south magnetic
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poles, will cause the magnet to rotate. This will cause the compass indications to
alter as Hiustrated helow.
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COMPASS ERROR WHEN TURNING SW TO SE IN NORTHERN HEMISPHERE

This question can be soived by visualising these general effects, or more stmply by
noting that if the aircraft is in the sanze bemisphere as the pole through which it s
turning, the compass will turn in the same direction as the aircraft, but at & greater
rate. This will cause the compass to under read when turning cliockwise and over
read when rurning snti-clockwise, If the aircraft and the pole through which it
turns are in opposite hemispheres, then the compass will turn [n the opposite
direction te the aircraft, This will cause the compass te over read when turning
ciockwise and under read when turning anti-clockwise,

This questiona specifies a turn from SW to SE In the northern hemisphere. This
means that the alrcraft and the (south) pole through which it turns are in opposite
hemispheres. So the compass will be siuggish, which menns that as the aircraft
turns anti-clockwise, the slower moving compass will appear to turn clockwise
when viewed from within the sircraft. This will cause the compnas to under
indicate. So to achleve a new heading of SE (138 degrees), the roil out must occur
at 4 lower compass indication, Only option a, 115 degrees satisfles this condition.

C A

Gyro drift due to earth rotation s termed apparent wander. It is caused by the
fact that the gyro s carried around with the earth as it rotates, as iliustrated below.
It is negative in the northern hemispbere and positive in the southern hemisphere.
The rate of apparent wander can be caiculated using the standard equation:
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Apparent waader In * per hour = 15° x the sin of the angle of latitude.
P p

So drift rate is zero where sin of the angle of intitude is zero, This occurs at the
equator where the latitude and the sine of the intitude is zero,

Transpors wander (TW) is simllar to earth rate wander, but is caused by the
movement of an aircraft as it flies around the earth. Transport wander can be
caleulated using the standard equation:

TW in *hour = easterly ground speed x the tan of the angle of atitude.

S0 TW wiil be zero where the tan of the angle of fatitude Is zero. This occurs at the
¢quator where the istitude and the tangent of iatitude are beth zero.

Se earth rate wander and transport wander will be zero at the equator (option b).

The purpose of the torque motor is to maintain the g¥ro spin axis in the yawing
piane of the alvcraft. It does this by means of electrical currents which are
controlled by commutator—like segments lo the gimbal bearings. These bearings
are not part of the error detector, flux valve, nor amplifier, so the most appropriate
solation to this questian i probably option d, the gimbal ¢t unit, It should however
be noted that thls term is not in general use. The question ia therefore somewhst

dublous, buat is included In this book becruse it has been reported by a numbey of
students.

Gyre drift due to earth rotation Is termed apparent wander, It is caused by the
fact that the gyre is carried around with the earth as It rotates. It Iy negative in the
northern hemisphere and positive in the southern hemisphere. The rate of
apparent wander can be calculated using the standard equation:

Apparent wander in * per hoor = 15° y the sin of the angle of Iatitude.

So drift rate is maximum where the sin of the angle of latitude is maximum. This
occurs at 90° north and south, The sin of 9° Is I, 5o the maximum possible drift
rate is 15° per hour (option ¢). The relationship between drift an latitude is
tHustrated below.

Gyro at the poles drifts through 360
degrees for each revolution of the exrth
.-"'/ :
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A typical gyro magnetic compass self-levelling system is ifiustrated befow,

2. With the
pickoffs In contact
with the insulated
segments the
torque motor
recelves no
electricat signals,

i. With the gyro
spin axis level the
electrical pick-off
line up with
insulated segments
in the gimbal
hearing.

Torque motor,

Gyro spim axis

N

Gyro spin axis
is horizonial. Is tited.

4. The elecirical
signsls are fed to the
torque motor to
precess the gyro spin
axis back to level.

3. Wich the gyro spin
axis titted the electrical
ick-offs receive
electrical signals by
fining up with
electrically live metal
segmends in the gimbal
bewring communtator.
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Earth rotation does not affect direction
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The term dip angle refers to the verttcal component of the lines of force created by
the eirths magnetic field. These lines Dow vertically upwards, out of the ground at
the magnetic sonth pole and vertically into the ground at the magnetic north pole.
‘Fhe degree to which they are inclined vertically at all other points on the earth is
determined by the magnetic iatitude. At the magunetic equator they are horizontal
or parallel with the surface. As magnetic latdtudes increase towards the magnetic
poies the degree of inclination aiso increases. So the dip angle is 90° a¢ the North
and South poles as illustrated below.
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Gyro drift due to earth rotation is termed apparent wander. It s caused by the
fact that the gyro is carried around with the carth as it rotates. If causes the
dalignement spin axis to rotate clackwise in the northern hemisphere and ant-
clockwise in the southern hemisphere. The rate of apparent wander can be
calcuiated using the standard equation:

Apparent wander in ° per hour = 15° x the sin of the angle of latitude.

So at 45* north the drift will be 15 x sin 48°, which is 10.6® per hour clockwise
{option c).
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COMPASS 40. ¢,

This question is concerned with the effects of deceleration on a direct reading
magnetic compass. These effects depend upon the magnetic latitude, the direction
of flight and the deceleration rate. The general effects are illustrated in the
diagrams in the answers to questions Compass 3 and 13.

This type of question can be answered by visualising the generat effects or more
simply, by noting that accelerations on easterly or westerly headings always cause
an apparent turn towards the nearest magnetic pale.

This question apecifies acceleration on a north easterty heading, so the compays
magnet will rotate clockwise as illustrated in the diagram iu the answer to gueston
Compass 13. This will give an apim'ent turn towards the north pole, so the
compass will indicate less than 45" {aption ¢).

Whenever an atreralft turns, the compass is accelerated in the divection of the turn.
If the aircraft is not over the magnetic equator. Its compaas magnet will be dipped,
due to the dip of the lines of magnetic force around the earth. This will cause the C
of G of the magnet to be displaced as iHustrated in the diagrams ln the answer to
question corpass 3.

Because the C of G of the compass magoet is no longer directly below its pivat
polot, acceleration of the compass during turns about the north and south magnetic
poles, will canse the magnet to rotate. This will canse the compasy indications to
alter 23 itlustrated below.

This question can be solved by visaalising these general effects, or more simply by
noting that if the aircraft is in the same hemisphere as the pole through which it is
turning, the compass will turn In the same direction as the aircraft, but at a greater
rate, This will cause the compass to under read when turning clockwise and over
read when turning anti-ciockwise, This effect is lustrated ia the diagram beiow.

The questions specifles a right turn through 90 degrees to Nortb, when io the
porthern hemisphere. This mesns turning frem West (270 degrees) to North (3560
degrees). So the zireralt iy tarning clockwise and it and the (north) pole to which it
turns sre in same hemispheres. So the compass will under read. So to achieve a
heading of 360 degrees, the roll out must ocenr st some alightly iower heading. All
of the options satisfy this condition but option d, 350 degrees is the closest and
hence the most probable.
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TURNING ERROR WHEN AIRCRAFT IS TURNING ERROR WHEN AIRCRAFT IS
POINTING TOWARDS NEAREST POLE POINTING AWAY FROM NEAREST POLE

The magnets of a compass point towards compass north. This is determined by the
combined effects of the magnetic fieid of the earth and the magnetic Nelds
genersted by components within each aircraft. The direction to the magnetic north
pole is termed magnetic north. Because the magnetic fields within each individuai
aircraft are slightly different from those [n all ather alrcraft, it is unlikely that
compass north sud magnetic north with be identical. The term compass deviation
refers to the difference between magnetic aorth and compass north for s glven
compass. The purpose of compass swinging is to reduce compass deviation to the
minlmum possible value. Compass swings must therefore be carried ot after any
event that is likely to have significantly altered compass deviation.

Such events include: Lightening strikes.
Large changes in magnetic latitude,
Long periods of storage on any one heading,
Replacement of certain major components.

Optien b, long term changes in iatitude, is the only one that meets these criterla. I¢
should be noted that althaugh short term changes in fatitude ¢coption &) also alter
deviation, it would be impracticabie ta carry out a compass swing after such
changes, because for long north-south routes, this would require a compass swing
after every flight. Changes in jongitude (optlon ¢ and d), have much smaller
effects on deviation, so they do not require compass swinging,
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This question specifies 2 “remote indlcating compass™, This could mesn a gyro
stabilised compass as llustrated In the answer to question Compass 14, or s more
rudimentary system, employing only a magnetic detector, seltyn synchro ercor
detector and indicator, This has the advantage that the magnetic detector can be
located at some point outside the cockplt and remote from local magnetic
interference, but suffers from acceleration and turning errors just like a direct
reading compass.

Whetber the question is lutended to refer to the ZYTo or NOR-EYTO system makes
little difference in that in both systems the Nux valve signala are sent to the error
detector (aption ¢). In the gyro system ervor signals then pass to an amplifier and
ultimately to a precession coll, [n the BOR-RyTO systen the rotor of the selsyn 13 fed
with AC current. This current rescts wit the error signsls to turn the rotor so that
it aligns with the, magnetic detector, It should be noted that the precessing torque
mptor (option bldoes not receive flux valve siguals, because its purpose is to keep
the gyro spin axia within the yawing plane of tie atrcraft. It s fed with AC current
via segmented bearing which sense tile.

Whenever an alreraft turns, the compnss iy acceierated in the direction of the turn,
If the sircraft Is not over the magnetic equator. Its compass maghet will be dipped,
due to the dip of the lines of magnetic force around the earth. This will csuse the C
of G of the magnet to be displaced as illustrated in the disgrams in the answer to
question compass 3.

Because the C of G of the compass magnet is no longer directly below its pivot
point, sceeleration of the compass during turns about the worth and south magnetic
poles, will cause the magnet (o rotate. This will cause the compass indicatons to
alter as illustrated below.
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Thia question can be solved by visualising these general effects, or more simply by
noting that if the aircraft i in the oppesite hemisphere to the pole through which it
is turning, the compass will turn in the oppaosite direction to the aircraft. This will
canse the compass to aver read when (urning clockwise and under read when
turning anti-clockwise.

‘The question specifies a ciockwise turn from SE (135 degrees), tv SW (215 degrees),
in the northery hemisphere, so the aireraft and (south) pole through which it turns
are in opposite hemispheres, This will cause the compasy to over read, so roil out

must accur at & heading greater than the 225 required. Only option d, 245 satisfles
this condidan.

COMPASS 45. o,

Whenever an aircraft turns, the compass is accelerated in the direction of the turn.
If the alrcraft is not over the magnetic equstor. [ts compass magnet will be dipped,
due to the dip of the iines of maguetic force arcund the earth. This will cause the C

of G of the magnet to be dispiaced as illusirated in the diagrams in the answer to
question compass 3.

Because the C of G of the compass magret is no lenger directly below its plvot
point, acceleration of the compass during turns about the north and south mageetic
poles, wiil cause the magnet to rotate. Thls will cause the compass indicatlons to
alter as iHustrated in question COMPASS 44,

This question can be solved by visuslising these genersl effects, or more simply by
noting that if the aircraft is in the oppasite hemisphere as the poie through which it
Is turnlng, the compass will turn in the epposite direction to the aircraft, This will
cause the compass to over read when turning clockwise and vnder read when
turning anti-ciockwise. This effect is lllustrated below,

The question specifles an anti-clockwise turn from SW (225 degrees), to SE (115
degrees), in the northern hemisphere, so the aircraft and (south) pele through
which it turns are in opposite hemispheres. This wiil cause the compass to under
read, so roll out must occur at & heading lower than the 135 required. Oniy option
#, 115 sacisfies this condition.

COMPASS 46, d,

This question is concerned with the effects of deceleration on a direct reading
magnetic compass. These effects depend upon the magnetic latitude, the direction
of fight and the deceleration rate.

The lines of force produced by the earths magnetic field Now vertically upwards,
out of the ground at the magnetic south pole and verticaily into the ground at the
magnetic north pole. The degree to which they are inclined verticably at all other
peints on the earth is determined by the magnetic fasitude. At the magnetic
equator they sre horizontal or parallel with the surface. As magnetic latitudes
increase towards the magnetic poies the degree of inclination aiso increases. The

inclination of the lines of force causes the magnets in compasses to dip below the
horizentsi, thereby reducing their aceuracy,

In order to minimise this problem, compasses are typicaily suspended such that
their C of G is jower than their plvot. In this way the weight of the magnet is made
to oppose the dipping caused by the lines of magnetic force. This ls termed
pendulous suspension. Although this reduces compass dip, it does not eatirely
eliminate it. This means that whencver sn sircraft heading is anything other than

magnetic north or south, the C of G of the compass magnet will be off-set to one
side of the plvot,

Whenever an aircraft accelerates or decelerates on such a heading, the lateral
displacernent of the C of G and the inertia its compass magnet, causes the magnet
to rotate. The magnitade and direction of this rotation is determined by the
alrcraft heading, the magnetic latitude and the acceleration or deceleration rate.
This question specifies deceleration on s westerly heading on the magoetic equator.
But as illustrated below, the dip angle is zero at the magnetic equator, so the C of G
of the compass magnets will be directly below the pivot polat. So the magnets will
not rotate, regardless of the acceleration or deceleration. The compass will

" therefore indicate no turn (option d). This answer illustrates the general fact that

scceferations and decelerations will not cause corapass errors when over the
magnetic equator,
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COMPASS 47, ¢.

