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thc aircraft is flyins the proper ailitude or flight level.
rFor e\dmplc. dn l--l0l md) ha\e dn e",rr ot 1 500
recr Ltur'inr ar l_1250. \.u eill tdve lo li) al an
indicat€d aitilude of FL235 because of installation
error.) This error musl be applied whether nving
inslrumenl flight rules (lFR) or visual flighi rules
(VFR) 1o ensure proper altitude separation berween
aircraft.(l) Thc direction (positive or negative) of this
eno. is iound in lhe perforrnance charts. but the
dI.ction. lor dpplling Ihe eIIor rre \omrlime\
conrurrnc. I n\ure lhal rl i' comj.lclel) under'rood
$herherihe corre\'ion talue Io be applrcd is ro \e
added to or sublracted lrom the allimeter readoui

NOTE: Allimeier correclions for installation€rror are
not required on aircrali equipped with a servo or
pneumatic AIMS system unless operating in the
secondary or nonservo mode (standby).

c. Reversal Error. This error is caused by a
momentary static pressure change wben the aircralt
pitch altitude is changed. Examples are:

(l) when an aircraft is rotated for takeolf. the
instruments may indicaie a lemporary descent and loss
of ahitude and airspeed due 10 a momeniary higher
pressure being sensed by the static sysiem The effects
of this error can be m;nimized by snoolh pilch

(2) when power (colleclive) is applied for
helicopter takeoff. the instruments may indicatc a
temporary descent and loss of altilude due to a
momentary higher pressure being sensed by the slalic
system. -fhe effects of this error can be reduced by
smooth power inPuts.

l-3. Alternale Slstic System:
a. An dllernate \ralrc :ynem i. pro!.ded in some

aircraft in the evenlthe normal syslem fails o r becomes
obstructed by ice. Ihe alternate static portsare usually
locdred dl a pornr silhin Lhe a,rframe Ihat is rol
susceptible to icing conditions. Th€re is normally a
pressure difference between the alternate and normal
syslems which will change the indicalions ofairspeed.
mach. and altilude. lflhe amount and direction oflhis
crror is not available in the llight manual, you should
lamiriari/e )our'ell $,rh the dtllcrcnce\ in cruse.
lerdo$n. dnd especrdll) rh( dpproach conriEuration\

b. I or aircrall rhal do not have an ahernale trrdl'c
sysrem. there are orher actions that may be uken:

(l) If the failure is due to icing, use the attitude
indicator as the primary rcference and establish a
known power setting. (Check angle ofattack.) Depaft
the icing conditions as soon as possible.

(2) Any static or pilot slatic instrumenl can be
modified to provide an'ahernate static source. SeLect
an inslrument that is considered nonessential such as
the mach indicalor or tbe vertical velocily indicalor.

Breaking the

Deprcssurize

AFM sl-37 I December 1976

leal by pushinS in on the glass will
alternale static source in lhe cockpit.
the cockpit and descend if necessary.

NOI-E: When using an ahcrnaie stalic source'
indica ted readings ,7rd r be higher I han actua I due to t he
venturi effect. The direction and magnitude of the
error will vary with type of aircraft.

l-4. Centlal Air Dala Computer (CADC). Manv
Jrrcralr u\c cleclnLdll\-operated \crrrcal rape rn-
slrumcnls as well as electricauy-driven round dial
counteFdrum-poinier altimcters. [o provide the
necessary eleclrical sigDals t o d ri!e thcse inst ruments. a
CADC or an altitude computer is used -Ihese

compulers correct instruricnt displays for installation
and scale errors. (Failure ol inslrument components
receiving inputs lrom a CADC can resull in the displav

rnl.rmJltor, \\ithot,L an accompdnving
warning urg or ligh!.)

l-5. Speed Mersurem€nt (figure l'2):
a. Airspeed measurem€nts are a €omparison of

nrr,n rrdmJ nrc\\urc lo rlalrc (dmbienl) pre"ule The
iirre'e..e Uir"een lhcse r$o prer\ure. i' dilfcrential
(dynamic) p.essurc. The ai6peed indicato. measures
this dynamic pressure by supplying pilol pr€ssure to a
flexiblc melallic diaphragm and staiic pressure 1o the
airtight chamber which surrounds the diaphragn.
when the pilot syslem is blocked bysomething, such as
ice. thc ram pressure;s trapped and the static pressure
L nor. rhe ur'.f'ccd ,ndicalor rhen aclr a' dn altrmeter.
As rl'e Jircr.,ll climb'. dirspeed rnd cdrion. increa.e
on mos! supersonicaircraft. ihe stalic source is localed
on the pitot boom. so ifthe boom ices over. probably
both systcms are blocked. In this case the airspeed will
remain constant. indicating the speed it had when
hlocla!e olcurred. On \ub5onic dircrrlt the 'rcIic
nons ire located lomewhere on lhe aircraft not
iienificantly influenced by rhe airstream lfthe stalic
source is blocked and the pilot boom is not, the
airspeed will dccrease as the aircralt climbs This
siruar' 'n r. to*rbl€ e\ cn q ith lre I rol hedt operatinS.
since mosl aircraft do not ha\e static pofl healers
Many aircrafl hale an ahernate natic source located in
lhc cocllrr Ior Ini\ oLcurren(c. ll an allernale 'lalic
source is not available. r ou can ma ke o ne in the cockpit
by s€ntly breaking the glass seal of any differential
pressure instrumcnt. such a! the VVl, ahimeter,
airspeed indicator. mach indicalor. e1c. Sel€ctonethat
is nol mandalorv ior recolery, such as the mach
indicator. or one ol the copiloCs less important
insiruments. In the evenl il be€omes necessary to use
an alrernale static source. don't forget that you will
have !o deprcssurize the cockpit. You may, as a result,
ha\'e ro descend to comply with AFR 60'16 oxvgen

b I he mo.r rmtoflanr d.rion you,hould lake rfyou
suspecl an airspeed error is io eslablish a known pitch

l-2, l-5 l.-
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INOICATED AITITUDE IS 9,570 FEET
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l.t

Figurc l-1.

l
:)

1

llir.,: ,,1r. r !ssr r. S{rl Knob

t i,n' A r,rt rr\. $/Jr. ra Synnx)l

lX i r.sf pp lolows l0,al00 Foot P.rnr..,,.1i,,i | 1! rla \r.r rl llr," rltnud. s.a c

Altimelcrs (para l-7).

2 Batur,it . P@ssrre Srt Knob3 10,000 Foorcolnlrand Low
,Alr lL de W!rn n.J Syf,bo4 1,0OO Fuor Cor.r.r

:

\O I E: Calibratcd nd cqui!alent airspceds and true
m.tch number can be determined by reierring to ihc
perldmancc dala section ofrhe aircraft flighr manual.

l-7. Allitude Mersurem€nt (figure l-3):
.r. Thcrc rrc mant_ wals 10 nreasurc lhe allitude of

Jr Jir.raft . frJhahr) rhc.imple:r r, $rrh d baromerr l\
allimetcr. Thc pressure of the earth's atmosphere
decreases as height abovc the carth increases. If this
pressure differencc is measured by some mechanical
means. n can bc directly relared to height in feet.
meters. or othcr liDcar measurcment. Thc height a!
which a particular pressurc is sensed varies with
atmospheric conditions.

h. A standard atmosphere charl provides a
ret(renc. r.,r rlntudc mca\Lremenl. BJromelnc
altimelers are dcsigned to display allitudc .clative to
the p.essure differencc shown on the chart. For
example. il the baronetric scale is referenced to29.92"
Hg (sea level. siandard condilions) and the insirumenl
is supplied with a static prcssurc o120.58" H9(pressure
at 10.00,\ fee1. slandard conditions), the ahimeter
shouid r..Jicare I0.000 fcct. Thc pressure diflerence
belween the sea level a nd I 0.000 feet on a sla ndard day
is 9.34 inches ol ncrcurl,. Any limethe altimetersenses
this pressure difference between the barometric scale
setting and the aclual staric pressure supplied to lhe
instrumenl, it will indicate 10.000 fecl. Sincctheaclual
heighl of thesc slandard pressure levels varies with
atmosphericconditions. thealiimcter rarely ;ndicates a

true heighl. This does not cause any aircrafl separalion
problem for air t.aflic control purposes since all
aircrafr flying in the same arca are similarly aifected.
Howe!e.. und€r cel1ain conditions. lerrain clearance
cdn be a \er) rc"ltroblem rForacompletedr.cusvon
of these atmospheric effecis on the ahimeler. reter to
AFM 5l-12 and AFP 60-19. volumc IL)

l-8. Allimeter Settings (figure l-4): I-here are three
different ahimeter seilinss (QNH. QFE. and QNE)
referenced in Flisht Information Publication (FLIP).
To fully understand !hese diffcrent settings. an
explanation of how alrimeter settings are computed is

a. QNH Ahimeler Selling. l his selting is obtained
by measuring the exisling surlace pressure and
converting it 1(r a pressure that would theoretically
exisl at sea levelat tha! point. This is accomplished by
adding the prcssure change lor elevation above sea
level on a standard day. lo illust rate this, co nsider a n
airporl with an elevalion of 1,000 feel (standard
atmospheric lalue 28.86) and an actual observed
surface pressure of 29.32 inches of mercury which is a
pressure ahilude variation (PAv) of0.46 inches or432
feet. To obtain the QNH altimete r setting. thepressure
differentialof L06 Hg(29.92"-28.86')isaddedtothe
observ€d surface pressure (29.32 +1.06") resulting in
an altimeter setting of 30.38" Hg. Theoretically, the
dhimeter will indicare 1,000 leer $hen l0.l8 is 'et on
the barometric scale. This QNH altimeter setling is

INDICATED ALTI]UDE 15 I,O9O 
'EET
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lrlur, l-) :.lrn! .rr \.r:r rrl.' rtr',' I rl

(2) I'r occdure \umb.r 2. (tjsc this prcc.dure if a
kn,{n...\.,,,,,,nJ. .rI J.'ll,rr.r,r'Lling..n.l
obtaincd prrcr 10 crginc \t It rnd rolorcngagcment )(!l I'rior to th! cngire strrl. scl the allimeler to
rl,r ln,,\nLr\. .1:'nJ n'(rl.' h-rornct L..rlin!.

(b) Aher cnginc statt, oblain and set the
currcnt rhim.tcr se1llng on lhe baronrct.ic scale

,., (,"r,f.,r! lrc c.rrr.nI'r.ld odr.melrh
f.,*'r , ..r ,r, $r'I d,rrm(lcr \etlin!
nored prior Io cngin. st.trl. l1 lh! dilterence excccds
0.015- do not acccpt lhe ultrnrctcr lor flight

(l) Procedurc \umber l. (llsc this procedure;1
thc rnSincs !rc \lrrted rtt an nknosn elevation )

(r) Ix\i to r chcck toinl d known elevation
Jnd.( ll( rrrrr!11,r'lrr r.(r'(r'rnErr.Lic\rr"mellr(

(b) (ompare the indicalcd altilude to the
el('"r .'r. .r ., \r. trr' .lh.l r. inr. lhe mJr'mur
111o\\ablc errcr is 75 1.ct. ll the altimeter crrorexceeds
-5 l" r ." r. r.,r((tr _.,r1 n"rLrl"rfiidhr.
NOl E: I)uc to diltcrcrcc ol p.cssure caused by roior
do$n\rash. lhe allimctcr *ill sho{ a decrease after
engine n n \!irh thc.rolor cngaged. Consider this
temporrry rltimel.r cr (r. $h,:n dctcrmining tolerance
limilt. Do not resel lhe ahimeter lor this decrease

l-10. Altimeler Errorli. Ahhough the altimetcr is
dcsign.d ro \cr\ clos. tl)ltranc.\. therc arc inherenl
crrors *hich allcct its rccurac\. these are:

r. Scrlc Error. Ihis..ror is causcd b) the ineroids
not ussu'ning thc prccis. \i/. designed Ior a parlicular
orcssure dillercnce. l! is irre{ula.Ihft)ughou! the range
ot rhe instrumcnr: that is. it nright be l0 le€i at 1.000
na1 rnd +50 lcct rt 10.000lilr I hc tolelances iorthis
error bccomc hrs.r rr. th. nrta\urcd ahitude is
incrrased. At 40.000 te0r rn cror ol1z00feet qould be
wilhin roleranc. I hc amount ol \cale error actuallv
cncounr!rcd !arics $ith cach allimctcr' Instrumenl
m..rnrrn,,ncL ter.urn' -l.rr '1. \. dlrimerer pr'orln
installation. \o,rircrc$ aclion is required.

b. Irricrion Error. Ihi\crror is causcd byfriction in
the mo!ing parts ol m.chanical altinelcrs and causes
'as: in rnr'rn.nr ..ld,cdr., n'. l 'LJll]. nalu'dl
\rbr.,l,on. $,1. r.*. l\L r''cr"n crror .n reciprocJrrng
ensine rircrrft. Jel cngine aircratt usuallv have
inslrument pancl !ibralors installed to eliminalc this
crror. If thc vibralor is inoperali!e. lightly lapping thc
instrurnenl at cerlain inteNals may be necessary. These
inter\als musr be delcrmincd by the proximitv ofthe
aircralt lo minimum ahitudes. There is an internal
vibrator installed in counlcr-poinrer and counter-
drum-pointcr altimetcrs. Whcn operating in ihe

6
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Figurc l-7. Vcrtical Velocit) lndicator (par.r l-t2).

SFC I IO\ B- AI TIIUDI I\SI RI VI\IS
l-13. Atlitude Indicalor (figures l-8, 1-9, and t-10).
This indicaror pro\ides yo[l!ith a subsritule for the

I-t3 AFM sl-3? I Dec€mber 1976

ea.th s horizon 1() maintain a dcsired aircralr atlirude
dur.ng r1.llum.rr nr!hr. lhi. i, J(comptirhed b)dr.tldlinr rn d llud( \phere posjuone.l b\ a \elt-
conrdrncd 8\ ro. rcrnolc 8) ro{\ I. or an rncr lirlptd orm

Figure l-8. FD-109 aDd Thrce-Axis Axitude Director Indicaror (para I-13)
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2tlltNulE
TURN AND SIIP

INDICATOR

ADt 4 MINUTE
IURN AND STIP

INDICATOR

4MINUTE
TURN AND SLIP

INDICATON

Fisure I'll. Turn and Slip lndicators (para l-14)

l-14. Turn and Slip lndicrtor (figure l-ll). The
DrrnciDal lunction\ oi the lurn and \lip indrcator are to
irro'ide,n alre'nate rource of bank conttol and ro
indrcate a necd for a Yaw tnm

1-15. Precession.To serve as anaititude reference,ihe
gyroscope spin axis musl remain aligned with relation
to ttr" "u.ittt surface- Any movement (real or
apparent) of the spin axis is called:

i. {oout.nr Prece\sion (hgu'e l-l2r' A' the earlh
rorale\ or as a sylo N nown from one po'irion on the
earrh lo another. Ihe .trn a\is Iemains fixed in space
However. ro an observer on the surface ofthe ea(h' the
spin axis appears to change its orientation in space

Either the earth's rotalion (earth rate precesslon) or
lranspor rariun ol the 8) o lromonegeographicalfi\ to
anolher (earlh transport precessiont may cause
apparenr precessron.

b. RealPrecei'ion. Movemenl olthe gyro sprnaJ(rs
hom its origindl alignmenl in space rs realprecerrron
lr is caused-br d lorce rpplied io lhe \pin aris (figur€
l.llr. This lorce may be unintentional force \uch as

rotor rmbalance or bedr;ng iriction. or an inlentional
force applied by the €rection mechanism or torque

c Erection Mechanisms The ereciion m€chanisms
compensate for plecelsion by I'eeping lhe gyros
alianed wrth lhe earlh\ surface

-1
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sIlcTIoN c - Ht]ADIN*G SYSTIMS

l-16. Cene.al. Hcading information is usually ob'
lain€d by usingthc earth s magnericlines offorce. The
magnelic compass. one o{ thc first to converl the
nr!1<rl\ 1,r..\.r Ii ir( u ro J.-crdrl hcJdrng rnformalion.
r. ., :c.l-conraincd'n\lrJmcnr $hiLn ofe'drc\ in-
dependently ol the eleclrical synem. Olher headinB
.).rcm. rLqL'rL e[. rdl p,r$er lo conrerr mJgnelrc
lines ol larcc ro aircraft heading.

l-l?. Magneiic Compass (figur€ l-14). 1he magnetic
compass indicales thc heading of the aircraft with
refercncc to nagnetic north. S;nce the compass
rfeu.rc! nu ei(crr(al t.r$.r l^r operalron. rl is Jn
emcrgency heading syslem. It is also used to check
olhcr hcading systems.

r. varialion (tigule I l5). The magnctlc compass
points to magnelic norlh. lhe angular difcrence
ber$ecn 'ruc i nd ma8ncr norrnFlno$nd'\JridLion
and i! chaoges for different localions on the earth.
Variarion musl be considered when converling true
cour\es. true hcJd.ngs. o lru. qind\ r. magncltr

t. De\iarion lhi' i. an crror in compa'. in-
dications caused by magnetic dislurbances oriSinalrng
s,rh,n the aI(r!rr. I he mdgnrludc ol de\ iurron tar'e'
wiih opcration of different eledr;cal equipment
Periodically. the compass is checked and compen-
irlron\ Jr( mJde lo reducc Ihe amounr ol de\rslrun
Deviation errors remaining after thecompass hasbeen
checked arc recorded on a compass correction card in
the cockpit (iigure l-15). The STEER column on the
compa\ corrccrion carJ r\ Ine comf'd:s heading )uu
should indicare 1o maintain thc TO FLY magnelic
heading.

c. l-imilation. The magnetic compass is rclalively
unstable and should be read only when iheaircrafl is in
wings level, unaccelcraled flight. Timed turns are
recommended when making head ing changcs with this
compass (chapter 2)

l-18. Types of Heading Slst€ms. There a[e manv
lypcs oiheading systems. but each may be classified as
elther sla\.d or nonslaved. The nonslaved system uses
a gyro to supply the directional reference. while the
slaved sr-stem uses the signals from a remote compass
rransmitter ro orient the system to magnetic north. ln
both systems the gyro acts as a stabilizing component
1lr reduce tbe inherent errors.

1-19. Heading SJstem lrrorc. All headingsyslems are
subjed to errors produced by real and apparent
prece\\ion. ll pro\'.r^n. lor co'tecrion a'c incor-
porated in the desi-qn ofthe s)stem. lhese errorswillbe
neglisible.

a. Real Preccssion. During turns and periods of
acceleralion and deceleraiion, forces are produced
which combine wilh the force of gravity causing the
er€ction mechanism and the remole compass
transmilter to induce errors in lhe heading syslem
However. once wingslevel, unacceleraled flight is
resurned, the remote compass transmitter and ihc
erection mechanism sense true gravily and correct any

b. Apparenl Precession. As discussed earlier,
apparent precession is caused by ttlo {actorc: the
rotation of the ea(hi and transportation of the gyro
lrom one locarron on t\e ea rlh Io another ' lhe gyro is
kept horizontal by the erection mechanism.

SECTION D - ANGT,E OF ATTACK SYSTEMS

l-20. Gener.l.Angleofaxackinformationisobtained
by conparingthe relative wind lo the chord line ofthe
wing. lts primary use in instrunent flight is during the

'l
1

I
I-lI

Figure l-14. Magnetic Compass (para l-17)
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RMI (poro.l -22)
2, R.r6ringconpq$C.r!

Decehblr 1976

IUOHI DIRECTOR SYSIEM

l-16. Navigation Inshumenrs (para

Cl (poro.l-23)

2. C.uE.D.vid1i6nsc.li
3, 6lid.Sl.F.DeyiorionS.dl.
4, Couu.S.l.d6rwindow

6. M.r!.rB.e..n lishr
7. Glit.s.oF! rndi.oro' (G5t)
3, CouB.D.vidrion rndi.dor (cDl)
e, C.!d...dClid.Sl.Fwlhi.galdgt

FiSure l-17. Radio Magneric Indicator (RMI) and
Course Indicator (CI).Figure t-2t).
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(ligurc I l9) Most course indicators are adjusled so
thc CDI is lull! displaccd whcn rhe aircraft is offcourse
morc lhxn l0' Each dot on the course deviation scale

(4) Appcarancc of the course warning flag
indi,:,r. . rh.rL rh( corrr.L .nJhrrnr r\ nor recer\rng a
siSDal strong cnouSh for reliable navigation informa-

NOIE: Ahhough the course indi€ator may be
recei\ins a signal strong enough to keep the course
$rirnine flag oul ol view. reliability is indicaied only if
the t\arning nag is not displayed. rhe srarion identifica-
ri^r, ,. h(.n; ercir(d. and rh{ bcrlng pornler rs
poiDling lo ihc stalron.

b. II-S l)isplay (iisures l-20 and l-21):(l) When uscd to display Il"S signals, the course
trrdicrt(Jr prc\ides precise ILS localizer course and
glide slop. information for a speciled approach. The
lollo$in! inlirrmation pertains to course indicator
lunclions and displays when used with an ILS;

(r) Ihc TO FRON'I indicator is unusable.
lhl I-rll,c1l. J.flec'ron nn rhecour.edeviation

scrlc reprcscnts approximalely 2|lo of localiTrrcourse
dc\i.]lion. (lhi! can be more or less when flying into
ci\il airports.)

(c) Ihe coune sct knob and course selected
hr\c no cllccl on ihe CDI display. The CDI displays
onh il lhc rircraft is on course or in a 90- or 150-Hz
/onc ol \iqn.rls originatiDg from the ILS localizer
transrritle.. Thc CDI always deflects to the left ofthe
rn\lrumenI case in thc I50-HzTone and tothe right in
thc 90-llz /one. lt centers $ben rhe signal strength of
both zon.s rs cqral. (AlthouSh the course selected has
no ellect on the CDl, alr.ar.r set rhe published inbound
FRO^-T COURSE ol lhe ll-S in the course selecror

Figure l-19. Course Indicator Dispiays in Relalion 10 the Selected Course (para l-23a(3)).



ldots loll9 NO

lqtz-l erEd) (3smoJ ruorl) suollBlu.s.rd roleclpul esrnol S'tl 0Z-l 'rnEU

c
goDrro rcq. ddoE rPIc I
'q:t p.!o ''ri@ io l'16rd t

rjd'o {ot.q €dos rPllc - i 
rqqr p.nor 'srno) lo qrl I

os

-I - | T r--r- rHo6 .t,r siz "L

*lno: Noll v

rlr -Rr4
J! fF

,q

"E[ 3eu

0lea!

puno
SBII !
Jo q,
ur$
:qr r .r.zlF
zHl,
s,{qd
polra

otu-r

,"pl

aqr
pus

ldots lore

j
l

Lt-l

$znvtol

tz-l9r5t J.qu.$(I I lf-ls ,{trY9L5t



AFM 5l-17 I De.emher 1976t-23. l-25l-18

I

D

1(

I

rl

\
c+t

.cI PI]8LSI]FD FRONT COURSE
SEI IN COURSE SEIECTOR

B,
:f.

l*,,,f1F-'"-,

\!indow. Ihc CDI is displaced with respect to the
innrument case and is dircclonal in relalion to the

(2r the slde 'lone rndiLdro' rGSlr dr'f'lJ)' ghde
,.onc n.x.tion rn reldlron lu lhe airctdlr' l, lh' GSI i'
ubo\r'(EnLer. Ihe ghde ',upe r' abo\r lhe arrcrall :'nLl
!ice !ersa. Each dot on the glide slope dcviarion scale
represents approximately li4' of deviation lron lhe
ghd. slofe (frBUre I 22).

L3r Anncaran.c ol lhc Lour'e or glide slope
warning flags indicates that the course o. glide slope
signal ltreneth is not sullicient. Absence of the
idcntilicr indicatcs the signal is unreliable-

(4) Ihc marker beacon light and aural tonc
rnJ,!.re. nro\imrI) to J 74 mH/ m"rlcr heacon
Uxn'Trrrer, I"r c\rmp[. ll s ourer marler {oM)
middle marker (MM), Z marker, elc. As the aircraft
tlies throush the marker beacon signal patterD. lhe
lisht fl)shes and rhc aurai tone sounds in Morse code

IEO-

,.o * ,o
I

l-igure l-21. Localircr Course Indicator Prcsentations {Back Course) (pa.a l-2lb).

indicalingthe t)-pe oibcacon. The marker bcacon light
lunction5 indetendenllv ol ll-SivORi IACAN

l-24. Rang€ Indicalor (figure l-23). Range indicalors
display slant range dislance in naulical miles to a DME
transponder. For practical purposcs, you ma), consider
this a horizonral disrance excepl when the aircratt is
\er) cloie ro rhL ,r r.,n. DVI rrngr'rnlormatiun r:
subject to line-of-sight rest riclions .r od allitude directly
aflicts the reception mnge.

