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sEcTloN I

INTRODUCTION

_ _ 
J'he Polhemus Celestial Navigation Cohputer was desigred to meet t}le needs of navigators

:l-Iq^"r^:111"j-1I:{l gf qiy*c them.adevice rvhich, "with ;;;;ii";; ii; use, r, r permitrnem ro accommodate observations Ior lasr rrunute changes in ground speed, to spaci fixesbore closety, and to ral{e a final Iix ar a point 
"tose" to inteiaea ae-Jirrailonl

- The slide rure poltion oI tJ'e eornputer presents information accurate to a tenti or a minuteoJ arc, allows ttre navigetor to consider simurtaneousry art tr" mai"" rr.'inl"na" to shoot, anarobviates the n€cessity of elasing and re-arnotaiing inJor;ation 
-io" 

eacL cfrange oi speea,track, or celestial body,

. .The_plotter side of the computer suppLies tre navigator witr t},e means to transrate ttrearitlmetlc va.Iues of the observation to geographic coJrdinates *o"u-";;ty tfr"o i" t"o" ofotder systehs and {ith srearer acco"acy. 1t or"is hi,n the ;;;; i;;;;fr a simple vectorsolution in hinimum time in fte event sp€ed is more i-p"rt"; G;;;;;i;idn, ana tt permitshim to determine course being made eood, Find. -a,""ii"g to 
"tuur'to 

i"!,in"tion *irf, _or"facillty than is oblainable in srandard ctrarr qo,r

BIBLIOGRAPHY

The following texts were used to verily ihe rnethods ou ined in the accompanying
handbook:

USAF Manual 51-40, VoI.

U.S. H.O. publication 211

!I.S: Naval Observatory letter .,position o{ polaris anal
R, Haupt Q of Polaris for 1965',,
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sEcTloN I
IDENTIFICATION OF SIIDE RULE sCALEs

'jslng ligure 1 identify the scales and indexes as followB:

i , , , TRUE AZIIIUTIi scale...the outelmost scale annotated each 10' commencing with
North and iN.teasing clockwise through 360'. Scale is used for locating siar
ZN, aircrali .rack, headingJ LHA Aries, and Grid direction.

2 . , . RELATIVI BEARINC scale (ZN-TR). . .tne scale on upper disk adjacent to the True
Azimuth sci:lc, annotated {it! fourj zero to 90 degree scales, two of hich are
black and lro $hite.

3 . . . SEXTANT i:iELATIVE BEARING scaLe (SRB). .-.the scale next in from the Relaiive
Bearing Scale annoiaied in snall characters starting at the Index at ihe top of
dre disk and increasing ir1 a counter clockwise direction through 360'.

,1 . . . StrT TRACK index. . .the blac\ ar.o{ ar the top of ihe Relative Bearing scale used to
oricni the top disk with rhe True -\zimuth scale.

- . . . LATITUDE SCALE and index, , ,lhe numbers appearing in the {'indow on the right side
ol the con4uter at the 4 o'clock position commencing wiih the Equator and
increasing counter clockwise to the Pole.

6 . , . SIAR AZIMUTH (ZN) scale. . .ihe iwo scales sulrounding the windo( in the upper
hemisphere cf the compuier, the whiie scale stariing at 0.5o and increasing
clockwise to 0900 then decreasing back counter clockwise to 1?9.5'; the louer
black scale conmencing lvith 180.5" increasing clocklvise through 270' then
back counter clockvise to 359,5'.

? , . . MOTION OF THE BODY scale and rxindow. . ,the scale which appeals in the Nindo$'
between the black and nhite Star Azimutlr scales, commencing at zero and
inc]'easjng to 15 in a clockwise direction.

. . . , pOLARIS Q FACTOR and index. . ,the scale in the small window immediately beloN
the 12 o'clock position of the Star Azimuth scale in the upper hemisphere. Note
the algebraic sign is opposite from values taken lrom the Air Almanac,

POr.AltIS AZlnlUlH correction scale. . .tire small scale appearing in the window netd
below the Q Factor window. On the lelt is a table of latitude rangilg from
Equaior to 65oN.



10 . . . AIRCRAFT LATITUDE scale. . .tle sine scale immediately beneatl the computer pivc
point commencing at t}le 9 o'clock posiuon witlt pbLE and decreasing counte:
clockwise though 1., Scale also used for locating ZN_TR in Wander Error
calculalions. Scale entided Coriolis & Wander Corr.

11 . . . CORIOLIS CORRECTION scale.. .also Wander Error correction scale. . .appears irthe window adiacent to t}le AircraJt Laflhrde scale and ranges in value lron
less-tlan-0.1 at the counter clockwlse extreme, for ground s;eed 90 knotB, t(
55 rninutes of correction jor a speed in excess of 20OO itots.

12 . . . STAR RELATIVE BEARING (ZN-TR) scale. . .also cS chadge correcuon. . .the costn€
Ecale ihhediately below the corlolis error window commenclng at the 9 o,clocli
position with 0o and increasing counter clockwise tlrough g9.5.. At the 9 o,clocl
position appears t}le annotation ZN-TR.

13 . . . MOTION OF THE OBSERVER correcdon scale. . .apFearing in t}le winclow imhealiatell
below Star Relative Beartng scate. It begins at dre counter clockwise extrem€
with a value oJ less-than-0.1 and increases clockvrlse to a maximum value of 85
mlnutes of arc.

14 . , , GROUND SPEED scale and index. . .the numbers appearing in tlle window at the 8
o'clock position on the left side o{ the cornpute, ranging in value from 9C
clocklriBe through 2000 knots.

15 . , . SET LATmUDE tab, . .tle protruding plastic stub labeled LAT useal to rotate tlle
Motion oI the Body scale so that tlte correct value of aircraJt latituate appears
in tlle SET LAT window.

16 , , . SET GROUND SPEED tab. . .t}le protruding plastic stub labeUed cS usecl to rotate the
Motion of tlre Observer and Coriolis correction scales so ttrat the correct value
oJ alrcraft ground speed appears in the SET GS window.



SECT|ON t

DESCRIPTION OF SI.IDE RULE OPERATION

_ Operation of tl}e computer is best illustrated by taking a sample problem and Io[ovring itrhrorgh each srep d rhe solrrion usrn3 rtre a( companiine ilt;slIarions.
GMN: Aircra_ft track 060., ground speed-Eoo knots, DR position i6. North latitude, 9?o Westlongitude, LHA Aries 55", three stars, pollux, Antares,;d D"tfr". ,laaiii"Lr rri"rnation ispresented in the table betow.

Star
Trme or acrual observation

POLLUX ANTARES
09552 09582

i02
2o'15'
1700
,?oR
-2 kt.

a fix time

Fixtime.,.....
Time diff. between
Tabulated altitude
Tabulated Azimuth

DUBHE
ro01z
10002
-:01

40"15'
040'

-4 kt.
of 10002.

aclualshotandfii,....
(Ha) .....

:05
31'20'
290"

Wander error e)qperierLed durtrq .r s-r1." joj
GroundSpeedcl.ange,......,........

FIND: Al1 the corrections necessar!. :c resohe Lhe observations io
3.1 GENERAL
3.2 MOTION OF THE BODY
3.3 ZN-TR
3.4 MOTION OF THE OBSERVER
3.5 COMBINED CORRECTIONS
3.6 CORIOL$ EFFECT - TWO METHODS
3.7 SEXTANT RELATIVE BEARINC
3.8 DETERMINATION OF TRUE HEADING
3.9 WANDER ERROR CORRECTION
3.10 GROUND SPEED CHANGE ACCELERATION ERROR
3.11 Q FACTOR OF POLARIS
3.12 AZIMUTH CORRECTION FOR POLARIS

3.I GENERA L

The slide rule must first be oriented {or aircratt track, DR latitud€, anal best knownro! d_ rpeed. wirtr -he compure,' properrv ser_up rr t" possibie,";;;;i;i.;-il"-,l;" 
"i;;rrooy, lvro,lron ot ,he Observer. Col iolis Eitecr. Wandef Error ( orrection. and Sextanr Relarivebe:rrirq tor ally number of bodjes desil'ed. THt MOTTON CORRL( TiOtJS ARF FOR ONIIllIliLTE OF TIME, The cor].ections for acceleration errols a;u f* t"o -;not" obs€rvationperiods to agree {'ith the integration period of most averaging sextanis.