The rose should be aligned with zero degrees but is stuck on 075 degrees. So the
system is over reading by 75 degrees. The ADF pointer points towards the beacon,
sa the relative bearing is the indicated bearing minus the error, which is 270 - 75 =
19% degrees (option ¢)
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COMPASS 48. 4.

The Directional Gyro indicator or DGI provides a stable headlng refereace that is
{ree from the turning and acceleration errors that affect dircct reading compasses.
Tao achieve this it employs a gyro that is tied to the yawing plane of the aircrafy.
Like il other gyros it is susceptible to transport wander (1), earth rate wander @)
and mechanical imperfection (4). Corrections for earth rate wander are provided
by a latitude nut, which precesses the gyro at the same rate but in the opposite
sense (o that caused by earth rate, Because transport wander is dependent upon
esst/weat groundapeed and iatitude, it cannot be overcome by the Iatitude nut.

The DGI, like all horizontal gyros, is also susceptible to small transient gimbal
errors whea the atrcraft pitches and rolis. Thls is because pitching and rolling
¢cause the outer gimbal to rotate slightly about lts own axis, in order to maintzin the
spia sxis horizontal This Iy trauslated inte » heading indicatlon error in the DGI.
So the DGI s susceptibie to sl of the above errors.

4
Gyro drift due to earth rotation is termed sapparent wander. It is caused by the
fact that the gyro ts carrled nround with the earth as it rotates, Tt causes the spin
exis to wander clockwise in the northern hemisphere snd anti-clockwise in the
southern hemisphere. The rate of apparent wander is proportional te istitude. The
purpose of the latitude nut is to compensate for earth rate wander {optien b). Tt

doen this by precessing the gvre at a rate thatis equal but opposite to the earth
rate.

Transport wander (option d) rate Is determined by ixtitude and ground speed, 3o it
cannet be compensated for in this manner. Both earth rate wander (option b) and
transport wander (opton ) can be said to be sources of atitude error. So option ¢
Is not entirely correct.

Earth rate error (option b) is caused by the fact that the gyro la carried around
with the earth as It rotates. It should be noted that in this condltion the aircraft
remnins statlonary on the surface of the earth. Tramsport wander {(option a) Iy
similar, but ls caused by the movement of an aircraft as It fles around the esrth.
Both a and b are forms of latitude error (option d} but are not generally referred to
as such. Gyros do not exhibit altitade errors {(option c). So option a, transport
wander is the most appropriate for this question.

The lines of force produced by the earths magoetic field Now vertically upwards,
out of the gromnd st the magnetic south pole and vertically Into the ground at the
magnetic north pole. The degree to which they are inclined vertically at all other
points on the earth is determined by the maguetic latitude. At the magnetic
efuator they are horizontal or paraliel with the surface. As magnetic Iatitudes
increase towards the magnetic poles the degree of inclination aiso increases. The

638

inclination of the lines of force causes the magnets i comzpasses to dip below the
horizontal, thereby reducing their sccuracy.

In order to minimise this problem, compasses are typically suspended such that
their C of G is lower than their pivot. Tu this way the welght of the magnet is made
to oppose the dipplng caused by the lines of magnetic force, This Is termed
peadulous suspension, Although this reduces compass dip, It does not entirely
eliminate it.

This means that whenever an sircraft heading bs anything other than maguetic
north or south, the C of G of the compass magnet will be off-set to one side of the
pivot. Whenever an aireraft accelerates or decelerates on such a heading, the
interal displacement of the C of G snd the inertia its compass magnet, causes the
maguet to rotate, The magnitude and direction of this rotation 1a determined by
the aircraft heading, the magnetic istitude and the acceleration or decelerstion
rate. These effects are illustrated in the disgrams in the unswers to questions
Compans 3 and 13. So one of the factars causing ervors ons DRMC ia acelerations
ob east/west headings.

COMPASS 52. b,

The detector unit in & remote Indicating magnetic compnss employs a fiux valve to
produce an electrical signal, representing the direction of the maguetic field of the
earth. To do this it employs AC current (opidon b) to generate an aliernating
maguetic fleld. This alternating magnetic fleld interacts with the nex-alternating
magnetic fleld of the earth to produce an electrical signal representing hending. I
2 DC current (optian 5 ) were to he used the fiuz valve would Inunediately become
magnetically saturated and rempiln so.

COMPASS 5. ¢,

This question s concerned with the effects of decelerstion or a direct reading
maguetic compass. These cffects depend upon the magnetic Latitude, the direction
of flight and the deceleration rate. The general effects are liustrated in the
diagrams iu the suswers to guestions Compass 3 and 13.

This typs of question can be answered by visualising the general effects or more
simply, by noting that decelerations oa easterly or westerly headings always cause
Al apparent tarm away from the nearest magnetic pole,

This question specifies deceleration on & easterly heading im the northern
bemisphere, so theve will be an apparent turn awsy from the pole. This means
that the compass card will rotate snti-clockwise, causing the compasa to over read
{option c0.

COMPASS 54, ¢, :
This question is concerned with the effects of deceleration om & direct reading
magunetic compass. These effects depend upon the magnetic Iatitude, the direction
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of fight and the deceleration rate. The general effects are illustrated in the
diagrams in the answers to questions Compass 3 and 13,

| effects or more
This type of question can be answered by visunalising the genera

simply.pby noting that accelerations on easterly or westerly headings altways cause
an appsrent turn towsards the nearest magnetic pole,

rthern
This question specifies acceleration on 2 westerly heading in the no
hemisphere, so the comapass card will turn anti-ciockwise indicating.a turn north

(option ¢).

COMPASS 53. 8,

Gyre drift due to earth rotation is termed spparent wander or earth rate wander,
It is caused by the fact that the gyro is carrled around with the earth a3 It rotates.
The rate of apparent wander Is propertionsl to Iatitude. The purpose of the
Istitude nut is to compensate by precessing the gyro at » rate that Is equal but
appesite to the earth rate wander. If correctly adjusted, this will completely
eliminate wander provided the sircraft remalns stationary on the ground, This
questions specifles that the system has been adjusted In this manner, so the
indication will remain at 100 degrees (option a), regardiess of the time that the
aircraft remalas tn that condition,

COi 8

The rose should be aligned with zero degrees but Is stuck on 090 degrees. So the
system is over reading by 90 degrees. The ADF pointer points towards the beacon,
so the refative bearing Is the indicated bearlng minus the error, which Is 240 - 99 =
150 degrees (option b}

) L &
This question fs concerned with the effects of deceleration on a direct reading
magnetic compass. These effects depend upon the magnetic latitude, the direction
of flight and the deceleration rate.

The lines of force produced by the eartha magnetic field flow vertically upwards,
out of the ground at the magnetic south pole and vertically fnte the ground at the
magnetic north pole. The degree to which they are lnclined vertically at all other
points on the earth is determined by the magaetic latitude. At the magnetic
equator they are horizontal or parailel with the sarface. As magnetic Iatitudes
increase towards the maguetic poles the degree of inclination also increases. The
inclination of the nes of force causes the magnets in compasses to dip below the
horizontst, thereby reducing thelr accuracy.

In order to minimise this problem, campasses are typically suspended such that
their C of G fis lower than their pivot, In this way the weight of the magnet is made
to appose the dipping caused by the lines of magnetic force. This i termed
pendulous suspension. Although this reduces compass dip, it does not entirely
eliminate it. This means that whenever an aircraft heading Is anything other than

magunetic north or south, the C of G of the compass magnet will be off-set to one
side of the pivot.

Whenever an sircraft accelerates or decelerates on such a heading, the isteral
displacement of the C of G and the inertia its corpasy magnet, causes the magnet
to rotate. The magultude and direction of this rotation Is determined hy the
sircraft keading, the magnetic latitude and the acceleration or deceleration rate,
This question specifies deceieration oy a southerty heading so the compass magnet
wilt not rotate regardiess of acceleration rate or latitude. The compass wilt
therefore Indicate no apparent turn (option ¢),

The accuracy of compasses Is degraded by the presence of magnetic flelds within
the aircraft. The term deviation refers to the difference between compass north
and magnetic north. The compass deviation card (option: d) provides s recerd of
deviation on various heading. Isoclinai lines (optian b} indicate the dip or Z
component of the magnetic fleld of the earth, Fsagonal lines (option ¢) indicate the
direction or H corapenent of the magnetic flled of the earth, Nelther of these can
be used alone to determine deviation. The term “compass card” (option a) has no

specific meaning. So deviation cane be found using the compass deviation card
(optien d).

This question is concerned with the effects of deceterstion on a direct reading

magnetic compass. These effects depend upon the magnetic tatitude, the direction
of flight and the deceleration rate.

The lines of force produced by the earths magnetic fleld Aow vertically upwards,
out of the ground at the magnetic south pole and vertically into the ground at the
magnetic north pole. The degree to which they are inclined vertically at all other
points on the earth Is determined by the magnetic latitude. At the magnetic
equator they are horizontal or paralle] with the surfuce. As magnetic latdtudes
increase towards the magnetic poles the degree of inclination also Incresses. The
Inelination of the lines of force causes the magnets in compasses to dip betow the
horizontal, thereby reducing thelr ACCUracy.

In order to minimise this probtem, compaases are typlcally suspended such that
their C of G Is lower than their pivot. In thix way the weight of the magnet is made
to oppose the dipping csused by the lines of magnetic force. This is termed
pendulous suspension. Although this reduces compase dip, It does not entirety
eliminate it. This means that whenever an aircraft beading is anything other than

magnetic north or seuth, the C of G of the compass magnet will be off-set to one
side of the plvot. -

Whenever an aircrait accelerates or decelerstes on 1uch a heading, the latersi
displacement of the C of G snd the inertis ts compass magnet, causes the magnet
to rotate. The magnitude and direction of this roiation is determined by the
aircraft heading, the hemisphere and the acceleration or deceleration rate. This



question specifles scceleration on s north easterty heading in the southern
hemisphere, 30 the compass magnet will rotate anti-clockwise as iliustrated below,
The compass will therefore indicate a4 turn to the south (option b). This iflustraies
the genersl point that acceieration will always cause s apparent twra towards the
nearest pole. This effect is [Hustrated In the diagram below.
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COMPASS 60. b,

Whenever an aircraft turns, the compass is accelerated in the direction of the turn.
If the aircralt is not over the magnetic equater. Ity compass magoet will be dipped,
due to the dip of the lines of magnetic force around the earth. Thia will cause the C
of G of the magnet io be displaced as Hasirated below,

o sy 1 PSS
B T o e Linet of magueii fuver st
eritetnl el I S

wivrthorn relnphors:

C o G of tumpu. Jorgint n Minplawed o C ot G of cotepum wagen
b il kit Nl e it e biyrmilly

S sroreh asetieratig sl deacleriies

il ity Mo Sl i sl i v

o devvew, \np wil al (P Supiel

ot bn ot Doeriebionld pliiet, g

rrdings i mm Bescisey bt el

EFFECT OF DIP WHEN PLYING NORTH

Becausa the C of G of the compass magnet Is no longer directly below ity pivet
point, acceleration of the compass during furns about the north snd south msgnetic
poles, will camse the magnet to rotate. This will cause the convpass indications te
alier as Uinstrated below,

This question cen be solved by visualising these general effects, or more simply by
noting that If the aircraft s in the opposite hemisphere a3 the pole through which it
1s turning, the compass will tarn in the sppesite direction to the sircraft. This will
cause the compass to over rend when turning clockwise and under read when
turaning anti-clockwise.

The question specifies an anti-clockwise torm from SW (225 degrees), to SE (134
degrees), in the northern 8 the aircralt and (soath) pole through
which it terns are in opposite hemisphores. This will cause the compase to uader
resd, 3o reB cut must octur at a heading lower than the 135 required. Only option
I, 115 satisfies this condition.
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TURNING ERROR WHEN AIRCRAFTIS  TURNING ERROR WHEN AIRCRAFT IS
POINTING TOWARDS NEAREST FOLE ~ POINTING AWAY FROM NEAREST FOLE

Whenever at aircraft turms, the compass i accelerated in the direction of the turn.
Ifthellrerlﬂilno!averthmqlﬂhequw.lucompmmqn«wmhdlpm
due te the dip of the Unes of magaetic force around the earth. This will canse the C
of G of the magnet to be displaced as illnstrated in the diagraos in the answer te
question COMPASS 68,
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Because the C of G of the compass magnet is no longer directly below ita pivot
point, acceleration of the compass during turns about the north and south magnetic
potes, will cause the magnet to rotate. This will cause the compass Indications to
alter as illustrated in the answer to question COMPASS 60.