1-25. Bearing-Distance-He,ding Indictor (BDHI)
(nsur€ l-23):

a. lhe tsDHl displays aircmit hcading $ilh
ni!rgar.onJl bcar:n€ d:rla,rnJ r.,nge inlorr"lron.
Except lbr rhe range indicard. the BDIII is similar in
appearance and function to the RMI previously

r.F\l
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b. I he BDHI consists of a rotaling compass card.
two bearing pointers, a ranSe indicator. and a range
warning flag. Some BDHts also havc { heading
ma.ker. a heading set knob, and a power warningflag.

c. l_he compass card is actuatcd by thc aircralt
compass systcm, which normally includes pilol-
operatcd controls thal pcrmir the BDHI compass card
to operate in a slaved or non-slaved direct gyro (DG)
moJ( In rhe .la\ed mo.l<. lhe arrcrd[r magretic
heading is displayed bcneath the top index or lubber
line. ln the nonslaved DC mode, the compass card
selver asa heading referencc afler beingcorrected to a
known heading. Th€ card is ma nually co rrected forrhc
DC mode by a swilch on the compass control panel.

d. The heading marker, if incorporated. may be
positioned on rhe compass card by use oi the heading
set knob. Once positioned. the mnrker remains fixed
relative 10 the compass card. Whcn the aircraft is on
the selectcd heading. thc heading narkcr is align€d
bcnearh lhe upper lubber line.

e. The bearing pointers indicale the ADF, voR. or'I \CA\ magnelrc bedring to the 'ehcred ndtigdrion
stalion. Placards on the instrLrment or near a seleclor
switch are used in most sircraft 10 idenr;fy the bearing
pointer display.

\Oll: lhe bei,Inc poinl<'' do not luncLro. 'n
relation lo ILS signals.

f. If therc isa malfunction in thc compass systemor
compa\\ card. an ADF hrdrrnP purnlcr c,'nlrnues ro
point lo lhe station and displays .elalivc bcaling only.

I. Wilh a malfundion in the compass r\stem or
compd* card. TACA\ \OR poinler'
ro indicate proper magnetic bearings. Until veriiied by
radar or other naligation €quipment. consider this
bearing information unreliable.

l-26, Flighr Director. The fligh! director provides the
pilot with displays ofpitchand bank attitudes and the
navigation silualion oflhe aircraft. The flight director
when combrned wirh round dial performantr in-
slruments is termed the flighl diredor system (FDS).
W hen the flighl direcror is combined with vertical scal€
insr'umenr. it i' le,med rhe inlegmred nighr in.lru-
menr system (lFls). The three componenrs ofthe flight
diector of maior interest are the attitude director
indicator (ADl). the horizontal situalion indicator
(HSl), and the night director computer.

a. Attitude Director lndicator (ADI) (fisure l-2,1):
(l) The axitude direclor indicator consists of

attiiude indicator, turn and slip indicato., glide slope
indicator, pitch and bank steering bars, attirude
warning flag, glide slope warning {lag, and course
warninS flag. Additional information displayed on
some ADIS includ€s radar allitude inforutation.
approach speed deviation, and a .unway symbol that

displays latcral and verrical displaccmcnt from thc

(2) Thc slidc slopc indicaior (GSI) presents ihe
ILS glide slope posilion relatile 1() the aircrall.

(3) Thc pilch and bank steering bars display
command slcering info.mation to fly ortonlaintaina
desircd llighl prth. Thc aliitudc oflhe aircraft must be
adjusted as necessary lo center the bars. To cenler the
bank slcering bar. the aircraft must be banked toward
thc bar. K.cping thc ba. ccnlered will provide the
amount oI b{nk nccessary 10 roll in.lurn. rolloul.and
mainlain a selecled heading or Il-S course. To center
the pitch sreering bar. a t)itch attitude change loward
the bar is required. Kccpins thc barcentered willresult
in the proper pilch altitude necessary to fly to. or
maintain the desired llight path. When the bars are
cenlcred. the aircratl is cithcrcorrectingto or is on the
desired flighipath.
NOTE: Warning flags are incorporated in lhe ADl lo
indicatc Iailure or unrcliabilit\, of presentations. Check
the aircrafi flight manual lor speciiic warning llrgs
applicable to your aircraft. In some ADls, if power
lrih ro tn( pilch:rnd b"n".teering bdr'. no \rcrning
llags willappear. and thc pilch and hank steering bars
will ccnter. Monitor the identifier to ensure that the
signal is reliable. ln most aircraft a warning flag
appcars when lbc signal strcngth is insulficient.

b. Horirontal Sirualion Indicator (HSl) (figure
l-23)l

t lr l hJ hnl/, r'la. ,LUdlr"n rndh rln, r\. in mo:r
respects. a combiDulion ol a heading indicalor. radio
magnctic indicator. course indicator, and range
indicator. The aircrali hcading is dispiayed on a
rotalingcompasscard under the upper lubber line. fhc
card is calibrated in 5'increments. The bearing
pointer(s) indicale the magnetic bearing from the
a;craft to lhe selected lround station (voR. -l ACAN.
or ADF). Thc lixcd aircrali symbol and courrc
Je\.Jrion rndi,,rror di'plaI rhe aircrar reldri!e to a
selected course as though the pilot were above the
aircrafl looking down. when used with voR or
TACAN. each dot on the course devialion scales
indicates 5" of course deviation {most aircrafo. when
used wilh lLS. cach dol indicales approximately I %'
of localizer deviation. The mnge indicalor displays
slant rangc distance in nautical miles to the selecled
DME tmnsponder and may or may not operat€ when
llS m^dc, h,r\e hern ,el(cred depending on.qurp-

(2) -I 
he course seleci o r knob may be used to select

any of 360 courses. To select a desired course, rotate
the head oflhe course arrow to the desir€d cou.se on
thc compass card and check the course seleclor
window for the precise setting. The TO-FROM
indicator is a triangular-shaped pointer. When the
indicator points ro the head of the course arrow. it
indicates that the course selected. if properly in-

-sl
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lnpurs (lLSFi!ur. l-25. I iisht Drrcctor Cornpuler lnrercett Mode) (nara l-2ndl2'I

A

mrnds to comnanding a selecled altitude ln allcases
thr pitch and bank sleerins bars display command
rnl'r r",rrur, :,r,J J! nor r.nccr "crL!l dr'. r"tr pos'tion.
lrr. ,(.r'rr Lmircd lo.unmand info'malion
tcrt!rnins to selected headings and ll.S approaches
and is coinmon 1o n1$t llighl direcror systems. Refer
to thc appropr;aie fligh1 nunual for lhe specific
.rfabrlnics ol Ihc sy$tem installed in your aircrafl.

d l light l)ireclor Modes:
(l) ttcrding \4ode. Thc headinS nodc selector

umall) hrsl$o positions: MAN UAl- and NORMAl-.
lhe NlA\tr\1. polilion is used to command the
- , ..r'r..,.jr:r.Ll l-.JJrng. lhe\ORVAI f'r\rI:on
xllo$s the aulomaric lealures of the flight director
\!!lcm to {unction as designcd for each navigalion
nrodc that is sclecl.d rnd provides bank or bank and
pilch nu!trng commrnds to posilion the aircrafl.

(2) It-S Inlerccpt Mode (figure l-25). This mode
i\ dcsigncd 1o direct thc aircraft to. place it upon. and
rn..,n(.. n rt oI h. l.\al'lir coursc. lhi\ i' aL'
conrplished br- posilioning the bank sleering bar to
command thc pihl to fly ilighl dire€tor computed
headings.

c

CDl - r.ft,movins b.enl'r

(a) Somc compurers supplr'wind drift com-

(b) Eank angle commandcd is usually 25' to
35".

(c) Maxinum inlercept angle commandcd is
normallv about 45'.

(l) lt.S FinalApp.oach Vodc (figurc l-26). lhis
modc is dcsiSned !o nrainlain the aircralt on the
bcalirrr course. place it upon. and n1aintain il on rhc
glide slope. lhi\ is acconplished by politrcning the
pitch and bank stccring bars lo command thc pilot to
ny flight director compured bcadings and pitch

(a) Wind drifl compenration is prolided to
mainlain lhe aircraft on thc linal approach course.

(b) Bank angle commanded is a maxinum ol
15".

(c) Maximum pitch attiiude conmanded is
I0' to I7".

e. ILS Display. As in the CI, ihc course set knob and
course selected hale no effect on lhe CDI display. Thc
CDI displa)rs only ifthe aircrafl is on course orina90
or 150-Hz zone of sisnals originaling from the ILS

I
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b. I he .ccci\er is capable o{ .ccciving frequencres
\Ll{LLr l0u 1.-5U " Ill lh(rJngeu.edlornd!rsdl.un
is 200-415 kHz. Standard broadcast band is540-1.600
kH/ rnd mar not be reliable ior navigalion.

c. Some aircrali are cquipped with UHFi ADF-
Check )our ri.crr{t flighl manual lor capahilily rnd

l-10. Instrumenl Landing S]slem (ILS):
r. -lhe aircrali equipmenl consisrs of 1bc ll-S

rcccption equipment. Il-S control panel, and ap-
propriate display inslrunrenls.

b. -lhe II-S receiles aDd displays bolh a localizer
course md a glide slope.

. \ n.rr,<r bea.on'r3ht rnd or aurdl lone i\
included in ihe coclpil display to indicaie an aircraft
positrcn along the krcalirer. Thc marker beacons are
idcntified by continuous dashes lor the ouler marker.
ahc.nating dols and dashes for the middle market. and
conlinuous dols keled at lhe rate ofsix dots persecond
lor thc inner marker.

l-Jl. Iden(ificalion l-ri€nd or Fo€ ind Seleclite
ldenlification F eature (lFF/SIF):

.r. Ih. aircrrli cquipment consists ofthe lFFi SIF
lransmission and receplion equipmcnt and the
IFF SIF control panel.

b. Thc IFFpro!idcsaposiiiveradarreturntoradar

c. I hc SIF enablcs the aircralt 1() rransmit codes as
directed $rthin cach IFF mode.

l-12. Are! .\.-syigation (RNAV). Equipme.t for arca
na\igalion ma! include Dopplcr radar. inertial,
piclo.ial displar- or coursc line computers. o.any other
techniques or de! ice that will ensurc compatibility with
the operatioDal procedures and roule widths prescrib-
cd. Also included arc the associated conlrol paneis a nd
appropriale drsplay instruments.

t
-tt

12) Co-Channel lnlerlcrencc. This occLrrs when
thc airctaft is in a posrt()n ro rccei\e TACAN signals
l;on more thrn one grcund station (nornrally a1hi8h
altirude). DM E. azimuth. or identilicrtion lrom cithcr
ground stalion may hc rccci!cd.

(3) Frlsc or Incorrecl Lock On l-his is caused by
misalignmenl or excessive wcrr ol the airborne
cquipment channcl sclection mechanism. Rechannel
ing from the selected channcl numbcr and back
(trclerablr" lrom thc opposite direction than the
original sctting) som€times will correcl this problem.

(4r I'rc(uu ronJrt 
^rron. 

S.!cr..l ,r,non'
should bc taken lo Suard againsl in flight use of
crroneous ruvigation signals.

(r) Always check lhe identificalion oi any
navigalional aid slation and monrlor rt during llight.

ro/ \l$,r], u\ rll 'u,rJbl< narig"l..n rqLir,
menl aboard the aircrait and cross check hcading and
bcaring inlormalion.

(c) Never ovcrfly an
cross-check ol na!isa1rcnal
points.

ld) Check Nol AMs
lbr possible malfunctions
na\ig.rtionrl aids to be used.

FlIA withoul a ca.clul
aids and ground check

and FLII'before night
o. limilations on

(e) Discontinue use of an) suspected
navigatrcnal aid and. if nccclsarl. confirm aircraft
posilion wilh radar (ground or airbo.ne) or olhcr

NOIE: The lolume control knob controls the
inrensiry of the signals going into the headset only. It
has no elfecl on the signal reception of rhe TACAN

l-29. Aulomalic Direclion Iinding (ADF):
a. The aircrali equipment consists of the ADF

cquipmcnt required 1o receivea nondirectional beacon
(NDB). ADF control pancl, and appropriate display

)
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Figure 2-2. Instrument Categories (para 2-l).

aircraft atritude is the result ofmainlaininga constant
atliiudc, knowing when and how much to change lhe
attitude. and smooth ly changing the attitude a definite
amount. Aircraf! althude control is accomplished by
proper use of the a(ilude indicator. The attitude
indicator provides an immediate, direcl. and cor-
responding indication ofany€hange in aircraft pitch or
bank arritude.

(l) Pitch Control. Pitch changes are made by
changing the "pitch attirude" ofthe miniature aircraft
or fuselage dot definite amounts in relation 1o the
horizon. These chang€s are referred toasbarwidths or
fraclions rhereof, or degrees depending upon the type
ofaithude indicalor. A bar width is approximarely 2"
on mos! attirude indicators. The amount ofdeviation
from the desired performance will deternine the
rnaEnrrude ol rhe correcrion.

(2) Bank Control. Bank changes are made by
changing the "bank attitude" or bank pointe(s)
delinite amounts in relation to rhe bank scale. The
bank scale is normaUy graduated at 0o, l0',20',30',
60". and 90' and may be located at the top or bottom
of the artitude indicator. Normally, use a bank angle

AFM 5l-17 I Decemb€r 1976

which approximates lhc degrees to turn, not to exceed
30..

(3) Power Conlroll
(a) Proper powe! conlrol results hom the

abilily to smootbly estabiish or maintain desired
airspeeds in coordination with attilude changes. Po\,'er
changes are made by throttle adjushents and
reference to tbe p ower ind ica!ors- Powerindicalorsare
not affecred by such factors as lurbulence. improper
trim. or inadvert€nt control pressurcs. Therefo re. little
attenlion is requi.ed 1o ensure that the power setting

(b) F-rom experience in an aircralt. ]-ou know
approximately how far 10 more thc throttle(s) to
change the power a givcn amounl. Therefore. you can
make power changcs primarily by throtlle movcmcnt
and thencross-check the iDdicalors toestablisha more
precise selting. lbc k0l is to avoid ovcdixation on the
indicators while setting the power. A knowledge of
power settings lor various flighl condilions will hclp
prevent overcontrolling power.

c. Trim Technique:(l) Proper lrin technique is essenlial for smoolh
and precise a;craft conlrol durin.sall phases offlighl.
By relieving a ll control p ressures, you will find that it is
much easier to hold a given altitude constant. Also.
mo e arlenuon crn be dc\oled ro rhe nd\igalion
instruments and addilional cockpit duties.

(2) An ancrafi is trimmed by applying control
pressure(s) 1o establish a desircd altitude and lhen
adjusting rhe trim sothai the ai.craft will maintain thal
attitude wben the flighl controls are releascd. liimthe
arrcralt for coordinated night by centering ihe ball of
the turn and slip indicator. This is done by using rudder
irim in lhe direction ihe ball is displaced from center.
Diffe.ential powercontrol on multiengine airc.aft is an
additional factor affecting coordinated flight. Use
balanced power or thrust. tlhen possible, to aid in
maintaining coordinaled fl rght.

(J, Chdnges in attitude. poqer. or confieuralion
will in mosr cases require a trim adjustment. lndepen-
dent use of trim to esrablish a change in aircraft
attilude invariably leads to erratic aircraft conirol.
Smooth and precise attitude changes are besl attain€d
by a combination of control pressures and trim
adj ustm€nt s. Trim adj ustme nl, correctly used. is an aid
to smooth aircraft control,

d. Cross-Check Technique (fisure 2-3):
(l) The control and performance concept of

auitude instrument flying requires you to €stablish an
aircraft attilude or power setting on the control
inslrument which should result in ihe desired aircraft
pertormance. Therefore. )ou must he able lo recogniTe
when a change in attilude or power h required. By
cross-checking the instruments properly, you can
determine the magnitude and direcrion ofthe adjust-
ment required.

(2) Cross-checking is a proper division of

rt \l il-:

I



'\lurunrlsul
r'r' r' o!i.'Ll 'rJ, J J'lr pLP rwrr''rpL' 'pnl'lrr iqr
rr,t". t..n ",','n' r' r'\ro( ^nr'J\ Ir'r"q'_tu
.,,,..,"',.j'.", .1q,r,tJ1q \o. ro \''r)ql r^^l
.',li;,,;., ;L;-.1u,, rr rr:'rr rc,rou, "'u'::-or ^ ", ",. ' ;";''. r' ';",11 

11-'11J"r'rr.Lr 'u't ('
,;,;,1;,:- .";i' p.;"'.'rr: p'" ro 't u'r'
" *' ', - .;.ils i' ' n',.'i,p.-,"'p"r'"1'1 *"4
,',,, ,.,r, "'. .^i'n t ^, flr'\r_\ \lrxnprlrJ'n
, .u," -... , ' ir " \ D h l\nL n ( 1'^r':rrl
', ; .',,,,.,,,,.t rqt..or\ ino( oru' 'ru"unr''u'
'.... ur',' ' 

r''rrl, t r'3 r,\'Jr "]u JlL U-r]'ui
', , ,., , ," "'" , it" n.:' 1"
;,;.i,,' . Lr ,:,- )Li- rt Ir'ul r+r' rq:rl )'rr '^
;.:, i;,", ."i., n\,,q\..,.\.'u...*,\au.,L'r'rlrr r'r\nl
'", i '.,' ,',i''l t r'l r' u' -ul rr

''u r' \'pL' \ql r\r'1
\' ll r" 

"u 
rr\_ rr'\u' i r _L 

'r jJ
-, ,. .,., .. ,). ,,; ,i, r,, ,,.",',,,
';,; , ', .,' j rj 'r' rui rrrl\ \r ''u1r(r

l: .i,,,, ,,,; "' c u.\, \,u\un"\''|,
.',1',,'.,,,11 nrr, !r"r,' 'pu ur 'rr :'' \lr
'' '; ;""'; 'i ;""""r"\'r'r" ruu'r 'r'''riLr'u
'., ,, ; ;',' .. "iL u, | 'r.1u " " 1'l'r-rl r" 1/" 1 !

,,;" :," ,,,-, ..,.-L ' 'r ', l;i' '; ''"'" ' .-r"r 'r"' 'tr'| r "r"rru ' \ " 'J
; i;"" J; I r.'i' " ', i-'" ' ' "pur rrn 'r
,,,.",,,.__,1 .',. r'r''rrr,ur"Lu
l; ,,. i:r;.,,,r ; , p,. i, .,., ,,,, ,, 1\L- ,J
"; , . t ''' r. r' 'l "r rr"t'r 'l "" 't1.,..,

Jr i-trFlq"l o run rqir' '"" '- l -
.u,r"iruo n q u{ i'qlr' ': .i..i-,o1.,o, rr,\. i,'r" t i\' L

'i'orr,t. "' rq lnll 'rn' J - '' \'
"rr.o or."l rr.r lo u''Lr!r \''L t -
I',.rn,nlo 'ul nur ll' r.'' l ' I

.. rpr .ru I I $oli In:D rlr " \'lL r'r" : :

*'. 'l'" iru',r n r ,r' 'ru' u Jrr J i'rr I

iu,', ':""1f ilrr' 's"'r I

.J,,""","u .'"'p""," 'rr' r)i r'l l r 'ui
..r"..,"' ''"",1 ro 11 l ii r'
i'i..".''."' 'r':q" .j:nD,u 1.. I I\Jrl. . " l ! l r''n' i' r" \' \

'.",1.i rpr'rrrr " r''J' )l I i LLr'r' ' -it.

(pz a

-tsnlpt.J:

{a p.r::
lJnr.rr?.:-

Lu'rl pL_.

aqru'rf

sr lr tlrri: i
lqitrll. '

dt.q !\
Io .tp.ir

elrrrl .rr

9t6I rsqr

t

J

.r),]u '. r ) 'r" !rr") Ll r| i r 'Ll r"
.nl.u.-l,.rr r l\\'^r1 \'" :r' r' -

.. ,.'i.lrrl ,, I q \ ur"r'iL f lq ndu.l n-

",,. i,,.,ti.,j ,r,,irr r"r .r.r'r'' ,r L. I
." o, ..''r ':1r 'r' u "t't u" "
,,.,t ,,","'",rr rr. ' l, l" " uJ r" '
;;; :. ,'',i ;i"..; i ' \ ''u " I

i., .. ."". .-1, ,'.", r"r l\!l I '
r. l"

.' r,l.r'.ru.'.' \r -l' I I ' r- t1 lu
,f ..,,,n '.,t ,J \' ti j l n^ r'q\ rr

1.". ', r ' ,,"' n1-' "u l rr' r' ' r
.",.,,'",, l, . ,, , lr 1 r' i' r'\

'L 'Ju '
.i,'' -.* ,.. :L' r, r' J I r' I " r

,.'n".o irr". l j\ " r 'i 1l \
.r. ' ,t,' ,' , ' r"'r'. rJ 'lL ' ^L'

r.\od ro iPnlullr 1o {llnsi-l

prrd) enbruqtr.l t.itlJ ssorJ rLr'l!Inrlsul i c

Isnrav9

tsnrco l____o:r: i

ffi--*P'-tt*oZ

t'z
z-z916I raqtu..r(I IIt'IS l\ it



,/

2-4

Figure 2-4. Faclo.s Influencing Cross-Check Techniques (para 2,2e).

1l) P;lor\ Ab.lrry An imforranl t"crur rnttuenc-
.ngcro\yr\ec\ leLhnrque j5lhedb,trt! ollhepitor Att
pilots do nol inlerpret instrument presenlalions wirh
the samc speedi some are fasler rhan olhers in
undc.standing and evalualing what they see. One
reason for lhis is that the naturalabilily ofpilots varies.
Another reason is thal ihe expe.ience levets are
dritcft nr. Pilor, q hn d'e e^peflencrd dnd n) reguld' t)
$ill p'obabl\ rnrer pr(r rhc.r rn\lrumenl\ morr quickl)
rhdn rnrrperienced p,lol.. Prlorj qho rnlerprer therr
rn\r'umenr, quiclly dnd cor.ectb do nor hr\c ro reter
back to them for inlo.nation as olien as pilois who are
'loq to rnrcrtrel. lney dre al.o able to b ng.ererdl
rn\rrumenr\ inlo rheir cross-chect $ith one glanLe.
interpreting t hem simulraneously. Therefore, rhe speed
with which they divide theirauention does nor haveto
be as rapid as the pilofs with less abilily, who mus!
scan lhe instrumenls rapidly to slay ahead of rhe

(5) Obserling Attirude Indicaror. The auitude
indicator is the only inslruoent which you should
observe conlinuously for any appreciable lengrh of
time. Upto l0seconds may be needed toaccomplishan
altitude change required ior a normal turn. Duringthis
lo-se€ond period. you may need to devole you.
atrenlron almo\i e\clujrelyro thedllilude indicaror (o
en'ure good arl ude conllol. I he arrrtude rndicator L

ihc instrumcnl rhai lou shoutd check rhe grcaresr
number .n trmc\. lhF ,: ,no$n by rhr to o$.ngJ<\ltl'^n ol J normJl cro--cn.al A frlor Btrnce\lror rlre rrr'lude ilJicalor t', d pe ormJnce innru-
menri back lo rhe altitude indicator: then a .qlance at
anolher nerlormrnce rn\rfilmcn,l bJcl l" lhe-,lllludL
rndrcuror. JnJ \o lorr h. Ihr\cro.=rlectlect.nrqurLdn
becumtdred lo J $agon \\\eel I he nLb renrc,Lnr. r hc
drtirude rnJ c:rtor Jnd thc ,t^le. reirc. nr rn.
Performancc instrumcnrs.