NO. I
oPPOStTE 2900

IN BLACK FIEI.D_READ + II.4

MOTION OF THE BODY

FIGURE 2

NO.3
O40"= -7.4

NO.4
LAT. SET AT 36'

NO.2
17O" = -2.1
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3,2 MOTION OF THE BODY

Rotate the LAT tab so as to bring t}€ DR tatitude of the aircraft into alignment with thesEr. LAT index (4, fisure 2). rhe correction Jor MorroN oF i;;;d;; i; then reaal in thewindow in the upper half of th€ .ohbu ter.. 
_ 

pollu:, ZtI ZSO., is roun;ln-de"Ui""r ri"ra 6, rigo"u2). Antares is found in $e whle iierd a bo-ve rie window il";i;l;;J}. il;re 2). Dubhe isfound in fte white fietd at an azimurh oI O4O" ff,,iguru i;. "

ZN

St-ar

Motion of the Body correction (1 minute)

POLLUX

290'

+17.4

ANTARES

1?0.

-2.1

DUBHE

040'

- ?.8

NOTE: When observations are to be adjlsted for considerable periods of time (as wiih aLrndfa-ll procedure), greater accuracy 
-of tle mouon correcton-*iiit"-ilrriuu"a ty 

"nt"ringthe star azimuth scales. above and be1ow. fte, window in ihe ;6";-i"ii"; th" computer, withthe true azimuth of the body derived from tre n.o. pun zns ;ppiJii; ;;;;;; f", the Deriod.

3,3 ZN-TR

Find Sia! Relative Bearins. or ZN-TR, by roiating the top disk of the computer so as tobring the sEr rRAcK index (1, rieue 3) i't" 
"iis"*;?t;lth 

"ir,!'i,,iiii""i 
",,*o* "",r",,lhe number equivalenr to TRACi<'be;g made good, in this 

"".". O;0;-- 
-'---

On tlle True Azimutl scate locate_the azimuth valles of each of the stars, tien read-in tothe relative beartns scale. either r)t:ck_o_r. white, "rJ;;-#;ia"r ""i"iiii t""rirg, zN-rn.sIcN oF coRREcTIoN ioSITrvFt rI, BEARING Is IN BLACK FIELD, SIGN IS NEGATIVEIF BEARING IS IN WIIITE FrEr,Dr assuming *,at tne 
"or.ectjo"s"a'ie?oe apptied to ttc.opposite 2e06 read boo in the black iield tz, iigj." l j. 

'opi jJ"'iii,;'ti,'r"r*,"" 
3) read ?0..opposire 040' (4. Irqr.rre 3) read 20.- The poirux ;a Lir"""iii,l;i"g"""r|""Ji.,"tourua po.i,tu.,tle Dubhe bearrng is considered nesarive :nsorar a" rvloii;n irl'n"',ii?iii. ii'"*.,0*"0-

Use lhe alqebraic sie-ns as oiven 2hove when rhe corrections are ro be applied ,o ComputedAltitude. Hcr for the p;rpose "or 
advancing ,i'" "b";;;;;;; i;;;" ii.1' iiin" ,,_. u ,n" .t_servation is tate tre si.n ot the.o",."'on"rnust tre ,ever;; 'il;i;;;;;;'*ould 

be to k€ep
ili",.ifll"ii" li5:l 

rro:ir the computer *a .pprv ri io ou"!,";;;iii#:,';'", ro. shots mad;
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3.4 MOTION OF THE OBSERVER

Set aircraft glound speed in the window at tie 8 o,ctock position oj tle slide rule (1r figure4). Locate the three ZN-TR values determined in paragraph 3.3 on the ZN-TR scale adjacent
to t}le bottom window of the computer. Figure 4 itlustrates the orientation.

Star,....
ZN-TR...
Motion oJ the Observer correctlon (l minute)

POLLTIx

50'

+5.4

ANTARES

70"

DUBHE

-20"

'?.8

3.5 COMBINED CORRECTIONS

The two corrections, Motion oI the Body and Motion oJ the Observer, are combined to
obtain the total Motion Corrections to apply to tabulated alutude,

Motion of the Body

ANTARES DUBHE

-2.1 -1.A

+2.8 -?.8

Star - POLTUX

+11.4

+ 5.4

+16.8

x8
+134.4
(2'14.4')

Motionof rheObserver.............
Total Adjustment for 1 rninute o{ Ume . . .

Multiply by planned interval b€teeen shots

Total Adiustrnent

Srar,.,,.
Total Adjustment for 1 minute of time .

Multiply by actual interval between shots

Total Adjustment

+.7

4

-15.6

0

+2.8

If the observations are not made on schedule (which is tlle case in ure e)€rnple given at
the beginning oi Section Itr), the 1 mtnute total adjustments are multiplied by t}le actual dme
9f1"1"199. Using tlle diJferences given in one of the opening parag?aphB oI Seation In, find t}le
Total Adjustment required.

POLLUX

+16.8

x5

ANTARES

+.7
2

DUBHE

G1)
+15.6+84.0 +1-4

Note tlat the Dubhe observation, made later than fix tirne,
sign.

now picks up a change in algebraic



MOTION OF THE OBSERVER

NO.4
2o"- -7 .8

NO.2
50.: +5.4

NO. I
ORIENTAIION
OF G5 INDEX

10

NO.3
70"=*2,8

FIGURE 4



coRroUS EFFECT

NO- 3
coRtoUS at 360 N

NO. 2
POI.E

NO. I
coRtoUs EFFECT

AIRCRAF' I.A'I'UDE SCAI.E

3,6 CORIOLIS EFFECT

The correctlod for CORIOLffI EFFECT is ta.ken lrom tlle window imErediately below thecomputer pivot on the lower face of the computer. once arrcrajt Ground speed has been set int}'€ wtndow._(l, _{igure-4) enterrng argument io! determining .}e correciion'is aircratt tautuae,
,tl"-f111,", !r: figure 5) originates at the POLE and swings tn a courter clockwise arc throughr or rarrrude. lhe correc on may be read lrom tre window to an accuracy of 2/l0th minutlsof arc-

Given a ground speed of 500 knotg a''d an aircraJt posrtion or B6.N latttude determtne themagnitude oI the coriolis corlection. Locate the taUtuae vafue of S6to;;e Coriolis scale(3, fieure 5) and read a correcuon of ?.6 minutes of arc o" *"ii""l irrri.".'-^ 
-

. Current practlce is to plot the Corlolis correcdon as a vector appllecl to either theAssumed Position or to the plotted celestial ftx. It is posstble, howevlr, toiicfuae consiaera_tion oJ coriolis effect in the regular calculatioD of Hi and,/or'Ho. ft is'recommenaea that thecorrectlon be applied to eech Bhot in t]'e same rnarmer as are the Motion correcuone. Thrsprocedure will prove most useftrl where er<treme accuracyof work is desired ;r where an Mppis to be constlucted Jrom one line oJ posltion.

11

&%

FIGURE 5



NO. I
CIRCLE SHOWING

POI.E IAAICHED WITH 2.6

READJUSTED CORIOI.IS SCATE

FIGURE 6

NO.2
ctRctE aT 70 &

NO. 4
ctRctE AT 20

ffi
i-q',ij).:i:

NO.3
ctRct E At so & 5.8 &:

Reset the POLE index on the Latitude scale to tie value of coriolis correction determir
above, 7,6 nm (1, Jigure 6). Still usine the same latitude scale locate the values for ZN-TF
each star and rote t]le coriolis correction adjacent to these values (2, 3, 4, ftgure 6).
remove t}le effect oJ corlolis error by adjustment of Hc use the following rule: STAR TO T
RIGHT, SIGN IS MINUS. STAR TO THE LEFT, SIGN IS PLUS.

Star,..,.

Relative position oJ body. .,.,

Previous Adjustment for Motion Correction

Individual CORIOLIS CORRECTIONS

New Adjostment Factors

NOTE THAT THE CORIOLs ADJUSTMENT
AHE TOTAL MOTION CORRECTIONS.

12

POLLIIx

Lelt

+84.0

+ 5.8

ANTARES

Right

+1.4

-1.0

DUBI{E

LeJt

+15.6

+ 2.6

+89-8 - 5.6

MUST BE ADDED AFTER

+18.2

CALCULATION



NO.4
o40" vs 22

SEXTANT RETATIVE BEAR ING

FIGURE 7

NO. r
SET TRACK VS 062'

NO.3
t70" vs 252

13

NO. 2
290. V5 132
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I
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3"
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NO. I
0400 v5 017

TRUE HEADING

FIGURE 8

NO. 2
sEr tRAcK v5 057'

'hrt, '*:itl*
,b] ti. tisiiJ r lll r

14



3.7 SEXTANT RELATIVE BEARII{G

It Is common practice to use pre-corputed values of Hc and Azihuth in setung up a
periscopic sextant. It i3 possible to reduce the interval betu,een obser!'ations by eliminating
tie readjuatment oI the azimutlr counter oi the sextant lor each shot. This is done by utilizing
SRB'S to locate the cel6tial bodies in the optlcal field of view rather than turnlng the sextant
until True Headlng corneg lnto vlevr.