This question can be solved by visualising these general effects, or more simply by
noting that if the sircraft is in the oppoilte bemisphere as the pote through which it
is turning, the compass will turn ia the opposite direction to the alrceaft. This will
cauge the compass to over read when tursiag clockwise and under read when
wraing anti-clockwise.

The question specifies a clockwise turn from NW (315 degrees), to NE (045
degrees), In the southern hemisphere, 1o the aircraft and (north) pole through
which it turna are in opposite hemispheres. This will cause the compass (0 over
read, so roll out must occur at a heading greater than the 0435 required. Only
option ¢, 055 degrees, satisfies this condition.

2
Whenever an sircraft turns, the compass is acceierated in the direction of the turn.
If the gircraft is not over the magnetic equator. lts compass magnet will be dipped,
due to the dip of the llnes of magnetic force eround the earth, This wil cause the C
of G of the magnet to be dispiaced as lllustrsted In the diagrams in the snawer to
question compass 60,

Because the C of G of the compass maguet i no longer directly below its pivot
point, acceleration of the compass during turns about the north and south magnetic
poles, will cause the magnet to rotate. This will canse the compass Indications ta
alter as illustrated in the snswer te question Compass 60.

This question can be safved by visualising these generaf effects, or more simply by
noting that if the alrcraft Ia in the opposite bemisphere as the pole through which it
is turning, the compass will turn ia the opposite direction to the aircraft. This will
cauge the compass to over read when turning clockwise and under read when
turning ant-clockwise.

The question specifies a turn from NW (315 degreed), to SE {135 degrees), in the
Rorthern hemisphere. This means that the alreraft is turning either clockwise
through the north pole which s In the same hemisphere, or anti-clockovise, through
the south pale which Ir in the opposite hemisphere. In both cases this will cause the
compass card to rotute ciockwise, causlng the compass to under-read. So rolf ont
must occur st a heading lower than the 135 degrees required, Onty option b, 128
degrees satisfles this condition.

Whenever an aircraft rurns, the compass is accelerated In the direction of the turi.
1f the alrcraft is not over the magnetic equator. Tis compass magnet will be dipped;:
due to the dip of the lines of magnetic force around the earth. This will cause the C

of G of the magnet to be displaced 2y fllustrated in the di
qecrion o n Agrams in the answer 1o

Because the C of G of the compass magnet is oo koo

ger directly beiow lts pivat
point, acceleration of the compass durfng turns sbout the north and south magnetic
poles, will cause the magnet o rotate. This will cavse the compass indications to
alter as Hinstrated (n the suswer to question Compass 10,

This question can be solved by visualising these
general effects, or more simply b
Rnoting that If the aircraft is in the sare hemisphere as the pote through whlcph 3 ii

The question specifies a turn from NW (315 degrees), w0 SE (135 degrees), in the
southern hemlsphere. This means that the afrcraft is turning enhe:s;ockﬂsc

The rose should be aligned with zero degrees but is stuck os 090 d
egrees. So the
system is over reading by 90 degrees, The ADF pointer pointy towards the beacon,

The rose should be atigned with zero degrees but is stack on 090 d

egrees. So the
system is over reading by 90 degrees. The ADF pointer points towards the beacon,
sa the relative bearing Is the indjcated bearing minus the error, which is 270 - %) =
18 degrees (opdon c)

The rase should be aligned with zerp degrees but ls stuck on 080 4
tgrees. So the
system is over reading by 86 degrees. The ADF pointer points towards the bescon,

3o the relative bearing is the indicated bearing minws the error, which fs t20 - 80 =
40 degrees (option ¢)

COMPASS 67, »,
This question iy concerned with the effects of deceleration on & direct reading

magnetic compass. These effects depend upen the magaetic latitude, the di
of flight and the deceleration rate. . ‘ » e irection
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The linea of force produced by the earths magnetic fleld flow vertically upwards,
out of the ground at the magpetic south pole and vertically into the ground at the
magnetic north pole. The degree to which they are inclined vertically at all other
polnts on the earth is determined by the magnetic latlinde. At the magnetic
equator they are horizontal or parallel with the surface. As magnetic Intitudes
incresse towards the magnetic poles the degree of inciination also Increases, The
Inclination of the lines of force causes the magnets in compasses to dip below the
horizontsl, thereby reducing their accuracy.

in order to mintmise this problem, compasses are typleally suspended such that
their C of G is lower than their pivot. In thia way the weight of the magnet is made
to appose the dipping cansed by the lines of magnetic force. This {5 termed
peadulous suspension. Although this reduces campass dip, It does not entirely
¢liminste it. This menos that whenever an alreraft heading Is anything other than
magnetic north or south, the C of G of the compass magnet will be off-s¢t to one
side of the plvot.

Whenever sn aircraft accelerates ar decelerates on such & headlng, the lateral
dispiacement of the C of G and the Inertia its compass magnet, causes the magnet
to rotate. The magnitude and direction of this rotation Is determined by the
alrcraft heading, the magnetic Iatitude and the acceleration or deceleration rate.
This question specifies deceieration on & wenterly heading I the northern
hemlsphere. This will cruse compass to rotate clockwise, giving the impression of a
tury to the south, ss lustrated ln the diagram below. This anawer illusirates the
raore geners| point that decelerations on easterly or westerly headings cause an
apparest turn away from the nearest pole. So the aircraft will appenr fo turn to
the soath (option s).

| Mngranic snreh bod
napp aorily coluchiv

SITUATION DURING DECELERATION SITUATION BEFORE DECELERATION
IN WESTERLY DIRECTION IN WESTERLY DIRECTION
L )

WARN/REC 1. b

Requirements for flight data recorders are detailled in » number of JAR
documents, Includieg JAR OPS 1.715, JAR OPS 1.720 and JAR OPS 1.728. among
other things these require that the FDR be located in the vicinity of the rear
pressure bulkhead.

WARN/REC 1. &

JAR OPS 1768 requires that all alrcraft first certificated wnder JAR on or after 1
April 1998 which bave multipls turbine engines and 9 or mere seats, or a maximam
authorised take-off mass over 5706 Kg, shall have a cockpit voice recorder capable
of recording for:

a 2 hours for aircraft over 5708 Kg maximam take-off maps.,
b. 30 minutes for aireraft of 5760 Kg or less, maximum take-off mass.

This quesiion includes both the 2 hour ard 3¢ minute minima. Students should
therefore select 30 minntes because it f1 the lesser of the two, and make a written
siatement to this effect te draw the attention of the sxsminsrs to this matter.

WARN/REC 3. o,

In its most basic form s stall warning systems seases only angle of attack (A of A).
More sophisticated versions fitted to larger aircraft also sense other parameters
such as siat/fisp position, gesr position, attitade, CAS, and pitch rates.

WARN/REC 4. &

The requirenents for the ase of flight deta recorders (FDR) in JAR certificated
slceraft are detailed in JAR OPS 1.715. Far mult emgine turbine powered afreraft
with 9 or more passenger seaty, or & maximem authorised take-off mass aver 5708
Kg, these requirenrents include the capability to record dats for at lesst:

A, 25 hoars for sircraft of more than 5708 Kg maximuns txke-off mass,
b. 10 hours for aircraf of 5700 Kg or less maximum take-off mass.

Studenty should therefore select 23 hourg(option d)

WABN/REC 3. 4
The upper and lower limits for the operstion of the GPWS are as follewy:

Mede I. Excessive desceat rate. 2450 0t and 50 fr agl
Maede 2. Excessive terrain closure. 1868 ft and 58 ft agl.
Mode 3. Loss of aliftade after take—off or go-around. 709 ft sud %0 ft agh,
Mode 4. Uunsafe terraln clearance. 500 it and 30 N ag).
Mode 5. Aircraft below ILS glidepath. 500 ft and 59 ft agl.

So the upper and lower lintits for the overall systera are 2458 ft and 50 v,
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WARN/REC 6, 8.

JAR OPS 1.700 requires that all aircraft first certificated under JAR on or after |
April 1998 which have multiple turbine engines and 9 or more seats, and all )
aireraft having & maximuom authorised take-off mass over 5700 Kg, shall have a
cockplt voice recorder capable of recording:

n Vice communications transmitted from and received on the flight deck by
radlo.

b. Voice communications of flight crew ou the fiight deck wsing intercom.

c. Yoice andio siguals intreduced Inte the fight deck hesdsets or peakers,
identifying navigation/spproach aids.

d. Voice communications of the flight crew on the flight deck using the publlc
address system, -

e The aural envircnment of the flight deck, including an uplnterrupted record
of all audlo siguais recetved from eachk boom and mask microphome in uae,

Comparing the above lst with the options in this question reveals that aaly aption a
is true. Optioms b, ¢ and d sre untrue because they can be taken to include the
passenger cabin crew,

JAR regulations require that 2 GPWS system la to be fitted to:

a All turbine powered seroplanes having & mazimum take-off mass of more
thar L3000 Kg, or more than 30 PAsSEERgEr seats,

b. All afrcraft having & mazimum certificated take-off mass in excess of 5700
Kg, or more than 9 Pasienger seats, after 1 January 1999,

The system is o be capable of providlog sural sigaais (which may be supplemented
by visual signals) (option c), to give distinctive and timely warnings of sink rate,
ground proximity, Incorrect landing configuration ard downward glide slope
devintion,

must be provided with systema capable of Indicating the approsch of the stall
condition In all configurations. In order to achieve this, such systems typleally
empioy the following:

a Landing gear squat awitches o detect when the aircraft has lifted—off the

ground,

A of A sensors.

Flap/sist configurstion sensors.

d A compater or warning medule to snalyse the Inputs from the various
sensors and generate appropriste outputs.

Lo

648

Ap aural warning facility.

AR auto-ignition system to prevent engine flame out at high angles of attack.
A stick shaker to give tactile indication of approaching stall,

A stick pusher system to reduce attitude once stall hag commenced.

FRos

Option ¢ is therefore the most accurate in this question.

W

JAR regulations require that & turbojet aircraft and all turboprop sirersft with
maximum take-off max in excess of 5760 Kg or baving more than 9 Passcuger seats,
and all sircraft baving a maximum suthorised take-off mass over 5706 Kg, raust
bave ag shtitude alert system capable of the following: ,

a. Alesting the flight crew upon approaching a pre-selected altitude in the
climb sgd desceat.

b. Alerting the crew by at last an audible slgnal when departing sbove or
below the pre-selected altimde.

Te the majovity of systems the mandsatory sural Indication is supplemented by a
visual indication In the form of a light. In the Boeing 737 system for example, two
amber slert lights illyminate and & two second C~chord sounds when the aircraft
comes within $0¢ It of the pre-selected altitude. The iight then extinguishes when
withia 300 1t of the pre-selected alttude. If the aircraft them deviates, the amber
lights start te flash and the 2 second tone iy sounded, when the altitude ervor
reaches 300 R, Ifthedﬂhtloneondnmtoiuruu,thﬂiﬁuwlllemu
906 ft above or below the pre-selected altitode. It should be noted that the altitade
ﬂcrﬂngsymmhlnnowaymneclcdwlthuto-m (options a and b)

WARN/REC 10. ¢,

JAR OPS 1.700 requires that all sirersft first certificated onder JAR oa or after |
April 1998 whick have muitiple furbine engines and 9 or more seats, shall have a
cockpit voice vecorder capable of recording:

L Volce communications transmitted from and recefved on the flight deck by

IL Vobemml&a&norﬂhueuwonmﬂwmmm

EHI N vm.mnmhmwhummmmm“rwm
identifying navigation/approach alds. :

Iv. Vohmmumﬁmofmm:mummgudukwu&apnbﬂn
address system, : :

V. The aural euviroament of the flight deck, inciuding an aninterrapted record
of all audio sigmals received from each boow and mask microphone in use.

Comparing the above list with the opﬂoni ln'thh question revesis that only option
d, (1, 3, 4) is correct, because (2) refers te cabin crew dacussions,



i

JAR reguiztions require that a turbojet aircraft and all turboprop sircraft with
maximum take-off max In excess of 5704 Kg or having more thaa 9 passenger seais
must have an sititude alert system capable of the following: ,

i Alerting the flight crew upon approaching a pre-selected altitude in the
cHimb and descent.

1. Alerting the crew by at Iast an audible slgual when departing sbove or
below the pre-selected altitude.

In the majority of systems the mandatory aural indication ks supplemented by 2
visual indication In the form of » Hght. 1n the Bocing 737 system for example, two
smber alert lights lluminate and a two second C-chord sounds when the alreraft
cormes within 98¢ ft of the pre-selected altitude. The light thes extinguishes when
within 30¢ ft of the pre-selected altimde. If the alreraft then deviates, the amber
lights start to flash and the 2 second tone Is sounded, when the altitude error
reaches 304 1. I the deviation continues te increass, the lights will extinguish at
900 ft above or below the pre-selected altitude It shoald be noted that these
systeras do net lodicate when the pre-selected alttude hax actually been reached
(optoms ¢ and d). Option a is therefore the mosta accurate in this question.