(a) The aboveexample ofa normal cross-check
does Dot mean thal ir is lhe only method oi cross
checking. Often you musr compare thc indicalions ot
one performance instrumenl agaiosl anolher before
knowing when or how much to adjusl the aliilude or
poser. An cflecri!ecrr..-checl tcchn.que m ) bconr
in $hich alrentlon ro rie J rlLde indrcJtor i, rn5e ed
between glances al thq perlormance insiruments bcing
compared. Devoting more atrenrion 1(} the attirude
indicalor is morc desirable to minimize rhe effects ol
rhe [luLLuduons and laB rndrcarion: or 

'hc |e' lo' mdnce
rnslrL'mcnl.. Thi\ lechnrqur lcrmfl. you ro r<Jd dn!
one per{ormanc€ instrument during a splil-second
glancc and rcsulls in smooth and precise aircrall

(b) { tropcr JnJ reh !c rrrounr ..' dllention
musl be given to ear, pedbrmance instrument. pilors

AFM 5l-3? I Decemb€r 1976
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Figure 2-5. Typical Instrumenl (para 2 la)

tou \illfind thul rou arc alsays performing! lrmiliar
nraneu\cr. 8y \'isualiiing thc next 

'naneuver. )ou can
plan rhcrd and kno$ cxaclly what crosFchcck and
aircralr control lcchniqucs 1o employ at the trme ol
entry inlo lhc mancu\cr.

2-5. Indiridual Maneurers:
a. Straishr and level Flight. Straiebt and le\'el

unaccclerfied llight consisl! oi maintaining desircd
allirudc. hcrding. and airspced. Use pirch attitude
conlrol to mainlain or adjust the altitude. Use bank
attirrde control 1() maintain or adjusr the heading. Use
power control to mainlain or adjust the airsPeed

(l) Mainlaining a Desired Altilude:
(a) Mainlaining a dcsired altiludc rcquires the

rbiliry 1,J maint:rin a specific pilcb atlitude and, whcn
nec€ssary. 10 smoothly and precisely adjust this
atlirude. I his abilrty is developed through proper use
oflhe anilude indicalorand issimplified bygood irim

(b) Aftcr leveling off a1 cruise airspeed. you
may adiust ihe pitch trim knob on lhe altitud€
indicator so thal the miniature aircraft is aliSned wrth
thc horizon bar. t his will aid in delecling small pilch
changes. Subsequcnt readjuslmcnts may be required
bccause ol changes in aircrafl gross weighl and cruise

(c) The small pitch corrections required to
mainlain a desired aliitude are made in f.aclions ofa
bar tlidth or in degrees. You should become lamiliar
with ihe vertical velocity changes which result when
\tLclrc trrcn rdjU'tT(nt' rre m"de ar vdrrou.

2-4,7-5

rLrspccds and conliguralions. Th!ts. you c.rn determine
$hal pitch rtlitrdc adjustmcnl is tequrrcd lo produce
rhe dcsircd ralc ol corrcclion $hcn an altitude
dc\ialion is obscr\ed.

(d) Alechniquclorpredetcrmininglhevcrtical
!clocrl) lora si\cn pitchchangc depcnds uponl ASor
nrach nunrber. ODe dcgree (norm)ll)- li 2 bar widlh)of
pitch changc \\ill result in nn approxinmte verlical
..1^ci \' n:,r r' ..lur\Jlcn' ro rrle. ncr mrnurc 'rme'l0u. L r .\-mTlc. rr 100 ti I A\ nr ' \V n.r mrnu'e r
100. l' of pilch changc*ill resuh inapf ro\imalcly 500
lpm lerlical \clocity changc. At 360 KTAS or 6 NM
per minulc )i 100. 2' ol pirch change will result in
approximalely 1200 fpm !crtical lelociiychange lhe
mactr rrJ , J'.r mJ\ \( r,ed In rhc,rmJ mrnner ,;ncu
.5 mach isapproxinaiely5milesperminu!e:.6machis
6 milcs ner nrinute: elc.

ti) rvl"n I'ou make these pilch adjustments.
thc rltimeler rnd \e(ical velocily indicalions will lag
behind changes ol pitch altiiude ort the attitude
indicalor. l-his lag should bc recogniTed and accepled
as an inhcrent error in pressure inslrumenls. The crror
is even more pronounced at supersoDic airspeeds
Bccause of this error. mainlain rhe adjusted pitch
attitude on thc attilude indicalor while waiting fo.
changcs on the ahimetcr and vertical velocily to occu r'
Do not make a snap decision that the adjusted pilch
changc is ineffecrive and be lurcd into orercontrolling
rhe pilch atlitude.

(D $.rh e\perienc<. \ou cJn J.uall) e'timarc
the suilability of a pitch adjustment by noting the
inilial rate of molement of the verlical velocity
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Fisurc 2-7. Use ol l1)$er (para 2-54(l)(c))

thal will m3intain ihe ncw airspc'd Jo fcdrrc' tbc
,",'*"a.,..r"..'r.n""ir b.l u n 'rrrn;('irn' (d
i.' m.,inr, ninc rh. n(q 'r('r'id rrrn 'o \' rrF
arr'ore,l J<cr.:.e.. rhe "'r' rJI l"'.^LlL rnd$'l5h\cr
;,.;"..' ,., de.(nc A,lrJ'r rhr nrJh rrrirLJ J
i.'".*i t" ",i"','" rrr'rud( wh n rhc Jrr Tc(d
-olro"thc. rhi dc' rc.l nd !trr'on. rd\ rnre 'h' t's(r
Lo an esrrmoleJ .errrnS IhJl $rlr n rinrJrn rh" I r\
..,*..J rr ,'"'r,''re. ,1,.'! ,lc\'.r nJ\ b( u'(J ''r
'ei,i.'err rarrc"r',nio"rr'n<eJ rLdu'r''n' lr u'rd :l

i. normalh bc'r r.' icJuce lhu po$(r rJ IcJ rtrm!r"d

'"trino tltit "i mainlain tlre new airspeed and then
cxteni the arag device(s) Extending or relracingthc
dta{ de\i(c. mh\ rnouc( tr trrrrh ch"nbe T"oter'"mJ
rh:\-r.ndunL\ n;le rhc n rch irll rude "n lh( rrlilJrlL
rndrc,ror ruir bel'tie oFrdrrr'P t'rc d "! dc\rc<' Jnd
rrren rna,nr"rn Ihar alrrrude c"n'lcnt d' Ih() r''
exrended or relrircted when approaching ihe nelv
airspeed. relract lhe drag devices rnd adjust po\!er i1

NOIE: Proper control of piich and bank atlilud€
to recosnr/e rhc ettcl' n E)""col\

",;"".',"; "" arlrrude inJ LJror' lhr' n"ae'non r'
mo't no,.L(able Iolloq rng a'urn orchangc ot:rrr 'peed
A' a rc\ult. 5mdllalrir ude Jnd heJdinr 'lc\ rdr r^n ' m'rt

occur \ hcn a $nrf\ lc!el atritud. is eslablished on lhe
lllituLk indicator lollosing ihese maneuvers
:i:t*,."tn'". tnu nu! havc 1o cnlblish a pitch or bank
rrriludc otjrcr thin thar ordinarilv expected For

"r.'. n.. ," r-'rl. n 'lrJrch( Jr.o h'\el llrghl afler
.,",.i.r,.* . r^ 1L,l r.rn r< irrl' uJ( rndicaror mJv
J. "':' ., '.:*'. "',". . '''" ' 'r dc'ccnr. or " combrnJlion
,,1 h th L rrl rdJ ,r,1." "r $ rl PraLlJall rerume
its nmmal indications 3s the erection mechanism
runrmaticall\ corr.cls thcsc €rrots When lhese er'ors
.". ! ionh llk \.,n( cro' -ch((^ LcJhniquL'

h l.\ t l,-,n\ \.'l"r \ o hLn .h odnk andposcr
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requircd ior normal instrument flying. For most
aircrafi rhe normal instrument turn bank angle is l0o.

(l) Enlrr- into a steep turn is accomplished in lh€
same way as fora normalturn. As the bank is increased
pasl normal. the changing lifl veclor requires a larger
nirch.,dlunmenr lhe u.e ot rrim in sreef rurns \ !rie\
w;th indi!idual aircralt characteristics and pilot
rechniquc. Addilional po\rer is r€quired to maintain
airspeed as lhe bank is increased.

(2) l)uring the steep lurn. pitch and powe.
controlarc maintaincd in ihe samewayas in a normal
turn: ho\rcver. larger pitch adjustmenls will be
required for a givcn ahitudc deviaiion. Varying the
angle ol bank during the turn makes pitch control
m.n: diiTidnr Gile sufficient atrenlion to the bank
pointer 1() maintain the bank angle constant. Preces-
sion error in the attitude indicator is more pr€valent
duInt .r'a f rurn.. ll d.r rl rde lo's be.ome' ercessi!e.
rcduce .rtr dn!le or banl dr neL c\sarl Io regain to.ili\ e

(3) when rolling out ofa steep iurn. you should
bc rlcrt to corrcct Ibr the more than normalbackirim.
pitch artirude. and power used during the 1urn. Roll
out a1 thc lame ratc uscd with normal turns. The
perlormance instruments must be cross-checked
closely duringroll-out, since the attitude indicalor may
ha!c considcrable precession error.

d. t imed Iurns and Use ofthe Magnetic Compass.
Heading indicator failure may require use of the
m.rjncuL cotlfa\\ r.' herdrng rnlormalron.
Rcmcmbcr thai this instrument provides reliable
informalion only during slraighl. level. and un-
rccelcr!tcd 1lishl. Because of this limitation, timed
lurns are rccommended when making headingchanges
bt refercDce to the magnetic compass.

(l) Arimcdturnisaccomp)ishedbyestablishinga
b3nk atlitude on the altitLrde indicaior whicb will result
in a dcsircd rate ofturn as shown by the turn needle. A
single needle width deflection on a 4-minute turn
nccdlc indicates l%" per second rate of turn, while a
double needle width deflection indicates 3' per second
rale of turn. A fraction of the preceding amounts can
be used to simplify thc timing problem. For example,
2 i I needle width deflection indicates I " per second rate
oflurn whilc I I r 3 need Le width indicates 20 persecond

(2) Ihe heading change is acconplished by
maintainirg the des;ed rate of lurn {or a predeteF
mincd lime. Start timing when control pressures are
applied r o beSin t he tu rn- Cont rol pressures ar€ applied
to roll oui when the time has elapsed. As an example.
assumc rhal a 45o heading change is desired usinga 4-
minule turn needle. The ancraft's true airspeed is
rclatively high making il advisable to make a singl€
needle width lurn (ll4o per se€ond). In this case.30
seconds should elapse from lhe lime control pressures
a.c applied to enter lhe lurn until control pressures a re
applied lo roll-out.
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(3) Although timed turns are preferred when
using the magnetic compass as a heading reference,
rherc is an alt€rnatc mclbod. Iurns to headings can be
made by applying control pressures to roll-oul ol a
lurn shen reachrne a predelermrned "le3d pornr on
rh. magn.rrc comf'd*. Wh.n u\,ng rhe magnetic
compass in this manner do not exceed 15" of bank in
order to minimize dip error. Dip erro. musl also be
considered in computing thc lead poinl {or rollout.
This is particularly noticeable when turning 1(J a
heading of north or south. Forexample. tu.ns to north
require a normal lcad point plus a number of degrees
equal ro the nighl ldrilude. Turn. ro 'oulh requle
rurning past the desired heading bv the number of
degrees equal to thc llighl lalitudc minus lhe normal
lead. Dip error is negligible when turning to cast or
wesl: therefore. use th€ normal anlouDl ol lead when
turning io cither of lhese headings.

e. Climbs and Descenls. Clirnbing and descending
classified inlo two Seneral lypes-

(anstant ailpee.l and onslant /arr, The constant
ai',fecd mdneu\er r. accompiished b) mainlaining a
conrtant power indication and varying the pitch
attitude to maintain a specific airspeed. The constant
rate maneuver is accomplished by varying both power
and pitch to naintain constant a specific airspeed and
vert ica I velocity. Eithcr lypc of climb o r dcscent lrray be
performed while maintaining a constant heading or
while lurning. These maneuvers should be practiced
using airspeeds, configurations, and allitudes €oF
responding to those which will be used in a€tual
instrument flight.(l) Constant Airspced Climbs and Descenls:

(a) Beforeenteringthe climbordescent.decide
on a power setling and estimate the amounl of pitch
attitude change required 1o mainlain the airspeed.
N*ormally, the pitch and power changes are made
simultaneously.

(b) The power chans€ should be smooth,
uninlerrupted, and at a rate commensurale with the
rate ot pitch change ln some aircrafl. cl'cn though a
conslanl lhrotll€ settinS is maintained.lhe power may
change $ith altiiude. Therefore. it may be necessaryto
occasionally cross-check the power indicatorG).

(c) While lhe power is being changed, refer lo
the aliilude indicator and smoothly accomplish the
estimated prtch change. Since smooth. slow power
applications will also produce piich changes, only
slight control pressures a.e needed to establish the
pitch change. Additionally, very little trim change h
required since the airspeed is constant. Wilh a
moderate amounl of praclice. the pitch and power
changes can be properly coordinaled so the airspeed
*rll remdin t\rthrn clo,e bmr\,\ r ne climh or de\cent i\

NOTE: Remember, the initial pitch attilude change
was an estimated amounl to maintain the airsp€ed

I 
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rhe llirht as a basic instrument maneuver oftcn leads to
c.rati; aircraft control. Tbc maneuvcrs as described
h(r< n J'c ts.ner rl rrr nrrurc: Lre .l.re. Jrdhr \cridlion'
mar be requircd for specilic helicoplers and in-flight
siluations. Ihc degrcc ol proficiency developcd while
acconplishing thc maneuvcrs outlined willallow vou
ro c\ccur. an! !arialion or additional maneuver'

b. The procedural sreps ol the "Control and
Perlormance Conccpl" apply to helicopters for all
inslrument maneu!ersr however. colleclive (polveO
conlrols altilude or r:rle ol altitude chrngc and cyclic
(attitude) controls airspced. Adjusling pilch allitude in
llight has an immediatc ellcct on airspced. Ir also
results in an immediatc. bul much less pronounced.
change in altitude. A changc in power (collectile) $ill
have a pronounced efltct on lift (altitude) wi1h. le\ser
e{1cct on thrusl (airspeed).

2-?. Indiridual Maneuv€rs:
a. Straight and Lelel Flishi. Straight and levcl

unaccelerated flighl consisrs of maintaining des;ed
ahrtudc. hcading. and airspeed. Use po*er conlrol 10
maintain or adiun lhe akitudei use pitch attitude to
maintain or rdjust the airspeedi and use banl control
ro naintain or adiusl ihe heading.

(1) Eslablishing and Maintaining Altilude:
(a) Eslablishing or naintaining an allitude is

Jccomn r'hed h\ rcler r rn! I" Ihe dl rmrltr and \err '( dl
\clo.Ii rndicJro' lv\l) lor JcIu,l drrcrdll nerlor-
mance and adiusting the po\fer or aircrafi atlilude to
obtain or mainlain lhe desircd ahitude A knowledge
ol rhc rpproximate power required to establish a
desired altiludc or rale of change of vcrtrcal vclocity
will aid in making po\!er adjustmenls Aficr the
Jnpro\imrle t^$cr !ctlrn! r. esrabli\hed ir cro*_
chcck or the allrmercr Jnd rhe \ vl $ill rndrcare ii
subsequent polvcr adjuslnents are required. You
should make il a point 1o leam and remember the
approximaie po\rcr setlings foryouratrcratt ai !ano'rs
altiludcs. aiNpeeds, and configuralions used
throughout a normal mission.

(b) when an altitude deviation is observed. a
po\rcr or pitch adjustment Or a combinalion of both)
ma) bc r. qu:red ro corre"l bacl ro rhe derrred rhitude
For e\amtlc. il hclo$ lhe dcitEd allt(udc wnh a highcr
rhan de'I.d air'peeJ. rn increa'e 'n prtch nd] regdin
both the desircd altitude and airspeed Conversely a
piich adjushent (if made at the desired altitude) will
induce the necd lor a po\!er adjusrment

rc) $rrh e\p(ricnce you can usuallv e\(imdte
the suiiability ofpoweradiusrmenl by notingthe initial
rale of movement of the vertical velocitv indicator. U
ihe initial ratc of movemenl on the vvl is rapid and
obviously will stabilize at a rate grearer than desired.
the power change was loo large R€adjust the power
rather than wail for a slabilized indication on the vVl

(d) When you firsl de\iate from an altitude. an
indication often appears on rhe vertical velocitv
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indicator before appearing on the altimeter' By
cvaluating tbis initial rate of mo\rement. you can
estimare ihe anouni of power change required to
prcvent large altilude deviations lf the estimaled
lo$c chrngc L corrccl.l he \erlrdl\ elocil) s illr 'r urn
ri,,,cro \{rlh J neslisrblc change of alrirude

le) when a dcvialion from the desired allitude
occurs. determinc a mte ol verlical correction and
apply a po\ler change to correct back to the desired
ahitude. -Ihe correciion musl not be 1oo large.
resulling in the aircrafl "ove.shooting" the desired
rlr I udc: nor.hould rr be.o 'mall thar Ihe cor rection:'
un necessarilr p rolonged. As a guide. the power change
\h ulJ oroduceu rirleol \erlrcalrelocrr) appro\rmale
tv twic'e the value of the altitude deviation. For
ix.rmnlc. it rire drctdrt i. 100 leer ull lhe de\ired
rl rrude. a )00 rcer per mrnule rale ol correcl'on $ ould
be a suitable amounl. By knowing the present rate of
climb or descenl and the results to be expected from a
polver changc. you can closely estimate how much lo
;hrnrr rhe poqc'. lne adjusred poqcr mu'r be held
con\rant unr.l rhe rale or correL rinn i. ob'erved on lhe
vcrtical velocity indicator. U It differs from that
de.Ied rhen lulLher adju.lmenr or the poqer I'

(0 when approaching the desired ahitude'
Jcrc mrne J lead fornl on the Jhimet<r lor initialrng a

lete]-off powcr change. A suilable lead poinl prevents
.'o\<''ho"ring JnLl f'etmil' d :mooth I'an:ilron ro
lc\cl flighl. The amount of lead required varies with
nr,oL tec\rrque dnd ralc ol correclion A' a guide. the
lL!,1 oo,nr on rhc dh,meret 'hould be annro\imalel] l0
nercirr "t rhc rerrrcal v<rocrt) l-orexample. il lhe rale
rr coflccrion Io Ine de. rcd allirudc r' 100 feel per
minute. initiate lhc levelofi approxinately 30 lcet
before reaching the desircd altitude.

(g) Devoting too much attention tothevertical
vclocity indicator can lead to "chasing its indications
and resuh in erratic power control. Allhough ihe

'crr"dl !elocil, rrdrcator i'3n rmporrrnl perfo'mance
instrument. limilatioDs, such as oscillatiofls in rough
ai.. lag. etc.. should be thorougbly understood to
prevent olercontrolling the power. For lhis reason'
you must recognize and und€rstand that sufficient
rLrcrcnce lo lhe noeer indrcator ir nece"ar] Io en'ure

'moorh dnd nreci'e powcr adju'rmenlr for elleclr\e

(2) Maintaining a Desited Heading:
ta) \4aintainrng a de"rted hedding rr ac-

compli'hed b! mainraining a /eto bank attilude and
coordinated flight. Heading deviations are not
normall) a' "ele-cdlchrng' a. altitude deviationr'
I hcrclore. be dqare or I hr. characterirlic and de!elop a
habit of cross-checking the heading indicalor f requenl-
ly 1o prevent significanl heading deviations

(b) when a deviation from thedesired heading
occurs. refer to the attitude indicator and smoolhly
establish a definite angle ofbank tlhich will produce a
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(a) A turn is considered to be a steep turnifthe
ansle ol bank u\ed r\ larger rhan rhar required ior
normal in\rrumenl nlinE Vosl helicoplers use a

(b) Entry inlo a steep turn is accomplished in
the same wav as for a normal lurn. As the bank is
increased na* normal the change In lilt \eclot occurs
wtuch reouires an rncrease in po$er' The u'e oltrrm rn
\Lceo turns vane, silh rndiridual helicoprer
chaiacreri,ric. and prtot technique' Howe!et. proper
coordrnarion \r:ll aid a Icralt conlrol and reduce ltlol
workload. Adjust pilch to maintain airspeed as the

{c) During the steep turn. pitch and power
control are mainlained in the same way as in a normal
lurnl however. larger power adjustments may be
required for a siten dltilude devrdtion lnadverrentl)
\ar\ina tne angle ol bant' durrng rhe rurn make'
ak,iudi conrrol more dillrcull Ci\e suflicienl arlen-
lion 1o the bank oointer to maintain a conslant bank
ansle. Prece'5ron error in the allilude rndicatorir more
ore"'alent dunng steep lurns ll alrrlude loss becomes
ercersire. reduce lhe dnSle of bank a' necerrar! to
recain oosi!ive ahitude control- idr wh.n rollins oul of a neep turn. be ale to
cofect for the more than normal trim. pitcb, and
nower u(ed during lhe turnr' Roll oul .l the 'ame rdte
used durine normal turns Proper prtch and bank
axitude controlr€quires you lo recoSnize the effects of
gyroscopic precer\ron on arrirude indicalors The
nrece*ron is morr noticeable lollo$ing a lurn or
lhanse oi airsoeed and !afles bel$een atlrlude
indic;on. As a result. small airrpeed. altitude. and
headinA devialions may occur when a wings level
arrirud; is establNhed on the alliiude indrcator
following maneuvers. Therefore, you may have to
remoorairlv establish an adiusted pitch or banl'
artiiuae on the attnude rndicaior lo mainlain straighr
and level flisht $ith relerence ro the perlormance
instrumentr. -The attitude indicalor sill graduall)
rcsume rts normal rndicationi as lhe erecllon
mechanism automatically corrects thes€ €rrors

c. Climbs and Descents. Climbing and descending
maneuvers are classified into two general types -(onstant airspeed ^nd constanl rar? The constant
arrsoeed maneurer I' accompli\hed by telecting a
po;er setlinS and adjunrng il nece'rar). the pilch
irurude to marntain a selecred arrcpeed The conslant
rare maneuver i\ accomplished by selecnng a power
s€uins ro maintain a desired venical velocrty and. il
reces;ary. adjusling the pitch allilude lo mainrarn a
selected airsDeed. EI(her maneuver may be performed
\rh;le mainliinins a conrtant headrng or whrle turning
Th€se maneuv€rs should be practiced using airspeeds.
confreuralions. and ahrrudes correspondrng ro lhose
whic; uill be ured rn actual innrument nrghl

(l) Conslant Airspeed Climbs and Descents:

(a) Belore entering a climb or descent' decid€
what power selting will be requirecl lfairspeed istobe
changed in the climb. cstimale the amount of pitch
altitude change rcquired to eslablish the desired
ai^peed il rhe pilch and poser chrnge' are to be made
.rmutraneou.lr. I he po$e' ' hdnee 'hould be \mooth.
uninterrutled dnd dr a rate conrmensurale with lhe
rarc or prr( h cnange. unl) \l'p.hr conlrol pre\sure' aIe
needed to establish the pitch change

(b) When making a pilch adjushent on the
arUtude indicalor Io corre.r for nn arr'pced dc\ ialion.
thc airspeed indicator will not reflecl an im'nediale
chanle. lhererull5ol Drrchdlrrrudechdnge'canoflen
be d'erermined more qurckly h) cro'*checkrng rhe
change in venical velocity indrcalion. For example.
while climbing. a pilot noles that his airspeed is
remainins slightly high and realiTes that a small pitch
aojusrmenr r' requrrcd. ll rhc frlJh adjunmenl results
rn; 'mrll incrersr ot \ertical \€ 'ocrt\. lhe prlot kno\t'
e\en thouSh hi' "rr"pc(d may nol yel rho\r a change.
lhar hr! pilch col(ction qas xppro\imalel, correcl
When properly used in altitude instrument flying, the
vertical vilocity indicalor is an excellent aid in
marntainine airspeed.

(c) upon approachrng the desrred allitude.
\elecr a Dredarermined le\el.oll ooint on Ihe altimeter'
q, a e;iae. u'e I0 percenl ol the !enical velocity
smooihlv adiusr rtre nouer to an approximate setting
reuuired lor le\el llighl and 5imultaneousl' adjust the
nrlch attitude. ii requrred to maintain lhe deiired
airspeed.

