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HP·65 NAV PAC 1 

This addendum contains infonnation regarding 
two programs in the HP-65 NAV Pac L 

Rhumbline Navigation (NAV1-09A). A fourth 
note should be added on p. 29 : "This program 
gives incorrect results when computing dis­
tances due eas t or due west across the dateline. 
To obtain correct results, compute up to the 
dateline and then proceed on the other side ." 

Composite Sailing (NAV I-12 A). The equations 
for AVI and AY 2 should contain the tenn sgn 
(lA2 - At! - (80) instead ofsgn (Lmu) so that 
the program will work correctly when the 
initial and final positions are on opposite sides 
of the dateline. A corrected version of the 
pre recorded magnetic card for this program is 
included in the magnetic card case or in this 
envelope. The corrected version is designated 
by a " B" following the program number : 
NAV l·12 B. If it is enclosed in the envelope, 
replace the uncorrected card in the magnetic 
card case with the corrected version . The 
corrected listing is on the back side of this card. 
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2 Introduction 

NAVIGATION PAC 1 

INTRODUCTION 

The 1-IP·65 Navig:ltion Pac I is a set of programs intended to assist 
the navigator by eliminating some of the more difficult calculations 
which he wou ld normally perform. Using the prerecorded program 
cards contained in this pac the naviga tor will be able to reduce a 
sight to his most probable position with reference to noth!flg but the 
use r instruct ion fo rms contained herein. 

The programs of Navigation Pac I are grouped into three broad 
categories: piloting and dead reckoning, celestial navigation , and 
reb tive motion problems. The piloting programs include such 
programs :IS lenglh conversions and propeller slip calculations as well 
as course planning and plotting aids such as great circle computa· 
tions and rhumbline navigation. The celestial n:lvigation programs 
include sex tant altitude correction, a long·term almanac for sun and 
stars. a sighl reduction table. and programs to reduce altitu de 
intercepls to a most probable position. The remaining programs arc 
spccialiLed situations, such as collision avoidance. which arc com· 
monly solved on the maneuvering board or plotting sheet. 

Many of the programs in this pac are designed to work tog'tther. 
sharing data through the storage registers, so that the user need only 
input new dat:l and record final answers. Some program combina· 
tions :I re illu stra ted in the appendix. 

USING THE KEYBOARD AND DATA FORM ATIING 

When running Navigation Pac I programs. only a few of the many 
keys on the II P·65 arc actually used. The only keys you'll usually 
need are the number (@] through ~ . 8 decimal pOint, 
IEEx lenter exponent . and sign), the live keys at the top 
labeled a through D , and the In some cases it may be 
convenie nl 10 use the ··to degrees, minutes. and seconds" key 
I I convert data before giving it to a program. 

1 angular notation 1ll0S1 familiar 10 navigators is I 100 58~3 , 
Ihat is: degrees, minutes and tenths. Consequently. most of the 
programs in Ihis pac accept and display angles in the for m degrees. 
minutes and tenths (DD~'IM .m).· ALimuth s and belHings are nonmlly 
expressed on ly 10 the nearest ten th degree and arc therefore 
expressed in Ihe form D.d. Two programs were too compl ica ted to 
include the capability of handling DDMII,I.Jll. These programs accept 
angles expressed in degrees. minutes and seconds (D.MS). Th us an 
angle of J 5° ~8~3 (350:28'18") would be input in Ihe form DOI\IM .rn 

·The 10 w,'1 I· a ",,' · ·m·' IndI C ~IC ' UllilS o nc Wlllh a ~ large as Iho<;o: ind ICa led by 
Ihe "t'!W1 ~aSl' ,.\,.. 

j 

, 
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as 3528.3 and in the fo rm D.MS as 35.28 18. If the angle is small , 
care must be taken that the digits are properly placed with respect to 
the decimal point (e.g., 9~5 would be input in the form DDMM .m as 
9.5 and in the form D.MS as .0930). Time, esse ntially an angular 
measure, is normally input in hours, minu tes and seconds (H.MS). 