WARNREC i]. 8
AMC OPS 1.715(c) requires that flight data recorders shall sntomaiically
commence recording before the aircraft becomes capable of maving under its own

power and shall autsmatically stop recording after it cesses to be capable of
meving noder Hy own power.

WARNREC 13, 4,

The requirements far the use of flight data recorders (FDR) in JAR certificated
aircraft are detalled im JAR OFS 1.715. For muldl engine turbine pewered alrcraft
with 9 or more passeoger sests, these requirements iacinde the capability te record
dats lor at least:

L 15 houry for alrcraft of mere than 570¢ Kg maxhnum take-off mass.
1 18 hours for alreraft of 5708 Kg or less maximun take-off mase.

JAR OFS 1,760 requires that sl sireraft first certificated ander JAR on or sfter 1
April 1998 which have multiple turbine engines snd 9 or more seats, and all
alrerafy having & meximam suithorised take-off mass over 5708 Kg, shall have a
cockpit voice recorder capable of recording for:

L 2 hours for atrcraft over 5700 Kg maximum take-off mass.
IL 30 minutes for aircraft of 5700 Kg or less, maxzimam tske-off mass.

Option d, 28 hour and 2 hours is therefore the most appropriste.

WARNREC 14, ¢,
GPWS modes include the following:

Mode 1. Excessive descent rate ln excess of 7350 fpm between 2458 it agl and
50 it agl. And more than 1500 fpm at 50 ft agl.

Mode 2A. Excessive torrain closure of more tham 6008 fpes below 1808 It agl
with flaps not in landing conflguration.

Mode 2B, Excessive terrain closure of more than 2063 fpm below 50 ff agl, with
ot in Ianding configuration. Or 3000 fpm between 798 ft agl and
220!“31,&0!2250!1)1!betwunl]ﬂﬁnﬂud“ﬂuiwlthﬂqull
lsnding configuration.

Mode 3. Laoss of altitude of more than 70 ft between 700 Nt agl and 50 It agi, or
more than 10 ft below 38 £t agl, after iske-off or go-around.

Mode 4, Unsafe terrain clesrance if descent rate is 1908 fpm or mere between
500 ft agl and 50 ft agl.

Mode 8. Alreraft below ILS glidepsth between 500 £t agl and 50 ft agl

Made 6. Indicates that the aireraft has reached dotision beight in 2 cat 2 or 3
HLS appreach.

Ss aption c (2,5,6,7) it corvect.

WARN/REC 15. ¢,
GPWS modes include the following:

Mode 1, Excessive descent rate ia excess of 7350 fpm hetween 2450 ft agi and
56 ftagl And more tham 1508 fpm beiow 30 ft agh.

Mode 2A.  Excessive terrain closure of more than 6000 tpm below 1804 ft agl
with Mlaps not in landing conflguration.

Mode 2B. Exmﬂveternhclumofmuthumﬂfpnbelowﬂnmm
a0t in lending configuration. Or 3000 fpm betwesn 790 ft agl and
220 ft agl, them 2250 fpm between 220 ft agl and 50 Rt ag) with flape in
landing configuration,

Mode 3. Loas of altitude of more than 78 ft between 700 ft agl and 50 ft agl, or
were than 19 ft below 58 ft ngl, after take-off or ge-arcand.

Mode 4. Unsafs terrain clearsmce if descent rate is 1908 fpm or mare between
500 7 ag) and 58 ¥ agl.

Mode 5. Alrcraft below ILS glidepath between 500 ft agl and 58 ft agi.

Mode 6. [ndicates that the sircraft has reached decislon height in a cat 2 or 3
ILS approach.

1t should be noted that ajthough mode 6 aperates ouly at decision beight and 1o
cannot truly be descried a1 providing altitude readouts (7) this is Inciwded in all of
the options. GPWS dees not provide any form of Indication of excessive bank (1)
angle st any altitwde

WARNREC 16 b,
JAR OFS 1.710 requires that CVR shall antomatically commence recording before
the sireraft becomes capable of maviag under its own power and shall
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automatically stop recording after it ceases to be capabie of moving under ity own
power.

w 17. &

GPWS mode 3, provides an audible alert whenever the aircraft loses altitude of
more than 78 it between 700 fi agl and 50 ft agl, or more thaw 10 ft below 50 fr agi,
after take-off or go-around. The mode 3 alerts and Warnings are as follows:

SYSTEM ALERT WARNING
Basic GPWS Noae “Whoop Wheop Putl Up”
Advanced GPWS| “pop't Sink” None

The question asks for mode 3 audibie alerts, so eptian s, “Don’t Sink® is correct for
advanced GPWS only.

W,

The various JAR regulations for CVR equipment require that it be fitted with 2
device to aid iocation and be of crash/five resistant construction (4). These

W
JAR reguiations Tequire that a turbojet sircraft and all tarboprep sircraft with

maximam take-off max in excess of 5700 Kg or baving more than 9 passenger seats
miust have an altitude alert system capable of the following:

I. Alerting the Might crew upon approaching a pre-selected altttude in the
climb and descent.

IL Alerting the crew by at Last an sudible signal when departing above or
below the pre-selocted sliitmde,

These are factors { 1) and (2) in this question, so option a Is correct. It should be
noted that (3) and (4) are provided by GPWS,

W
JAR OPS 1.710 requires that CVR shall automatically commence recording before
the aircraft becomes capable of moving under its own power and shall

auwtomatically stop recording after It censes to be capable of moving under its own
Power (option ¢),
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Requirements for (light data recorders are detailed in & oumber of JAR
documents, including JAR OPS 1.715, JAR OPS 1.72¢ and JAR OPS 1.725. among
other things these require that the FDR be located in the vicinity of the rear
pressure buikhead (option b).

WARNREC 22, b,

JAR regulations require that a turbojet alrcraft and all turhoprop aircraft with
maximam take-off maz in excess of 8700 Kg or having more than 9 pasaenger seaty
must have an aititude alert system capable of the following:

A Alerting the Mght crew upon approaching a pre-selected altitude In the
<Hmb and descent.

b. Alerting the crew by at last an andible signal when departing above or
below the pre-selected sltitude (opdon b).

WARN/REC 23, ¢,
GPWS modes include the following:

Mode 1. Excessive descent rate in excess of 7350 fpm between 2450 ft agl and
50t agl. And more than 1506 fpm below 50 ft agl

Mode 2A.  Excessive terrain closure of more than 6000 fpm below 800 ft xgt
with flaps not In landing configuration,

Mode 2B.  Excessive terrain closure of more than 2063 fpm below 50 it agl, with
not [n landing configuratdon, Or 3008 fpm between 790 ft agl and
220 fr agt, then 2250 fpm between 226 agt and 38 1t agl with fiape in
landing configursiion.

Mode 3, Louoflﬂitudonfmorethan'mnbetween‘!oeﬂagl and 50 ft agl, or
more than 19 ft below 59 ft agl, after take-off or go-around.

Mode 4. Unsafe terrain clearsnce if descent rate is 1900 fpm or more between
500 ft agl and 50 ft agl,

Mode 5. Aircraft below ILS glidepath between 500 ft agl and 50 ft agt.

Mode 6. Indicates that the aireraft has reached decision beightin a ¢cat 2 or 3

ILS approach.
So the limits for GPWS operations are 50 ft and 2450 1t agl.

W

JAR OPS 1.700 requires that all aircraft first certificated under JAR oa or after |
April 1998 which have muitiple turbine engines and 9 or mare seats, shall have a
cockpit vaice recorder capsble of recording:

R Voice connunications transmitted from snd recelved on the Right deck by
radio.
Volce commuonieations of fitght crew on the flight deck using Intercom.

18
i Volce audio signals Introduced into the fiight deck hendsets or spenkers,

identifying nnvigation/approach sids.
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Voice communications of the flight crew on the flight deck using the public
address system.

The aursl environment of the fight deck, including an uninterrupted record
of all audio signals received from each boom and mask microphone in use,

Sa (1), (2), and (3) are untrue because they can be taken to include cabin crew and
passeagers. (5} is also untroe because It 1s only the voice messages that are
recorded rather thas the bescon signals. So only option d, “Al discussions
between the crew and ATC™ is true in this guestion.

W

This question might be interpreted as referring to Mode | “excessive descent rate”
or mode 3 “loss of altitude after take-of or ge-sreund”. Bat in mode 3 only
advanced GPWS uses the slert message “Don't sink”. But even this system does
not use the warning “Whoop Wheop Pull Up” In made 3.

In mode 1 the basic GPWS does not provide any alert but gives the warning
“Whoop Whoop Pull Up™. In the advanced system the mode 1 alert is “Sink Rate”
sod the warning is “Whoap Whoop Pull Up”. S¢ only the advanced GPWS
produces the messages indicated in option d of the question. No verslon of GPWS
uses the other combinatdons,

WARN/REC 16. ¢,

JAR OPS 1.700 requires that all aircraft first certificated under JAR on or after |
April 1998 which have muitiple turbine sugines and 9 or mare seats, shall have s
cookpit volee recorder capable of recording:

A Voice communications transmitted from and received on the flight deck by
radio.

b. Voice communications of flight crew on the Nlight deck using Intercom.

s Yoice audio signals introduced into the flight deck hendsets or speakers,
ldentifying navigation/spproach sids.

d. Volce communieations of the fMlight crew on the flight deck using the public
asddiress system.

e The sural emviroameat of the flight deck, inclnding an uninterrupted record
of all andio signals received from each boam and mask microphone tn use.

Comparing the sbove lat with the options in this question reveals that option 4 Is
correct.

WABNREC 37, ¢,
GPWS mades include the following:

Mode t. Excesalve descent rate in excess of 7358 fpm between 2450 ft agl and
50 ftagl. And more than 1500 fpm below 50 Mt agl.

Mode 2A.  Excemsive terraim cloaure of more than 6098 fpm below 1500 ft agl
with flaps not in isnding configuration.
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Mode 2B.  Excessive tervain closure of more than 2063 fpm below 50 ft agh, with
not in landing configwration. Or 3000 fpm between 790 ft agl and
220 1t agl, then 2250 fpm between 220 ft agl and 50 R agl with fiaps In
tanding configuration.

Mode 3. Loss of altitude of more than 70 ff between 700 ft agl and 50 ftagl, or
more than 10 f below 50 ft agl, after take-ofY or go-around.

Mode 4. Unsafe terrain clearance if descent rate is 1900 fpm or more between
500 ft agf and 50 ft agl. !

Mode 5, Alrcraft below ILS glidepath between 500 ft agl and 50 ft agt.

Mode 6. Indicates that the sircraft has reached decision belghtinacat 2 0r 3
ILS approach.

Sa (1) and (2) are untrue because GPWS does not monitor stall or angle of attack.
(3) and (4) are both true. (5) might be taken to be true In the sense that
Mode 2B s sensitive to flap setting. So aption ¢ is the most appropriate.

WARN/REC 28, a,
GPWS modes include the following:

Mode 1. Excessive descent rate In excess of 7350 fpms between 2450 ft agl and
50 ~tagl. And more than 1500 fpm below 50 ft agl

Made 2A.  Excessive terrain closure of more than 6600 fpm below {800 ft agl
with flaps not in landing configuration.

Mode 2B.  Excessive terrain closure of more than 2063 fpm below 50 ft agl, with
not in landing conflguration. Or 3006 fpm between 790 Rt agl and
Zzon.ﬂ,thennﬁfpmbetwunnﬂftagl and 56 ft agt with flapa in
landing conflguration.

Mode 3. Loss of altitude of more than 70 ft hetween 700 ft agl and 50 ft agl, or
more than £ it below 50 ft agl, after take-off or go-around.

Mode 4. Unaafe terrain clearance If descent rate is 1900 fpm or more between
500 it agl and 50 it agl.

Mode 8. Alrcraft below ILS glidepath between 500 Rt agl and 30 ft agl.

Mode 6. Indicates that the aircraft has reached decision height in s cat 2 or 3
ILS approach.

S0 (3) and (5) are untrue because GPWS does not operate above 3450 A agl, and
does nat monitor AOB. (1) and €2) and (4) are all true (option ).

WARNREC 29, 4,
GPWS modes include the following:

Mede 1. Excessive descent rate In excess of 7350 fpm between 2450 ff agl and
50 ft agl. And more then 1500 fpm below 50 ft agl
Mode 2A.  Excessive terrain closure of more thau 6000 fpm below 1300 fit 2l
" with flapa not in Ianding configurstion. _ : '
Mode 2B.  Excessive terrain closere of more than 2063 fpm below 50 & agl, with
not in landing configuration. Or 3000 fpm between 790 It agl and
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220 ¥ agl, then 2250 fpm between 220 ft agl and 50 ft agl with flaps in
landing configuration.

Maode 3, Loss of altitude of more than 70 {t between 700 ft agl and 50 ft agl, or
more than 19 ft below 50 ft agl, after take-off or go-around.
Moade 4. Unsafe terrain clearance if descent rate is 1900 fpm or more between

500 ft agt and 5C It agl.