(2) Rare Climbs and Descentsl
(a) Rale climbs and descentsare accomplished

by maintaining both a d€sired vertical velocity and
airspeed. They are proficiency maneuvers designcd to
Draclrce lhe technruue) used during instrumenl
ipproaches. Prtch attriude conrrol ir used ra cstabltsh
and maintain the desired airspeed Pow€r control is
used lo maintain the desired lenical velocily- Propcr
control te€hniques require coordinated pitch and
Power change5 or adju\lments

(bl Eeiore inrlratrnP d r"te chmb or desc€nl.
esiimate the amount of pitch change required tq
e{!ablirh (he de{'red arr 'peeo Jnd Ihe amounl of poller
clianse reouired ro produce the desired verlical
relocir. Enter rhe clmb or deicenr by changing the
oo$er a Drederermined amounl and adiusting. it
ir"..tturl.it'e prrch .lrrrude lo marnlain or establish
lhe selected airspeed, Cross-check lhe performance
instruments to determine rhe resultani changes.

(c) Once established in a constant rate
maneu\er. de\ ialionr iD desired VV I i airspecd must be
properll inrerpreled. For e\rmple. vvl.e\cursion6
can resull because ot iniorreci power or inadverlent
chanee! rn plrch art.luoe rdr'.peedl. Correcllons are
madeon rhe contro: r:Ir'lmerrrs silh Ieferencclothe
performanc. inslrum.rts. The rale climb ordescent is

I
i
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Fisure 2-9. verify Ihat An Unusual Atlilude Exists (para 2-9).

NOTE: Easc of pitch inteeretalion varies wilh the
type of attirude indicator installed. Attitude indicators
having pitch reference scales in degrees and grey or
black a(itude spheres can easily be interpreted tbr
climb or dive ;ndications. F-or those aircraft nol so
cquipped, the airspeed indicator. allimeler. or vertical
velocity indicalor generally presents thc mod casily
inte.preted indication of a climb or a di!e. Altilude
interprctation is a skillthal must be highly develop€d
by practice in flight and on the ground insimulatorsor

2-10. R€co'ery Proc€dur€s - Attitud€ Indicator(s)
OperrliYe:

a. Fixed-wing Aircrafl. Use the following
procedures if specific unusual atlitude recovery
procedures are nol conlained in the flight manual:

,l, II di!ing. ddju\l power or drag de\ice' as
appropriate while rolling to a wings level, upright
attitude and correct to level flight on the attitude
indicator. Do not add back pressure until less t han 90'
of bank.

(2) Ifclimbing. use power as required and bank as
necessary to assist pitch control and to avoid negatile
c forces. As the fuselage dot of lhe miniature aircraft
approaches the horizon bar. adjust pilch, bank. and
power to complet€ recovery and establish lhe desired
aircrait altitud€. when recovering from a steep climb,
car€ musl be exerched in some aircraft to avoid
exceeding bank limitations.

(l) During unusual allitude recoveri€s, coor-
dinate the amount of bank and power used with the
rate al which airspeed and pitch are being controlled.

Bdnk Jn,l pult(r u.ed mLsr he compdrble $ trh aircrdft
rnd encrni.h.rrcrcrr,r..,. ,..- l- Zb.Rolary-wing Aircraft. Recoveries
helicopter unusual attiludes are unique due to rotary-
wingaerodynamics as well as application ollhe control
and pcrformance concepl to helicoplerflight Applica-
tion of impropcr recovery techniques can result in
blade "1all. power settling. or an unconlrollable yaw if
recovery is delayed. Due to these differences, unusual
atlilude recoveries for helicopters are decidedly
different from fixed-wing recoveries. Use the following
procedures il specific unusual attitude recovery
pro€edures are not contained in the night manual:

(l) If diving. consider althude, acceleration
limit s. and the po ssibility of encou ntering blade stall. If
altitude pernits. avoid rolling pullouts. To recover
f.on a diving unusual attitude. roll !o a wings level
indication then establish a level flight attilude on the
atlitude indicator. Adjusl powcr as necessary and
resume a normal cross check.

(2) lf climbine. consider pilch allitude and
airspeed. lf ihe inadverlent pitch atlitude is nol
extreme (10' or less from level flighO. smoolhly lower
the miniature aircraft back to a level flight indication.
level lhe wings, and resume a normal cross-chcck using
noqer r\ required l_or e\Ireme frlch atlitude.labove
iu",. banl, lhe rrcrall in rhe *horrer drre. rion ro$ard
the nearest l0o bank index. The amount ofbank used
should be commensurate with the pitch a(itude and
exiernalconditions. but do nol exceed 30' of bank in
making the recovery. Allow the minialure aircraft to
falltoward the horizon. Whcn the aircrafl sym bol is on
the horizon. level lhe wings 3nd adjust the aircraft

t'J I
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2-13. Homing 1o a Siation. Iunc and idenritv rh{:nilion lurn lh. Jrrcr,, rn rh, ,\,,fler d reLIl\,n ro
place thr tead ol the bea.ing pointer under the rop
index of thc RMI BDHI or urper tubber tine of th;llSl Adjust aircrali hcading. as necessary. to keepthe
bcaring pointer under the rop index or upper lubber

c
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Figure 2-10. Curved Flight l,arh as a Result of Homing Wirh a Crosswind (para 2_t3).
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(
c. lnbound (RMl Only) (figure 2-13):

(l) Tun€ and identify the station.
(2) Determine an intercept heading. Locate the

desired inbound course onthe compass card. Fromthe
desired course. look in the shorterdirection to the head
of the bearing pointer. Any heading beyond the
b€aring pointer. within 90' of th€ desired inbound
course. is a no-wind intercepl heading. In many
instances, an intercept headinsselected 30' beyond the
b€aring pointer ensures a rate ofintercept sufficient to
solve th€ problem. An intercept angle is formed when
the h€ad ofthe bearing pointer is between the desired
course and the top index on the RML

(3) Turn in the shoner direction.o the interc€pt
heading.

(4) Maintain th€ intercept h€ading until a lead
point is reached, then complete the intercept. Lead
point depends on b€aring pointer rate of movem€nl
and th€ time r€quired to turn on cours€.

I

o-
'l

Figure 2-13. Inbound Course Interceptions (RMl Only) (para 2-l5c). FE



'P3nurruo) €l-z trnftl

I
9T6I l.qE 9t6l .l.qu|et.q I t€-Is r{Iv



2-24 2-t5

Figure 2'14. Outbound Course Interceptions Immedialeh After S13::r: P..!.a: Crj:!3l.dicalorandRMII
HSI) (para 2-l5d).

AFM 5l-37 I December 1976

d. Outbound - Irnncdiatcly Alter Station Passage
(HSl and Cl) (figure 2-14):(l) Tune and identily the stahon. This should
hr!e alrcadl bcen accomplishcd.

(2) l urn in the shorler direction ioaheadingthat
will frrallcl or intcrccpt lhe outbound cou.sc. Turning
to parrllel lhe desired outbound course is always
acceflable. conlinuing ihc turn lo an interccpt
'(aLlrn! mJ\ b( rr. lrr-hlr $hcn rhe bear rrg nurnrer i\
strbilized or when you knolr your posriion in relation
to lhe detired course. The ellcct that airspeed. wind.
.,r!i TJ!.rlJLic ol Iurq $.ll l'J\\ ^nJ crar'fu\rl;'n
during thc tu.n to an inlercept heading should be

(l) Sct rhc dcsircd course in the coursc scleclor
lvindo* and check ior FROM indicalion.

(4) I urn to an intcrccpr heading. iinot prcviously
accomplished. Delermine the number ol degrees off
co rsc as indicatcd by cDI displacemenl or .rngular
diilerence bctween the lail of ihe bcaring pointer and
tbcdcsiredcourse. Iflheinitialiurnwasloparallelthe
delired couhe. lurn to*a.d the CDI to establish an
interccpt angle approximatcly equal to the number of
degrees off course. ,\.'ormally. to avoid overshooting.
aD intcrccpi rnglc grcaierthan45" should notbeused.

(5) Mainlain the intercept heading until a iead
point is rcached. thcn complctc the inlercepl. The lcad
poinr depcnds on bearing poinler o. CDI raie of
movemenl and the time requ;ed 10 iurn on course.

.l\1 !l

I
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c. Oulbound Immcdiatelv AIter Sta!ion Passage
(RMI Onlr) (lisure 2- l5 ):(l) Iune and idcnrilr rh{ starion. This should
havc alread! bccn accomplished

(2) I urn in lhe shoncr dircclion ro a heading ihat
$ill parallel or interccpt lhe ourbound cou.se. Refer !od abo!e (Outbound - Immcdiatel! Aft.r Si.rio.
Passarc (HSl and Cl)).ll\ D(rcrmin( ln( nLr\.r .r Jclree. o co :..
\o1e the ansular differencc bct\,lcen the lail of the
bcaring poinL.r und the dcsired coursc.

(4) I)etcrminc an inlercepl heading. lIasuitablc
intcrcepi angle \\as not.\1ablilhed durine thc inirial
turn. look lrom thc tail ol thc bearing poinler ro lhe
desired cou.\c. Anr heading bc)1)nd thc dcsired course

in. . tr' r.'l,r! lu . in rnr,Jrr,\r.un
an anrl)unt afprorinrlelv equal ro rhe number of
dcsrecs ofl cour\!. \ormall!, ro aloid olcrshooring
rhe coLrr\c. do not Lrsc an rntrrccpt rngle greater than
15.

\OIIi: On sonrc aircraji. thc RVIillDHl bearing
lioinr.r docs nol hr!c.r tril In rhis case. turn ro ihc
r-J: r'L h.:,J1.'.lJ.rr..,J.,,ur\ (onrinuc^n
lhc ourbound 

'naenctic 
hcadin! ol lhc drsired co rsc

uDtil thc bcarinspoinlcrstabilires.Notcrhcnumberof
deg..cs thc hearinS pointcr i! ofi rhe lailofihe aircrall.
I hrs is the numbcr ol delrces oll coursc. Any heading
changc in thc directioD tosard the head olrhc bcaring
poinlcr is a no wiDd interccpr heading Iurn in thc
dircclion olrhc herd oilhe bcaring poinrer an amou nl
rpprcxrmatch cqLral !o the numbcr ol dcgrces off
course \onnall).lo aloid o!ershooling thc coursc, do
not use an inlcrcepl angle grcalcr rhan 45..

(5) l-urn to an in1€rcepl heading. ilno! previously

(O Mainlain ihe interccpr heading unril a lead
poirx is reachcd. then completc thc inrerccpr. The lcad
poinl dctends on thc bearing fointe. rale ol mo\emenl
and lhc timc required to turn o. corrr.

2-t 5

II
o

do
"..

1l
m
'V

l

\J

Figurr 2-15. Oulbound CoLr.e lnrcrc(f r.r. para 2-l5e).
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L Outbound A\r'ay from th€ Srarion (HSI and
Cl) (fisure 2-16):

(l) Tune and idenlily the slalion.
(2) Set the desired outbound course in ihe course

(3) Turn to an intercept heading.
(a) Cl. -Iurn in the shorte. di.ecrion lo ptace

th€ heading pointerio\r,ard the CDL Conrinue rherurn
to place lhe hcading poinlcr in rhe rop half of the
instrument case and roll our on an intercepl heading.
This precludes an inlercepr angle in excess oI90.. Roll
out of the lurn on an intcrcept h€adingwith a suitable
inlcrcepr angle. normal.) 45". A 450 inrercept rngle r.
enabli\heJ h) r olling out wrrh the de5[ed course under
rhc af propriare 45' inde\. o' $ilh the headrng poin(er
dr.phced 45o tr^m the rup inder and loward rhe CL'L

(b) HSl. -l urn in lhe shorrer direcrion roward
the CDl. Continue tbe turn unril the head ofthe coursc
arrow is in lhe top hali of the instrum€nt case_ This
p.ecludes an intercepl angle in excess of90.. Roil out
of ihc turn on an intercept heading wilh a suitable
angle olinrc'cepl. n6rmall) 45.. A 45o inlercept angte
i\ enrblished by rollins out tr rlh (he head ot rh( (uLr\(
arrow undcr lhe appropriare 45o index (aircraft
symbol directed toward ihc CDI).

(4) Maintain rhe inlercept heading untit a lead
p..nl r\ reached. rhcn comllcle lhe inrerc.tt. The lead
pornr depcnd\ on the bearing tornter or CDt rate ot
molemenr and the lime required to 1u.n on coune.

Figure 2-16. Ou.b-ound Course Interceptions - Away From rhe Sa.ion (Co'rFe Ind:caror and RMI; HSI)(para
2_150.

2-15
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g. Outbound Away From (he Slation (RMI
ONt.Y) (jisure 2-17):(l) fune and identify rhe $talion.

(2) Determinc an intercept heading. Look from
the tail of ihe bearing poinrer past rhe desired course
and select an intercept heading. Any heading beyond
th€ desired course. within 90'. is a no-wind inrercepr
heading. A heading selecled 45o beyond the desir€d
course will normally ensure a mod€rare rate of

NOTE| On some aircrafr, rhe RMI or BDHI b€aring
pointer does not have a 1ail. ln ihis case. turn the
shorlc r direclion to the outbound magnetic headingof
l\e desircd cour.e. \ore (he number ot degrees lhe
hciring po,nrer i\ollthct:rilor(hearrcralr. lhr\ rs the
numbc' of degree\ oll cour.e. An) hcaJing change jn
rhe direction lo$ard thc head ol rhe bedlne pornler
within 90o is a no-wind inrercepl heading. A rurn inrhe
direction olth€ head ofrhe bearingpointer of45. pas!
lhe dcsired coD.se willnormallyensurea moderate rate

(3) Turn in the shorrer direcrion to rhe inlercepr
headins.

(4) Maiolain the intercepi heading unril a lead
po:nI rs reached. rhen complere lhe intercenl. I he lead
poinr depend: on rhe beanng nornler or aDt rare ot
movement and lhe lime required ro iurn on course.

t
o.{
OJ

I

1',
Figure 2-17. Outbound Course Interceptions Away From the Station (RMI Only) (para 2-l5g).
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l?"Y

Figure 2-18. Maintaining Cours€ (para 2-16)
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2-20. Arc InrercEptions. TACAN and VOR/DME
arcs are used during all phases offlighr- An arc may be
intercepted at any angle but it is normally intercepted
from a radial. An arc may be inrercepted when
proc€eding inbound or outbound on a radial. A radial
may be intercepted either inbound or outbound from
an arc. The angles ofint€rcept(arcto radial or radial to
arc) ar€ approximately 90". Because of the large
intercept angles the use ofaccurate lead points during
the interception will aid in pr€venring excessive under

a. Arc Interc€ption From a Radial (figur€ 2-19):(l) Tune the TACAN or VOR/ DM E equipment.
(2) Determine the direction of turn.
(3) Determine the lead point. Determine a lead

point that will result in poslioning the aircraft on or
near the arc at the completion of rh€ inirial turn-

(4) When the lead poinr is reached. rurn ro
intercept the ar€.

(a) Moniror the bearing pointer and range
indicator during the turn and roll our with rhe bearing
pointer on or near the 90' index (wins-tip position).

(b) Ifthe aircraft is posirioned outsiderhearc,
roll out with the b€aring pointerabove the90. indexl if
inside the arc, roll out with the bearing poinrer betow
the 900 index.

-)*terl9"
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Figurc 2-19. Arc lnterc€ption From a Radial (para 2-20a).
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trhnrnlc (10 D\4 f e\u'ndred ,nrcr. rnr noinrr' b0 -:- l0
: 20 n(r r,JuUcal mrlc rCtrc ))1r' rl-he m,*r
c{'n\rnicnL \.,luc' to u.( .UL Ir,. 15. 20. .ru. 40. rnd 60
NM values bccause thcy result in casy to use numbers
Addilionally. thc accuracy ntailable in lead poinl
cumnulalron d^c. nul d(mJnd n.'rt e\rJl vrluc' )

2. Mulrrnli rhe Jrprces t(r nauticdl m;le
times the turn radius in nautical miles 10 obtain the
lead nuinl rn dcr'(us lor a 40" inlcrc(tl ro a rJdral or
c.,Lf.( Frumprc r)\ M rurn r:rJ ru',rnd lo ner \Vr 2

x 2 : 4c lcad poinl.

90"-2'-2NM
45.2/3,2/3NM
30. - 1/3'-',1l3 NM

90"-30-2NM60'1l/2'-1NN445.-1.-2l3NM

90' 4' 2 NM
600-20-1NM
45' - 11/3' - 2/3 NM30" 2/3" 1/3 NM

90r 61 2 NM60".3..1NM45' 2" 2/3NM
30r - 10 1/3 NM

90.-8.-2NM
45. - 22/3' 2/3NM30" 1 1/3" - 1/3 NM

90. 12" 2 NM60.,6..1NM45' 4' 2/3 NM

For 60'use 1/2 computed Lead point.

For 45'usel/3 computed lead point.

For 30'usel/6 computed lead point.

Fisure 2-21. D€gree of ArciNM Relationship (para 2-23c(l)(b)(l))

AFM
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(2) Another t€chnique is to 1im€ the bearini'
nUrnlcr mo!cmcnL rl rnlerceprinS a 'adial 

or (our'e. o'
Limc rh. b!ll mo\(menI ir inrerccpting an arc lhi'
lcchnidu( rr ror intcrLeDl turn\ u.ing JOo or hanI

rrr lime rhc bearrnq pornler change or DMI
change ior l0 percent of the TAS. Example (250
KIAS):250 x.l0 = 25 seconds

(b) Nole lhe nunber ol degrccs the bearing
nornrer mo\e\ or mrlcs lhe DMF. hdnse' dL'rng Ihi\
;ime lhe lerd poinr ir rhe number ol dugree. Ihe
bearing pointer moved or the number of miles DME
changed iD the specific time. (Only timing includes
wind effect.)

1' a

1

I
I
I
I
F
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Figure 3-2. High, Low, and Combined High afld Low SID (para 3-2a).

c. Srudy rhc Llimb rare gradien('igure l.lr. ln the
ab.encc ui climb erddrenl inlormarion. an aircraft is
e\pecled to climb a rdte oi ar lea'r l50 teet per nauricat
milc. Il thc e'ddient exceeds thi: rale. rhe stD $ill
provide a chart to depict rhe required vertica I velocily.
lf lhc Jlrcral' \ capabilit) ro meer rhe cl'mb eradienr r.
doubt[ur. ]ou should eilher selec( a StD qilh an
acceplable gradient, reduce aircrafi weight, or requesta VFR climb. il ncce\\ary. Requenrng a radar
departure rn lieu ol J SID ma) nor nece,jaritysolved
climb g'ddient f",.)blem since rhe conrroller has nu $a)of knowinS the aircraft's climb capability. tf you
choose this deparlur€ option, coordinate vour re-
quiremcnr( wnh rhe controlting agency prior ro
takeoff.

3-3. Phnning for En Route. Preflighr ptanningoflhe
en roule porlion should be adequate to ensure a safe

and efiicient flighl. As a mininLrm. aircrews should

a. The intendcd route of {iight using current flighr
publicarions.

b. En roure NOTAMS. (Check FAA NOTAMS
through an FAA Flight Servicc Sration.)

c, En route wealher.
d. lhe approplare ] I IP troduLh (o ensure

cumtlianc< $irh any rpecial procedures r hrch may
applv

e. Emergency diversion fields and approaches.

3-4. Planning the Approrch. Preparation forflyingan
instrument approach begins with a study of the
approachdepictionduringpreflightplanning.Theend
result ofan approach - a landingor a missed approach-
can be dIecrl] defendenr upon rhe p,tor s Iamrliaril]
wrlh the approach depiclion

va
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(3) Ensure that the approach you select is
comparible with the navigation equipment insta ed in
your aircraft.

(a) If the IAP is annotared VORTAC. a
VOR/DME or TACAN equipp€d aircraft may fly the

HI.VORTAC RWY 2I

AFM 5l-37 I D€c.mber 19753.1

approach (fi8urc 3-4)- An example would be
VORTAC-RWY 26. Hor€ver. some VORTAC
approaches arc design€d so rhat VOR only equipped
arrcralr may aho fiy lhe approach. If you have VOR
only. study the approach .o dctermine if DME is
requir€d.

AAAARILO AIR IIiAIINAI

AMARITTO AIR IER.MINAL

a-@i

i..''.I ": ^r/'5 l' ^d z1:on,,,

50,19 j .'_"._.i I ^Airuo I

".4-4"'A*i,;'=-l%!"--: '
",.-x ./:{"l l :, 6-a.-,,' ua -f\ r^crr *ra." n,ro
.{' "fifi;- I

fi- li
.1 !lmo*ii'I -,',-----"J. .

' 'u'- 
J rroTl

Ure

Ht_voRTAC RWY 2t 3,.'r.'+r o..,.'

Figure 3-4. VORTAC Approach (para 3-4a(3)(a)).
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b. Rc\icwins an IAP {ligurc 3 O Prio, to dcpar-
rurc. )ou should bccome i:miliar wilh allaspecrs ofthe
IAI'so that during lhe rcco\cry you can conccntrale
rr n).ne Ihc maneutfl rlrh(r rhun rrling rn f) und
rnr(rtrfr il \imulrancou\i). He'( rre.ome 'mlorranrareas 10 consider and lechniques to use:

(l) Plan view;

HI.TACAN/ItS RWY35

AFM sl'37 I Decembcr 19?6

(a) Note the gcneral ground track of the
JnnrurLn. rh( \{\AlD. Ihar pro\tde lhe course

"iia.,nc.. .r"a Inc \^vAlD location (The
r.'AVAID(s) which appcar in the name of an IAP are
the NAVAID(S) which providc the final approach
guidancc. Oiher rypes of NAvAlDs nrr be required
1o accomplish the approach.)

3-4

CIIINGION AFB

rl

Q., (

HI-TACAN/ I L S RWY 35'l]zN'5'ro',w

3-6- Review of the IAP (para 3-4b).
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Wirh this information and knowing the approximar€'I AS in nautical miles per minute {NM/min), you can
iigure lhe required verrical velocity (VV). TAS in
NMi min is obtained by dividin8 TAS in knots by 60.
Use whole numbers for ease oicompulalion. lfa mach
indicator is available. use indicared mach times 10.

DESCENI ORADIENT (ft/NM) X TAS (NMi min)

NM/min : !!L!!9!! = Ml x l0
60

EXAMPLE: Descenr cradient 600 ft/NM
100 Knots TAS or.5 Mach

NM =199.=.5 Mach X l0 = 5 NM/min
60

600 fii NM x 5 NMi min: 3000 ft/min
Rcnember that with aconstant IAS. TAS decreases as
altitude decrcases.l herefore,the required VV willalso
decrease as the approach progresses. Also, rhis
technique does not consider wind..However. when
llyine a slraighFin rACAN approach you can sray
currenr on your acrual descent gradient by noting rhe
altiludc lost each naulical mile and comparing ir to rhe
desired dcsccn! gradient.

(c) For Hclicopterci In addirion to the above
techniques. the following may be used rodeterminethe
amount of powerchange required to obrain the desired
results. Power may be expressed in several waysi thar
is. fuel flow. torque, manifold pressure. etc. Dividethe
desired verrical velocity by the number of unirs of
power which approximate a change in venicalv€locity
of l0 feer per minure. Example: Assume l0 units of
power (fuel flow, torque, erc.) will change the venical
v€lociiy by approximately 100 feet p€r minure.

Required power change =

Desired vertical velocity = 1914I = 5o unirt
Units of pow€r to change l0 units of
VV by 100 fti min power

(3) l.anding Minimums. Review rhe landing
minimums for your aircraft catcgory to see how low
you can descend on the approach, and to detcrmine if
the forecast weather conditions will permit us€ ofthe
IAP.

AFM 51-37 I December 1976 LINOTE: The minimums published in P-LlP must be the
lowest possiblc minimums. in accordance wirh AFM
55-9 (TERPs) criterial however. majorcommands may
ertablish hitsher minimum\ tbr rherr I,tut!. Ihc
\isrbrlily ralues delerminc uhelher a \trarghFrn
approach may be flown. If a circling approach is to b€
flown. lhe weather must be at or above borh the
published ceiling and visibiliry.