To lind SRB orient SET TRACK tndex to True Heading ot aircralt (1, figure ?. Locate
star ZN on outermost azlmuth acale as in 3,3 and read-in to azimutl scate iust inside the
ZN-TR scale. Read SRB oppostte ZN.

Glven a True Headlng oI 062" lldd SRB lor the three stars used in the basic problem
(2,3,4, ftsure ?),

Ster DUBHE

040'

022"

Star true azimuth (Zl0 . ....
Sextant Relative Bearing (SRB)

POLL(,x

290'

132"

ANTAREJ

1?0'

252"

The peliscopic sextart k rotated on it6 base to bring these azimuth value€ lnto coin-
cidence with the lubber llne oJ the optical cbnl€r,

3.8 TRUE HEADING

To obtaln a True Heading check uaing the Sextant Relative Bea.ing procedure, read SRB
ln the optical Jield of view (FOR THE EXACT TIME OF THE COMPTIIAfiON) then rotate
the Relative Bearing disk of tlle computer so aF to bring tlle SRB value into alignment *'ith
atar true azimuth.

For e)€mple, aeBume that at 10002 the SRB ol Dubhe was found to be 01?". W}lat would
be the alrcraft 'Irue Heading?

Locate 01?o on the SRB scale (1, figure 8) and rotate the upper disk of tlle cohputer so as
to place 01?o iII lire with 040', Dubhe's ZN. Opposite t}le SET TRACK tndex read a True
Headtng of 05?o (2, frgure B),



WANDER ERROR

NO. I
GS At sooK

NO. 4
oPPOStTE 700

READ I2.3

NO.2
coRtous coRREcTlr

wtNDow

NO. I
OPPOSIT

t----

-o:o:
--It

o/
zl

v
-60 (.,,i<

(o

Y".

READ

cllctr oF tHit otsx oPPo.
srrt 2N oN out'Dr Drsx

+4

FIGURE 9
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(IttsTtAt (0 PUr]
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c?u-1t/?
?olllIMuS.totlrcx

FELSENINAI INSTTUA,lENIS

NO.3
oPPOStTE 500

READ IO

16

st49n



CORRECTION ERRORS

3.9 WANDER ERROR

There will be cases wherein the navigaror er?eriences an acceteration ef{ect on the bubbleoI his .sextant caused by a change ot aircr.alr heading during the period of obseNation. A
correction lor this effect may be cieterrined fro'' rhe compuier-by ari$ing best kno.wn ground
speed_. with the GS index (1, tigrre al. then reading the magniude'ot tie colrection in theCoriolis correction pindo\'; opposlte ZN-Tp i2. iigure 9t

THE CORRECTION T.{KEN FRO]I THE CO]IPUTER IS TOR A WANDER IN HEADING OF1' DURING THE T\\'O IIINLTI PEFIOD OF OBSERVATION. rG correction must te
doubled for a 1 minute obseria:ior. T.e at:€rrraic signof fiis correction is;etermined by theIUIE| SIGN IS PLUS II T'F.\ ]S TO('ARD THE BODY,..SIGN IS MINUS IF TURN ISAWAY IROM lHr BODY. . ... . j. _-. :.! .: . (. .r.)k.Fl aI.r.ucte.Hcr.

Usirg the values given in ihe Tarte ::::-::r:2iio!r at ihe treginning of Section III, aleterminet}le magnitude and atgebraic si:r: .i ::: :::.:ec:io:: ro be appiied t;each observation lor t\rocases; a, 1o of wander; b, ihe nun:be: .: j::rees aciualtl.el;i.i"r""a-1i,-a,1, 1g""" 01.

Siar ,,,.. . . pOLLLX ANTARES
Relative position oI body . . . . . Left Right
Correction lactor for 1" heading cranr€ ,...... 10 1i.3
Direction oi turn, Left RiEht
MrJnirr.le ol. .er.ling (ndnse and si_r.. : .o. re..ior x 1.2 x, .7

DUBHE
LeIt
4.4
No tuln

Correction +12 + 8.6

NOTE: Sign of correction may be dererhined by re{erring to t_he guiale at tie top of the
Acceieration Error seclion ot the Celestial precompuiaiion -Form, figure 11A. A similarguide is shown below. In the tabte abore pollux is to th€ left of the aircr;ft and turn is to the
left; therefore the sign is -.

}IEADING CORRECTION SICN GUIDE

BODY

HEADING CHANGE

Leli Risht

Left +

Righi +

11



" For cases where the change in heading has been more or less than one whole alegree IJractional part, or vhole part ptus fraction, may be determined without need Ior tne ;ultipcation demonstrated before. Set the cround Speed Index to the value which represents cSIIDG CHGE.

For e)aample to solve lor the correction necessary to pollux, Ior a wander of 1.2 alegret
set GS Index to 500 x 1.2, or 600r ttren read th€ correction neaessary opposite OSOo ;n Icoriolis latitude scale. Answer is 12 mlles or minutes oI arc as showt ;bove. Since turn
right and star is left of aircrajt heading, sign is positive.

To solve lor 0.? degrees of wander during the ANTARES observation set cS Inalex to 5x .7 =350 knots, and read the correction necessarv opposite ?0o. The answer is +g.5 miles
rninutesr as beJore. Since turn is right and star is right of heaaling, sign is positive.

CROUNO SPEED CHANGE ACCEITRATION !RROR

DUB
NO. 4 NO, 2

llOtE.95'

coricnoNs rft rLUr t:;

o

.trS.::t
ld,$!,i:;

$:l'i""

NO. r
G5 sEI IO 9OK

FON I l(NOT CHAI{GE
NO. 3

ETIOR =.5t'

fl6uRE to

18



3.10 GROUND SPEED CHANGE ACCELERATION ERROR
There wr Le ra5es qyar, 

'r rh, naviga,or.is awJre oL r coange in aii.crd, lerocrr! e-lr e,cluP ro a gusr ol wind ,seer 01 do..,t, rr or ro 3 chan;€ , *"" ";rlo?"j.'..'*iict. rs irscL. c"-...by a changc rn aircra{t trLm. rab. o

"b'""., ,ri" ot."iu"ii"; ro; ;;; ;;;;""i..o"rs 
ide Air rFmpcrdrure. R.edrdless or, "r!L r.F m...rrv usln6 J correclion la*en lrom rhe (omlurcl,.

The cround Speed scale is re_orlentect to go.knols. The correctron {actor tor a change in
I""i"':"J'"i'H"if,ff:lr';i:t:':"Y'.la?: "1 

the otserver;;;;;;;;ir;s"re 10). zli-rR
vrloCtry 6"UN5ci*ll 

,,,s s,L ur the correction is taken irom th€ rtte SrcN rs MrNUS rr
row.Ano eoDJ. 

-ir'"""i""t*il li" 
"'.".1.r1""-:3|"tt""""."1:,":ly,t 

tr-vrr-ocrrv iiiaNii ii
Velocity (henge awar is rntendeci

rhc ::zimrrtr 
", ,l'".ffi*i",",.",".'i,t"' 

- -'r'' \ecrorol rhe3c.^.er3{ion is..r3v r}on-
,vr.,crr increas"" "reJ ,:. i;l'; "-g 

r-- - e 'or ;n -'F d,rFc,ion n ,'p s,rr. A. J.r1 rJr-
u"r1i"r" i"- ".lj- tJ'-n;-;;;:;'",;:_' t:.j t, e. n1:,garor ,s oirservrns a rro.ry in rronr 01 the
verocity woorJ ia,,J ie".';;;.i;;;d;"."i':,. : tili;"fll :l:","J:.'*"; t or the air.crart the

'"""I:#"d$iff:i':"t:il"";f:=.:"i.:'';:: 
';,.--.r.-'il 'urt'prv so x the rctual Gs chanse ancl

the cs Index will be set to 2.; x 9t =rtj,.,---t""t 
lel the change in velocity be 2.5 knot;, r;;

t sing lhc broJn.l sfeect ct ...- . t-,
s€t the Gs Index to 2 x no, .r rr1] ._.t-.-_--. -1.-. :.es:nd D-ublre rn the LJcsinning of section Irr
tions will be: rno io I x 90, or 3u0, ior Dubhe. The corr:ec-

;rilii,: : : : : . : : . : "oi-:'-ri ANTARES DUBHE
croLmd speed'iha;;e r!' ?0" -2o"
times 90 zef. 2 kts. 4 kis.
GS change colleciion 180 3ijo_1 _ 5.6
These corrections are actdecl elgebr:rcatl! io compute.l altitudc. H..

NOTL: Sion or .orrp. . o. ... .. de:.