Mode §. Alrcraft below ILS glidepath between 500 £t agl and 50 ft agl.

Mode 6. Endicates that the aircraf has reached decision belght in s cat 2 or 3
1LS approach.

So only option d is true.

WARN/REC 30. b,
GPWS uses the following inputs:

Height above ground from the Radio Altimeter {option b).
Verticul speed (rom & barometric VSI or altimeter.
Glidepath deviation from the ILS system.

Undercarriage position (rom micro-switches.

Flap position from micro-switches.

Fan TR

WARN/REC 3. b,

In the Boeing 737 system the two amber “ALTITUDE ALERT” lights illuminate
when approaching cioser than 900 @t from selected altitude, then extinguish when
within 300 ft. When deviating from selected altitude the amber lights start to flash
at 300 ft deviation then cease to flash at 900 ft deviation {option b).

WARN/REC 32. a.
GPWS modes include the foliowing:

Mode 1. Excessive descent rate in excess of 7350 fpm between 2450 ft agl and
40 ft agl. And more than 1500 fpm below 50 ft agl

Made ZA.  Excessive tervain closare of more than 6000 fpm below 1800 ft agl
with flaps not in Ianding configuration.

Made 2B.  Excessive terrain closure of more than 2063 fpm below 50 ft agl, with
oot in landing canfliguration. Or 3000 fpm between 790 ft agl and
120 ft agl, then 2250 fpm between 220 ft agl and 50 ft agl with flapa in
landing configuration. .

Mode 3. Loss of altitude of more than 70 ft between 700 ft agl and 50 ¢ sgl, or
maore than E0 ft below 30 ft agl, after take-off or go-around.

Mode 4. Unsafe terrain clenrance if descent rate is 1900 fpm or more between
500 It agl and 50 ft agl.

Mode 5. Aireraft below ILS glidepath between 500 [t agl and 50 ft agl.

Mode 6. Indicates that the aircraft has reached decision helght in a cat 2 or 3
ILS approach.
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So only aption & is true. It should be noted that option ¢ is untrue bec
ta pressure altiude rather than helght agi. ¢ @ Decause lreten

w

[n lts most baslc form, the stall warning system fltted to Light aircraft senses only
angle of attack. But to obtain JAR certification, large passenger carrying afrcraft
raust be provided with systems capable of Indicating the approsch of the stall

condition in all configurations. In order to achieve this, such systems typie:
employ the following: i

i Landing gear squat switches to detect when the alrcraft has lifted-off the
ground.
4, A of A sensors.
fil. Flap/slat conflguration sensors.
iv. A computer or warning module to analyse the inputs from the various
sensors and generate appropriste outputs.
V. An aural warning facllity.
v, AR auto-ignition system to prevent engine flame out at high sngles of attack.
vii. A stick shaker fo give tactlle indication of approaching stall.
viil. A stick pusher system to reduce attitude once stall has commenced.

i,
il
iv.

v,
vi
vii.

So only option a is true.

W,

In its most baslc form, the stall warning system fltted to iight airersft senses only
angle of attack. Buf to obtala JAR certification, Iarge passenger carrying alreraft
must be provided with systema capable of Indicating the approach of the stall

condition in all configurations. In arder to achieve this, such systems typleally
empioy the following:

Landing gear squat switches to detect when the alreraft has lifted-off the
ground.

A of A sensory

Flap/slat confliguration sensors.

A camputer or warning module to anslyse the luputs from the various
seusors and generste appropriate owtpuais.

An surul warning facility.

An auto-ignition system to prevent engine flame out at high angles of attack
A stick shaker to glve tactile indication of approachiog stall.

A stick pusher system to reduce attitude once stsll bas commenced.

Sa onty option ¢ is true,
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WARN/REC 38. b.

GPWS modes incliude the following:

Mode L, Excessive descent rate in excess of 7350 fpmn between 2450 fi agi and
50 ft agl. And more thao 1500 fpm below 50 ft agk.

Maode 2A.  Excessive terrain closure of more than 6000 fpm below 1800 ft agh
with flapy not In tanding cenfiguration.

Mode 1B. Excessive terrain closure of more than 2063 fpm beiow 50 ft agk, with
not in landing cenfiguration. Or 3000 (pm between 790 ft agl and
220 fe agl, then 2250 fpm between 220 It agl and 50 ft agl with flaps in
{anding configuration.

Mode 3, Loss of altitude of more than 70 ft between 700 ft agl and 50 ft agl. or
moare than 19 ft below 50 ft agl, after take-off or go-around.

Mode 4. Unsafe terrain clearance if descent rate is 1904 fpm or more between
5{H) ft agl and 50 ft agl.

Mode &, Adrcraft below ILS glidepath between 500 ft agl and 50 ft agl.

Mode 6. Indicates that the aircraft has reached declslon helght in & cat 2 or 3

ELS approach.

So only option b |s true,

WARN/REC 36. 2.
GPWS modes include the following:

Mode §. Excessive descent rate In excess of 7350 fpm between 2450 ft agl and
50 1t agl. And more than 1500 fpm below 50 ft agl.

Mode 2A.  Excesslve rerrain closere of more than 60600 fpm below 1804 ft agt
with flaps not in landing configuration.

Mode 2B.  Excessive terrain closure of more than 2063 fpm below 50 ft agi, with
not ln tanding configuration. Or 3000 fpm between 790 ft agl and
220 ft agl, then 2250 fpr between 220 It agl and 50 ft agt with flaps i
landing conflguration.

Mode 3. Lass of altitede of more than 70 ft between 700 ft agh and 50 ft agl, or
miore than 10 ft below 50 {t agl, after 1ake-off or go-sround.

Mode 4. Unasale terrain clearance if descent rate is 1908 fpm or more between
500 ft agl and 50 ft agl.

Mode 5. Aireraft below ILS glidepath hetween 500 it agh and 50 ¢ agl.

Made 6. indicates that the aircraft has reached decision height in a cat 2 or 3
ILS appreach.

GPAYS dees not monitor AOB, so only eption a is true.

n5h
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WARN/REC 37, ¢,
GPWS modes include the following:

Mode 1. Excessive descent rate in excess of 7350 fpm between 2450 ft gl and
50 ft agl. And more than 1500 fpm below 58 ft agi,

Mode 2A.  Excesslve terrain closure of more than 6000 fpm below 1800 ft agl
with flaps not in landing configuration.

Mode 2B,  Excessive terrain closure of more than 2063 fpm hetow 58 ft agl, with
not in landing configuration. Or 3000 fpm between 790 ft agi and
120 ft agl, then 2250 fpm between 220 ft agt and 50 ft agl with flaps in
landing configuration,

Mode 3. Loss of altitude of more than 70 ft between 700 ft agt and 50 ft agt, or
more than 1 1t below 50 ft agl, after take-off or go-around,

Mode 4. Unsafe terrain clearance if descent rate is 1900 fpm or more between
500 ft agl and 50 fe agt,

Mode 5. Alrcraft below ILS glidepath between 500 ft agl and 50 ft agl.

Mode 6. indicates that the aircraft has reached declsion heightin a cat 2 or 3
ILS approach.

So the GPWS Is operational from 5¢ ft to 2450 ft agl (option c).

w X

JAR OPS 1,710 requires that CVR sha)) automatically commence recording hefore
the aircraft becomes capabie of moving under tts own pawer and shall
Automatically stop recording after it ceases to be capable of moving under its own

power. Comparing these requirements with the optiana, reveals that option d is
the most accurate.

W

GEWS mode 3, provides an audible alert whenever the alrcrafe loses altitude of
more than 70 ft between 700 ft agl and S0 ft agh, or more than L0 ft below 50 ft agl,
after take-off or go-around. The mode 3 alerts and warnings are as follows:

SYSTEM ALERT WARNING

Basic GPWS Naope “Whoop Whoop Pull Up®

Advanced GPWS| “Don’t Sink" None

The question asks for mode 3 audible alerts, so optien b, “Don't Sink” (s correct for
advanced GPWS only.
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WARN/REC 40, &

JAR reguiations require that a turbojet aircraft and all turboprop wircraft with
maximum take-off max in excess of 5700 Kg or having more than 9 passenger seats
must have an sititude alert system capable of the following:

L Alerting the flight crew upon approaching a pre-selected altitude in
the climb and descent,

. Alerting the crew by at Iast an audible signal when departing above
or below the pre-selected aititude.

So only option d is true.

WARN/REC 4). ¢,

The requirements for the use of flight data recorders (FDR) in JAR certificated
aircraft are detailed in JAR OPS 1.715, For multl engine turbine powered aircraft
with 9 or more passenger seats, these requirements include the capability to record
data for at least:

L. 25 hours for aireraft of more than 5760 Kg maximum take-off mass.
IL 10 hours for alrcraft of 510 Kg or less mazimam take-off mass.

JAR OPS 1.7 requires that all aircraft first certificated under JAR on or after 1
April 1998 whick have multiple turbine engines and 9 or more seat, shall have a
cockpit voice recorder capable of recording for:

L 2 hours for aircraft over 5700 Kg maximum take-off mass.
1. 30 minutes for gircraft of 5700 Kg or less, msximum take-off mass.

So option ¢ is true for the FDR of an aircraft of more thas 5700 Kg and the CVR of
one of less than 5700 Kg.

WARN/REC 42, b,
GPWS modes include the following:

Mode 1. Excessive descent rate in excess of 7350 fpm between 2450 R agl and
50 ft agl. And more than 1500 fpm below 50 ft agh

Mode 2A,  Excessive terrain closure of more than 6000 fpm below 1306 fi agl
with flaps not in Innding conflguration.

Made 2B.  Excessive terrain closure of more than 2063 ipm below 50 £t agl, with
not in landing configuration. Ov 3000 [pm between 790 ft agl and
220 5t agl, then 2250 fpm between 220 1t agl and 50 ft agl with flaps In
landing conflguration.

Made 3. Loy of altitude of more than 70 [t between 700 ft agl and 30 ft agl, or
more thaz 10 it below 50 ft agl, after take-off or go-around.

Mode 4, Unsafe terrain clearance if descent rate is 1900 fpm or more between
500 It agl and 50 ft agi.
Made 5. Alreraft helow [LS glidepath between 500 {¢ agl and 50 ft agl.

A B bt e

Moede 6, Indicates that the aircraft has reached decision heightin acat 2 or 3
ILS approach.

So only statements 2, 4, 5 and 6 (option b) are true.

w

JAR OPS 1.715 (c) requires that FDR shall sutomatically commence recording
before the sireraft becames capable of moving undier its own power and shall
automatically stop recording afier it ceanes to be capabie of moving under its own

power. Comparing these requirements with the options, reveals that option a, is
the most accurate.

JAR regulations require that GPWS provides at jeast aural signals, which may be
supplemented with visual signals giving timely and distinctive warnings of sink
rate, ground proximity, altitude loss after take-off and go-around, incorrect
landing configuration, sad downward glidesiope deviation, In the bastc GFWS
system these warnings consist of both » red “Pull up” light and 2 audible “Whoop
Whoop “ message followed by a “Pull up, Pull vp™ message. It shouid be noted that
basic GPWS mode 5 provides oaly am alert consiating of an illuminated

“Glideslope™ light and an audible “Glideslope™ message. Option c is therefore the
most accurate in this question.

A baslc stall warning system of the type used in light alrcraft senses only angle of
attack {Alphs). The sensor is usually a small vacuum probe or s flapper switch on
the leading edge of the wing.

WARNREC 46. ¢,

The requirements for the use of flight data recorders (FDR) in JAR certificated
aircraft are detafled In JAR OPS 1.715. For multi engine turbine powered alreraft
with 9 or more passenger seats, and all aircraft of maximum take—off mass over
5700 Kg, these requirements include the capability to record dsta for at least:

L At least 2% hours for sircraft of more than 5700 Kg maximum take-off mass
(option d),

L At least 10 bours for atreraft of 5700 Kg or less mazimum take-off mass.

W,

Requirements for flight dats recorders are detailed in 8 number of JAR
documenty, including JAR OPS 1.715, JAR OPS 1.720 and JAR OPS 1.725. among
other things these require that the FDR be located in the vicinity of the rear
pressure butkhead of pressuristed aircraft (option b).
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WARN/R 8.

JAR regulations require that a turbojet aircraft and all turboprop aircralt with
maximum take-off max in excess of $700 Kg or having more than 9 passenger seats
must have an altitude alert system capable of the foliowing:

L Alerting the Might crew upon approaching a pre-seiected altitude in
the climb and descent.

Il Alerting the crew by at last an audible signal when departing sbove
or below the pre-setected zititude.

Altitude aierting systems do not take any automatic corrective actions such as
engaging or disengaging systems, so only option d s true.

w
JAR OPS 1.700 requires that all aircraft first certificated under JAR on or after 1

Apriil 1998 which have multiple turbine engines snd 9 or more seats, shatl have a
cockpit voice recorder capable of recording:

L Yolce communicstions transmitted from and received on the flight
deck by radie.