(4) Aerodrome Skerch:
(a) Check the field elevation which is lhe

hiShest poinl on any usable landing surface.
(b) Note the touchdown zone ele.\,ation which

is the highest point in ihe first 3000 feer oflhe tanding

(c) Observe the runwaydimensions and layour.
(d) Check the types of approach lighring

(e) Note the direction and distance of the
runways from the navigation faciliry.(t Check the location of prominent obsrruc-

(5) Additional Informarion. Review carefullyfor
noies on the IAP. Notes are used to identify either
nonstandard IAP criteria or to emphasize areas
essenlial for the safe completion of rhe approach.

c. Reviewing a Radar Approach. Although depic^
tions of radar approaches are not included in fiighr
publications. some important aspecis oflhe approach

(l) Ii is helpful to review a published IAP for the
same airfield. In addition 10 helping you prepare fora
backup approach in the ev€nt ofradio failure. the IAP

(a) NAVAID frequencies and localions for
position orientation and in some cases, addirional
voice reception capabilily.

(b) Minimum safe ahrtudes in the terminal

(c) A.repdotrn ullitude beL$ecn the nonpreci-
sion final approach fix (FAF) and MAP lhich may
alen you ro rhe possibihr) or " . epdos n on d n arrpon
surveillance radar (ASR) approach 1o the same

(d) Depiction of radar minimumsandtheglide
slope angle. Normalh rhe PAR glide slope will
coincide with the ILS glide slope.

(e) The aerodrome !kelch and all the informa-
tion associated wirh ir.

(2) The IFR Suppleneni conlains a complete
radar minimums lisring as uell as periods of no-
NOTAM mainrenance eid olher notes identifying
nonstandard lterri r)li:: .. 3\ce\9rfe climb gradienrs
for missed approa.:

,r, ,f

taz,z
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(6) Rotalethecoursesetknobandcheckthatlhe
To-F-RoM indication changes when the sclectcd
c^u"e r\ utt'u\.m.rrer) r)0 to the be rnP noint.

SECTION B - AIR TRAFFIC CONTROL (ATC)
CI.F,ARANCES

4-2. ( learancc\. Fn'urc rhir d complele clcarrnce i'
.eceived in accordance wirh Fl-lP. lf an incomplete
clearance is accepled. thc planned flight may not be
possible in the evcnl of two-way rad;o failure. For
exanple. il thc clearance sp€cifies an intermediale
leleloffbur does nol include a time orplacetoexpecta
higher altitude as iiled on the flight plan. then thc
higher fuel consumprion at the Iower altilude could
prelent you from reaching your dcslination with the
required luel remainins.

,l-.1. Clelrrnce Readback. lhcre rs no LS{F require
mcnt for an ATC clearance to be read backi however.
you should read back the clearancc ifyou ieellhe nsed
ib r co nfirmatioD. Y ou are also expecled I o request that
thc clearance be repeatcd or clarified if you do nol

Sf,CTION* C - INSTRUMENT TAKEOFF 0To)
,l-4. Generalr

a. -fhe ITO is accomplished by relerring to outside
visual .elerences and the flight instrumenls. The
amounl of attenlion Sivenloeach reference va ries wii h
lne indr\rdudl. the t)te uI aircrrll. dnd e.\r\lrng
tleather. The ITO is a composite visual or instrument
lakeoff and should not be confused wilh "hooded

b. lhe ITO t'rocedures and Iechnroue\ are in'
valuablc aids during takco{fsal nighl.loward and over
\rater or deserled areas. and during periods ofreduced
!,'ibrl'r). lr ,s rmporrdnl to immediatel) tranrrlion lo
instrumenl references any time you become dis-
o.iente.l or when outside visual references become
unreliable.

\OTE (FOR HELICOPTER PII.OTS): Helicopter
ITOS may have to be accomplished entirely on
instrumcnls du€ to rcslrictions to visibility induced by
rotor downwash on dust. sand or snow.

.l-5. P'epsring for the ITO;
a. Before performing an lTO, you should perform

an adequale before lakeolf check of all llighl and
navigation instrumenls ro include publications, sel€ct
thc appropriat€ navigational aids to be used for the
d€parlure, and set the navigalion inslruments and
switches as required.

b. The air traffic control cl€arance and departure
procedures must be thoroughly understood kfore

4-1,4-6 AFM 5l-37 I D€cemb€r 1976 LOtakeoff. 11 is a good opcraling practicc to have lhe
appropriale innrumenl approach procedures charts
available in 1be even! an inslrument approach is
neces$ry imncdialely afier takeo{1. Review of thc
approach for an emergency return shouid includc
lrequencies.linalapproach course. DH or MDA. and
minimum safe. sector. or emergency safe altitudes.
Bflet r c'eq memhrr\ ^n sp<crlic Juri(\ during an

4-6. Performing the ITO:

(l) The ITO procedure fo. your aircrafr is
discuss€d in the flight manual. The procedures are
aligned as nearly as porsiblc to the normal VFR
r.l(oll. Ot.rdrc pllor he,u dnd orher dnri-.(e equin-
ment as .equired. When cleared into position for
lakeoff. aliSn lhe aircrafl $ith the runway cenlerline
and complele thc before takeoffch€cklisl. Re€hecklhe
hcading indicators and attilude indicalors lor possible
precession crrors. When cleared, select lh€ assigDed
departure frequency and monitor "Cuard" frcqucncy
during takeoff.

(2) when cleared for takeoff. release wheel
brakes simultaneously to minimize initial directional
conirol diffi€ullies. Directional control immediately
following brake release should be acconplished
predominantly \\rith the aid ol outside visual
reltrences. As lhe rakeoii progrcsses. the cross-check
should lransirion lrom ouiside refe.enccs to the
heading indicator. airspeed indicalor. and atlilude
indicalor. The rate ol transition is directly propor-
tional to the rate at which the oulside references
dererorrle ll ir ertermelt rnportant for lhi' cro*-
ch<ck to be -in progress belore l,^tng comnlere
outndc \:sual relerenle. Julns rhe laleoll 'oll or
subsequent departure. Takeoffs at night or into poor
visibililies are especially conducive to spatial disorien-
tation. As you lifl off be committed !o altilude
instrument llying so you can disrcgard erroneous

(3) The lakeoffaltitude should be established on
the attitude indicator al thc appropriate point during
rhe tJl,eorl roll. lhi' is nolmall) at rolalron ^r lust
prior to r€aching takeoff airspecds. Know the specific
takeoff attitude required for your aircrafi. This pitch
atlitude and a wings level altitude shouid be held
constant as theaircra[i becomes airborn€. Cross-che€k
the vertical velocity indicator and altirncter for positive
ciimb indi€alions before retracling the gear and wing
flaps. While the gear and flaps are being retracted,
maintain or adjust the pitch altitude as nccessary to
€nsure the desired clinb.

WARN-INC: Someattitudeindicatorsaresusceptible
to precession effors caused by aircraft acceleration.
This causes the horizon bar to lower slighlly and
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r. ao d ao r 'wp\r or rl E 10 DMF y AUSTIN VOFTAT
310 rad al, 1O m le legs

a. Entry-l urns. The angula. difference between the
holding coursc and the heading at initial holding fix
passage determines the dircction of lurD to enter the
holding patlern.

(l) If thc holding course is within 70o of the
aircraft heading. turn outbound on lhe holding side to
parallel the holding course. (For a siandard patlern,
turn righl to enter.) Upon complerion ofthe outbound
leg, pro€eed direct or intercept the holding course to
lhe fix.

(2) Ii the holding coune is not wiihin 70' ofthe
aircrafi heading. lurn outbound in the shorter
dIe\'ron Io parallel rhe holding course. ll this turn
places you on the nonholding side. eithe. parallel
(adjust for wind) or attempt io inrercepl rhe holding

AFM 5l-17 I December 1976

30 DME

5-4. 5-5

1.,, o

40 DME

Fisure 5-2. Copying Holding Insrructions (pam 5-6)

palterns arc not charred! include the following gene.al

(l) Direction of holding from the fix.
(2) Holdins fix.
(l) Radial. course, bearing, ai.way. orjel route

on which the ai.craft is to hold.
(4) Outbound leg lengih in miles. if D[4E is to be

(5) Left lurns. if nonslandard.

NOTE: tfdetailed holding instructions are given. the
length of the inbound leg iD minutes and the direction
ol holding pattern turns are added lo rhe prevrou\

c. ATC should issue holding inslructions at least 5
minutes before reaching a clearance limit fix. Within 3
minuies ofrcachingthc fix, rcduce airspe€d as outlined
in FLIP Do no1 exceed this airspeed while in the
holding pauern. If it is necessary 10 exceed this sp€€d
due to aircraft performance considerarions. notifyAIC of your actual holding speed. If holdinS
instructions have not been received upon arrival al the
fix, hold in a€cordance with procedur€s in FLIP. For
two-way radio failure holding procedures, refer to the
IFR Supplement.

5-5. Holding Pattem Procedures - cener.l. Youare
considered to b€ in the holding pattern at the time of
inilial station passage of the holding lix. If not
compensating for wind, fly turns at standard rat€ (lo
per second) or 30' oFbank, whichever requires the
lesser angle of bank. If correcting for wind, do not
exceed 30o of bank. nor shallow to less than 15' of
bank or.one-half siandard rate (l%o per second),
whichever is the lesser.

Hod norrhwesl ol lhe 30 DME nx, AUSTIN VOFTAC,

I30 radial, 10-m le legs
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course ourbound. Ifyouare on the nonholding side or
on the holding course at the completion of the
outbound leg. rurn roward the holding side; then,
proceed direcl or intercep! holding course to the fix.

(3) The teardrop entry may b€ us€d at pilot
discretion when entering holding on a heading
convenienrlyaligned withtheselectedteardropcourse.
Upon reaching the holding fix, proceed on an
outbound lrack at a 45o angle or less from the inbound
course on the holding side. lf cours€ guidance is
available, atlempt to inlercept the selected teardrop

b. Timing. The naxinum ].nbo|,r'd leg time is I
minute at or below 14.000 feet MSL. On the inilial
outbound leg, do not exc€€d the appropriate time for
the altitude. Adjust subsequent outbound l€gs as
necessary so as not to exceed the maximum inbound
lime.

( I ) Begin outbound timing wh€n abeam the fix. lf
you cannotdet€rmine the4beam position, start timing

c
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pI.lu.8ur^?H uran?dBurptoq aql ur Burfu atrqa puE
,{rlu, Suunp 8ultuq pu" SurpEeq ol qloq suorl)arrol
BulttddE Iq pur^\ roJ 

^\o V suoDrerro) purtA r
aruelsrp ro !un plrjrr:ds 3ql puo{aq u.ql8ual

r3^ru 'll^i^.\oq :.r nber suorlrpuor alur u?ureUed aql
usuorls f?Lu no^ perroids 3rurr.qr ls u?dep or sE os
irnp..ord Surptoq paqsrtq€ts! rqlJo slrurl lqr uqrra
u.r.rtpd eql tsnip€ 'ureucd Surptoq ? rr?d3p or .rurl
lqr Bur{trrlds .ruersrt. E !^r!r.r noI ueqA (n)

'slltull EI JC P3UI.3ds 3ql
ueqlrir?{ou surnt uEls'Surptoq NVJVIToj (t)

'punoqur
tr^it sSur^r u.q/l{ Surru'l punoqur u'teg (Z)

'punoqlno l.^al siura u.qm

(q9-g rrtd) (s.ldr!"xa) .nbruq.a.t Irlni f,e lrn8r.J
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Figure 5-4. Sbortening a Holding Pattern (para 5-6d(2))

lurn rlipu'e 5 l). Holdingpalrernenlr) rurn'depicled
on hrshirtitrde arnroach charts dre pr o! ided for pilot
.""'"1"i"*. ""4 ii. -"rNrent qirh Ihe rntenL olthe

".r'v oroceau'c'. On an RMlor HSl look 10" either
.a.-.r rne a,rcrurr heiding Ior rhe holding cour'e
Determine rhe direction of turn as follows:- - -iii ri rrc hold,nsc.urrei\ rocated qirhrn70" 'l
the drrcrdlr headrng entet rhe holdrng ndrtern by
Lur nrnc rn lhe direclron of holdtng 'tanddrd ldltern
rrrrn risht: non"randard patrern. lurn le[t

r.li tf ttre trotdrne coune is not wrthrn 10" of lhe
,',.roti headine. lurn oulbound rn lhe shorler
Jll..iion 

'o 
pu'"ir.t ot u,lempr ro inlercept the holding

c. Con"eniently Aligned for a leardrop:
(l) Althoush "conveniently aligned" mav varv

*il}, i t* a;rcraft ana situation, 45" is €asy ro remdmber
Jnd use. ll vour headrng indicalor har 45 inde)\ei rhe
r"ri"" 

'ns 
r" a eooa recLnique lo use rl you choo'e to flv

n redrdr; enr;\ ' ll lhe tedrdrop courre lie\ between rhe

iop AS rnaer*. ar trotaing li^ passage tut n to rnrerceFr
the teardrop course.

r2l the holdrns Dartern entr] lurn' depicled on
h'oh ;hirude aopriactt.han plan vreus generally

'oic,rv a tea,drop entrv 'l 
lhe aircralt heading is $rrhin

+b' oi, rO' '.uid,op 
.our'. at holdrng fix pa'sage

d. Timine:(lr AlIr completing the frrst circuir oI rhe
holdins oattern, adiu.r rhe time oulbound as nece!sar)
to pro-v'Ae tne de\ired inbound times \ilhin Ihe
marimum limirc allowed ln e\rrenre wind condrtions
even Lhoush Ihe turn inbound rr initiared qhen abeam
ir'. .rarioni. rhe rnbound les mav exceed the l- or l|l'
minute limil.lnthis case, you are authoriz€d to exce€d
the time limit inbound

(2) Timing procedures dictale maximum leg
lens(he. when adiuninS lhe holding patlern lou ma'

"t'.-o'e ro,tronen the inbound IeS TACAN holding
allows lhe Ierrbililv ol rhortenrng lhe parlern a( lhe
;;;;,. il rrom ihe holding riia' shoun in fieure
54.

(3) Knowingthe time it takes vou 10 flv aholding

b,llern $i,l allo$ \ou I^ more precr'el) meel an FFC
li i-ac n' un noo,.'*;.rrron. I l00lh ol )our I {S

",rini* rr'. nr*ui' o' ln,nules ro fl) a 1b0o Iurn 3r l0o
.ili"l.,rol .*.pt. rr 150 K IAs J lo0'rutnIdtes
,hnrL l] 5 minule' ) {;rcrdlt il} ints standard !are lurn\

".u"iioo, in z rninut"r. ,qdd torhe time{or turnins the
.'*L"i "r .1"*", . nv tbe inbound and outbound
legs.

5-?. Wind ( orreclion\' \ ou Jrc erpccted ro adjun for
q,nd $henc\er in holding lhir rnclude' rhe enrr)
.i."'it a' wefr as afler being established in the race

"r"f. our,.'". Crosr\rind correclron' may hF ac-

""mnli'he.l b\ ddiu'rins bank angle durinB ru'ns or
."li'"i"n " i"ia'ir' -"icrron\ on rh€ outbound les A
iJJii"i. *r'i.r' .,v t. used Io adiu'r hank dngles ir
Ln,haito" rurn' Inro the $ind dnd \leepen turns
dosn\rind l' lor edch degree of drili correclron
iJ""**"ruto.uint"inrrt.inb6undcourse Theangleof
ii"ii 't'i,"ra not be $teepened to more than 30' nor
it,ll*"J to r".' tr'an 15; or half slandard rate (l%'

"ii "*"",11, "i'i.t'*.' *quire' rhe lea'r dnsle of bant
ii. 'i" .r,t"u"O leq. r,acl rnro rhe wrnd rhe de\rred
J'iri lo' '..rion. rr o "rna dntr conectron i' app|ed on
.ii" "t. "f ,rt.,r*', a.uble rhe dr rrr correction on Ihe

."il"r'J t." ll !ou do nor applr bdnl correcrron to

"ltt'"i oi,t'.-rut'i', rtiple lhe drirr correcrion on lhe
outbound leg

5-8. Drift Correclions. Kno$ledge ol drill correclron
,J u* ,i,rp*a relarronshrp can be terv use[ul'
;;;;.i"ia' i" 'i."'. "',,"ce' 

uhere cour'e gurdance i'
"Jt-"'"iLur., 

lor e\anDle. ourbound leg ol holding
i,u.rn o' oro..ou,. tu'n l ne tollo$rng techniques
."" se u'ei ro determ'ne appro\imare ddlr correction
whin the crosswind component is known:'','. oiiia. *t" crosswind cornponent bv ih€ mach
timeslO. ixample, :o tnots crosswind and 100 KTAS
r 5M l= l0' drift correction, or'''l o"li" tlt..'"'."'"d componenr b, lhe aircra[t
..*. i. n,ur*.t r''te. per m,nure Lxample: 30 tnor\

"i^'"ira.na I E0 iaor' T {S {J NV per mtnute) J0 +
3 = l0' drifl correction

Dro

1.,
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li- I

(High Altirude)
(para 6-2").

,*o

_--+
--/'/ prcceed ro ''oltitrg lit_ thon ro the lAF unless

cleared dired lo the laF'

\tsf 35 o$9

lpon atrival!l rhe IAF

I iaurc b-2 Cleared lo' rhe Approach while En
Rodte to the Holdins I i)\ (para r'-2c 6-1dl

nrncu jtrun cou !e ) nu mir) u'e normdl lead l'inr ' lo
i;,;;:.:;iih..:."'... r \ou' head,ns '' nor $'rhina0"
,,r rtre ncn.r'-rion.nu''e )ou ma) necd ro maneurcr
,r.. ""li",i i"'" , m, re Ia\o'aolc d'rEnmunt trro' (o

'i.'i"" ir'. """.'*,'"" 
1r mJneuvennp I' denred'

J,.,i;'.i.;'i".. rrom Arc ',nc' crcdrdnce'nr Ihc

;;;;;;;';;"' no,,nLrude.r.ararc' ror rt'L rr'c or

holdinu oI maneuvering dr^pJce (l'gurc o-rr'
c Whcn cleared for thc approach maintain the last

^*son.Jatlitua" 
untit 

"ttahli\hed 
on asegment olthe

""r.i',r,, a r.rLrrins "r rn'rru'n(nr applod' h nrrccduru
i'.."rr"r'.n a*ccnr md) he rnrr'arrd $hen 'bedm o'
i,'iir'. rer ",'r' u n,'"llelJr rnr(rc(nr nedorng ro rhe

l"'''" in..'",'"ti.' .t .uld ! srsn ] ou I ne delrcred
i,rl ,r"'",r.. tlloua'e nor a*rBned Ihe IAI akrrude
,,J *i '.'t rnar. rf,c a.\cenr grndrenr bv 'tdrrinP I he

Dcnelrijlron Irom )our la't a'ngncd akrrudr' reque'l "i"""' "rt'ira. ri maneu'ena 'uch d' a hold'ng
;.i;'; . '**-'] Io lo'e e\ce* rlrrrude obtain
1..,,,'-t"c"- r'...mb<rrhdr \"unru'r b(ahleto
i"*pri ".,r' 'uh'equcnr man.ldtort rnd ma\imum
altitudes.

6-3. Lo}l Ahitude:
a. Ierminaf roulings from en roule or fceder

faciliries normalty piovide a course range and
minimum akltuae from the en .oute slructure to the

:o;t
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6"4 rl
clc.rrance li)r thc approach. l1 holding is not required.
rcduc! lo mancLrlciin8 airspeed belore reaching the
lAF. Accomplish the dcscent check in accordance wrth
thc aircrali llight mAnual

d. ll clcared li)r an approach when cn route 1o a
holding lix *hich i5 not collocaled wrth the IAF' erther
oruc.c; \i,, Ine l. oi-- Ir\ nrrequ(\rclerrdncedrrccr
io tht lAl rlrrrrc b 2r ll \oJ u!erll) :, Iran'il'on lir'
you -r. <rpc. icd r, flr lnc i:nlroach \ rd thc Irir\irio l

e. \ihen clcarancc tor rhe approach is issucd. A"IC
(\D<cL, !1 rmn <Jr'rlc (Jrn ro Inlercepr lhe procedural
.ou''. uno" r.rLnrnf rhL tAl ( lt"ran(e Iot the
ion'o-h ,to(, r )' inLlLr. cl(drdnce ror rhe holorng
,i',",.. rr-,"'.,.,, t ur hcdd nE F $'rhrn 90' ol lhe
o', i.ar,., .''u,....^r'nit u.enormalleJdpornr'ro
i.,.,, ",r rtr. cour'c ll \^ur he!dina i. noL $rL\rn a0'
ol rl. p.ocrdu r. r. . r\ \oJ r-) nccd lo m.rneuter
rh: .,ircrulr ror J n'. c lr\"rablc a rgnnunl lrio ro
nal1ing the approrrch. If maneuverin-q is desired.
oblain an amended clcarance liom ATC since
clearance for thc approach does nol include clearance
for rhe use of holding or ma neuveting airspace (figure

f when clcared for thc apprcach. marntain lhe last
assigned altitude untileslablished on a segment ofthe
oublisbcd routins or iostrumenr approach proccdure'
iTC will not assiSn an altitudc tha! does not provide
obslacle clearancei hore!'er. pilots are ullimately
res'onsible for lerrain clearance The lollowing
ini;rmarion Nill aid !ou rn monitoring assigned
altitu{ies. Low altitud; charts mav provide several
diiferent altitudes which wiLl ensure obsiacle clea ra nce
dcDenJrns uDon Jircrarl posilton li p,oceedrng Io 'ntet ualn a,r""r. rhe Ml A VOCA $ill proride
obstacle clearance. lfusinga published te rminal route.
the Dublished minimum altitude along that route
en'u;es ob'ra.le clerranc( ll not proceeding rra a
nuhh'hcd rouLc. ob.tJclc clearance can be gualanteed
Lt t..n,r'n'ne the 'ector dllitude. minimum sale
aititude. or emergency safe ahitude (depending upon
air crd lt For,rron dnd alilude' pnnled on lhe apDroach
rrrrr ir rou !couite a lo$eI dkitude to narr rhe
rnoroacn. icuut.r rr rrom A IC Rcmember.]oumav
.ian an "npror,,:l 

Jr d h'gher rhdn published IAI
.,lLirudr Dro\rJcd il i' nol d mdndarorl
akirude. Il \oU d. lhi. \^u mun comply qilh lhe
rcmaininp alLilLdc re\lrrcrion\ on the approach ll
maneu!ering is required to lose excess alt itude prior 1o
starting rhc approach. a clearance from ATC rs also
rcquired.

the FAF_. rt FAIr altitudc in thc final approach
.onfiluration. Air lialfic Conrrol (ATC) will usuallv
issue'a clearancc ior a specilic type oi approach The
omission ol a specilic tlpc in thc approach clearance
indicales that any published instrument approach to
lhc derodr.m. mr\ h( L.(d l nlc|' you 

'cceite 
dn

.,ohroDr.J(( A l( \ '(arance t r Jctiale. n) (he tnrire

'ni"u..nr "nrtou.r, troc(durc 'rdrrtnP dL rhc IAF

6-5, Non-DMU Teardrop P€nelralions. leardrop
penelraiions are usually associared with VOR or NDB
id!rlLLie\ (trsure 6-5)

.. \\ n(n 'Lnr'.1 nd\\J!e o!(uh al lhc I \F turn
immcdiall! in the lhorter dilection loward the
orrbound oenelralioo course and attempt lo in!erccpt
it. Begin dJscent *hen rou are cltablishcd on a parallel
cr .niercenr h(Jd'1g ro \" pEnerr"r,on c!'ur'e and

^,,rho,,ndlrom ln.lAF. ll \uLlrrr\edl rh.IAl dl.n
altitude belo\l ihat published. mainrain altitude and
o-o.L(d uulDuunJ l5 .c.^nd. ror each 1000 ieel rhe
aircralr i\ bcl"s rhe nLh.i"r .,1 dllrLUdr belorc 'rarlints
de.ccnr lr \oJ Jrr,\;.r rh< lAl .rt dr rlr'Iude dhote
LIur Dubh.icd. " o..r.nr Lo I hc publr'hed lA I dlrirude
.hoJld h.,',.unI'lFhcd frr^r'.':r'rrtinglhc penelrr-
ron. lrdescenr r'requrr.darlhuIAl ohrd nclc:r'dnce
Lo de'cend .1 a hod ng falrcrn \cr lhe alrmetel in
accordancc wilh AFR 60-16 and FLIP

o som< Den(lralorF J'e n n\'!,rl taltiludc or
*.oer re'Lrrcion berori.Lcrrina des( cnt lnrhe'eca'e\'
rrLmDr to lnlerccnl lhe .,ulbound penelrsllon cour'e
and i"mpl' $,rii 1,. al 'udc' dcni.Ied on the
atproochih,n unlc" o(h.r$i'e rn'rructed hl A.TC
sl.- rte nr,or cannrr oe e\pecLtd ro oelermine
accurate gr;undspeed during a constantlv changing
rrue arr'ne.d de'cenl. J<nicred range rcnriclions
'hould n;r be rhoen on non-DMF leardrop high
alrilud( ncnclrarion'. Penclrarron turn' 'hould be
annorarea _lerr or ngl-l lurn "l allrtude When a
nenetraLion lurn allrluoe . nor publshed. 'rdrt the
iurn atrcr de.cenrling one-hdrl Lhe lotal alritude
betreen rhe lAFand FAF allitudes One technique to
determine the slart turn alr11ude is to add the IAFand
FAF altitudes and dilide br 2 Beiore reaching the
neneLrdLron rurn -,LilUd<. \el up the natigalron
iquipment to intc rcept r he published inbound penetra-
rion cou rse. Rechec k the ah imeler and the d ireciion of
nenerrarion t urn.

c l-l tn( r' lcrrdLro- LLII in tne drrecrion publish-
cd. A 30' rn-sl€ ol bank is normallv used during the
**r,,rion .1,.. nos('.. bJn^ md) be 'hallot\ed it
undeIlhoorrr -.or'* l. rr :' !r|a'enl lhdr you $ill
unOenhoor rhe inbound penctration course roll out
on an inrercepl h.ading. Use no.mal inbound course
inrerceplion fr..cedures lo inrercept the course

);ff..]:: ;j$'"',i$ J:,k","'T'ji"",iililliiT.i: e.r. on course inbound

'60

i

1
Ii

I
I
I
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SECTION C -Pf,NETRATIOr\-S.