:;l;:;,iiLl;;; ;1":1"':l::;!li:;':""1;i 'i::r ?-"'"':'i-"'5il,:\ :i;:iji"-l:"'1"
r'o"'' u'u toay (J"".u-";;;; d"";;;i::J*;'i'"*1:tt"" i1i'crdit rnd the veroc,tv changeis awaj'

VELOCITY (GSl copp"""ro* slcN currJti

BODY

VELOCITY (CS) CHANGI]

Beltind

19



3,II O FACTOR OF POLARIS

use of the star Polaris is facilitaied by use of the computer. Rotate the top ausk tothe SE-l _TRACK index into alignment withthe value repre;enting LHA A*ES (1, Jigu!
Read Q Factor in the window opposiie Index, upper hemispher; of c;*p*L" iZ, ri6_,r"Algebraic sign is reversed from that which appear; in the At; Almanac t; p".rrrit tfr" f"application to Hc oi Polaris, the DR Lautude Ior the tilne of the fix,

O FACIOR OF POI,ARIS
NO. r

sfi THA ARIES TO

NO. 2
READ POIARIS
" FACTOR I +

"K"^"V
t(^ll (ottl(T

T0 t9t0

wHar r^t(rN rro lt^cx

\r,

flNO. 3
AZIA.tUTH

FIGURE I1
20



In the event the obselvation is made ear'lier or ]ater than fix time a correcti.rn fo}' Motion
ol the Observer must be applied to thc shot.

civen an LHA AIiIES oi 55' and a DR position lor time ol fix oI 35o42'N Latitude ljnd Q Factor
and adjusied latitude.

Orient the SET TRACK index to 55" on the outelmost scale (1, figure 11) and read a Q
Factor ol f48.1 mjnuies above the index i2, Iigure 11). Then 35'42' plus (+48.1') =36'30.1'
Jor an Hc oi Polaris, (The comput.r is correct Ior the year 1965.)

'Aitention is invited io the fact thatundel sorne circurnstanccs where extrenrc precrsion is
required the navigxtor n1a! v:sh tc consider llotion of fhe Bodv lor Polaris. For examplc given
an LIIA 7 01 3100. at Lrt 36' N, the-{zir:ruih correction Io} Polaris is found io be 001'and as
a conseqlLence Nrlotion oi the B!d., (iiL !€ .2 n:lnutes ol arc/nlnute of time. Thus if Poiaris
Nere to be used as a line .rl positLon unce. rir.se circuEstances s ch that it was observed 8
minuies before fix time a lioriorolBodlc.rrEction ol - 1.0 ninutcs oI arc would be required.

3.I11 POLAR]S INTERCEPT USED WITH ASSUMED POSITION

"In the event the navisstcr n rsr:€s :r :re:: ?o]trris in the same manner as the other bodies
operating on the celestial iLr, ii::i 1: :s ::: :::€r'cliti.;ector plotted Jrom Assumed Position, the
DR latitLlde is replaced with Lrli:uoe : -l:!-r:::..i Position (item 4 on fig. 11A). In the sample
problcn the DR latitude of 35"a0 rs.eil::-::::l:36'to\rhichisaddedthequantities'QFac-
tor'' and 'TotaL Adjus!' in the c.n,.e::::::: :::.:er. fc. example edd (Lat 36"00'plus Q Iac
(+48.1') plus Tot Adi (+22.? l tc ::::'.. :: . rer Hc of 37010.8'. Compare this vaiue with
observed Aititude ol 3?"02.8 to;:r':;.::::::::.eir:oi6 -{wav lrom Assumed Position along
Polaris AzilIuth line-i'

3,12 AZIMUTH OF POLAR IS

Since Polaris does not hale tts Zer:rir 3i.r poini direciLy over ihe Pole ii is necessary to
correct the azimuth value by a snralI anc;.t..tien using this body lor heading checks.

The Azinuth corlection is talien lrom ti:e windolv immediately below the Q Factor window
descl'ibed in 3.11 above. The enreling ergunent is AircraJt Laiitude wittr the SET TRACK
index oriented to LHA -ARIIS.

civen an LHA ARIES of 55' and an aircraJt latitude of approximat€ly 36' determine the
azimuth correction to apply to 300 when sighting Polaris.

Locate the appronhate position of 36'N on the latitude scafe (3, Jigure 11) and read minus
0,4' :llongsidc, Azinuth of Polalis is corrected to 360" -0.4' =359.6'. To convert this value
to an SnB reset the TRUE INDEX to True Headingr find 359.60 on the outermost scaie, and
] ead the SRB on the interior azimuth scaie.

For. exanple, with a True Heading ot 060o find SRB to be 060.4'.

2l
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2...
3...

sEcTloN tv
EXPI.ANATION OF CEIESTIAI. PRECOMPUTATION FORIIA

An example of the use of iie Cetestial precomputation Form is shoun in figure 11A. The
steps involved in completing this form are e&lained be1ow, numbereal in oraler of perlormance.
Corresponding numbers along the margjns oj ihe form facilitate location of flr; entry.

1 . . . On the basis oi navigator,s knorledge oI aircraft position ancl progress, comptete the
two lines ai top-right of iorrr.

For the time oi programned Ji: e]:raci and record cHA ?" from the Air Atmanac.
Calculate LHA 7 to use as enrerinr arsument to H.O, pub. 249 or other sight reducuon

4 . . . Erlract and record nane. E:. ::: Z\ o; cetestial bodies to be observed, anal proces_
sion & nutation ccrrec::a:. Lts: ptanned observation times.

NOTE: Use cornputer as required rr-:er:::::j.::ie Jollori,ing steps.

5 , . . Determine MOTION Ot BODY. !e::i.a!h 3.2.

6. . . Determine the relative bearir.s .j +e bodies (ZN_TR), paragraph g,B, and sextantrelative bearing (SRB]. pz:a.-rapt 3.?.

? . , . Determine MOTION OF THE OBS;F\:ER. paragraph 3.4,

I . . . Determine combined motion ior on€ ninure of time, paragraph 3.S.

L . . Deteroine individual and totat co.iolis correction, paragraph 3.6.

10 . . . Determine factor Jor $,ander error. paragraph 3,9.

11 . . . Determine cround Speed change factor, paragraph J.10.

12 . . . From Air Almanac exiract correction for reiraction being careiul to reverse its sign,

13 . . . List corrections for personal or s€a1ant error, with signs reversed.

14 . . . Combine corrections irom 12 and 13 and carry to MISCEL block at midcUe of left siate
of form.



15 . . , At siart oJ each observation note heading and ground speed (if doppler equipped) o

airsPeed.

16 . . . At completion o{ observauon record heacung, ground speed (iI doppler equipp(
true airspeed.

17.. , Fecord mid-lime of observation.

18 . . . Record sextant measured altiiude of body, I{o.

19 . . , Determine time difference between observation tlme and Jlx time, record this
multiply by 1 mirute adjustment factor (8)J and record product as total r

cof!ect10n.

20 . . . Determine magnltude ot heading change and calculate requlred wander corr(
paragraph 3.9.

21 . , . Detetmine magnitude of ground speed change and calculate required correction,
graph 3.10,

22 . . . Combine correctlolrB obtained Irom lg, g,20,2l' 14, at middle of form and lranr
right side of Iorm below recorded Aa from H'O. 249, (23).

23 . . , Recorded value of toial adjustmenis.

24 . . , Combine Ha, fotat Aaliustment (23), correction tor deelination and d iI uBing d
and record as Hc.

25 . . . Compare Ho with Hc in conventional manner to determine magniiude and sign of
cept.

26 . . . Record DR position aligplayed by navigation system at time ot Iix.

2? . , , When flx has been resolved on plotting surface or on chart record its cooldinates

28 . . , Determine correction to male to navigation system latitude and longltude counl

comparing 26 wit}I 2?.

24



PI.OTTER BASE PTATE

I
I I /'.:i./ ,/'rs'I ./ .' 

-/l"s +-
/,z -". S -l_ l_

f.l.'E
/ e-: -ffi' .. -T--r-T_-

.- ffi-8-- f-#_ 1--_ f----t --l-
-a---ffi
! +l-

_ \t
--1 .. -s \
+ ,-'?-\
# '.-s \
t--------.t -+ 2 el \#'.b\

+t -z-' \

l--t-t-- it I ) 2-
--f +----l 

-l 
:ffi-.

-l---T_ _- :
-ffi:ffi-.+l=
#..--5
#:

,'/
--T- r----f -r " /--/
+--+- ;*,/

FIGURE I2

25



PTOTIING TEMPTATES

FIGURE I3

..,,,'
..,
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sEcTtoN v
IDENTIFICATION OF PIOTTER SCALES

Uslng flgure 12 tdentify the scales, Indexes, and templates as follows:

1 . . . BASE PLATE AND RECTAI-INEAR GRID. . .t}le prirnary d16k ol the plotter be{ore the
chart prolecflon templates ar'e iastened on.