RUNNING A PROGRAM 

To run a program, pass the card through the lower slot as described 
on page 82. After the ca rd has been run Ihrough the lower SIOI, it may 
be placed in the upper or window slot. Labels on the card will then 
identify the new functions of the A E keys. Then input the data as 
indicated on the instruction form and press the appropriate lettered 
key to process the data. Although the symbols used for labels cannot 
replace the user ins1ruction forms. they do serve to remind the user 
of the function of the corresponding key. In general the data may be 
input iii any order, although it is reCOlTlmended that the keys be 
pushed in order from left to right to :lvoid missing any. On the user 
instruction form , some data are pre ceded by large dots. These dots 
indicate that the correspon ding dat:.l may be input in arbitrary order 
:lIld th:.l! if one is entered incorrectly it may simply be reentered 
without rest:.lrting the entire problem. Programs which cannot accept 
data in arbitra ry order have no dots on the user instruction form. 

Usually programs may be run in any desired order but there are 
cases in which a part icular order is important. Such cases are pointed 
out in the user instruction form s. 

NAVIGATING WITH THE NAVIGATION PAC 

It is sincerely hoped Ihal navigational plots made with the aid of the 
Hp·65 Navigat ion Pac will be easier to make and more accu rate. 
Hopefully a navigator freed from the difficulties of evaluating 
complicated ex pressions will be able to spe nd more time insuring the 
safety of his shi p. 

ACKNOWLEDGMENTS 

The Navigation Pac has benefttled imllleasureably from the com· 
ment s and suggestions of both profession~1 and backyard navigators. 
We especially wi sh 10 thank Captain 11.11. Shu feldt. USNR(Ret.). for 
his assistance in chOOSing importa nt navig:l tion problems 10 solve 
and rendering the text more compre hensible to the n~vigator. In 
addition we wish to ex tend our appreciation to Dr. Luis Alvarez for 
his sight reduc tion table and to John Be nger for assisting with the 
presentation and fo r preparing pract ical examples. 
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NAV 1·01A 

LENGTH CONVERSIONS 

NAV l-olA 
r>MIfkaI SUll uM 

mi.. mi. m ft. tth. 

This program converts be tween various measures of leng'''; metres, 
fec I, fathoms. nautical miles, and statute miles. 

Conversion Factors: 

I metre = I metre 

I foot - 0.3048 metres 

I fathom = 1.8288 metre s 

nautical mile 1852 metres 

1 statute mile = 1609.344 metres 

E)(ample 1: 

Convert 16 metres \0 fat homs. 

Solution: 

16 DElI -----------. 8.75 

Example 2: 

Convert 27 fa thoms to feCI 

Solution : 

27 Ell Il - ----------_ . 162.00 

Example 3 : 

Convert 2.6 nautical miles 10 yards 

Solution: 

2.6 m Il _ _________ ---<.~ 15797.90 

(first convert [0 fec t) 

3 El -----------~.~ 5265.97 
(then divide by 3 10 gCI yards) 

I • , 

INSTRUCTIONS 

Enle. LENGTH 

Kev In ~ 01 ,he 1011.,....,,'11 

length In moUH 

Ieoulh In lathoms 

leng'" In ...... oul m lln 

length In ml' H 

J eo ....... . leng th to 

met . ... Of 

feel OJ 

lathom. Of 

I naut ical m iles 0< 

~i l •• 
I 

' . m 

I. ,," 

I, ....... me 

I, rn, 

NAV1-01A 5 

000 

0.00 

0.00 

0.00,,--'-1 

0.00 

'. m 

1,lth. 

I, nlUL mi,'-I 

I, mi . 
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NAV 1-02A 

SPEED, TIME, AND DISTANCE 

SPEED,TWE. AND DISTANCE NAV 1~2A 
~ speeo TIME llME DISTANCE B H.MS N.II 

• • 
This program finds a value ror speed , l ime o r distance )lhen the 
other two arc specified. The variable time may be ex pressed as j-LM S 
or lI .h. 