HIGH ALTITUDE

6-4. General. A high allitude penetralion enables an
aircraft io transition from lhc highaltitude struclure 1,J

a position on and aligned with an inbound course to
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6-6 6-5, 6-8 AFM 5l-37 I Decemb€r 1976

r,.i od. conrinue descent to FAI altitude Establish
approach configuralion and airsp€ed prior to the final
approach fix unless lhe aircraft night manual
procedures require otherwis€.

6-6. Radial Penetralions. Thes€ approacbes are
associated with TACAN or voRTAC facilities (figure
6-6). The entire penelralion lrack is formed by one or

a. When over lh€ lAF. turn immediately in the
shorter dir€ction toward the penetration course.
lntercett the publi\hed t'enetratron \ourse u{ng
appropriate course intercept procedures. If your
heading is within 90' of lhe penetration course, youare
not requred to overfl) lhe I qF. you may use normal
lead n,"nr. to inlercepl rhe course rfrgure 6'l)

b. Sllrrr the Jc'ccnt when lhc dircmil is abedm ol
nd'r the lAl_ un d pdrallel or intercenl heading lo rhe
;enclrarion LoLr'c. (For DMI apnroache\. crossing
ihe arc is considered abeam the IAF.) Intercept the
penetration course and comply with the altiludes

HI.TACAN RWY 31

Figure 6-6. Radial - High
(para 6-6).

Ht_voRTAC RWY 3lC !zNEqr

Figure 5-7. Arc and Radial Combination Approach
(para 6-7).

depi€ted on lhe approach chart. (Aircraft configura_
iion and airspeed requirements prior to the FAF are
the same as for non-DME teardroP.)

6-7. Rrdial :nd Arc Combinrtion Penetrrtions
(figure 6-7). These require the use of arc intercept
pr;c€dures. Fhghl procedures are the same as for a
iadial penetratron. Hoqe\er. ite.(abli)hed in a holding
Dalrer; and lhe IAF rs located on an arc or on a radral
;r d distance leir lhan that required for a normal lead
point, )ou mayrurnearl) tointercept thearclfigure6-
ir srafl ihe de\cem when vou are established on an
i;tercept to the arc and ai€am or past the IAF in
relado; to the initial p€netration track. (Aircraft
confrguration and ail\peed requrtements p.ior to tle
FAI are the ,ame as for non-DME leardrop )

6-t. Mulliple Frcility Ptnelrrlions (figurt 6-9). The
multrDle fac;lity typ€ approach normally uses a
combrnation ot two or more vORs. NDBs, TACANs.
etc., to provide the pen€tration track.

,-o

Altitude Approach
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6-t

slarling al lhc FAF. When flying an approach ihat
depicts only a iinal approach segmenl, you musr use
radar vectors 1o lransilion liom the en roule srructure
tolheFAF(figure6ll) Otherwise, rhere is no way to
assure correcr alignment wilh rhe final approach
cou.se or salisfactory altitnde a1 the FAF.b Air I raffr ConIol rA lCr urlr u,ualll irrur .r
clearance fora specific tlpe approach. Thcomissionof
a specific typc in the approach clea.ance rndicates ihat
any published insrrumen! approach 1o the aerodrome
may be uscd. Unless an appropriare ATCclearance ro
deviale is receivcd. the entire instrument appioach
procedurc. slarting at the lAF. musr be flown.

c. Before starting the approach, reliew the IAP.
'echeck 

rh( $ealher (auromJtlc rermindl inlormal,on
services (ATIS) il appropriate). chcck the heading and
altilude systems. and obtain clearance for rhe ap-

d. Thc procedure lurn approach or holding-inlieu
pallern prior to ihe FAF will nol bc flown iD the
iollowing insrances:

6-10 AFM 5l-37 I December 1976

(l) whcn issued an ATC clearance for a
''straight-in" rpproach.

(2) When the initial approach is via a NoPT (no
procedure turn required. see figure 6,12) course.
(Proccdure lurn shall not bc cxccuted without Air-liaffic Conrrol clearance).

(3) When ATC radar vcclors the aircrafl to the
finalapproach course.

(4) When conducting "timed approacheJ'from a
holding fix. Timed approachcs arc in progress when
you are eslablished in a holding patlern at ihe F'Al-and
givcn a time 1() depart the FAF inbound. You are
expected to dcpart the fix as close 1() the designaled
iimc as possible.

e. In any of thc situalions in d(l). (2). (3), or (a)
above. proceed over the FAF ar the published altirude
and continue inbound oD the final approach coursc
wiihout making a procedure lurn. holdinS patrern. or
any other aligninS manquver prior to the FAF, unless
otherwise cleared by ATC.

L Two instances \lhen rhe portion ofthc procedure
turn approach prior to ihe FAF is nor 199!iEIl, are:

TACAN RWY lR i.rbB RwY r9

-.;* l
-4/

''?'

N'

t:

_ 'ic

.-a

ND8 RWY ]

.-i"{:, :i['a=..;
t

TACAN RwY 4R ''*'"lft[;;;
Figure 6-l l. Approach \Yith Final SeSmenr Only

(RADAR Required) (para 6-l0a). Fisure 6-12. NoPT Routing (para 6-l0d(2)).
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6-10 6-ll,613 AFM 5l-37 I December 1976

(l) Prior to reaching the procedure turn fix.
rcduce ro maneuvc riDg a irspeed. Ulie holdingairspeed
il maneuvering airspeed is nor specilied {or your

)iol E: Therc should be a rcmain within distance'
depictcd in the protile view ofthe approach charl Thc
oulbound leg lcngth musl be adiusted (timing. DME,
radar. etc.) so the aircraft lvill renain within the
rl.rJrru norcu .n Ihe rtpr,'!(h cnarl ll'e rem"'n
wiihin dislancc is mcasurcd irom the procedure turn
fix unless rhe IAP spccifies otherwise.

(2) tsegin timing foreilher the teardrop o. parallel
mancu!!r {hen oulbound abcam the procedule lurn
fix. Il you cannot dctcrmine the abcam position whilc
in the turn. rlart timing alierconpletingthe outbound

d. Dcscenl:
(l) Descend from the procedure rurn fix altitude

(published or assigned) when the aircraft is outbound
JhcJm rhe troccdur. rurn lt\ ll !oucdnnol delcr m'ne

VOR RWY 2

VOR RWY 2

Figure 6-14. Holding Pattern (ln
Turn) (para 6-12)

rhe abcan oosition while in the lurn. stan desccnl altcr
Lomrl(r.ni thL uurhuuna ru'n De\.crrd lr'm Ihe
nnr?d,,,. r ,,n.lrirLde $hcn lhc arrcrnll '' on "ou,'(
inbound. Conrinue <lcsceot to IjAF allitude Establish
approach conliguralion aDd ailspecd prior to the final
approrch fi}' unless your ,tircrafl llighl manual
procedures requile olherwise.

(2) when thc porlion ola procedureturnprio.to
the FAF is not llown (\!hcn cstablished in a published
or assigncd holding patlern. thc holding course and !be

c rhe .rn€, 
'h< 

d)'crdtr i' on
ine maneurcr:np .rdr. rnd \u\.cqrrcnrl) clr'rred lnr rh€
approach). the descent prccedures in the prcceding
paragraph apply.

6-12. Holding Pall€rn (In Licu of Procedure Turn)
(figure 6-14). A holding pattcrn serves the same
turpose as a procedure turn. The) are uscd to align an
aircraft on an inbound course to thc FAF. at FAF
ahitude in rhc linal approach coniiguration

a DcorLion. lhc d(nrcrron u'Ld ' lhc normtrl
holdrnc narrcrn rracl nrrnr.d eirl r hea\\ hlu. lin.
I l1_ rrrrh' n'rnI e$ lhcrror'lc!ieumir]
var! since the dcsccnt may occural dilfclent poinlsfor
diiferent approaches.

b. Entry. Ihe entry maneuvcring is thc same as Ior
any other holding Patlern.

c. P.tttcrn. Fly the holding patlern usinglhe normal
holding proccdures for timing and correclions

NOTE: Il entry places you on thc nonholdine side ol
rhe bolding coursc and you are maneuverrng 'n 'x'essof 180 KTAS you must correct towald the holding
course using an intercept anglc oi at least 20 degrees

d. Descent (fi-qure 6-15). Dcscent lrom the
minimun holding ahitude may be depicled in two
ways descent al the holding fix. or descent on the
inbound leg. when descent is depicled on the inbound
le8. lhc dlcrrlr mu'r b. on (o.rr.e prror Io beginning

(l) Wh€n cleared for the approachen route to lhe
hold;ng fix. proceed to the holding fix. turn and
proceed outbound in thc holding pattern lor the
applicablc time. (lf cleared lor the approach aficr
esrablished in tbe hoiding pallern. you may fly the
remainder of the approach as depicled frorn vour
presenl position. or fly direct to holding fix and
execute the holding pattern approach- In either case.
notifv ATC of \our intentions.)

iZt Continie desccnt to the FAF altilude and
establish !he approacb conliguration and airspeed
prior to reaching the FAF or in accordance wilh the
aircraft flighl manual.

6-13. Procedurrl Tracks. lhese alternate maneuvers
1o a procedure turn a re designed 10 align the aircraft on
an inhound course to the FAF. and at FAF altitude in
the final approach configuralion (figures 6-16, 6-17.
and 6-18).

'{",{

h'."1:
#^

" t_..-oi":::i,*



dL

s.'":)

1rr_9 "l€d) (terpBu pu? .rV) Irerl Isrnp.oord .d-9 ornBrl

t?lI

u?lINVf,VI

1€ I_9 Er"d)
(dorprsrl) l.eil lernp3rorJ 9t-9 ern8rl

d, :i1

O"l re

:qr

.ql

iu
pu

i.tl

i
ll

(

asrnor tnrnp3rord :ql lo 006 urqire sr Burpmq rnof
JI )rErl peqsrtqnd aql ldrrr.tur ot uorlrellprapoqs eq1
ur ftar?rpluul urnl.lvl aql r3^o uaq/l\ .tutuA .q

:lr?rl punorS
tprrrr€ p.puerur lql Suraoqs surrantq {^Eari € sr prsn

uorlrrdap !qI IVJ pu" JVI .qt u..^.u.q qledlq8rtl
aql tJrd:p ot pesn sr {8otoqu,{s treir lErnp:rord
'p rnber sr qledlq8ru rrJrrads B uari t .rl. surnl
'sasrnor'qErp?r srre loldua f?ru 1l .Ic€rr lErnperord
e roJ uorFrdep jrreds ou sr .r.ql -uorFrd.C €

(pZl-9 €rEd) uren€d SurptoH rrlorj lulrsac SI-9 ernBr.r

)
916I r.qur.reo I lf-Is IrJrtY



6-12

TACAN

6-13.6-14 AFM 5l-17 I Dec€mher l9?ti

17R (2) Whcre a le.trdrop is depicrcd. descend from
thc tLrm alritudc $ hen lhe aircrafi is esrxbtished on the

(:l) Conrinue desccnt to rhe IAF alrirude and
cslabli\h th! rpproach conligurarion and airspeed
prior 1o reaching lhe FAF or in accordance Nirh the
aircrair nishr manual.

SECTIOT.- 1: - RADAR VI:CTORS

6-1.1. (ieneral. I he use ol radar vecrors is the simplest
and mosl co nvenic n1 say 1o posirionannircratlforan
rpproxch. Using radar. ai. rraffic controllers can
position an aircraft at almost anl desired point.
trn\idJ .b'r:,.h cIdrrncl h] rhf,r.e nl mrnimum
!ccloring altitudes. and cnsurc rrallic separalion. This
llcxihilit\ allows an aircraft ro be \ecrored to any
scgmcnt ol ,r published roLrtinsshown on the IAP or to., r.,J..r r,IJl RJ.l r cuntlol.c^
\cchringrltirude ( \-lVA) charts wbich are prepared by
rhe air traflic lacilities ar locations whcrc there are
nunrcrous dillercnl minimum IFR altirudes (figurc
6-19). lhc MVA charr isdirided intosecrorswhichare
lar80 cnough to accommodatc vecroring of aircraft
vithin rhc \eclor ar the MVA. Minimum altirudes are
cslablished ar 1000 feel or 2000 feel iD designared
mounlrinous areas (in mounlainous areas MVAs mav
hc lurhur.^J ir 1000 rurr rrr order r" rchreri
comp.rtibililv with rcrminal routes or lAPs). Obstruc-

\.O
TACAN I RWY l7R r'3N''.v

!igurc 6-18. tlocedurrl Track (DR and Radial)
{para 6-13).

you are nol required to olcrfly rhe lAF. but rnay use
normal lead points 1o intercepl rhe course. ll vour
heddrne i. n,'r $,rh n qLr" or I h( aour<..,nd ) uu n(;d ro
mJnLu\rr rhe irircr:rlr Inro fl motL t:r\urrbledlgnmcn'
prior to starting the approach. obtain clearance Irom
ATC (fisure 6-3).

c. Mancuvering. Conlorm 10 the specific ground
track shown on the lAP. Where a teardrop rurn is
depiclcd. you may turn ro the inbound course al
anytime. Dclcrmine when to lurn by using lhe aircrafl
turn performance. winds. and thc amounr of descent
required on the inbound coursei howevcr. do not
excced the publishcd "remain wrrhin" dislance.d D<,ccnl A de.L(nr car be deprct(d 3t rn) point
alonS the procedulal track.(l) When a dcscen! is depictcd a! the IAF. slarr
descent when abeam orpasrthe lAFand ona parallel
or inlcrcept headingro the proced ura I t.ack cou rsc. Be
on the procedural track course prior ro descending lo
the next appropriate altiiude lhown on rhe lAP.

7

2

Figure 6-19. Minimum Vecror Altitude (MVA)
Chad (para 6-14).
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lo€aliz€r apprcaches. sel the published front course tn
the coursc selecior windo$.

(2) Flyins thc approach:
(a) Avoid rapid desccnt requi.€rnents on final

b) cro.\ing rhe l-AF ar rhe nubli\hcd rltirude
(b) Timins is required when the finalapproach

does noi terminate ai a published fix. as is usually the
case with voR. ADF. and localizer. slartlimingwhen
passing the FAF. Time and dislance tables in the
approach charls are based on groundspecd; therefore.
ihe existing wind and TAS must be considered to
accuralely time thcfinalapproach (Timing can also be
valuabl€ as a backup in the evenl of DME loss or other
problems which might preclude determination of the
MAP.)

(c) when a lurn is required overth€ F'AF. turn
immediately and intercept the linal ap proach course lo
ensure that obslruction clearancc airspace is not

(d) When passing the FAF. slart descent 1(}
minimum descent ahnudc (MDA) or slcpdown fix
altilude.

(e) Arrive at MDA wilh enouSh time and
distance remainine lo identify runway environmenl
and depdrl MDA lr^m d normal !r'udl descenl toinr,. r.,'.hdosn aL a ratc nurmdlh ureJ for a !isual
approach in Your aircrafi.

(l) Descent below MDA is notauthorizcd until
iulicrcnr vrsual rcrerence silh rhc runsa) en\i'on-
menr has been eildbltshed dnd the ai'crd{' i\ in a
position to execule a safe landing. Thorough prefligbt
plannrng $ill aid ]ou in locallnF Ihc runsay en\ rron-
menl (lighting, final approach displaccmenl from

{sr Be aware rhal rhe frndlJpprorch course on
a nonrrdar finalma) va') lrom Lhc runsa\ headingas
much as 30o (excepl localirer) and still be published as
a straighFin approach.

(h) A step down fix berween the F'AF and th€
missed approach point is sometimes used- Descent
tretou 'riodoun lrr ahrtude r. I'mited lo d"craft
caDable oi srmul(aneou. Iecenrron ol frnal approach
couhe euidance and rhe 'tepdosn lix Rega'dless ol
the type or number of navigational tacililies used io
form rhe 'teDdosn lix, one na!igalrondl Iecei\€r mu't
remdin tuned to and display lhe navigalronal lacihlv
rhar prorrdes linal apProach couhe gurdance for
examile. aucralt eqLtipped silb a s'nele VOR teceiver
will not descend below a stepdown fix altitude when
thai fix is formed by lwo VOR radials. The VOR
receivcr must remain tuned to and display ihe facility
that providcs the final approach course.

(i) (HELICOPTER PILOTS ONLY)
HehcoDter onl\ approache\ ate rdentrfied b) lh€ Ierm
''coDle;.' rhe t\ pe ol lacilir! producing finalapproach
cour'e suidance. and a numericalrdentificalion oflhe
final aD-proach course: toI e{ample. coprer VOR 090.
copter TACAN 293 (figure 6-20). The criteria for

coPTER VOR 3l0.

coPTER VOR 310'

Figure 6'20. Copter OnlY APProach
(para 6-l6a(2Xi)).

(ott.r Jpproaches are bascd on rhe premr'e thal
neiicoprei' are aptrorch carrgory A arrcralt srrh

'oec'al maneu'efing characterirlrcs lhe afproach is
ha.ed on an air.peed not e\cecd;ng 90 knot' Copter
approaches are generally shorter in length and the
deacenl gradient on th€ approach €an be steeper than
on a lixed wing approaoh.

b. Precision (ll-S and Back Coune ILS):
(l) Transition to the ILS Localizer Course This

is perforrn€d by using either radar vectors or a
pubhshed approach procedure' (a) aunc rhe iLs ar \oon as practicable dulrng
the transition and nonitor the identifier during the

(L) Ser the published localizel front coulse rn
lhe cour'e relecror windo$ prio' to atlempting
localizer interception.

NOTE: If using a flight director system, the switches
should be posirioned in accordance with instructio ns in
the aircr;fr flighi manual for intercept and final

COPTER ONLY
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{lr lh( rad:tr .onr' )llcr urll "uc Ir'r c'rm-
munir!rion nroc(aure' tr\ '.on o\ nu$'hlc -ftcr
.,i,iii'r,inn',ar'.on'n.t1no rad. LorinrLn r'r'^r rr

",,"rler rcoor r. ind""re rh"r IF R cJnditrorr' !rJ l:l"l)
ro be encountere<1. Lost communication procedures
mus! be undcrslood and rcmcmbcred wrilten down

,4r \\;arhcr 'nlormrlion r*'ro or thc rJa

"".,'.i.", 'r',r rn(lude rlLirr(r.r \Jr'r !. ( 'rinf nJ
visibilil!. The controllcr is rcquircd loissueceilingand
Irbrl'ri onlr $ltn t\( cer"ng i' l'c o$ l^00'(ur or
r'"r." il'. ti,"n*r ,i,chril mrn murt $hrcltc\cr r'
ore,rcr. or 't I.e \'.ibil, \ i' lt* rh"n I T:lc'

r5) lhe conr ru l. r \ rll rdrnr'n perrrncnL rnlo-T"-
rion un in'$r lr"o c '1d'L un\ $nrcr 'r' cor'rder'
neccssarv to rhe saie operation o1 (he aircrait

"nn"..n"4. 
vou should requcsr addiiional informa

rrnn. J\ iLcc\\ur'. L n-kc J r'( rpf "clro, I .. "\"rl,ol. n r\';"r'onJL . rLl' lo 'nn r
nu lLur"fi(rrJd:n (,r"'nr"rh' lrrrdr' grJn$'tJnJ
it" -t,o..ton nLr..rr n"nr Ine ( nrr"lr $ill
,',1, .-c rou o h. r rr Jll r"':r" n rr l'_n ot r" "c' rr
,r,,rrrns ttnJt.rnnn,rch

r-t sr.rr it tt(r"r. I"ndrn! ' h. \l'r rl nd'n!
chr,^) rc!($..tf LLl m;r'rr um.rnJI r" n'\'1"-
lion equipmenl to complJ" \ith l(Nt commun'catron
innruciions $hen prrciic.rl D€ternline the ap'
oroxrmJl( rtt:l "l Cr*.nr r"rc rrqu (J "n nnJl
loorou,h. I .r.'trrr. rLr'rr"'n 'nd,i,.-.a '. ".."'a-n.. " irh I n i ,r\ r',r' rl /hr mi nLdl
ll rrnal rDDroJLh LnnlriL,Jrion r' L'r_nl '" Ll rr:' r r''

'-.-ne o"r" "rt. .'ro:,1 u' nq L\.L"irJ q"nl rn-rc'
lIJr c;ld mdk. nr<Lr\e drrcrdrr 'or r"'l dirr''urr

d. Aclomplsh;ne rhe APrronch:
tl) \ontrecr.iin - \rrno'r su'\( hncc R"J rr

(ASR):
ra' lhe conLr"llcr $rll nrorm Ihe nilol ^l thc

fl,n$-\ Lr $h'Ln rhe drprod( r $r'l b mrJe rhe

'u,i"ri'-i" vue (il J 'ir;'shL rr "tnronch :' b nts

maoir- ana V rp l..alton dnd qrll i"ue adlan'c

""ii.. or "tc" rr," a.'"nr'., VDq. $rll be/'n Wh<n
,t'. ,pp.".t' $rll lcrmrrdre rn a r'rc inB dplrodch'

' ""'"" rne c.,nrrorrer " Ih )'ur hrrcr'rr 'Jtepor) H(
iuiriil'en isu" tr'. "n"ting 

MDA Cnclin-g MDA for
r.dar dDnroa(hc" .rre r"urJ ir lhe lt R rn-^r're
Srppr."i.nr r rl. cir.l ng vDq ror.]d on he I \l'
does not rtler lt' riudr'l

{hl \\ hen lhc air. ralr r(dc\f' lh( dr'cerl loinr'
rne controllcr $ rll,d\ ''c \ JLr lo de*cnd lo V I' q lld
J",c.nr .e.t ri.rion "*"t". 

the controller wiLl specifv the

"i"'.i't.a '"',".',". dltr:Jde \\he1 rhc arrcrarr i''.,.i 
'rr" .rttrr,.l" .rm'tinP po nr. rh( conrrolrer will

idvise vou to continue descenl lo MDA
icr etrnc ar Lh. MDq $rrh enough Irne and

dr'tance temxrnine lo rd(nri'\ runqd) entironmenl
and desccnd from MDA to louchdo$n at a rate
i.i.nuiru *"a ro. u 'i'ual approacb in l'our aircrah'

AFM 51"3? I D€cemb€r 19?6

\()ll: L DJu rcJ-(.1. .,l cJnrrullcr' sr" fro\rde
,"-.m"na:l "lrriudc' trch milt . n lrndl atproach
a.,in L r th. r.'r mi'c Iha( r'.r ' rdbo\c rh( publi'hed
VlJ,^ lmc ro Lne r'-rrhle drllercnr loc.rlions ollhe
MAt' rcJomm(ndaJ "tLrrude. rnd\ losrlron )ou al
Ml)AatoIslightlypliortolhc MAI' Considerihisin
rela!ion 1o the"no ImaL v isuai descent pornl requiredfor

,J, lnc.^nrr"l'e uirl r*ue '^Lr'c gu'd'nce
slrrn rrJJrrcd.,nJ hc $'l Er'c ran!c rnl'r malr"n ea'h

'"itc \!hiic on fi"alapp.oa;h You mav be instructed to

'.,".'r tr,. runu ,' 'n' cir' Arrroac\ gurdrnce w llbe
.,"'.t, a rnr'lrnc -.rcr}r i' o\cr (h( mr'* o alnroach

rLcl c'r d'\collL nu l"n ol purdancc
'rn., c,,rnrol,ir \\i',..r J.'n )nL $hcn )oL "re dr rhe
NlAP.