2 . . . DISTANCE SCALE. . .the numbered parallela on the base plate commenclng with -240
and extending up to +240.

3 . . . TRUE INDEX. . .the heary bltck a$ow at ttre top of tie disk.

4 . . . SET Hc INDEX. . .tie sntrotation edjaceat to the True Index.

5 . . . VARIATION & INrERCEPT DEITANCE scale. . .the scale commenclng at 8 o,clock po-
sitiol oJ the disk with tn€ : laber 120 aDd decreaslng ln a clocks,ise direction to
zero at the True irdex tber inereaslDg ir va.lue clockwise to 120 at tlle 4 o,clock
posldon.

Using ltgure 13 identiJy the scales erd indeEs a.s follovs:

, . . TEMPLATE. , .tle series oI secotralary disks used as overlays for plotting purposes.

, , . PERIPHERAL AZMUTH SCALE. . .the scale comErencing at 12 o,clock with North ard
lncreasing clockwise through 360" ard used for estabtishing direction on the
plotting disks .

3 . . . SUBTRACTION SCALE. . .the mino! scale immedietely adj4cent to t}le peripheral
azirruttr scale commencing vith -2" at the 240 position and increasing clock-
wise to +2" at the 120 position.

4 . . . HO = HC index. . ,the ze.o point oJ tle subtraction scale.

5... THE CRATICULE,..the farl|ily of parallels and meridians used for establishing geo-
graphic poaition. Note the latitude i dex ju€t above and to the left of North.

6 . . . GROMMET. . .the pivot point or attachrnert point for the templates.

1

2

I
I
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oF lNrEB9E!! DISI.

t'z

oRlENrAl!9! OF PLOTTER FOR cAtcuL4!!9!

NO. 3

rlrtncePl:1!9i
NO. 1

sET Hc = 3oli9

-l = 29:

NO. 4
I NI E RcE PIiIl9

FIGURE ]4
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sEcItoN Vt
FUNCTION OF PIOITER SCATES

'fhe base ptdre (1, IiALrre 12r ispaca.r t0 Jnir'c er",: r;;-i;.i- s:.:.ons-r 
I bd wl '. 3- ramrry or mu,uallv

j:,",.";,:l:-ii;il";::i."'",1" f.;f"':;jj"rl;lt'1,11::';1iiliul'ii:it#i"ffipos";rrre io oe.., iba , ,,,"-,"" 
", 

.iiio 
":: i :, iliLi." ?1 :i::: i;::"" * on ,r,e ua"e pL,.e i:is

. The TnUtr INDEX :no SFT I,inq ,empra,e5 
"." ",,", ",a .:l: ,.. 1,,f l,:,.="ii,;,;ff:::;i;:,iil:";r:i,:i,J:"rj.r;:

., When ihe VARIATION 6. I\_T:ll*':;; ;lj":i:ii n:*l;:iji,, j ' 
:i,i'l)i,l j;'"1"" i J# ii i,.ffiffffi Tf;iJi:suL rJ.rjor ",,rn *a1r,."n, :" .ii,:l= :''l':'.ja redq-ou, p"i"."".i,ig;r";,;"';i;,J,

-, 
six oi .r.e -.nolates (t,

,r^i: l:nela e ror 35'rorLJ.,","....'r',---ll'----"\a-a,s.ale^o,approxima,etyl.5,000.00o.rehplr'c5 .ate r.r. tnn'- h rn i, h;":.,-. -.:.- .-..1.u.\( crrrtolrhaita'rrLrde. it",",nri"ir"
I:;l:','J';":::;iJ":;i, "".,* ., .1- .*.1-,.; , 'i:,1i!ffi" l,:;::;,:1";:il;,"""$:
,^,., O:" oj ihe sLr. CNC scale iemplaratitudes usins srid r"r;,;;; 

",:;;:'i::";1',,::;:::it,::,1ff::l"ular 
rines ror proitins in porar

, . 
The se!enth rernI,Lste is consrru.ru '( J-\ . r3r.rrojeL.ron c- ,nu a., "io:, 

..s ::e of 1:2,000.000 jnches. ap
rebsr^eoJa ori3r r.' ,'-". "rd 1o...;. 

"i':.1*'1.-. 
'u 'un.pi^,u ",,j*",i;;i::;lf#Til#fji;ji:i","";il:"tl i.f,;;1;,:;,:,"1 ;,;,ll:"lijjlii""il.f;:fJ:;",;n""^":l;,ij

^The 
perrpheral Az|nurh s.ate /

;,,,*"** ",*l -lf, :t,{:ti;ti'*:T,"";,i1,,T,,f;;r,:i fl::i j:};rxi

. Wirll Srar Azimurh set a:Jllinsi rhF rbe xeen. Ho t H. ,- 
"'"r".'Jj"'a u"'-,'Ldll-i'i. 

po"t:'lle o pto.he inrer.eDr value (djrferenceselec'Fd on 'i'e pro',tng 
"u-rii.ei 

\ ' sJ rro-rrom eirlei roe grorrrrr:er or rto*-"n arbirrary poin,



The olottlng remplate has a mrnor sublraction scale adlacenl To t}le perinhcral azimuti

,"^r".i;,"".;.i; "^r&ruti.,,e 
,r,".:*jjii:ii";*;.;lhr';:l,tl rtfittt".',:-.ll:

:il',I[ iiiTj;",,",9's,ttiX'i;ffiffi ;;1':;;';: ;;"'; 1 3. prepara tory 
.to 

makine a ceres-

iier observauon l]le naviqaror -rer" -;'p';tiG dl"l:agajnst the True Index in such a manner

ih,r rhe minutes of Hc appear uro"r" ,'r,t Sil i" piinr of rhe base plare'- This orienlalion

Dlaces rhe 360" posirion of trre Tme ;-'fu;;; ti' irg"" rl' courlelrlock! ise ro tlle index

;il;;o;".";'; -ne uc of tlre bodv in hole desrees' ' '30" in trtis probrem'

for example, leL rhe compu(ecl alrirude ot rhe body be 30'30 ' 
"'lhenan 

observed altitude

*r,r"i"* ^ii"'"ro;rb _shor'd vierd:"1#mi;+Y,l,yiT^$i''?3;f""lfii:'l::::',1:
cp+ ,o2inst the True Indexr a measur'

il ,r,il"i^*"'p"rt resLrlting in a zero inlercept'

AssumeihatHoisfoul.itobe30.So,,thennotlngligure14l'efindai.l,thevalue306ei
,*",fii'ii'"-sii i. "**, no "",'.",3"*ilil;l",,yj:.lli,* i:-';Ji",;'ifl",:;'"'" ,i,":i;
ili,i:' fi:T*1i'"1XH".,1 liJt^ii?,""",? ;;;"'""piil"^'a we prot o*a rds he sub-poinL or ihe

f.Hiril ';;;;;,.;'"ed position used in rhe sishr reducrion'

The advanlage ol rhis scale does nor become apparenr unlillaree ln erLepis aTe 'onsidered'

e.*iii,ii ",ii'i"ii::r,::-*- s:ji[i';ni1:: ;".1*'ffii":'::"# ff ffi::";' ;El
il'fii;"il"LT i;:j +iJ"Til;';" ;ili;;;;;;;";;; above nore Lhe rn'ie'cep rhat has been

I!rci?ti= rio *,r"s AwAY {4, Iigure 14)'
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?.1

1.2

SECT|ON Vll
DESCRIPTION OF PI.OTTER SCATES

PLOTTING THE F'IX FROM GEOGRAPHIC COORDINATES OF ASSUMED POSITION,
PLOTTING THE FIX AS A RANGE AND BEARING FROM THE GROMMET.
COMPLETE SIGHT REDUCTION AS A VECTOR SOLUTION,

EVALUATING AN MPP,

LANDFALL PROCEDURE FOR CONTROL TIME PROBLEMS OR CELESTIAL BOMBING-
DEAD RECKONING PROBLEMS.