Equations: 

where 

0 '" St 

o 
\= -

S 

S:: speed. distance units per hour 

t = ti me. lIours.minutes-scconds or Ho urs.tenths 

D::: diSl3 nce, any length unit 

Example 1: 

\ 

A vessel makes good 17.6 nautical miles in 45 minutes. What is her 
speed'! (23.47 knots) 

Solution : 

17.6 1iJ 0 .45 III III --------... - 23.47 

Example 2: 

AI this speed how much longer will it take \0 cover 10 more miles? 
(25 m 34s or 0.43 hours) 

Solution : 

23.47' 11lI~· ~'~O~IiJ~o ~Ill~' --========:::_ 0_2534 
DB': .. 0.43 

I 
NAV1-02A 7 

Example 3: 

A vessel covers a measured mile in 343 seconds. Wha t is her speed'! 
(10.5 knots) 

Solution : 

343 I ENTER. I 3600 I±l B I IiJ III ---~-~ 10.50 

STEP IHSTRUCTIOHS ... ," !'.£YS """"" DATA/UNITS OATAIUNITS , Enler S. T. 0 I:=; , Key In two of the foUowlng I II -
0 S_ s I A I 0.00 

o T,me in houn. m'''u lel. arid I 
• 

"",onds or 1. H.MS I , 00000 
--'" hoofS and tenth.' I. H,h C I 0.00 

j 
II I 0 OlSt.rlCe 0 0 0.00 

Compute remain,,,\! OM II 
- ---- . 

s_ A II s 
--.~ -

TIme In hour<. minule1 •• Ad II 
"",ond. or , II 1. N .MS 

-
In hours and lemh, C II t. N.h _ 

Di"~nce 0 II I 0 

II I -

- T" conver1 , ;_ in second, 10 II I 

"" '. - I II I ,---I """ • II I, H.II 



NAV' -03A 

TIME-ARC CONVERSION 

NAV 1.03A 

HOURS MINS SEeS 
n., 
H.MS 

This program conve rts among arc and various representa:.ions for 
time. Angles are ex pressed as DOMM .m and lime is expressed as H.h, 
M.m, S.s. or II.MS . 

Conversio n Factors: 

,0 of are = 240 seconds 

I hour - 3600 seconds 

I minute = 60 seconds 

I second - I second 

Example I : 

ConveT! 2h2S TT1 36s 10 minutes. (1 45.6 minutes) 

Solution: 

2.2536 0 B 

Example 2: 

__________ _+_ .. 145.60 

Convert 2580 I 5:6 to t ime in I-I .MMSS. (17h 13m02s) 

SoluCion : 

258 15.6 £10 ---------_. 17.1302 

\ 

• 

m, INSTRUCTIONS 
~M 

OATA/UNITS 

, Enl .. TIME-ARC 

, K~v ,n one 01 lhe 1001"""'fIII 

A" Arc, DOMM.m 

T """ in hou .. 1. II. 

f Ime ,n •• "nutes 1. mIn 

I T ,me ,n secon<k '.-
T,me ,n hour<, mO""!H, "'" 

second. t , H.MS 

, Corworl lO 

Arc Of 

Time in hour, Or 

Tim. in m inute. 0' 

T,me in <ocond. 0< 

T ime In hours, minut ••. and 

,,",ond. 
~ 

KE't'S """"" DATAI\JNITS 

I II I 
• • 

I II I 
• . 
I A II I 0 
-
~ II I o. 

I C II I 0 

- - -

I 0 II =*- 0 

- -

I II I - -
I , II I 0 

- - -- - -
I II I 

--
j ~(C. DOMM.m I A II 

- - - , -
I , II I t. h, 

-
I c II I I , min 

- - -- -I 0 II I: I,"" 
• .. r-[I II 

- _ .. -

I , II I I, H.MS 

• 
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/ 
i!l RPM 

NAV'·04A 

PROPELLER SLIP 

PITCH 

" 
SLIP 

NAV 1-D4A 

SPEED 
• • 

This program calculates a value ror RPM , pi tch, slip, or speeo when 
the other three are specified. Pitch is input in the rorm reet and 
inches ( FF.II ). Thus a pitch or 9' 3" would be keyed in as 9.03. 

Equation : 

No tes: 

Speed "" 
RPM )( pitch)( 60 x(l- slip) 

6076 

I. 1 f zero slip is desired, enter a small number such as .001 , because 
the progrUIlI uses the value zero to decide whether an input has 
been made or the indicated item should be calculated. 