II. Volce communications of Night crew on the Aight deck nsing
intercom.

IIIl.  Voice audio signals introduced into the flight deck headsets or
speskers, identifying navigation/approach aids.

IV.  Voice communications of the flight crew on the Right deck using the
public address system.

¥. The aural environment of the flight deck, including se uninterrupted
record of all sudio signals recetved from each boom and mask
microphone In use.

Comparing the above list with the options in this question reveais that only option
b is correct because all of the other options include {1) “cabin crew tntercom
discussions”™, which is untrue.

w

JAR OPS 1.715 requires that all multi engine curbine powered aircraft with 9 or
more passenger seats, and for all gircraft having o mazimum take-off mass over

5700 Kg aireraft certificated under JAR after 1 April 1998 be provided with flight
data recordery.

TCAS 1a,

The TCAS system it based upon Interactions between airhorne SSR transponders
(option a). These continuousty transmit identity codes. By interrogating each
other’s transponders, each aircraft is able to determine the relative bearing, speed
and (in some modes) the altitude of other sircraft in the vicinity. TCAS II also uses
the radic altimeter to inhibit descent commands when close to the ground, aud
Mode § transponders to obtain altitude data of other aircraft. The transponders
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themselves obtain information from the INS/IRS and may use inputs from
additionsl equipment depending on afrcraft type, Of the options listed in this
question, option a is the most accurate because a serviceable SSR transponder is
shsolutely essential to the operation of TCAS systems.

JCAS 2D,

The TCAS vystem |y based upon interactions between sirborne transponders.
These continuously transmit identity codes. By interrogating eack other's
transponders each aircraft Is able to determine the reiative bearing, speed and (in
some modes) the altitude of other aircraft in the vicinity. This means that no
protection is avaflable against aircraft not equipped with a serviceable SSR
transponder {(opticm b).

TCAS 3¢,

Avcidance resolutions provided by TCAS are called Resolution Advisory or RA
messages. Preventative RA messages are those which prevent conflicts rather than
resolving them. One example of a preventative RA is “Monitor vertical speed™.
This requires the pilot to monitor the VSI or IVSI and aveld the red ares which
indicate the speeds that will cause conflicts.

Carrective RA messages, give the corrective sctions to be take to resolve conflicts,
These might include instructions to climb or descend or to change rate of climb or
descent. 1t should be noted that with IT alt such instractions apply in the vertical
plane only (opton ¢). Instructions in the azimuth plane are part of the pianned
TCAS It system.

TCa§ 49,

Avoldance resolutions provided by TCAS are called Resoludon Advisory or RA
messages. Preventative RA messages are those which prevent confticts rather than
resolving them. One example of a preventative RA Is “Monitor vertical speed”.
This requires the pilot to monitor the VSI or IVSI aud avoid the red arcs which
indicate the speeds that will cause conflicts.

Corrective RA messages, give the corrective actions to be take ts resolve conflicts.
These might include instructions o climb or descend or (o change rate of climb or
descent (option d). It should be noted that with I1 all such instructions apply In the
vertical plage only. Insiructions in the azimuth piane are part of the pianned
TCAS [T system.

ICASS¢

The TCAS system is based upon interactions between airborne transponders
(option c). These continuously transmit identity codes. By nterrogating each other
¢ach (ransponder is able to determine the relsiive bearing, speed and (lu some
mades) the altitude of other slreraft in the vicinity, TCAS TI uses the radio
altirpeter to inhlbit descent commands whea close to then grouad, and Mode 8
transpondeny to obtaln altitude data of other airceaft. The tranaponders



themsetves obtain information form the INS/IRS and may use Inputs from
addidonal equipmaent depending on alrcraft type.  Of the options listed in thia
question, optior c ia the most accurate because the SSR transponders is
fundamental to the operation of TCAS.

ICAS 6 b,

The TCAS syatem is based upon interactions and replies between alrborne
transponders (opton b). These continuously transmit Identity codes. By
interrogating each other each transponder s able to determine the relative bearing,
speed and (lu yome modes) the altitude of other aircraft in the vicinity.

TCAS 7 e

The TCAS system I3 based wpon interactions between airborne transponders.
These continuously transmit ldentity codes. By Interrogating each other each
transpoader is able to determine the relative bearing, speed and in some modes the
aldtude of other aircraft in the vicinity.

The basic TCAS I system provides only Traffic Advisory or TA messages relating
to adjacent traffic which might represent a threat to the alreraft. In TCAS 1I this
systew is enhanced to provide both TA messages and Resolution Advisory or RA
message, giving instructions oa how to resolve conflicts in the vertical plane (option
c). To enable TCAS H to achieve this, both aircralt must be using Mode C
transponders.

A Traffic Advisory or TA indicates the approximate position of traific relative to
the parent aircraft. 1aformation provided includes position in the horizontal plane
(azimuth) and vertical plane, of transponding alreraft in the vicinlty which may
become a threat. Resolution advisories or RA messages, provide aural snd visuaj
indications of the manoeuvres to be made or the manoenvre restrictions to be
applied (0 resolve conflicts with aircraft transponding in mode C.

Corrective adviseries or Corrective RA messages, advise the pilot to deviate from
bis current altitude, rate of climb or rate of descent in order to resolve a conflict.
Preventative advisory messages give advice on which rates of climb or descent need
to be avolded. Option c is therefore the most appropriate in this question,

ICASS. 4,

TCAS information can be displayed in & number of ways. The most commmon of
these are on a dedicated TCAS display (1) and the EFIS EHSI display {(4). In some
aircraft it can be displayed on the weather radar screen (2). In some aireraft the
display may take the form of & variometer represented on s lquid crystal screen
which allaws the dispiay of TA and RA messages (3). This means that all of the
statements in this question are correct {option d).

A i i cadai A

TCAS9¢
Close traffic which does not represent a direct threat is indicated by a biue (cyan)
ar white empty lozenge symbal on the TCAS II display (option ¢).

TCAS10¢,

A resolution advisory (RA) it provided by TCAS LI when an intruder is assessed to
be a direct threat. Such alrcraft are indicated by a full red square {option ¢,
together with an arrow Indicating whether the intruder is climbing or descending
and numbers indicating relative height of the intruder.

ICASHI D,
An intruding trafflc advisory is indicsted by & full yeliow circle on the TCAS
display (option b).

TCAS H gives resolution advisories (RA) in the vertical plane only. These might
inchade instructions to climb, descend, or alter rates of climb or descent (option a).
Resolution advisories in the horizontal plane are te be provided by the planued
TCAS III system.

TCAS LI b,

The basic TCAS I system provides enly Traffic Advisory or TA messages reiating
to adjacent traffic which might vepresent a threat to the aircrsft. In TCAS I this
system is enhanced to provide both TA messages and Resolution Advisory or RA
mesaage, gliving instroctions oit bow to resolve conflicts (n the verticsl plane. To
enable TCAS I1 to achieve this, both aircraft must be asing Mode C transponders.

A Traffic Advisory or TA indicates the approximate position of traffie reistive to
the parent alreraft. Information provided includes position In the horizontal plane
{azimuth) and vertical plane, of transponding sircraft in the vicinity whick may
become a threat. Resolution advisories or RA messages, provide aural and visual
indications of the mancewvres to be mide or the masoewvys resirictions te be
appiied (o resolve conflicts with sirernft tramaponding in mede C.

Corrective advisories or RA messages, advise the pilot to deviate from his currest
rate of climb or descent in order te revolve a conflict. Preventative advisory
messages give advice on which rates of climb or descent need to be avolded. Mode
C gives altitude informatios. Becawse RA, corrective advisory and resolution
advisory messages all relate to the vertical relative position of the alrcraft, they are
only available if the intruder aircraft is transponding on Mode C. This question
relates to aircraft with s Mode C transponder, so both TA and vertical RA
messages will be provided {option b).



FCAS 14 ¢,

‘The basic TCAS | system pravides only Traffic Advisery or TA messages relating
to adjacent traffic which might represent a threat to the atrceaft, In TCAS H this
system is enhanced to provide both TA messages and Resolution Advisory er RA
message, giving instructions on how to resolve conflicts ia the vertical piane. To
enabie TCAS 1} to achieve this, both aircraft must be using Mode C transpendery,

A Traffic Advisory or TA Indicates the approximate position of trafflc relative to
the parent sircraft. Information provided includes position in the horizontal plane
(azimuth} and vertical plane, of transponding eircraft in the vicinity which may
become a threat. Resolution advisories or RA messages, provide aural and visual
indications of the manoeuyres to be made or the manoewvre restrictions to be
applied to resolve conflicts with aireraft transponding in mode C,

Correctlve advisories or RA messages, advise the pilot to deviate from his current
rate of climb or descent in order to resolve » conflict, Preventative advisory
messages give advice on which vates of climb or descent need to be avoided. Mode
C gives aititude information. Because RA, corrective advisory and resolution
advisory messages all reiate ta the verticai relative position of the sircraft, they are
only svallable if the intrader aircraft is transponding oo Made C. This guestion
refates to an intruding alrcraft without a Mode C transponder, so only & Traffie
Advisory message will be provided (option c).

15 ¢,
The TCAS system Is based npon interactions between sirhorne transponders which
continuously transmit identity codes and other dats, By interrogating ¢each other
each aircraft is able to determine the relative bearing, speed and (in some modes)
the pressure aititude of other aircraft In the vicinity,

TCAS II uses the radio altimeter (statement 2) to Inhibit descent commands when
ciose to the ground, and Mode S transponders to obtain pressure aittude data of
other aircraft (statement 1). TCAS may siso obtain data from other systems
depending upon the specific equipment conflgaration of the parent aircraft
(staterment 3). TCAS does nat obtain data directly from INS/IRS (statement 4).
Option ¢ is therefore the most accurate in this question.

TCAS Lléc,

The basic TCAS 1 systern provides only Traffic Advisery or TA messages relating
te adjacent trafflc which might represent » threat to the aircraft, In TCAS I this
system is enbanced to provide both TA measages and Resolution Advisory or RA
message, giving Inatructions on how to resolve conflicts In the vertcsl plane. Tn
enable TCAS I to achieve this, both sircraft must be osing Mode C trapsponders,
No current TCAS system provides ground proximity warnings or horizenta] RA
messages, s¢ option c is the most accurate in this question.
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TCAS 7 ¢

The TCAS system is based upon interactions between airborae transponders.
These continuously transmit identity codes. By interrogating each other each
alrcraft is able to determine the relative bearing, speed and in some moden the
altitude of other aircraft in the viciniry,

A Trafflc Advisory or TA indicates the approximate position of traific retatve te
the parent aircraft. Information provided includes position in the horizontst plane
(azimuth) and vertical plane, of transponding aircraft in the viclnity which may
become & threat. Ressiution advisorles or RA messages, provide aural and visusl
Indlcations of the manoeuvres to be made or the maneeuvre restrictions to be
applied to resolve conflicts with aircraft transponding in mode C.

The basic TCAS [ system provides only TA messages relating to adjscent traffie
which might represent a threat to the alrcraft. In TCAS 11 this system {s enhanced
to provide both TA messages and resolution advisory or RA message, giving
instructions on how to resclve conflicts In the vertical plane. To enable TCAS 11 te
achieve this, both aircraft must be using Mode C transponders. No current TCAS
systern provides ground proximity warniogs or horizontal RA messages, Optlon ¢
ia therefore the most accurate in this question,

T

TCAS 1 gives resoiution advisories (RA) in the vertical plane only. These might
inctude lnstructions to climb, descend, or modify effectively the vertical speed of
the nircraft (option b). Resolution adviseries in the horizontai plane are to be
provided by the planned TCAS III systems. A preventative RA is provided when
risk of colision does not currently exist, but might exist if the verticaj speed of ane
or more aircraft changed. So a preventative RA advises the pilot to avold certain
deviations from curreat vertical rate but does not require any change to be made to
that rate (option ). A corrective RA is provided when a change of vertica) speed fs
requlred to prevent a colision,

A Traffie Advisory or TA indicates the approximate position of traffic relative to
the parent aireraft. Information provided includes positios in the borizontal pisne
(szimuth) and vertical plane, of transponding aircraft in the vicinity which may
become a threst. Resolution advisories or RA messages, provide sural and viseal
indlcations of the manoeuvres to be made or the mapoeuvre restrictions to be
applied to resolve conflicts with airceaft transponding in mode C.

Corrective advisories or RA messages, advise the pilot to deviate from his current
rate of climb or descent in order to resolve a conflict. Preventative advisory
messages give advice on which rates of climb or desceut need to be svoided. Mode
C gives altitude informstion. Because RA, Corrective advisory and resolution
advisory messages all relate (o the vertical relative position of the alrcraft, they are
only avallable if the intruder sircraft is transponding on Mode C. This question
reiates to aircraft without a Mode € transponder, so only a TA will be pravided
{optien a).
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ICAS 20. 4.

TCAS information can be displayed in 2 number of ways. The most common of
these are on s dedicated TCAS display and the EFIS PFD and ND displays. In
some aircraft it can be dispinyed on the weather radar screen. Also in some small,
non-EF1S equipped sircraft, it may be dispiayed on s small instrument which
might be described ay » variometer. So if this question is interpreted in the
broadest peasible sense, option d is correct

ECAS 2L 8.