?.5

't .6

7.I PLOTTING THE FIX FROM GEOGRAPHIC COORDINATES
The advantage of usinq this merhnd.lor p-oriins rhp .etesrrat frr is thai the posrrion obiainedcloes not need to be transferrFd rn . .hari ro r,^,u 

"r*ir,.*,; irru""rnu'io'Ji'o or rn" ,]"nd_n.Jrnputer soturion is rerainect wirho.,r toss or the advanrage oi l""rr;ir,iJl.n" fiy on a charr.'lhe Pres€rt Position being carried Ioareo. by the AJiomatic DR computer- mt be more "asrtv up-

,.'*,:ffi',:",;1"-x"':::il: ,fnxti'isi'1:l.to 
trx rime bv as"isnrng varues of raritucre ancr

the temptare ,r"'';; .i;.,;;t;.;'' rt rs suqsested rhat the preliiqht DR track be dra\,'n on

r.",,ii"ti:":T;,;1"";$::lili,:ilT5 are carcurated annotare the re,,pratc wrih the assumed
torro*ine , u.i.,i:o" :;.1;;;.'"i;,:"j:'j.l;:i",'::T,H: i:.,'."ti'UliJ#'ffH3i'Ij;r,ill:rIacK rs u$u". AssumFd oosrrion is plohed as nu^, tt" ."nr.yj-"a'jJ.or-it" ,"Inprr," ," ,".onvenient to al-ow for a secont Iix taier on or a rurning pornt, ;i". -" ". ..,.

To plor rhe lix rhp navieator roiz.Fs,the plorting disk so as ro align rhe Srar ZN with thelrue Index (1, fi$'re 16) ihen plots thudse prare at a disrance {rom ,r. ,..:#1":t"::::tion pamllel-ro th; horizonral lrnes oI the
rnter.ept Disrancc. wr,""i",",.",, * io,.i{ffi:i;:;,ii,'iJ;:i jl":::,1lS{i:"j::hT.ji:
:i"""t:H;:"tT,l '*, when rhe rire'cep, ,' n*ov in" r-rji,,,i.l",;,,l"l;",i" assumed piiir
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POSITION, TAYOUI OF IRACK AND GRAIICUI.E
PLOTTING ASSUMED

NO. I
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FIGURE I5
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PIOTIING THE IINE OF POSITION

FIGURE ] 6

NO.2
INTERCEPT

DISTANCE AWAY

NO. I
TRUE INDEX
& STAR ZN

GIVEN:
3.5 NM

INIERCEPT
AWAY 2900

\\\\\\\\\11
Ti

z3.l
:t -'t:4..:,4

s
n --:-.

3:,

s

/::.:l-,

-z_ \'

}L.F8a!7 
-

"::)

5z
+'=ll 

='-,t-' ; -

--z: 
-,--4- 1. 

-



NO. 3
DUSHE

I9.3 MI.INTERCEPT
TOWARD O40O

PTOTTING A 3.STAR FIX

FIGURE I7
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NO. 2
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3.5 MI. INTERCEPI
AWAY FROM 290'

\lllL lultt/k',:,,

ii{;t;;r'..:,1
.:\N'

r\')



NO. I
SET INDEX AT
90" +TRACK

(9O"+06o":150")

PI.OTTING CORIOTIS CORRECTION

FIGURE ] 8

NO. 2
MASS CENTER OF

TRIANGLT MOVID ZD MI.
towaRD rs0'
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Each body is treated in the same manner. rirst the zN is alignecr with the True Indexthen the LOp is plotted as llne normallo the azimutt or r" stu, etiirJ, ii*".d o" a*.y r.orrrthe Assuhed Posrlion as necessarv. The folowing 
"rt*" "f 

irt"ll"p, a,",;n"" *"r" 
"oo""r,arbirrarilv and do nor relare to the ;.Lide rute 

".-p;i;, i;;;;;;; ;;;;i;;"-;,""",""r...

STAR

Intercept

ZN

POLLUX

3.5 -Away

2 90"

ANTARES

14.5 Toward

170"

DUBHE

19.3 Toward

040'

Given an Assurned position of 36oN rnd 9?.\\,, pLottect as sho\!l1 in figure 16, the intercept and
1?1T:th.9"11 

given above! ptot the Lop.s 3nd determine the 
""*air"-t"" "i 

ir," cetesiiar fix.!_rgure r I prcrures 3 compteted problem. To read the coordinates of re flrr retum th€ tem_plate to Nofih orientation b!, ptacrng 360. i: trne wlih the i;; i;;; The lix fatls at35'59.5'N,96'40'w,

Th-e celestial- fix must nos be adj.:ste: i:: .rrioLis elfect if the correction was not takencare of in the calculation as srgses:ec:r, :::a=-ra!h 3.6, Section lll. fhere are ttvo metnoOsyhigll Try be €mployed. . ,the assured::s::::. -.;,9u ,o*-eo p"io" to plJtine tne rix, or thefix itself may be moved for the arn.uj.I :€:e.s:::.-. tn eirher.case the iechnique is the same,The t€mplate is rotated to bring ihe;at:e t:::!: _-!t. i"," "iic",,;rt'*ttir'the True Index.rhe flx, or assumed posrr,on, ,s -he:l :: ...€j ..::-:re, p "i;;;6i";;; an d.nount equalto ihe necessary correctjon (figlre 18 .

To crnp"nsale lot. pre.e<ston ar-d
bring ihe desrled azimuih value into
Towards the top of the plotter.

n.riar:-: .ijecrs, the ptottlng tenplate is rotateat toL1s:I::e.: ;irh rhe inden and ihe correction apptied

The evaluarrcn of ihe tix is .orrnteteC ,'r- r€t:=!rg the template to North orientation andprouins the DR !.sition ol the aircrdt ror r:re:i_r:e 
"f 

ih" i;ii:6;; i;; rhe DR positionmal be_lhe resuu cI :he navisatof,s charr n!r!_ont *"y b" li;'p;;uj;;i!rrieo ly the auto_matic DR computer ie. . rie )-2 :3.r..rnlr ri ts-.1; aircraJi),

If the naviqator desires ij :.j.te :-:s .i.arr lvork the {ix is transferred in its propercoorclinates to the chart. IJ ta" i"tc-=.,c lR ccmputer i" to fro 
"...""iua 

trr" DR positionand the completed ceiestial tL.{ are €i.atia:e: icr a aiiference t"'i"tild;';;; a difference inronqitude values rn m,nutes or sr. s,:1.:,.-"* rgt. 
'ihe 

;lire;;;;;; il:. . correct theNorth/South and Easi/west reau-r.:t_:. tiri prcc",ir* 
"ir".'l,"-trr"'r""rg"ioi"ine option orset_ting the correction in at his con1.e.ience,



RANGE AND BEARING FIX

FIGURE 20

38

K,SH
: /,'.L
\ 

".:-.2v

"J J.



7.2 PLOITING IHE FIX A5 A RANGE ANO BEARING

Thc r'an.F,rnd b^r..n: rx n!v be u<erul ,vtren e\ar, nrF prF,.jsion ot pio LgdF5ireLl t.rd tr.e n)tFrr. rt"
astro tracker ourpr.rt valucs in rhat 3 numle' of r_u"s oi ;"",;;"";;.,::,: may ba ptoue.r toascertein the tendency ot rhe naviq-arron 

"1st",,,." on ","rri"",t,"'airii...r,hc proce.ture isall.,corj i. rrrinr cv.o A,,r-o:.rc."s" r, in1.t.rr J1.i .|r,rLn.

TJr€ :lronrmet o'pivur purnt L,I the lrrtter 16, Jigure 13) is takcn to be th€ airc.aft assumedpositio,,. pluitinq ur Lin. of posrti.n.intor.rnaiiJn i ;.Ji;; il:;;;.":f 7.1 or section vir.lli:i::il: J.?Iii?.ii;,il:".*:',1::1',.rh" "-.-".i"i"i:,.;"Jil:';;;:i the p,otter whi,e
corlrpleted fix must be tr.ansferred

'"r"i." 
ir," ii" r',* "*.#;:::'ruili" i;'l,,li 

" :"J:t:,,,"ii."i:;;; l1;;",X9;;;i; ;;;;;;;

The intloductron oi astr'! rfr'{ers has car.:secl a change in the i€chnique ol cerestial fixing
;? iil:"lX?:l ill'::*ifi"i:i,1:1;i:':l''' "';"e*,;;;;i";;g;';Hl'torvever, rhc outp't
rr:'-u-h c mudliicd sin,ruroJl \L"\.e 

ari .n; ' oLai'ar's rn Hu, 'an'1s ," .",,:rl*
',o.nLeo. .',.rr ."r 

""i." ,,ii".,.: 
'lil'... - 'i, : .i;: l;l;,J,'jil:l;1":ir:ijf. ;;:cohbination of effects makes it desrrable ," .rrtrrrr"ll 

""r:.""f,"rri.,"u,,n" uutn,rl"'" nn::Iil i,, ,j,';;T,,iine as ir r,s bp n :e,,r:.-rr "=;"r,r,,..i i,.,,-.",,1 n::vj:arion e.ror