,.r lh rne,rrcr,rl dl \41)A Jrrrl.rIt\trla rhe
,"'.... ,"",;^h D^Lr a Lnr'l e.rJb,''h'nr vi'udl
...',.' 'i.in rh, rns,. cn' r.r mcn lr )or do not- 

r "; rf, rJls,) ';'',""" '' 1 {lhr n:"er
.!.nroreI rll\trLrclL"n\ $i]l hc l'\rn

l2l Prc!rlron Annrorclr RJd rr ll)ARl
.-r Irt cr' r.i"n r'1:rl "Tlrod' h 'r rr' sh(n

rhe llrrctafr is silhin rrngc ofthe precision radar and
c;nlact N esr,rblished \i1h thc final controll'r
\onnall) lhis occurs al approximately E mil's kom

'h, Anorurrl,'L(' 10 ro I0 'c\'' nd' betJrl:
,',,., a"...uL. hc. 'nrr' ,< s llrJrr'crharr\.'ri 'rrft,. "."'*.t'". Ihc rl:dr pJrh \\ hen Ihc drrcrdfl
-" ". 'n n.i.., qhlr, ,rnr, ce'cenr r. lo 'rdrr. Ihe

.,,i't"rr"' "" .rdre .'\(t 1 dc\cenr '' AL Inrr noirr'

" ,,'l'1.r, 'rr. r coer.nrrrrcJ dr' o J'*enr' Adju'r
drrP d.\rJ.' r' reqrrrred 'r' n u'nta'1

l'.':*" ,., *..1 "' .,"1'. or Jrrrck $hrn rhe risFed
,', -',"i" .r -l,t*t ,"4 pt'LlL pdr h arc 'rdbr'r/cd nore rhe

""".' ,Lt:tu,l..,r'.1 'i'r'Ldl!er"( il) t 'erh"e\alues

". 
,,.lc\ dur:n! rhe trm" nde or rhe drnroach--'-'.:' r""ionr,ort.' r"Lr<"ou'clnd glrde pdrh

euidar c.. and re.lrren'lt '1rorfl' )ou ol any'le!ratron
il. -r,.. o' gr'd" r',1r. lhccanrrollti're'mrnolosv
";r. 1,, .. '.ou'... o" !lde path: 'lighl sell
,""', J"r"\\ rl,de r:rrl' Jr 'irgnrll uell len right of

""u-'. , onr'ir'"''."1 d '^ i*u( ri'nd in"'rmilion
'" ,,,"' '.,'".""a* "rd PARafproach lrample'
or ri no'"ro'.,tion p","'(ologic' shrch ma) he used

,,.. .","" ,t"'' o.,o$ Slide tdrh: holdrng
. ".'"'U.roi. clLl. pdrh: \oldrng'elr righr ^f'nrrre
"i i'..,r *rJ' nr"''"" nt.) \c'nodrrieJ b) rhcu'erl
th.: Letm, rdnidr\ ,'r .1. u') d. anptopriale. The lerms

','iiirr " "i -*-*a'n."n'Lnrr;on$rIh hetrend

Ld) ( orr.crror' 'h^LrJ be made rmmedia'e\
jrrr:r indrucl.rn! r'( !i\e1. oI \rhen d(!ialron from

"'i^r'*r''"a .tritua" oidcsired perlormance ts noted
ei":a .*.'..'. hrorr,L. nrrch. or bank ch!nCes
r.'- 'r,' oi,.r . nu.t- "r onc degree q llbe'ulficient
to correat back 1o glide Path
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normall! see lhe 4pproach lighls or runway envtron-
mcnt as you pass the levcl olthe obscured ceiling You
should bc able to see the Sround direcllv belowr
howevc r. the t ransition hom instru ment 1o visual fl ight
will occur ar an altitudc considerably lower than the
repofleJ \erlical \Fibihr) ln parli!ll! obrcured
co;drlion.. \erri.Jl \Frhilil] r. nol reported \rnce lhe
ground observer can see tbe sky through the obscura-
tion. When clouds are visible wilh a parlial obscura-
tion. their heights and amounts are reported The
amounls (in l0tht of the sky or clouds obscuted bva
n., ial ub{uration r\ rncluded in lhe remarks 'eclron
or $curhLr rePorl\. Allhough lhr' ma) hclp clalil) lhe
rcn.ned condilion\
nro\ rde an rdea ol the heighr !l whrch \ Ndal cue. will
be 'rEhred or Ihc \lanr rdrge visibili'\ In some ca'e\
rh( pdrlial ohscuralron cdn be '.ocrrled $ilh \hallos
palch) 1.,! so \ ou cdn e\pecr Io lo'e \ Fual reterences
oncr Ihc lo!c,'ndition r\cnrered Al'o^lconcern i\ lhe
visual range at which you will be able to discern visual
cues for runway alignmenl and llare. Beawarethatthe
.unway visibilily or runway visual range lRVR) mav
nor be retrc\entatr!c ol lhe Ian8t dr $hich y.u will
,isnr rl,e run$a) ln lacr. .ldnr rrnge \i\rbilrry may be
considerably less than the reported RVR ADolher
factor to consider is ihe decrease in the visual segment
due 1o an aircrafl downward vision angle- This also
mJ\ be 'c!eral hundred leer Kno$ledpe ot rhe'e
\J'r,'u' lacrors $il1 ard \ou in makrnga sale. 'mooth
rransition from indrument 10 visual flight

(l) Shallo$' Fog. Fog that extends no more than
200 feet in heigbr is considered shallo$ foe and is
normaily reponed as a partial obscuration. Since lhe
fog may be patchy, it is possible I hat I he visual segment
mr\'\ar\ conriderably du'rng rhe approach rnd roll-
oul. Aho. )ou ma) be m,.inlormed rl RVR rr
measured by transmissometer localed in an area o{
good lisibility. One ofthe nost serious problems with
this type of fog stems from the abundance of cues
availableat the start ofthe approach. You may see lhe
approach lighting system and possibly even some of
the runway dudng the early stages of ihe approach-
However as the fog levelis entered, most orall the cues
may be lost. Ifyou are not flying instruments. yo u may
become confused and disoriented. ln lhese conditions.
you should not rely enrirely on visual cues for
gurdrnce. fhey crn be broDghl rnlo the cro's-check lo
confirm posrlion. bul instrument flrght murt be
mainlain€d until visualcuescan b€ kept in viewand the
runway environment can provide sufficieni references
for alignment and flare.

(2) Deep Fog. Fog that extends to a heighl oI
several hundred leet usually forms a tolalobscuration
You wrll not nor lnally see cues duringlhe ead! porrion
ofan approach. Most likely, youwill pick up cu€sfrom
only the last one thousand f€et oftheapproach lighling
system. From a US Standard approach lighting
system, in rapid succession you will probably see cu€s

frorn the l000-toot bar. the last 1000 feet of th€
ccnterline approach lighls. red terminating bar. red
$rng lghr:. Fr<en lhresh^ld lrghl'. und the hrph
in'cn'ir\ run$ay edgr lighr'. ll onerdringal nrghr dnd
tbe strobc lights are on. these may produce a blinding
efiect. Care should be laken with the use of landing
lighls as theyalso maycause a blindingeffect at night.
I ne rrdnilion lrom an dnlrodch in d rolalobscuralton
in!'olves the integralion of visua) cucs within thecross-
check during thc lnlter portion ollhe approach. Again.
be thoroughly familiar with tbe approach lighting
system !o deve lop the p rope r pe rspect ive between these
cues and the runway environment.

(3) Fog Below Clouds This fog is usuallv
renoneda\i! narrialob'curatronbelo$acloudceiling
\ ^'hiht\ u'udlh incrca.e' \\hen \ou de\ccnd below

'r'. aoira cerLns. Ihe'crore. lhe tlan.ition lrom
instrumenl to visual flighr is sharpcr' with more
ptunounced use ofvisual cues after passing the ceiling'
\ishr rpproachc. ma\ produce lhe sen\alion lhdl the
alliralr i. hteh once lhe cloud ba'c rs pa$cd You
should continue on instrun€nts, cross-checking visual
cues to confirn runwav alignmenl During the flare
\,u ma\ ()\Dcrien\c d sensalron or dc\cending belo$
in. 'uri".. o, rhe runlra\' lhl will he espccidll)
n,onounccd ar lacrlries $rrh J00 lnul qide run$dv\'
in errher ca.e. $oid abrupr or large atlilude changes

i4) Advection Fog. In most types offog vou mav
ht exocctrn! arm..l calm q ind cond;tion' and n'l be
roo c;ncc';cd \\rth ''de 'hr or dec'db pto(edu'es
Ad\ecl'on loP.. ho$e!er. can prcsent wind and
h,,h lence or;blcm\ no' notmdlh a.'ocrated qilh
orh<r r\pe' ol log. {d\ecl'on rog may po$ess
charactelirlicr 5rmr,ar lo .hrlloq, deep or cloud ba'e
log. lt md] be more dillrculr to Indrnlajn precise
inallumenr flishl becaus( ol lurbulence The
charJcterirtics ;f advection tos qill be relaled lo lhe
wind 5Deed increa'es. Wrnd grealcr than l5 lnol\
u.ual\ lilri rhe foe and iI form' d cloud bdse The besr
orocedure i' ro be a$are olthe condirion\ u hich might
Le encountered and to inregrate vrsualcues within rhe
cross-check during the latler porlion oflhe approach
Since crosswinds may exist, be pr€pared to decrab
while avoidins large attitude changes which might
nroduce dn undesirable louchdo$n allrrude Allo
itosett mon'ror aihpeed becau5e ol rhe ellecr! ol
turbulence and the decrab.

(5) lce Fog. This type of fog is most common to
the aiciic regionr howeve;. it can occurin other areas if
the air (emperature is belos approximalely 25"F I(
consi,rs ot a suspen'ion ol ice crv:tals rn the arr and is
more common around airpoflr and cilre' Cond€nsa-
tion nuclei caused by human activity often cause the
lop ro lorm. when lher€ is I'llle or no wind. it is
oo'srrble for cn aircraft lo senerate enough fog during
iandrne or takeoft to covel the runway and a po(ion of
the field. Dependine on lhe atmospheric condilions.
ice fogs mai lasl for several minutes or days. The

tr
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ll\ th. attr orLch. $ hile the aircreli co mrnder mrk.s
thc dccision to land or so around rt dccision heighl. At
dccision hcight thc rircrali commandcr statcs erther
''go urouod or 'l hr!c th. ri.cr.rlt. He assLrmes
c.ntftt il a |rndins n to bc nrade: il nol. the copll(n
e\ecuts thf goaround. Ihis proccdurc has un
bLrrdencd th! rrrcrl!1t commrnder. allowing him more
limc to obtxin intorn lion lronl lhc \isual cucs Ior
landing. If lhe .rpproech is ursatisfaclor)- or insul'
licicnt \i\ull rclcrcnc.s arc a!ailablc to c\ccute a
l.,lJL. J' J(.. r"r.rLrrl r. . .. o..' r...r'1 hL.. u,
rD\irumcnts. is prcta.cd iocxccutc a missed approach
on .onrnrsnd. Il thc nrcralt commander exccuic! thc
rpUorch. hc In!yrlloslhc copilot tocontrol poweror
rirspc.d unlil dccisrcn hcight shcrc lhe aircralt
conrmandcr rssumes colrtrol lor thc llndmg or missed

6-20. Approrch l.ighting Syslemsr

(l) Apfrorch lishting s!ncms are visual aids
used dLri,rg in\trunerl conditioirs lo suPplcment thc
guidancc inlorn lion ol .lectronic dids such as VOR.

IACA\. PAR. and It-S Lighting slncns arc
intcnded 1lr inrprolc oper:rtionalsalcty during lhe iinal
approrch xnd landing fhase of ilighl. Iheapproach
lights rrc dcsiSnrled high i tcnsity (the ba\ic typc of
rnstallalrcn) and nedium inl.nsily. according to
crndle powcr outpul.

(2) Most runway and approach light synems
all(\r the lower conlrollcr to adjust the iamp
bright els for differcnt risibilily condition!, or at a

Ilur', .\r. r lnccrrrcnrebr.llr"n, uihishir,rel.'r]
lights penelrale fog. smokc. precipitation. e1c., bur
may causc cxccssr!e ghre Lrnder sone condilions.

{ rr I l.e .,pp,o.( , rshrnp '}\rer . nou in r..
along wiih their nxndard lenSlhs. appear on a legend
sheel in thc Icrminal Fl-lP (ligure 6 22). llach IAP
charl indical.! thc type of approach lighting s),siem by
a circl.d lcrrcr o the rirporr diagram. Aclual length is
shown on rhe airporl dilgram lor any slstem. or
porrion thcrcol. not ol slandrrd lcngth. Thc IFR
Supplemenl indicale\ alailabilit,v of airlicld. runway.
afproach. scqucnced fla!hing, threshold strobe,
run$.r)' cenlerline lights. and visual approa.h slope
indicalor (V.ASI).

DownwddVtionAngl'

Figurc 6-21. I)o$nward vrlnrn An-qle (pata 6-l9c).
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c. Visurl App.orch Slopc lndicator (vASl):
(l) Cicnefttl:

(a) Ihc V.ASI prolides .t colo.-coded \i\ual
slide prlh usins a slslem of lighls posiiioncd along the
;un$ay. near thc touchdosn poinl lhc svsrcm is for
final approacb only.

(b) VASI glidc slope !ngles arc normallr"
.,diu'r.JIo..rcrduqilrll:'trnd or P \lr d'rd. 'l.nc,
\^(.nq r ,c \JmL un$i,l ll 1( !hd. .l"nl rntrc'
.lirl., i,.. .'c\r t.on\ .h"u.J br rr"r(d In rhc ll R

\oTF I herc arc also nonstairdnrd VASI in-
\ral,"uon. eh.c\ rll lur. I\r J.rc Jlr l"onr( lo'nL
oihe. than lhe normal ll-S I'AR glide palh inlerccpt
f.rnr ru uJll\ .hor' ^l rnr r.rn$a\r' \u.h,rL\ 'r'i'r''
uill dLo h| norc,l n lhe IFR Sulllrmenl

(c) Thc vASI lunclions cqually wellduringday
or nisht condilions for allt\pcs ofaircrafl )iospccial
airbrirne cquipmcnt is necessary The vASl ensures
safet! by providinga visualglide palh which clearsall
obstructions in the vASI 1ina1 apprcach area.

(d) Thc vASl is especiall! effec1ivc durioS
,nbro"chr\ .\cr {,,r(r or I.JIutcl*. I.rr,rrn qhLrr

"ir'"' *,u.."' "l \'.u:l rrrcrcncc rrc rc^ 1d or
misleading. It provides oplitnum descent guidance for
landing 1o a sclected buchdown point

(e) During an inslrumcnt approach. thc VASI
can assist in the lransilion from instmment conditions
tovisualflight. MaintainingadescentonlheVASlwill
brins rhc aircralt safely to a point lrom $ hich a normal
landing can be made wiihin the lirst porilon ol a

(l) USAFIUSN VASI iacilities oDerate con-

linuoush on thc acti!e run$ay unlcss noled otherwisc
inthc IfR VFR Supplemcirl. Thc intcnsity olv asl ^r
ci!il facililies can bc rdiusled by the 1o$crconlrcllerat
rhe pilot\ rcqucn. tjSAF USN inslallations are
rulomatically adjuslcd by a phoioeleclric cell.

\(rlL lhr \A5l nr.,\.dc, nhnrLc,r.n clcar!n'c in
thc VASI finalapp;oach area onlyi tberefore. use of
thc svslem is limiled r{) glide slopc inlormalion during
rhc iinal approach phasc oi flight Since th': VASI
pro\ides on\' glide slopc iirformation. orher iacilities
must be used to align thc aircrah with lhe runwav

(x, l,i d.lermrnr 'r I n( hr* ol rnlcnded lJnding

^trrrno:d qrth \ \\1. Lon'uh lhe run$d) draerd-n rn
Lh. -uir rr:hr.orne ul Ihe I(rminar I I ll'allto"ch
ch" l\. iA5l r,t'rr.r\(d h) Lhr{mbol O"lrhc
app.oach end ol the landug runwaY

NOIE: -Ihrcc-BarvASlslstemsarebeinginstallcdat
5()me airlields to accomodate jumbo aircrafli {br
c\anple, C 5A. and Boeing 747. Pilors olthese aircraft
$ ill use thc two far bars in rhe sam€ maoneras pilots flv
thc rvro ba.s of lhc siandard syslcm. Pilois of other
aircralt should ignore the addiiional lar bar and fl v the
remaining srandard 01 coniguration

(2) F-light I',oc.dures (ligure 6-21):
(a) For vrR conditions, procecd inbound

mainlaining the normal traffic paltern alliiude When
the ncar bars lransilion lrom red lhrough pink to
$hire commence descenl. whcn lhe aircrafi is on the
!trJ! nJrh \ ou ar(. rn ( ecr.o\er,hu^lrng 'he bar' nedr
in. rhre'r.ld,na un.lc''hoorrnP rhe hr^ larlh(r lrom
the threshold. Thus, lhe far bars will indicale red and

\., I

Figure 6-23. Visual Approach Slope Indicator (vASI) (para 6-20c(2))
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A. r".i. tun*oy B, Nonpr€.kion ln .umenr Ruwly

Figure 6-24. Runuay Markinss (para 6-21).

C. Pre.ilion lBtumenl Runwly

(3) Runwa! shoulders which hatcbeen stabitized
$:rh mdlerial, rh!t Ei!c lhe rpneu'unce or tr\rng but
ire nor .nrLnded Ior u,c h\ c rLratr arc mdrtEd w h d
"crie. of p.,rtrd j \ellos che!r.,n,. \ t,ena.cnter leclion
of a r unu ay has bcc n srrengl hened, thc Lrnstre ngthened
sections on cilher side rre marked in the same nranner
as siabilized runway shoulders.

6"22. Circling Approaches:
a. ceneral. CircUng lo land is a visual flighr

mdncu\er Wh(n rhu 'n.fiumenl apf'oaLn i, com-
pleted. it is used 1o align the aircrafr wirh the landing
runway. Lach landing situation is diffe'ent because of
the variables of cciling. visibilily, wind direcrion and
lelocily. obslructions. linal approach course align-
menl. ai.crafl pcrlbrmance. cockpit visibility. and
controller instrucrioDs. Thc circling minimum descent

ai ihe threshold of the usable runway.
(2) Where it has becn necessary 1() posilion thc

landing threshold up the runway liom the cnd of rhe
paving. it is known as a displaced threshold. Two
methods of markins this area arc uscd (ligurc 6-25).
when the paved area on the approach side of ihe
displaced threshoid can be uscd for laxiing and
takeoff. it will be marked with a series of large wh;te
arrows. The arrows are placed along the centerline on
the approach side oflhe displaced threshold and poinr
1o lhe landing area. Whcre the paved area on thc
approach side of the displaced threshold is nol to be
used for laxiing or takeotf. the area is marked in the
same manner as the overrun or blast pad areas
prcviously discussed. ln all cases a white stripe across
the width of the full strenslh .unway precedes rhe
threshold markings.

ilil illl
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F-isur€ 6-26. The Circling Approach (para 6-22c).
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Figure 6-27. Miss€d Approach From the Circling Approach (para G24d).
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+
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addilional ATC clearance. Do not sacrifice aircraft
control for the sak€ of voice tra smission.

g. Terrain clearan€e is provided within established
boundaries of the approach course and the missed
approach path. It is essential thar you follow the

procedure depict€d on the IAP €hart or the instrue-
tions issu€d by the controller. Be aware of the
minimum safe altitud€s found on the IAP charts.
Remember lhat th€ missed approach climb gradient
begins at the published missed approach point.

J



'(Z-Z ered) untrqrtlnbA Jo

ldosNSsolvwoS.

::snDr.q rqtru ur pr.npur eq [?lu s.rorre lenlde .d
\uoqfl3do pos?q-Puno$ roj ){Irads er" urelsfs
tw€j rqntrl.Iruas eql Jo srllsu.lr€rsqr ,suods aql
arurs or ro'qrrld ''!\",( 'sI leql:Part.reP eq u?.:u€ld
lerleds fu? ur suolr€r.llt.€ r?ln8u? lPql os rrqlo q.eo
ot sot8ue lq8u re pauonlsod :r? epn qJ€a uo qeuEr
reln.rrrr(uas aerqr 3qt'iuurn.ro sI uollou {r?lor
tsr} sr uorr€lardr3lul lolld.ql ul?lq rql ol luss Suraq
sastndur a^rau uI SurrFsrl \lEu?r .tll ur sluru.r"lu
rrsq Io Sulpulq sasner prnu.qlJo lu.ue^our.qI p€eq
lqt ol plrtdde er€ suorler.tarrE relnBur uaqI{ sllE^\

l€u€..qIor 3^IrEI3r s5^ou qrlqa prlnl e qlra pelll arE
(lsucr rEln rrtur\ :ql truP ) relnrrrrru:s ll)

:(z-r irnBu)t!Jr'(s relnqrFr \ 'e
:rB stlrlsfs flosurs e3lql aseql

o8ru.^ ro uoqEruauoslp lEDsds ur llns3r I€ur qrlqa
suorsnlt asnec s-ro.t.re qrnS srorra rtnpur unuqrlnbe
Jo su?8.ro 5ql '!r?ds PUE rle Jo luauuorl^ua
aql ol paltelqns sI uosred e uaq^{ lnq "31. 8u'llEJ
'8urd(rlnt Suuunr 'SurIIea se q.ns s.Ilr^rlJ? Punoq
-urro: reu|ou rqt 'ot 

(l.lPnbrpE uorrrunr suiF(
tJo.u:' :':q1 :ruEtqq pLrE unrrqrlrnbr SururEt
-urELu roJ )trEuodur (llElrrd.i r,E stu:r'(s (rn{ur"
rno io !!rLt I (l-r trnSul utn qnrnbl Jo rueSro z'l

'slurlrlulsur urrirre .ql uo e:s nol
rpqa qr$ rrruuoJ ru)\ J or .lndur J\rq) prc8rr\lp
or urErt {Frelurln ro {{)rJdn' ,(eu noI rlqE'pr
1()u ro 3st?.J erE sasurs 8ur!oddns eql uorJ slndut aql
lxql SurruSorir I{ Sururxrr puP eruerrldxi rno,( uo
{ll,Ed purd)p II$ uor\nltr rq1 lu rln\lr pur Durnllur
rql.rr\r$oH Iru;rrrlord r,' rru:rrrJY! luiunrl(ur
rno( to 'q:tprp8!r 'nrro Ilr$ 'rrruU.r\ {ro'ur'
roqr .'lqur:ur:., or luEuodtur .r rl oirurl '.rolrd
p. er {tuorulllo. oslr'uorlElu.rrosrP I?rltds tuo{
Suuej]ns aq or prts ar? no'{ qlrea .qr Jo arP,pns .ql
to uo'terot rqr ru'u.r::lrp \l)lElnJ]? rouuPr no ( ulq \\
:rq8r. ;o rsu:.:qt qls r;r8r.rp o) {r'u\ iuruodJn'
aql .sner qrlq^\ :^loAe {eur slrruuot slu.Lunrlsur
lq8rll !t{l or.ru al .{q pr{lorluor aq lsnlu sPnlrlle
|leirrrp urq$ lqdrU ]uIunrl\ur 3u'rnd )J.l'n'
crlue: !ql pue:pnrrllr rterrrrE u.,rslJq drq\uooPlrr
Jqr !u ur r:rrp or p!\n \r rqilrs lo r'ur. rqr _ 

lq3ru Inn'r \
EuIno !pnrrrrF tqSrll rrrqr :urt!r:l;p {l)rPrnrrP ui
,{t!trqe rlql F.JJ?.(tPa:Uuu pue,{luippns Iutu qrrq^\
suo{sn[r /{iosuas or ltqnd.rsns ]rE slolld llV .3ue{"(l
puElllnllqr{rnb.rosuPSro 3q] uodn 3u{1JIr s..roJ ttlS'u
-ur trq p.l€arJ suolss.rdurr 'trosurs pelirdrelursllu ro
.srF.t ruort rtnser suo\-nlt! lq8rU tu'inC lEraua:) t-l

su?BroI-1 rn8rl

I
I
I
II
It

urerq .q l ..'u,t{o p,. sr ,{?^{ qrlq^\ urrql Luorl s:lrttul.lap
puB s!u?rqrualu rrqrlloro !q1 Jo suorllsod :tll sroltuoLU
ur?rq aql Jr 'lrrJ ul lsrlDr^ rnrl .ql Jo uorlrsrrp
aql re^.u lsourt€ sr 'lusrquau qlllolo lqt uodn ntE
qrrq,r 'e3rot ru?rtnsar ro plulquor srql lo oollr.rrp
rql ftr^€rg Jo rrroJ aql qll'r\ p.u'qruo3 .re srrroJ
I€ru.ur 'lqgru iuIlnC ({ll^?f Jo Ilnd cqr Jo uorl..rrp
3qt {€!rlr!^ a l ol uollrsod pE.q tunq.r uorleluroju'
Surpr^ord'urcrq lqr or.^rau rqnqrls.^ rql SuolE
I3^?rr s.stndrur e^r.u luaq arE sluilu?lu rt{l urqTt
pu.q auprqrusur rrqrrtolo .qr gunEil.u.d nusluelt
IIar rrq ,qr '$roj ,{lr^Ef ro uolltrilarsE ruiurl or
paprtqns arE sue8ro lseql JI su"8ro qrIIolO (Z)