Although TCAS ls able te detect aircraft transpondiog in modes A, C and S, the
nature of the messages it can provide is determined by the transpoader modes
being used. RA messages relste to relative vertical positions which are provided
ouly by mMode C iranaponders. So RA messages are available only if Mode C is In
use. If only Mode A is in use TCAS can provide on TA messages. If however both
aircraft have TCAS II and Mode S transponders the system in each alrcraft are
able to communicate to provide coordiuated svoidance manoeuvres (option a).

TCAS RA messages take varlous forms, examples of which are detalled below:

Preventative RA,  “Moenitor Vertical Speed”, means that the VSIE or [VST must
be menitored to svoid the red colour coded arcs.

Corrective RA. “Climb, Climb, Climb”, meana that the aircraft must be
ciimbed at a rxte equal to or greater than, that indicated on
the TCAS display.

“Reduce climb, Reduce ¢iimb”, means that the rate of climb
must be reduced to that indicated on the TCAS display,

“Descend, Descend, Descend”, mesns that the aireraft must
descend a¢ a rate equal to or greater than that indicated on the
TCAS display.

“Reduce descent, Reduce descent™, means that the rate of
descent must be reduced to that indicated on the TCAS
display,

“ Clear conflict”, means that the separation between the two
afrcraft is increasing.

The correct response to such messages Is to comply imniediately and smoothly
(option ¢). ATC should then be informed of any deviation from ATC instructions as
9000 as possible. Deviations from ATC instructions should be the minimum
possible to comply with the TCAS RA,
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The TCAS system is based upon interactions between sirborne transponders
(option c}. These continuwously transmit tdentity codes. By Interrogating esch other
each aircraft is able (o determine the relative bearing, speed end i some modes the
aititude of other sircraft in the vicinity. The system does not therefare rely on
ground-based radars, primary radars, or RT communications and direction
findery.

TCAS 4. ¢

The TCAS system is based upon Interactions between airboroe transponders
(opton ¢). These continvously transmit identity codes. By Interrogating each other
each aircraft ls able to determine the relative bearing, speed and (in some modes)
the altitude of other aircraft in the vicinity, TCAS I uses the radlo altimeter to
Inhibit descent commands when close to then ground, and Mode S transpanders to
obtain altitude data of other aircraft. In some aircraft the transponders also obtain
information form the INS/IRS and may use inputs from additional equipment
depending on aircraft type.

Preventative RA messages are those whick prevent conflicts rather than resolving
them, They are issued when no risk of collistor currently exista, but such risk
might exlat if the vertical speed of one or more of the aircraft changes. One
example of & preventative RA is “Mouitor vertical speed™(option b). This requires
the pilot to monitor the VST or IVSI and avoid the red arcs which indicate the
speeds that will cause conflicts.

Corrective RA messages, give the corrective actions to be take to resolve conflicts.
These might inctude instroctons to ¢imb or deseend or to change rate of climb or
descent. It shouid be noted that with IT all such instructions spply in the vertical
plane only. Instructions in the azimuth plane are part of the planaed TCAS I
system. The message “Traffie, Traffic” is a traffic advisory or TA.

ICAS 26 8

The TCAS system uses a namber of coloured symbols to represent different things.
An exampie of one such symbol Is & solid red square (option ») which indicates a
resolution advisory or RA. It should be noted that the colenr red indicates an
immediate threat. Symbois of this colour sre therefore used oanly In resotntion
advisory (RA).

¥
The basic TCAS I system provides only TA mesaages relating to adjacent traffic
which might represent a threat to the aircraft. In TCAS IT this system Is
enhanced ta provide both TA messages and resolution advisory or RA mesaage,
glving instructions on how to resolve conflicts in the vertical plane. To enable
TCAS 11 to achieve this, both alrcraft must be using Mode C iransponders. So



when ftted with Mode C tranpsonders TCAS II ean provide vertical plane TA and
RA messages (option d}

e Ui 1o b sl

TC . d. .
An intruder aircraft need not necessarily possess TCAS in order to be detected by
the TCAS systern, Provided the intruder has at teast a Mode A transponder it wiﬂ
be provide sufficient information for a TCAS equipped aircraft to generate TA
messages, Similarly, the generation of RA messages by TCAS Il requires that the
intruder possess some form of sltitude reporting transponder system, but not
necessartly TCAS. Sa TCAS can provide both TA and RA messages relating to »
non-TCAS intruder, provided the intruder is operating an appropriate
transponder (opton d).

a

An intruder aircraft need not necessarily possess TCAS in order to be detected by
the TCAS system, Provided the intruder has at least 1 Mode A transponder it will
provide sufficient Information for a TCAS equipped aircraft to generate TA
messages. Similarly, the generation of RA messages by TCAS I requires that the
intruder passess some form of altitude reporting transponder system, but not
necessarily TCAS. So TCAS can provide both TA and RA messages relating to a
non-TCAS intruder, provided the intruder is operating an appropriate

transponder. If however an jntrader has no form of transponder fitted, TCAS will
be unable to detect it, 3o no warnings will be given (option a).

36.
The TCAS system uses a2 number of coloured symbols to represent different things.
Nouo-conflicting traific, which does not represent a threat and is not proximate (not
within 6am or + or — 1200 ft) is classed as “other traffic”. Such fraffic is indicated

by & hollow diamond symbol. This iz white on EFIS &nd cyan on the EVSI/TCAS
display {option d}.

I.a
TCAS I gives resoiution advisories (RA) in the vertlcal piane only. These might
include lnatructions to climb, descend, or alter rates of ciimb or descent.

Resoluticn adviseries in the horizontal plane are ta be provided by the pianned
TCAS HI system.

T

A resolution advisory {(RA) is provided by TCAS Il when an intruder Is assessed to
be a direct threat. Such aircraft are indicated by & solid red square, together with
an arrow indicating whether the intruder is climbing or descending and numbers
indicating relative height of the intruder.

870

T ;
TFCAS information can be displayed in » number of ways. The most common of
these are on a dedicated TCAS display (option a) and the EFIS PFD and ND
displays (option ¢). [n some aireraft it can be displayed on the weather radar
display (option b). This means that TCAS may be displayed on any of the displuys
listed in this question depending on the alrcraft type (option d).

IQAQ E, c,

An intruder aircraft need not necessarily posseas TCAS in order to be detected by
the TCAS system, If the intruder has a Mede C transponder It will provide
sufficlent information for & TCAS IE tquipped aircraft to generate vertical plane
TA and RA messages (option c).

The TCAS system uses 2 number of coloured symbols to represent different things.
Non-conflicting fraffic, which does not represent & threst and is aot proximate {not
within 6nm or + or — 1200 ft) Is classed as “other traffic™. Such traffic is indicated
by & hellow dizmond symbol, This is white on EFIS and cyan on the EVSI/TCAS
display.

ICAS 36. b,
TCAS corrective RA messages take various forms, exasmples of which are detalled
below:

“Ciimb, Cllmb, Climb”, means that the aircraft must be climbed at a rate
equal to or greater than, that Indicated on the TCAS display.

“Reduce climb, Reduce cimb”, means that the rate of climb wmust be
reduced to that indicated on the TCAS display.

“Descend, Descend, Descend”, means that the aireraft must deacend at 2
rate equal to or greater than that indicated on the TCAS display.

“Reduce descent, Reduce descent”, meaas that the rate of descent must be
reduced to that indicated on the TCAS display.

Corrective RA messages do not hewever include any instructions to turn or o
contact ATC, So optien b, (2, 3, 4, 5} is the most accurate.

TCAS RA messages relate to aircraft which constitute an immediate threat, It is
therefore essential that corrective action be taken lmmedistely, The corvect
response to such messages ie to disengsge the sutopllot immediately and comply
with the descent ot clinb commands In & smooth manner. ATC should then be
informed of any deviation from ATC instructions as soon as possible. Deviations
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from ATC instructions should be the minimum possible to compiy with the TCAS
R(\.

TCAS 38, c.
TCAS TA messages refate to aivcraft which do not constitute an immediate threat.

Unauthorised manoeuvres might however cause such traffic to become 2 threat. 1t
is therefore essential that ATC be contacted before any avojding action is taken.

TCAS 39. d.
TCAS corrective RA messages take various {orms, examples of which are detatled

helow:

“Climb, Ciimb, Ciimb™, means that the aircralt must be climbed at a rate
equal to or greater than, that indicated on the TCAS display.

“Reduce climb, Reduce climb™, means ihat the rate of climb must be
reduced to that indicated on the TCAS display.

“Descend, Descend, Descend”, means that the aircraft must descend at a
rate cqual te or greater than that indicated o the TCAS dispiay.

“Reduce descent, Reduce descent”, means that the rate of descent must be
reduced to that indicated on the TCAS display.

Corrective RA messages do not however include apny instructions to tarn ot to
contact ATC. Sa optien d is the most sccurate in this question,

TCAS 40, 2.

A resolution advisery (RA} is provided by TCAS IT when an intruder is assessed to
be a direct threat. Such aircraft are indicated by a solid red square, together with
an arrow indicating whether the intruder is cliimbing or descending and numbers
indicating relative height of the intruder, The -300 and upward pointing arrow in
this question indicate an aireraft which is 300 1t below and climbing at more than
500 fpm.

An exampie of how this information might appear on the dispiay is iliustrated
helow.
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TCAS 41. b,

A resolution advisory (RA) Is pravided by TCAS IF when an intruder is assessed to
be a direct threat. Such aircraft are indicated by a solid red square, together with
an srrow indicating whether the intruder is climbing or descending and numbers
indicating relative height of the intruder. The +30¢ 2nd downward pointing arrow
in this question indicate an aircraft which is 300 It abave and descending at more
than 500 fpm.

TCAS 42, a,

A resolution advisory (RA) is provided by TCAS I when an intruder is assessed to
be a direct threat. Such aircraft 250 ft above and climbing at 500 fpm is indicated
by a selid red square, together with an upward pointing arrow and +150 {option
#). It shouid however be noted that this would constltute u threat only if the TCAS
aircraft was climbing at a greater rate. )

TCAS 43, a.
Ff)r the purposes of TCAS, Proximate traffic is defined as any other (ransponding
aireraft within 6 nm and plus or minus 1200 fr.



TCAS 44. a.

For the purposes of TCAS, “other traffic” is defined as, traffic not qualifylng as
proximity or inteuder but within the display range and within 2700 [t above or
below.

TCAS 45, a.
A TCAS traffic advisory or TA message, indicates aircraft in the vicinity which do
not currently constitute a threat but which may become a threat in the future.

TCAS 46. b.

A TCAS resolution advisory or RA is an aural and visual recommendation of the
Manoedvres of manceuvre restrictions in the vertical plane, to resolve conflicts
with mode C SSR capabie alreraft.

TCAS 47, a.
A TCAS corrective advisory is a resolution advisory which teils the piiot which
rates of climb or descent to use to resolve conflicts. Examples include the following.

*Climb, Climb, Climb”, means that the airceaft must be climbed at # rate
equal to or greater than, that indicated on the TCAS display.

“Reduce climb, Reduce climb”, means that the rate of climb must be
reduced to that indicated on the TCAS dispiay.

“Descend, Descend, Descend™, means that the aircraft must descend at a
rate equal to or greater than that indicated on the TCAS display.

TCAS 48, a.

When TCAS indications are provided on the VSI they wili inciude symbols to
indicate the vertical positions of intruder and proximaie trafflc {1). These will be
accompanied by arrows to indicate the vertical motion of intruder and proximate
traffic (2). The rates of ctimb or descent to be avoided (3), and the recommended
rate of ciimb or decent to resolve conflicts 4) are indicated by caloured arcs around
the outer edge of the dispiay. The rack and CAS of intruder and proxzimate
traffic(5) are not however indicated by TCAS I or I systems,

TCAS 49. b,

The TCAS system uses & number of cojoured symbois to represent different things.
Nan-conflicting traffic, which dees not represent a threat and is not proximate (not
within 6nm or + or — 1200 ft) is ciassed as “other traffic™. Such traffic is indicated
by a hollow diamond symbol. This is white on EFIS and cyan en the EVSITCAS
display.

TCAS 50, b,

The principal difference between TCAS 1 and TCAS I is that 1 provides oniy TA
whilst I also provides RA. In order to produce the RA, TCAS 11 employs mode §
transpenders in esch aireraft. These communicate to swap information and to
agree corrective actions to be taken by each to resoive conflicts. 1t should however
be noted that each aircraft requires only one mode S transponder. No version of
TCAS employs ground based radsrs, nor IRS/INS Inputs to the autepilot. TCAS
11 wses radlo altimeter inputs oniy to inhiblt descent commands af low levels, This
questions specifically refers to TCAS I, so option b is the most appropriate, but
option a i3 also true to a Hmited degree,

TCA3SL b,

The principal difference between TCAS I and TCAS 11 ia that I pravides only TA
whilst Il also provides RA In the vertical plane {option b). The pisnned TCAS II1
will also proved RA in the horizoniat plane.