The nrlst srftpte merns for Dc1.f

::i,*: u "- ; ;'";i;;,;;, ,-i;"'i#",lTifli;',."J,1;-;:'*:;:,i,i:::,:i;ffJ,:: ;lff,:::rno u, rnn ._ .r.e . .p.r, F,.ro,.. a,,a e+aorish *irn 
.r, 

-n, ,.f l" .i*..i;;.,Ii:;;j," or rho jys,ern toclrllt rn , , "_i: .-"r jrr..-j,n. rr,r." susrem rs drr.ong, ,n"" ,-* i"""i ,.,1.",, t:r nrry oe usFdto Lpdare -:,1 I I rr, .r"r. tn Jodi, .n rhc ,.," "t onri 
"," 

rr"-""#;, 
=,;b,,"h " measJr.c ufd,srin.- o,r o,,,. rn,i,. e. r,i. r.""*r"ai".",, r";;;.;,.;i: ra.se wind in thesystem or' ro n.!e :re iesrination colnters in a direction opposite to the ctire;tion oi ctrifi_

7.3 COMPLETE SIGHT REDUCTION AND FIXING AS A VECIOR SOLUTION

It is possibte to con:rrieiE-..-.e!-,..
thl.s b\4rassinq lhe.lldF rul. ....,.. --,, 

t'_" celFslla lb{ on rh( p oltr r "ide of lhF compuLer
rhe rneans '".p*j irr".1","-.,_, '. :(\ ".r'ion' liri'Iacrljlypro!idesrnenaviparorwrlh
hav.r! rs Lioh 1,",,:"; ," .,. . . -- t:\ inJo r'r"Lon althouoh ii does nor providF a frx
"l",ra ,"t ""i"uc s.,,tr; 

";;;:ii"-.::,. 
-" .,r'jthrnFircallv computed fix. rle toss or accui.acy
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FIGURE 21



To assist in visualizing the technique described below the navigator is reminded that
Motion of the Body may be thought ol as a displacement of position at a rate of 15 minutes of
arc p€r minute of time (longitude direction) rather than as a displacement in nautical miles as
is used in the arithnretic solution. As a result the correction for Motion of the Body may be
accounted for simply by moving the assumed position East for observations mad€ earlier thar
fix time a.nd West lor observations made later than iix time.

Figure 21 illustlates the locus of points for an assumed position adjusted for observations
to be made 4 minutes and 8 minutes earl,v. The fix time in this illustration is taken as 10002
and the assumed position for the 'on time shot is annotated at 36'N and 9?"W, Since the 10002
observation will be last it is labelled =3.

The middle shol is to be made 4 minutes earl,v at 09i62, so the assumed position is moved
EAST one degree along the 36th parallel (15 of longiiude times 4 minutes oftime=60'oflong).
This position is annotated -2 (2, figure 21). The firsi obse ation will be made at 09522 so
must be moved lor 8 minutes of time. The assumed position is moved EAST 2 degrees to
96"W. Assuming the observations are cornpleted on time th€ corrections for Motion of the
Body ar.e now complete,

To compensate for Motion of the obsen_er the navigator: must move the Lines of Position
along Track at a ground speed rate. Il the GS is ,120 imols he must move the LoP's.forward at
a rate of ? miles per minute for observations made earlier than fix time, ard he must retard
them at a rate of ? miles per minute for observations made a-fter fix time. (The slide rule CS
tab mat' be edjrrsted to best known GS and the rate/minute read on the Motion of observer
scaie opposite 0', e.g. with 420 knots set against the GS index lead ? in the Motion of Observer
window oppcsite zero.)

To maiie use of this inlormation align the ploiter so as to bring Track being made good
opposite True Index then advarce Assumed Positions 11 and +2 towards the top of the piotter,
tonards 060", cn Lines \r'hich are paraliel to the meridians of the base plate (figure 22).

For e:iample, \{ith a uack of 060d, a GS of 420 knots, and a shooting schedule of 8 minutes
early, 4 mrnutes earlt'. ard or1 Time, position #1 would be moved 56 miles towards the top of
the plotter' (1, figrire 22 and position '.2 woutd be moved 28 mites in the same manner (2, fig-
ure 22).

The next step is tc deteir:r:lne lntercept from a comparison oI Ho and Hc. The intercepts
are plotted Irom their respecii;'e aisunred positions, along the azimuths oI the respective
stars, in the manner used fcr ue riri prericus methods of plotting a fix.

FiDalIy, the fix must be adjuster itr cariolis, precession and nutation corlections as in the
o'ihef fl.res. With plactice it shculd be plssible to plot a three star fix within a 60 second
, r: j j rth.ut surlei'-Lg serious : "= j ac rra r,
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MOVING ASSUMED POSITION FOR MOIION OF IHE OBSERVER
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MOST PROBABI.E POSITION EVATUATION

SUNAZIMUTH=llo"

NO. I
ASSUMED POSI|ON 33N 94W

NO.3
I EAN tOP lOT, r 10.

NO.2
DR POS|T|ON 3240N 9440W

NO.4
TRACK O4OO

NO.5
MPP 3235N 9422W

F GURE 23

43



,V{"" r"

ti, , {r,, ttjtiitfttttj:,.,;

r".I
-\

A'
A=
:sS 7-f\=

.:i..:

NO. I
DCSTINATION

37" 25' N 924 45 W

CONTROI. TIME PROBI.EM USING tANDFAtt

FIGURE 24

INCREASE HC
FROM H. O. PUB 249 BY 25'

TO ACCOMODATE FOR DIFF
AETWEEN ASSUMED

POSllrON & ACtUAt
DESTINATION

NOS.
2
3

IO MIN. DR
POStTtONS

44



7.4 EVALUATING A'MOST PROBABLE POSITION'

The s: qle Line ol Position is clealt wrth 3s readriy Dn the plutter lrs is a 3-star fin. The
assume.i Ir, .ition is plotted as in paragraph ?.1, this section, thc DR position is plotted using
its true rr aphlc coor'dinates, as is the Air Position if a krowledge of wind is requiicd-

Thc ,r.!. ziDruth of the body is aligned with the True Index and an evaluation is made of
the LOI by pping a line irom the DR position tothe Line oI Position such that it is parallel
to the r::r'idr , r cf the base plate. . .in rther \lor'ds normal to ihe LoP (4, figure 23)-

An MPp ! constructed on ihe JnorraL bas€d on the navigator's estimate of possible DR
error. The pinlter' is then rotated to plac€ the I'IPP belo!, and in line with, the Air position,

assuring that a tine eonnecting the two lthe wu1. :r'r'!1i is par'allel to the meridiars of the base
plate. Wind .lilection is read undel the Tlue ::rderi. wind velociiy is determined by counting
the miLes betrveen the t\to pciDts and relating ir L. :;me.

Finalty, the navlgation sjstem DRco'Jnte:j ::e adjusted for the difference in latitude ar1d

Longitude in minutcs betveen th€ DR losrtior :.: :he llPP,

7.5 LANDFALL PROCEDURE FOR CONTROL TIME PROBLEMS ORCELESTIAL BOMBING

Occasionatly there is :! requiremellt l.r' c!:ltrrl];ns the arrival time of an aj.rcr:Lft at a
specific set of geographic coordinates b: neaxs cf celestial inJormation' Because oI radar
malfunction it may be n€cessary to locrte the bonb r'elease point by celestial iixing proce_
clures. The use of a speedline landJall technique such as is described below is easily handled

Deternixe the ETA or control rime to be made good at Destination and'/or target release
point anc cr:rplete a comprrtation of Hc lor that point and that time. using th€ template
pe inent ro ihe latitude of destination alnotate the point and lay out the DR track into des-
tination (1, iigure 2:1.

Rotate tlie rrlo:rer' :c bring Track into alignm€nt with TIue Index then strike off ten minute
DR positions ailng t:re DR track (2, 3, 4, 5, figure 24), and annotate these points with the time
of observation. frc.r ihe sllde r.ule side of th€ computer determine the Motion of the Body
correction for the star tc be used. Multiply Motion of the Body per minute by the numbel of
minutes betwe€n htended cbse.iaiicn time and control time and subtract this value fr.om the
Control Time Hc. . .fcr bcdles in tie East, and add the correction lor bodies in the West.

Relerring to ligxre 24, traci{:s
37025'N 92645'W, star has an az;rlrth
9 :rrlFs p(r minurF, an.l the lrmei I
Hc frr 10002 is given as 30"00'.

060", Control Time ETA is 10002 for a destination
cj 050', ground speed is 420 knots, Motion of Body is
lbservation will be 0920, 0930, 0940' 0950, and 10002.
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0920
0930
0940
0950

These numbers, Hc's, are noted at their respective positions on the DR track, The actual
observation ror each of the times is co&pared with the Hc varues above to proaruce an Intercept
with resp€ct to destioation, If the aircraJt is at position #S at 0920 the i;tercept will be 280miies AWAY. The shot is plotted in the conventionat manner.