2. An output for pitch such as 8. 12 (8' 12") may result: it should 
be interpreted as 9'0" . 

Example 

A propeller having a pi lch of 10 fee t turns at 200 revolu tions per 
minu te. If there is 18% slip. wha t is the ship's spced~ (1 6.19 knots) 

Solution: 

200 t1 10 0 IS a [lJ ------ _. 16. 19 

STEP r,- INSTRUCTIOHS 

Em .. SLIP 

2 Key ,n th, .. ot 1"- follow'ng 

"M 
P' lch 

Shl' 

3 Compule the ,tm~,n'''II''''' 

"M 
P,lth 

Slop 

""'" O.r.T.vtJNITS 

'''' 
PIlch . FF II 

• 

KEYS 

11 

11 

A II 
B II 

I c II 
~ ._-

Ij; lid . • ..0" I 0 II 
• 

11 

I A II 
I.",L II 
I---CII 

,I 0 II 

NAV1-04A 11 

, ""'PO" 
O.r.TMUNlTS 

• 

0 .00 

000 

0.00 

0 .00 -

"M 
I ";tch. FF .II 

. . 
II $101'.:.... ' _ 

I weed. ~no" 
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NA V 1-0SA 

FUEL CONSUMPTION 

FUR CONSI,IMPTIOIO NAV l -oSA 

00 FUEL SPEEO OISTANCE 

~his program solves ror fue l consumption, speed , o r distadce run 
given the o lher two. Any convenient measuring unit may be used. 
The program is not valid ncar the vessel's hull speed or when the 
vessel start s 10 "plane ." 

Equations: 

where 

Fl = fuel used al speed 51 while Iravelling distancc 0 1 
Fl = fuel used at speed 52 while Iravelling distance 0

1 

The above equation may be written in three forms: 

Note : 

(S, )' D2 = 0 1 s;-

F, 

0, 

D, 

F, 
F, 

D, 
52 = 51 --F, D, • 

Fuel consumption ill a given time t may be computed using this 
program. Although the distances Dl and 0 1 will be 5 I and 5 t 
h 

' , , 
I ey may be input simply as 51 and 52, becausc the lime units 
will cancel OUI of the equatjon. 

0 

NAV1-(JSA 13 

Example I : 

At 8 knots, 5 1 gallons of fuel are required to run 625 miles. The 
~kipper wishes 10 run another 315 miles but does not want to use 
more Ih:w 20 gallons. What is his highest allowable speed? (7 knots) 

Solution : 

S Il 5l D 625 131 315 131 20 D Il -----.. 7.06 

Example 2: 

At 12 knot s, 293 tons of fuel are required to steam 2097 miles. If 
t he speed is increased to 15 knots, how many Io ns of fuel are 
required 10 steam the same dis tance? (457.8 Ions) How many tons 
a re required 10 steam 4282 miles al this new speed? (934.8 tons) 

Solution : 

12 III 293 D 2097 131 15 Il 2097 131 D - -.. 457.S1 

121l 2.3 D 2097 131 15 11 4 2s2 131 D --.. 934.S4 

Example 3 : 

II takes I.S gallons of diese l fuell o run I mile at 8 kno ts. What is the 
consumption if its speed is reduced to 5 knots? (.6 ga l/mile) If its 
speed is increased \0 15 knots? (5.3 gal/mile) 

Solution : 

1.5 D s ll I 131 5 11 1 131 D ----.... 0.59 

1.5 D s Il l l3l 15 1l 1l3lD • 5.27 
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INSTRUCTIOHS m , 
, EnlO' FUEL 

, K~v In III thiN •• Iue. for con· 

dr.",., 1 

• Fuel conwmplOon " 0.00 

• 5_ 5, 0.., 

• Dr.'.ne, 0, 0.00 

Kev In rwo .~IUfO 10' rood,.",,, 
, • 

• Fuel conlump!>on " 0.00 

• ..... 5, 000 

• Onlln« 0, 0.00 

• ComllUle unkfIDWtI value for 

COnd it ion 2 

Fuol cOn.umPl ion or " 
""'" .' ~ 

DIStance 0, 



NAV 1-06A 

DISTANCE TO OR BEYOND HORIZON 

DlSl AHCE TO OR BEYOND 1tO!IIZ()fI 

Ie HE H 

NAV 1-06A I 
h. -D Dt.o. 111$ 0 ... 

ThiS program compu tes the distance to an o bject o f known height 
whose base is obscured by the horizon and whose top subtends a 
sex tant altitude hs with the horizon. The sextant al titude is 
correc ted for index error and heigh t o f eye . Addit ional features are 
the calculation of the dislance to the horizon for a given height of 
eye .md the distan ce o f visibili ty of an object of height H above sea 

level. 