T

A resolution advisory (RA) ls provided by TCAS IT when an intruder is assessed to
be a direct threat. An example of such 2n aircraft might be 250 ft above and
descending at 500 fpm. This would be indlcated by a solid red square (option a),
together with a downward pointing arrow to indicate that it is descending, and
+250 to indicate that it currently 250 ft above the parent aircraft.

The principal difference between TCAS I and TCAS I is that I provides only TA
whilst If alvo provides RA tu the vertical plane. The planned TCAS 111 will also
proved RA in the horizomtal plane {option a).

T

The principal difference between TCAS I and TCAS 15 is that I provides only TA
whilst [T alsa provides RA in the vertical plane. TCAS I corrective RA messages
take various forms, examples of which arve detalled helow: s

“Climb, Climb, Climb", means that the afrcraft must be climbed at » rate
equal to or greater than, that indicated on the TCAS display.

“Reduce climb, Reduce climb™, means that the rate of elimb must be
reduced to that indicated on the TCAS display.

“Descend, Descend, Descend”, means that the aircraft must descend at &
rale eqasl to or greater than that indicated on the TCAS dispiay.

“Reduce descent, Reduce descent”, means that the rate of descent must be
reduced io that Indicated on the TCAS display.
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%o corrective actions given by TCAS include instructions to cilmb or descend
(option 8). Corrective RA messages do not however Include any instructions to
turn or to contact ATC,

TCAS 85. 8,

TCAS employs transponders in each aircraft (option a). These communicate to
swap informaticn and to agree coordinated correctve actions to be taken be cach
to resolve conflicts, Lt should however be noted that each aireraft requires only one
mode S transponder. No version of TCAS employs ground based radars, nor
IRS/INS inputs to the autopilot. TCAS I uses radio sltimeter inputs only to inhibit
descent commands at low levels.

T

TCAS information ¢an be dispiayed in a number of ways. These include a
dedicated TCAS display (4) and the EFIS PFD and ND dispiays (1). Tn seme
aircraft it can be dispiayed on the weather radar screen (5), TCAS information Is
not however displayed on EICAS (2) nor ECAM (3) displays. The correct answer
is therefare t, 4, 5, but this is not an optien. Of the aptions offered in this question,
option ¢ (1, 4.) is therefore the most accurate.

TCAS 57. b.

The TCAS system works on the basis of the exchange of information between
transponders in each aircraft. In the case of TCAS IF these must be mode S
transponders (4). Information from the RADALT (3) is also used by TCAS IT to
prevent it from giving instructions to descend when at low aititede. In addidon to
this, TCAS in some alrcraft types also abtrins additional daia from other
equipment that is peculiar to that type of aircraft (5). But TCAS does not generally
obtaln inputs directly from a the inertial reference unit (1), nor from the
barometric altimeter (2). So 3, 4 and 5 are correct (option b).

FGAS 38, b,

A resclution advisory (RA) is provided by TCAS I when an Intruder is assessed to
be a direct threat. Such sn aircraft would be represented by a solid red square
(option b).

TCAS H corrective RA messages take various forms, examples of correciive RA
arc detailed below:

“Climb, Climb, Climb", means that the aircraft must be climbed at a rate
equal to ar greater than, that indicated on the TCAS display.

“Reduce climb, Reduce ciimb”™, mesans that the rate of climb must be
reduced fe that indiested on the TCAS display.
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“Descend, Descend, Descend”, means that the aircraft must descend st a
rate equal to or greater than that Indicated on the TCAS display.

“Reduce detcent, Reduce descent™, means that the rate of descent must be
reduced to that indicated on the TCAS dispiay.

It should be noted that corrective RA always invalve a change in vertical motions.
The statement “monitor vertical speed” in option d, is a preventative RA, It
should also be noted that the term “traffic” is mot am RA, but a TA.

ICAS 60, d,

The principal difference between TCAS | and TCAS I iy that | provides only TA
whilst II also provides RA. In order to produce the RA, TCAS Il empiloys mode S
transponders in each sircraft (eption a). These communicste to swap lnformation
and to agree coordinated corrective sctions to be taken be each to resolve conflicts.
If however the Intruder aircraft has only a mode C transponder, TCAS IE can sdli
produce TA and RA in the vertical plane, but these camnet be coordinated between
the twa aircraft. TCAS I and TCAS II cannot provide TA and RA Int the
horizontal plane.

TCAS 6L ¢,

Proximate traffic is any other (ransponding aireraft within 6 nm and plus or minus
1200 ft. Such traffic is indicated as 2 cyan solid diamond (option ¢), plus & vertical
arrow to indicate whether it is climbing or descending and digits to show its
reiative helght,

ICAS 62. 4,
TCAS indicates relative helght by means of & + or — sign and numbers. For
example, ~-300 means that the traffic in 300 £t below.

TCAS63. 4.

The TCAS system uses a number of coloured symbola to represent different thingy.
Non-confiicting traffic, which does not represent s threat and is wot proximate (aot
within éam or + or - 1208 ft) is clussed as “other traffic”, Such traffic is Indicated
by a hollow diamond symbol. This s white oo EFIS and cyar on the EVSI/TCAS
display.
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CRPS 1. 9 CRP53. b,

This type of probiem can be solved using the CRPS as filustrated below. X ‘This type of probiem can be soived using the CRPS as illustrated below.

{. In the altitude window 1. Against 16 on the inner scale read of true

set the temperature of aftitude of 15.2 on the owter scafe. This mesns 4 In the airspeed Jvindow set 2. Against 200 Kis CA!
-30"C against the indicated that true ait = 1560 ft (option b), the temperature of -20% against the the inner scale read off 274

altituge of 16064 £, altitude of 20004 .

TAS un the oufer scale.

The true aititude is 15200 ft (option b).

CRPS 2. ¢, i

This type of problem cao be solved using the CRPS as illustrated below. : The resultng TAS of 274 Kua is closest to 273 Kt (option b).

2. Against £45 Kis CAS on .. TInthe airspeed

the inner scale read off 182.5 window set -15°C agalust the CRP5 4. b.

Kts TAS on the outer scale. altitude of 15000 ft, This type of problem can be solved using the CRPS as follows,

R N . First to Aind the actual temperature.

1. Against the TAS of 499 Kts on 2 I the airspeed window against ¢
the outer scale set Mach 0.84 on the mach index polater read off -40°C, Thi
inper scale. the actual temperature at this level

N
JAQE

Se the resulting TAS of 182.5 Kt s closest fo Is 183 Kes (option c).

8T8
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But in the ISA the standard temperature between 36000 ft and 65000 ft is -56.5°C.
I5A deviation is equal to actual temperature minus ISA temperature.

So the deviation = -40% —(-56.5°C) = +16.5°C or approximately +17°C (optien b).
CRPSS, ¢

This type of preblem can be yolved using the CRPS as follows,

The ISA temperature at sea level is +15°C.

2. Against 1 on the inner seale 1 e the airapead window sef

read off 660 Kts on the outer scale, :_ties.bé“h index pointer against

This figure of 660 Kts for the iocal speed of sound at mean sea level in the ISA is
closest to 661 Kts (option c).

680

CRP [
This type of problem can be salved using the CRPS as follows.

Locel speed of sound depends only on temperature so the aititude is not relevant.

.2 Against 1 on the inner scile . In the zirspeed window set 1}
read off 596 kts on the outer scale. Mach index polnter aguinst 40°C.

So the local speed of sound ls 596 Ktz (option ¢).

CRPST. b,

This type of problem can be solved using the CRP 5 by first setting up ISA
conditions by setting the 1 on the inner scale against | on the outer scale as
illustrated below.

Against 290040 ft in
the altitude window
read off -43°C. This
ia the ISA
temperature at
FL29%,
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This means that in ihe 1A the temperatare at FL29 ftis -13"C.

I'he actual remperature 26 any paint in the stmosphers is equal ta the IS
femperature plus the temperature deviation,

The question specifies a devistion of -6"C 50 the actual temperature ar FL290 = 154
plus deviation which = 43°C + -6°C = 49°C. Now find the LS5 as follows:

% Against t on the inner L in the airspeed
scale read off 583 Kts. window set the mach index

mark against -49°C,

So the local speed of seund is 583 Kt (optien b),

CRPS8.

This type of problem can be solved using the CRPS as illustrated helow.

The jocai speed of sound in air depends orly un temperature, so the altitude is not
relevant to this question,

L In the nirspeed window set 3 Agsinst 280 Kts CAS on the
31000 ft agsinst 48°C. inger scale read off 455 Kis TAS on
the outer scale,

But the TAS of 455 Kis Is greater than 300 Ks so it Is necessary to correct for B
compressibility error as illustrated below. &

3. Using the formula trelow the compresibility correction wind {485/
100) - 1 = 1.55_ This correction facter must be aplied by rotating the
peinter 155 units fo the keft. This disgram itlustrates the condition before
rotatian. The diagram on the next page iflustrates the situation afetr
applying the correction.
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&, Aguinst 280 Kts CAS on the 4, [n the compressibility
inner scale read ofl 443 Kis TAS correction window the pointer has
been rotated to the lefi by a
distanee of 1,55 uniis.

This 443 Kts TAS can now be used to find the mach number as illnstrated below.

7. Against 443 Kts on the outer scale 6. In the airspeed
read off mach 9.76 on the lnner scale window set the mach index
(uption a). against 48°C,

Sa the mach nuntber is §.76 (option a).

B34

CRP59. ¢,
This type of problem can be solved using the CRPS ag illustrated below.

2. Against 1 on the inner scale read l. In the airspeed
off 678 on the outer scale. This is closest window set the Mach index

pointer against 23°C.

1o 671 Kts option <.

CRPS 10, ¢

If 2 0.1M chaage gives a change of 37 Kts then the local sped of sound M1 = ]0 x 57
=570 Kts.

2. inst the Mxach §
1. Set 1 on the inner scale Aeainst the Mach {ndex

inter in the airspeed window
against 570 kts on the outer scale. f:and off -59°C,

This means that the actual temperature at FL650 is -59°C,

In the ISA the temperature between FL360 and FL6SO is constant a¢ -56.5°C.

The teniperature deviation is equal to the actual temperature minus the ISA
temperature. So deviation = -59°C —(-56.5C) = -2.5°C (option ¢).
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CRPS 11w,
Fhis type of problem can he solved using the CRPS us illustrated below.,

i. Agninst 500 Ks TAS 2. Against the mach index
ott the outer scale set mach pointer in the airspeed window
0.86 ¢n the lnner scale. resd off -50'C.

This is the actual temperature.

3 To get ISA temperature at this
altitude set 19 on the outer scale
agalnst 10 on the inner scale,

K-
)

4, Then in the
althude window read off
the ISA temperature of
-44°C agaist 29000 ft.

Temperature deviation = Actnal temperature niinus ISA teperature which is in
this case -50°C -{-44"C) = "C. Thisis closest ta -87C option a,

CRPS 12, b,

An inerease of 0.15 in mach number is 93 K(s so mach 1 = 930,15 = 620 Kts. This
means that the local speed of sound is 620 Kis TAS.

2. Against the mach index
L. Against 620 on the pointer in the airspeed window read
vuter scale set 1 on the inner off the actual temperature of -20°C,
scale,

/.

ISA temperature Is equal to actual temperature minus temperature deviation. The
temperature deviation is stated to be +9°C so the 1SA temperature at the given
flight level = -20°C (+9°C) = . 29°C.

I To set up {SA
conditions set 10 on the
outer scale against [0 on
the inner scale.

2.
Agatnst -29°C
in the altitude
window read
off 220600 11
which is FL220
(option b).
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C 1. ¢,
This type of problem can be solved using the CRPS as illustrated below,

1. In the airspeed window set
z, Against §.85 on the inner scale read the mach index pointer against -
off 487 Kts TAS on the outer scale. 56.5'C.

This resunlt of 487 Kty is closest to 485 Ky {option ¢).

4
IT0.15M = 93 Kts then M1 = 93/0.15 = 620 Kis {optiom c}.

To carry out this division on the CRPS.

1. Set 93 on
2. Then against the outer scale
10 on the inner scale

inst 4,15
read off 620 on the rl?: i:::m- scacl':
outer scale. )

&RR

vy

An incresse of 0.15 in mach number is 93 Kis so mach 1 = 93/0.15 = 620 Kts. This
means that the locat speed of sound is 620 Ko TAS.

L. Against 620 on the outer 2, Against the mach Index
scale set | on fhe Inner scale. pointer in the airspeed window resd
of the actusl temperature of -20°C,

The temperature deviation bs stated to be +5°C 3o the ISA temperature at the given
flight level will be actusl — ISA deviation, which = -20*C 4+5'C) = . 2s'C,

.'..

He

1 To set up ISA
conditions set 1¢ on
the outer acale
against 10 ou the
inner scale,

I.  Against-28°C
in the altitude window
read off 20000 it
which is FL20¢
{option a),
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