'uoIleLuroJur
sno.uo.ll ! s.^I3 sleu?J .ql Jo rsuodsar aqI snqI'Punol3
aqt uo p3ruiuedyeesoqr LuorJ lulrsJJIp llrnb.r" lqirU
ur plusuadra uoqerst.rr€Jo sur:nEd eq L (q)

p:Arerred eq rou tr?Lu uorllrrsl.1))?
rElnBuB p3Arr-rloqs {ra^ ro lt"os {re^ V (e)

.,4'

gJNVCrnS ONV NOIM^llrOJNl
I reld€qJ

a-L'l-L

IH)I'II NI SNOIST'I'II - V NOI.LJIS

.IVNOI.[IO(]Y

t-L916l raqorirto t lg-Is hllv



7-2 Ai-M 5l-37 I D€cember 1976 ro
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Fisure 7-2. Vestibular (lnncr Eat Svslcm {para 7-2a).
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Fisurc 7 .1. I he vitual Sense (para 7-2c)

some pilors bclie!ed rhey could dctcrmine which way
was down by analyzins which pofiions ol their bodies
were subjcctcd to thc greateir amounl of pr€ssure.

c. Visual Sy\tem. lhc pilot s eyes play pcrhaps ihe
most imporirnl rolc in mainlaining cquilibriun (fiSurc
7-4). By e\pcricnce. lou learn the mcaning of the
horiTon and learn to determinc up and "dosn" lroln
ihe posilion and attilude of objecls within your visLral
neld.l h. prcscncc of a !isu.rlhorizon makes it possible
ior a pilol to .c n oriented. even undcr condiiions
which would c,usc illusions ii onlv the lcstibular and

seat oi tbe p:n1s sensory slstcms $ere monilorcd. In
nrgh' r\r \ r.Lrrl.).rrm r. rhe rlo r rcl:able orienrdrion
\ense, for i1 i! only through this sense that thc aircraft
nrghr rn'lrum.n's JJ1 nJ fro|erl) :nre'prered

7-1. Spalial Disorienlalion:
a. Mechanisms of tbe lllusions:

(l) Graveyard spin liigure 7-5) when the
semicircLrlar canals are nimulated by thc angular
acceler.tlion produccd bythc spincnlrv,lhe piloas firsl
impression is accuralci that is, a spin is perccilcd. Alier \l
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7-6

are abnornally slimulated bv angular accelerarron.
Such an illusion occurs d uring t he graleyard rpin. rhe
graveyard spiral. and othc. rurning maneuvers. A
somalogyral illusion may be associatcd wilh the
ro'iol . rilu.ion. I ndd ,rTl Londir.^ns .r .emrc .
cul"r (anal srjn,uhuon h\ Jrsu,dr JcLC.rrJrr,,n.
unconlrollablc cye movemenl (nyslagmus) may occur
resulting in loss of effective vision due to inabiliiy to
Iocus. Under these conditions. lhe durAtion oi the
nystagmus is normally between 30 and 40 seconds alicr
the slrmulation nops.

(6) Somarosravic Illusion (fisure 7-7). This
illusion creates the sensalion of change ol arlirude
when the otolith organs are abnormally slimulated by
lincar acceleration. Such an illusion can occur when an
aircraft accelerates lorward whilc in level fiiehr and
I \c. (l,e pilor lhe ,cn'irrun ol neina rn J no\c ut
a(itudc. A similar illusion ol nose,hiSh pirch may
occur as a resull of lakeofi or missed approach
acceleratioD. lf you were to correc! ior this illusion
during climb-oui. you mighl dive the aircrai! inlo the
ground. Tbe opposile illusion of nose-down atirude
may occur as a resull of deceleration. Il you were io
corecr ior ihe illusion ol noselow piich caused by
decclcr,rion on iindl approach, \our collecli\< r\ r.un
might resuit in a hw ahitude stall. Alrhough thc
sornatogravic illusion is ofgrcarest magnitude in hiSh-
performancc aircrafl, it may occur in all ai.craft. Ihe
maxirnum effect of the illusion normaliy occurs 30 to
60 seconds after onsei of the linear accele.ation
(stimulut. but a subslantial parr of rhe illusion may
occur siihin a few seconds afrer thc slimulus. lhe
iUusion remains conslant during constant sti ulus.
and ceases immediately on cessation of rhe stimulus.
You c"n readil' o\ercome rhe rllL.ion hl grvrng

7-3 AFM 5l-17 I De.ehher 1976
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piloi mov€s I'it h.od dbruprly

during d piolong€d turn, rhG
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Fisure 7-6. The Coriolis Illusion and the Leans (para 7 3a(3). (a)).
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nhrnom. non,'rh(dForr(nLJIi'r (du'ed h'! lhe d'rrorJ
i'",""r.'. i" "r,:.r, I.rl'c \crri'Jl !nd h"rrlonrn1 'ue'
rrncr.teJ hl I he,uror a r*ulr :n JllrLude \ onl rNr"n 'n
iii"l. iiir"; ," ri r"'."''.'" "' r(rucr hr nr!hr rn

I
'- ,;' *"i;i;,; vot,"n An a.irJccnL :rurom''birc
.*;';" ';;;:'; ,' " ''"P hsht tirn crearL rhc ;lru'ion
;;,;",i'; .;; iehrte i' irc'prng haLksitd' rn

rorm.Ltn,n ll\inp,.uch rllt"ron' arL cummon
, t0r \ r,ual quro\rne.i' tlrgLtr r-q). q'rrlronary

,"n' ",,J ,i,"' '.'.'rl 'ecund' :n rhe da'k $ill
.';'.", '" rn"'" lhr' Phcnomenon
lln'"'"i,r.. "".''"" '" pitul' rl) rng rorm!rron ar nishl
i;.;"';;; ih. brrlran.e. ''re "r numherorlighr' or

.,i,.'"",i i'elt' i. n,'n on Jnd olr q illdiminFh rhe

.:llect of lhe auiolrnctic phcnomenon'""',1' ii" -i.i'-'"h*Pdnt' sen'e lhi' t a

.i'r:";i";;"; h..,,". during coordrnatcd flrghr rhe

'."""'i.'irii"* r'.. *"rtrrugalrorcc and 8r'r\ irv a'e
.i'* i"",'air'. n..' "rrhe;rrcrcrr 

lhu' prlor\Lan
;:,;i"i;i-iil;h their pressure senso'rs which
drrction i5 lhe truc !erlical" ",i:l ir'.i.i veniso lhr' can be cdu'ed hv rhe

**"*. "ir'*r'iirr',*gt'-propcller'or 
Ioror brrdc' and

ii 
' "i''"" il,.""' n;.icring agrrn* an o' e rca'r 'kv

il";; ii;:i";;;i cer,in riequen.rc' rrom 4 tu z0

i,"li:" iii*,J.;a .un p,oa,'.. unnreasJnr and

;;;'"".,;;. ;;;,;";' rhes '|rJcrron\ 
ma! incrude

r.ui*. a',rin.*. ion!ul'ron' dnd uncon\'tou\ness
ii""r* *ii,-...," bc a\orded bv noL loorrns inro a

ii"i' '."i.. irl'""en a propeller or I'ror blaJe ror a

rioro"eed pe oa l reque bur tmall chunse' rn rpm
.,n Also reduce susccPlsbrl'lY'" 

r' 
-i""i'ri".' V"'i t ond;ci\e to spdrral Diior ien-

,,,i;,i ,qi.'ai"i' ";a rncrdenrs when a prrot ;'
.?,"-"r''ili"i manipulijting rhe coclprt conttol!'
]"*."'.'.."ijrri t'.1"d or rarigucd hr' proticrencv
:;^i;:,;,;;;;;' ;;J tormrLron hlrng F decrea:ed
;i';;;i;: ' ;;,;"". mcdic'ne' rpJrrrcurarr]
,''1.n"t.^'*' and bdrbtrurare'r' C 'lre$es'
i"#'.*"i. 'i"".' -a emorrondr trublem" tedu'e
;;'l i';;,:';irti;'i" ;'''L'pdrr"r di'orienratron Prror'

"r 'i, ,i'cratr 'ufrer rrom 'p"t'rl dsorrenrrtron mnre

i".ii"."irr ir,."" pli." nv'ng oropeller''lrnen arrcraft

rl

Figure 7-8. visual lllusions (para 7 3a(?) (8))
\,
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attitude. 'fhe usual response is that the aircraft is
descending. This false scnsation is apparent when lhe
trl.,,pLn: n,' ele: \rhi,e rhe urrcrdlr i.'rrll reco\ering

(b) Corrclation Under Actual Instrument
Condirions. lf the clcs are dilcrled from the in-
\rr umenr. dulntsd I urn Lndcr :n'rrumenr condition'. d
slo$,inadlertenl reco!ery {ill cause the body to
pcrccile only the decrease in positive G force. This
sensalion causes ihe pilol 1() believe he has entcred a

(3) False Sensations ofTilling to Righl or Lefl:
(a) General. Tbis sensalion may be indu€ed

lri m J \Lrairhr rnd le!el urlrrude $rlh pilol' eves
clo.cLi lhr iupd\r'u') p:lor .hould marntarn wing'
lc\eland use righl rudderto produce a slighl skid 1() the
lell. Thc usual sensalion is lhat of being tilted to the
right. I his ialsc sensation is the effect of side-to-side
acccleralilc forces on the organs of equil;brium

(b) Corrclation Under Aclual Inst.ument
Conditlons. lf the eyes are momentarily diverled from
ihe instrumenls as a skid to one side occurs. a faise
sensatiorl ol tilting the body 10 tbe opposite side mav

(4) Falsc Sensalion ol Reversal of Motion:
(a) Gcnetal. This lalsc sensation can be

dcn"n.rr.rtcJ rn rnI onc ol rhc lhree plane. ol morron
rhe pikrt should closc his eyes while in straight and
lcvel Ilight. The super!isorlr pilot should roll the
aircrafl a1aconnant raleol l' io 2o per second to a 30'
1C) 45c bank angle. Thc rollshould bestoppedabruptly
.nd th( banl dllrrude held lhe u.ual rcaction rs d
sense of rapid rotation in the opposite directian Afier
ihis false sensation is nored, the supervisory pilot
should have the pilol open his eycs and obs.rve the
allitude of ihe aircraft. The ialse sensalions produced
lrom siopping the roll abruptly may result in a strong
urge to apply reverse aileron pressure for recovery
I his sensation can also be dcmonstrated by abruptly
ending a constant velocity yaw after 20 to l0 seconds

(b) Correlalion Under Actual Inslrument
Conditions. If thc aircrafi rolls or yaws with anabrupt
.lop $hrlr I he e)e' J rc drven(d lrom lhe inrllument\. a
.En.arion or rollin! or Ia$ rngro rhe opposrle dire€tion
may occur. Therefore. lhe natulal response to this false
sensalion would result ina reentryoran increase ofthe
.I rrrnal roll or )J$. I hi' re.ponse r'acommonerrorin
rolls or spins when the visual r€f€rences are poor. Th€
.ensc or sighr i' lhe only 'ense whrch should be relied
uDon Ior correct reco!er! techniques.

r5r Scn'alron ol Drv'ne or Rolling Beyond lhe

(a) General. This maneuver should be started
from straight and level night hite the pilot sits
normally and either closes hiseyes orlowers hisgazeto
the floor. The supervisory pilol should stari a normal
coordinated turn to b€lween 30' and 45" of bank As

\ I
svllem is to disorienlalion The mancuvers
dinonstrate lbat intepretalions ol aircralt aitiludes
lrom bodilv scnsations are frcquenllv false and
unrealisiic. The maneuvers aiso provide a bclier
undersianding of how disorientaiion relaies toaircrafl
rnolion and head movement lhey inslill in lbe pilols
crealcr conlrdence rn llight in'rrument inlcrnrelJrron
iv the sense ofsight to delcrmine rhc ai.cralt aitiludc

d. Spatial Disorientation Maneuvers lhe lirllow-
rng .parral di.orrenlart Jrc :elecled
becau'e ol rheir relalron ro normul in'lrumcnr oI
turbulent flisht. These maneu!ers should be simulated
an,1 praclrced on\ unde' JIccr 'uncr\i'ion The]
'houi'i not be u'compl''hed rn a 'rngle-r'lacu arrctJfr'
Other maneuvers, more violent and prolongcd. mav
have a disorienting elitct; howevcr. thev are not the
lype of maneuver or situation likely to be inad!ertcntlv

I I r 5enralion ul ( hmbrns \\ hile I urninE
(a, Generrl. lhF 'cns"rion .rn be induc(d b,

l'aring rhe nil,'r clo'e hi' e)e. $hrle rhe urrcrdfr i" in I

'r'a'eh, un(l letei dltirude lhc 'LFr\r'or! lrlot
strould exccute, with a relatively slow enlry. a well_
coordinated 90' lurn using about lll posirive Cs
while the aircraft is ru.ninS undc.the effect ofpositive
(i . nd $ rth the nrloir e\ (. .rillclo* d. Ll e 'uPcrvlor)
nrl.r 'hould J'l lhe lrlot h . rmpresion ^l lhe ai' c,r.r
;fiiLlde lheu'udl .eFdrroni.thJI .r dcLmh llrhc
nrl^r so re.Dond\, hrve ntm ^Nn hr' c\c' Hc .dn Ihcn
ice Ln.r " -bu ll established coordrnired rur n prooucc'
a climb sensation lrom the action of centrifugal lorce
(+Gl on the equilibrium organ\'

(b) Collelaron t nder A.ru!l ln'rrument
Conditions. If the aircrafl enlers a slight. coordinated
rurn in either direction while the eves are divcrted away
irom the instruments, thc sensation of a nose-up
auirude mav occur. The instantaneous applicalion of
similarforcis may create this same illusion wilhout the
aircrafi actuallv turning because whcn a change of
direction in any one of the three planes ol molion
occu$ and the rate of angular acceleralion in the turn
is 1oo little lo stimulate the inner ear. the change in G
lorce. cdu'ed hy the Iutn i' rhe onl] sen'drron
Dercerved. Po'iti\e G i usuatly a-ocrdred wrrh u

itimu: negari'e G $ith a drve or no'e o\ei lhr'
as\ochrron t dn uncon'ciou. habrr developed lhrough
e\perience wirh G rorce'. a' \rellds a con\cious leehng
ol climhrng o' di\ ing duc to lhe elle( r oi gra\ rry 'n I he
inner mechanisms of the ear.

(2) Sensation of Diving DuringRecoverv Froma
Turnl

ta, Uenerdl. lhN 'ensarion can be c'edled b)
reoetrtins lhe lutnrne, Drocedure descrrbed dbo\e.
exiept r-trat ttre pilor keep. hi' eye' clo'ed unlil the
r""ni.n rro. thc lurn i\ apnroxrmalel! one hdlf
compleied. whrle lne recovcr, is berng execuled and
$irh lhe oilofr eye.5rill closed. lhe:uper\iso'v pilor
should oL.ene rhc prlor ' rmpre*ion or Ihe artcrafr

I
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Fisure ?-10. Believe What ihe Flight lnstrumenls ar€ Telling You About the Aircrafi Attitude (para 7-4) I
NOTE: "Code off and "standby" flags on AIMS
anrmerers Jo nor alsay\ medn Ihat altitude reponinS
has been lost. lf a warning flag appears, verify rhat
your aititude is being rcported to the air iraffic

?-7. Allim€t€r Tolersnc€s. Refer to youraircra{t flighl
manual for specific operating guidance and aLlimeter

SECTION C - AUTOMATED RADAR TER.
MINAL SYSTEMS

7-8. Puryose rnd Advsntrgos of Automrled Rrdrr
Terminrl Srslems (ARTS):

a. PurDoe€. ARTS is desiSned to provide con-
trolle15 wilh an alphanuneric display of aircraft
identification and groundspeed on dircraft equipped
$irh rrrncDonders. alons wilh al(ilude Ieadoul on
rhose aircr;fr cdDable of iutomatic alritude reponing
(Mode C). Thi; information h displaved on the
controllerjs radar drsplay as a data block and
,nromancallv rracks those as arrcrdfl. ARTS is
inrialled in manv. bul not all, lerminal areas

U. edranrases. ARIS equipment has simplified
.o.,.tinarion ;ithin the rerminal AIC facilitres and
,isnilicanrlv reduced rhe grlol controller radio calls
rii. *a'-iion in commirnications alloss the con-

of malfunction. The altimeter display then op€rates
directlv kom \talic air pIe.sure, and rhe appropriate
alrimeier installation elior correclron musl be applied
to ensure the aircraft is at the properaltitud€ (Aslong
as the altitude computer is operating properly' ir will
supply an altitude repo(ing signal regardless of the
mode displayed on lhe pilols altim€ler.)

b. Altiiude Encoder AIMS Sysrem. The altitude
encoder typ€ system is found in aircraft with small or
negligible installation error' lt generally consists ofan
IFF SIF rmnsponder, precision pressure altimeter.
and an allilude encoder. ln this svslem. the altimel€r
and ahitude encoder are a single unit The encodcr
Dortion of the unit simp\ takes lhe barometric ahitude
;easured bv the allrmeter and con!efts h to signals for
ahitude rep;rting. (The appropriate altimeter installa_
tion error correition must be aPplied at all times to
ensure that the aircraft is at ihe proper altitude )
7.6, Altilude Repo ing, AIMS systems report
altitude based on the standard datum pl^ e (29 92"
Hcr. recardless of the value sei in the ahimeter
ba-romet'ric scale. When aircrafl are flling below the
low€st usable flight lev€I, ground siation computers
automatically apply the local altimeter setting to
display accurak ahitude to lhe air trafficcontroller' ln
order for cockpit altimeters to reflect lhe correcl
ahitude as displayed to the controller, the propervalu€
must be sel in the ahimerer baromelric scale
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Figure 7-12. Descent
Gradienls by Segm€nt
for Typical Straightln
Instrument Approach
(para 7-l l). I NoTE: The final segrnent descent grudient

Irom the FAF to the runl4oy threshold and
abituile and the touchdou,n zone elevalion.

is computed
the altitude

using the ilistance
between the FAF

reviewed by an appropriate US agency and is safe to

7-11. Typicrl ApproNch Designs. An instrumenl
approach is comprised of up to four s€gments. They
are initial, intermediate, final, and missed approach
segments. All segmenis may not be identifiable to the
pilot since some begin or end at points where no
navigational fixes are available. The purpose of the
segmenh is to provide adequate maneuveringareaand
obstacle clearance altitude, proper alignmenl, and
opdmum descenl gradients. The flight procedures
prescribed for instrument approaches are predicted
upon the specifications stated in TERPs and, ifused,
should keep the aircrafr srth;n rhe allocated arrspace.
Figures 7-ll and 7-12 illustrate typical instrument
approach designs and are informative only.

a. Nonprecision Approach:
(l) Required obslacle clearance in the final

oSSTRUCT|ON
CLEARANCE

B

c
D

I

Figure 7-13. Obstruction
Clearanc€ Radius for Circling
Approach€s (para 7-l lc)

segment must be provided throughout the entire

(2) The final segmenl descent gradient on
straighGin procedures is €omputed using the distance
from the FAF !o the ru nway thr€shold and the altirude
between the FAF altitude and the louchdo*n zone
el€vation. The descenl gradient will normally not
exceed zl00 feet per nautical mile.

b. Precision Approach:
(l) Normally, rhe glide slope ansle is 2%' 1o 30.
(2) R€quited obslacle clearance in the final

segment constantly r€duced as theair€raft approaches

(3) Optimum Threshold Crossins Height (TCH)
is 50 feet, but may be as high as60 feet oras low as 32
feet.

c. Circling approach obstruction clearance areas by
aircraft category are depict€d in figure 7-13.
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SECTION E - TURNINC Pf,RFORMANCES

7-12. ceneral:
a. When an aircraft is flown inasteady, coordinated

turn at specific valu€s of bank angle and velocity, lhe
lurn rate and lurn radius are fixed and independent of
aircrafl type. As an example, an aircraft in a steady,
coordinat€d lurn at a bank angle of30o and a velocity
of300 knots (TAS) would have a rate ofturn of 2.10.
per second and a lurn radius of 13,800 feer or

7-t2 AFM 5l-37 t D€cember 1976

approximately 2% nautical miles.b lt is a Sood idea to l€arn the approximare turning
p€rformance lor your aircral al normdt operatint
ajrspeeds and angles ot bant Adesiredrareofturnis
best flown by establishing a specific ansle of bank on
the anitude indicator. Therefore, it is desirable to
know the approximate angle ot bank required. A.lso,a
lnowledge of tD'n radius will aid in ptanning rurns
requrrng accurare aircrafl positioning. tsee turning
performance chart, figure ?-14.)

BY ORDER OF THE SECRETARY OF THE AIR FORCE

OFFICIAI- DAVID C. JONES.
Chief of Staff

General. USAF

ro
JAMES J. SHEPARD, Colonel. iJSAF
Director ol Administration

SUMMARY OF REVISED, DELETED. OR ADDED MATERIAL
This nanual has been co-mpletely rewrtten. condensed, and organized inro a format more compatible with
rnskuction and study. All material has been updated to include the most recent changes in procedures and
techniques necessary to insrrum€nt flying.
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MAP
MCA
MDA
MEA
rAHz
MHz
MM
MOCA

MRA
MSL

NAVAID
NDB
NM
NoPT
NOTAM

At-2

OM

REII-
RMI
RNAV
RPI

RVR

SID
SIF

M

Missed Approach Point
Minimum Crossing Ahitude
Minimum Descent Ahitude
Mininum En Rout€ Alitude
MilliHerlz
MegaHertz
Middle Ma.ker
Minimum Obstruclion Clearance

Altilude
Minimum Receplion Altitude
Meal Sea Level

N

Navigational Aid
Nondirectional Beacon
Nautical Miles
No Procedure Turn Required

o

Ouler Marker

P.Q

Precision Approach Radar

R

Radio Detecting and Ranging
Radio Direction Finding
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Runway End ldentifier Lights
Radio Magnetic lndicaror
Area Navigarion
Runway Point of Intercept
Revolutions per minute
Runway Visual Range

s

Standard Instrument Departure
Selective Idenlification Feature

T

Tactical Air Navigation

Threshold Crossing Height
Terminal Inslrumenl Procedures
True Mach Number

TACAN
TAS
TCH
TERPS
TMN

UHF

U

Ultra High Frequency

RADAR
RDF

VASI
VFR
VHF
vMc
VOR
VORTAC

Visual Approach Slope lndicator
Visual Flight Rul€s
Very High Frequency
Visual Meteorological Conditions
VHF' Ornnidirectiorial Range
VHF Omnidireclional Range

Taclical

(
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