The second observation is made on schedule and compared in the same manner. If the
aircraJt is on time, that is iJ ground speed is still 420 knots, the intercept at posltion +4 will
be 210 miles AWAY, If the ground speect has changed, however, it wrli be re ected in an
Intercept not coincident with posttlon +4. The ratio of drJference in intercept values to the
interval betiveen observations will result in ar expression of ground speed.

lf a standard DR computer is used to set up this proportion then uncler the value repre_
sentlng the last intercept will be Jound the nev ETA to the control point.

Assurre for purposes oI illustration that the first intercept at position 3 {as 280 miles andthat the intercept for position 4 is 2Ob mites. The diJference bet{een these two values, ?bmiles, is set over 10 (the time between observations), and ground speed of 4i0 knots deier_
mineci over 60; new ETA under intercept of 20b miles is 2?.4 minutes. ETA is therelore
0951.42. ll the control time is to be made good then the aircraJt musi be stowed to 410 knots(205 miles over 30 minures = 410 k-notsj.

In the event that ground
the n€w star altitude lor his
(-9 x2.6=23.4 minutes ol arc).

If the coordinates of a bombing target are adjusted for -LTF, trail, anal wind, the adjusted
coordinates can be used as the object of the landJait.

To accomhodate Jor the cilcumstsnce of control pcini not being in agreement with
assumed position compare the two points on the piotter bt atlgning stai ZN with True Indexthen measuring the mites between the two points, Correci UCUy the number oI mites
dilierence between the two points adding the value it destination is €;t of assumeal position,
and subtractlng the value il destination is west of assumed posiricn.

....hthisparticulatillustration,figure24,thecorrectionrFillbeptus2bminutesmakingtheinittai Hc at 10002,25 minutes of arc greater than th€ value taken ir;m H.O. pub 249. in other
words the Hc extracted flom H.O. 249 would have b€en 29.35, to $,hich the nal,ieator addect the
25' correction shown in the iilustration and desclibed above.

46

To find Hc for each of the times previously listed, proceect as indicated in the table:

9 x 40 minutes =360' =6', then 30000' minus 6. =24.0a'I x 30 minuies =2?0' =4'3 0', then 30000' minus 4.30,=25.30'I 1. 20 oinutes =180' =3', then 30.00' minus 3. =2?.00'I x 10 minuies= 90'=1'30', then 30.00' minus 1.30'=28.30'

speed is not to be changed but the navigator v,risheat to know
ETA he -could adjust the previous Hc oi 10002 by a factor of
Then 30'00' minus 23.4 minutes=29.36.6',
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DEAD RECKONING, THE WIND VECIOR

FIGURE 26

TRUE HEADING : o93"

NO. l
AIR VECTOR
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7.6 DEAD RECKONING PROBLEMS

Using the plottine TemDlate :s : navigaiion chad the navigator may cletermine ground plot
;:.tli*lft ,'S:]","ton, 

sorve ror *ino, -e,su.e ira"t mJJ$oio #i";;;," make sood, and

TRACK MADE COOD BETWEEN FTXES. ...the first firr of a pair should be plotted as close tothc rentry sidc or rhe olotterus is .onvFniFnr. tvl,en ea"rbo;lihi;;ia1i! tr.," ri".t ri" on trelelr side of rhe plorter: arsrminq rhat :r",,r, i. .,-ir," iip.-i;;';;"'.li,;. rs cterennrned b)rotrtlnL- ti,e plotring re.nDtare so Js t. pta..e,* z ,t.ri *i'iir""'ii"'lrri,""" *u, tjx t. -l-hecourse or tr:ack tine connectlno the hlo^poirls 1n*, rr" *""itv'p".lir"i o. 
"orn"ro" 

*rtr, ru
T"-'t.qiT: "f tne bas? pt3re ,lirt;ur" z_i.. r,.- * .,'"a" ,o.i ,;*;"";;'";,,,," azinlr,rl, s..,reopposrle TIUF Index.2, Ijjure 2Jj.. ,083.J- in tire r::-._r.arion_

DETER.\IINATION Of WIND. . .set aircralt ar€:ege True Headmg made goocl between fixesopposite True rnder. Drall' a ve.tor up from :ri -i .q"ii r, i""gti to 
"{gL 

wtere ,t, is tr,eintervat between fixes. so that ii is c"aciry.paratiei r: tn" ;*l i;i"lJ ii nt**rse plate (1, iigure26. Rotate rhe remptate .o a, ro .tr.e frj 2 i::.€ -j1.rt*" eli p""iil"."n a jine prro.lelor co,ncident wiih the meric,ans nr s." r_e e,;;;.-.R;;;,;;;;::;;;; 
""0* rrue rndex.Determine wrnd relocitv by notIns orstarc_e bet..r.een Air po"itio" 

".i-eir.ii.. uultiply distance
i, [Ii" j" detern,in€ verocity. ln the l]...rsr:ati:n *.rnJ;;;;;;;;;i"cr wind verocity is

DETIRIIINATION OF ALTER 
"nr'o!-l:-:.p!r .t!",;l ixi.:s near ro the .entry, sicte oI thet€mplate as is possible so that desrjnalron rrat, be ptutLeci on the 

""ln"-i."_pl.tn (1, Iieure 2?).
l,"l:;i"_,,j.,:ili:i:"";"*frn",I,,i1..o"i,*,rion 0,,".,r,ar,oi..r,".."*.,iijrire oininerr,em
irue rnoe: (t;;b;;;?l-"'.#J;J"""1'3i","TiifjTi;.?il 

io",i.o "."" 
course to st;er op;osite

DETERIII\-{TIO]{ OF MAGNETIC COURS_E_,,, .with the ptotter or.ientect as ctescribed in theprFredrn! ,..rarraot, tocare on rr-e 
"1flArlg1{ scar. rni uarue "";;;;,ffis local rariation.Note rha- La--r \'r]'iarion j5 on rhp rafl sidc of.rhe ptorre, una rr.,ai wpli';;;";ii",," on rhe risl,rside. RFao-rn r,om -he variatioa _.are to trre.aiimurn sc;r" i; j;;.;;;:i:;:s"er i. course roSleer /3. ftsur€ 2: . Opposrre 20o fast react 052o

CoRRECTI-\-G COLRSE roR rr* ::T!lS rs AN ArR pLoT PROBLEM AND nEeUIRESrHAr rHE \\ rrl r.Fc.roR 
". nyy* rvr cj-'a".ii,"ir".'" ".,i;fi;*-;",",. norarF ,netehplaie to bring $Lr: jLr.ectton intotu.ir"t" 

"onn""ile 
-;i-,;-;.'.;:;#;3"gl.T-"*-Yl:h.:'"Y" rncrex' Draw a vector DowN the

;:l'.";;*t ll* jli";.1,-_tr,:;l'.,'3"11,i,I;Ltilt",i.ll;';*""""i,:.Tiru: ii;;:;
rrie wincl ve.ror, Rotut" ,h" ,, n,01.,""-l 

Fl-\ to Destination dnd lo'dIc ILe Fquivaicnr rime un
orre.ttv above Fin,t Fiw ""^ "" " ,."^ 

t^"^ 
ll,i-", t-1" poinr just annorarcd 'rrr p;sirron fo, ETAI.

ne"o rieaaing to-;iee; ;pil; i;;',;;::1:.j;! :;",1i:,?"11"y,1,1"'ii.ff.j.!l1l:.T"",:lf:ili_lnuung Magnetic direction ou ined in*t* H".ai?,g ia, ri*.";;1 
***" !1 the preceding prragraph modirv rtue Heading to Mas-
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UsE OF AIR PI.OT WIND FOR HEADING DETERMINATION

NO. 4
MAGNETIC VAR:20"E

MAG. HDG.= 600

NO.3
TRUE HEADING= OsOO

NO.2
6 MINUTE

INCREMENTS
OF WIND

NO. I
WIND HAs BEEN
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DESTINAIION

FIGURE 28
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WITH 2OO E VARIAIION
FINAL HDG- IS I25'

COMPI.ETE DR PROBI.EM

FIGURE 29
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MEASURING DISTANCE TO Clo. ..$.ith the template oliented as in tigure 2? note tbe vatue oJ
dista.nce scale at Fiual Fixpoint and tfre yalue at Destilation. Combintthem to determtne total
distance. In-the illustration (4, figure 2?) tlrc two values are minis 110 and plua lZ4 lor a total
distance of 234 nautical rEiles. IIad bottr potnts falen on t]re saure side oi the grohhet, the
srnaller distance would have been subtracted from the larger to find atistsnce.

See Flgure 29 for a study oJ a Complete DR problem.
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