Equations : 

whcrc 

( 
ta" h, ) ' 

2.46 )( 10 4 + 
H- I·IE 

0.74736 

Oho, = 1.144 v'HE 

0 = dist ance \0 object, nautical miles 

Dho r '" distance to horizon , nautical mile. 

Dv is = di stance of visibility. nautical mile 

II :: height of objec t beyond horizon, feet 

HE '" height uf eye. feel 

ha = hs + Ie - 0.97 .j=HE-

hs'" scx t:IIH altitude, DDMfo.lm 

Ie:: index correction , M.m 

• 

-

1:£ 

1 
I 
I 
I , 
I 
I 
I 
I 

NAV1-06A 17 
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Example 1: 

The height of eye of an observe r is 9 feet above sea level, how fa r 
aW:lY is his horizon'! (3 .43 naut ical miles) 

Solution : 

9 [J III -----------> 3.43 

Example 2: 

An observer "bobs" Farallon Light on the horizon and finds his 
height of eye to be 16 feel. The light is 358 feet above sea level. 
How far is the observer from the ligh t? ( 26.22 nau tical miles) 
(Accuracy is affected by abnormal refraction) 

Solution: 

16 [J 358 III III Il!IiJ ------~.~ 26.22 

Example 3 : 

The top of a light house, whose base is obscured by the horizon, is 
known to be 300 feet above sea level. It is fou nd to have a sextant 
altitude of 25~6 above the horizon. The height of eye is 20 feet1and 
the sex tant requires an index correction of + I ~ 3. 

What is the dis tance to the lighthouse? (6.28 nautical miles) 

Wh at is the distance to the horizon? (5.12 nautical mil es) 

It has been determ ined that the luminous range of the light is 
"strong", now compute its visibility for the given heigh t or eye. 
(24.93 nautical miles) 

Solution : 

1.3 r:l 20 [J 300 III 25.61!J -----~>~ 6.28 

III > 5. 12 

Il!IiJ • 24.93 

E 

E 

-, .I-t 

, 
, 

, 

19 

INSTRUCTIONS KEYS 

En,-, Oho' • I 
Kev in all 01 Ihe /ollowH'lI I 
• I...,. . CO"'«IO,," Ie, M.m 

• He,ghl 01 t y. HE , II II 
, 

• Heoghl 01 001«1 H, It I C II 
• -_._. 

Kty ,n !.extanl h. ogt>, and com- I II I · --
pUl . [ 

~ , 
OISI.nee 10 ob,eel It1., OOMM _m [ O . "IUL m, 

- ---1 
,n .... l . m,. 

• 
"lUI. mi. 

, 
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NAV' -07A 

DISTANCE BY HORIZON ANGLE AND 
DISTANCE SHORT OF HORIZON 

OISU,HCt: IV HOIIllON ANGLE 
DlSU,NCf SHORT c.-- HOIIllON 

Ie HE 
NAV 1-o7A 

"" D· h . ·D ", .H 

o 
f 

This program calculates the dis tance between an observe r and an 
object when (I) the vertical angle be tween its waterline and the 
horizon has been observed from a known height of eye or (2) the 
object's heighl is known, toget her with its subte nded angle. 

This progrll1ll :Jlso calcul:J tes the heigllt of an o bject if its subtended 
angle and distance from The observer are known. 

Equations: 

where: 

HE 
D ==-;~~~~ 

tan (hs + Ie + .97 -v'HE ) 

" [) = -,--;;-'-',--;= 
tan (hs + IC) 

I) = distance to object. feet 

li E = height or eye. reet 

Ie = index correctio n, M.m 

II = heigh t o f object . fee t 

hs = sext ant altitude. DDMM .rn 

Note : 

I 

-

, 

hs < 10' may make 0 unreliable due to atmospheric conditions 
when vertical sextant alti tude between object and horizon is taken. 

Example I : 

The sex tant altitude between the waterline of a buoy and the 
horilOn is founLi to be 2 1~4 . The observer has a height of eye of 22 
feet ;md the scxt:Jnt requires a +1:7 index correction . I low fa r is the 
observer from the buoy? ("2735.25 feet or A5 nautical mile) 

Solution : 

I.7 D 1~ m 21A B 

1m 
---------.~ 2735.25 

--------~ •• 0.45 

, 

\ -

\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

'" -C 

NAV1·07A 21 
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Example 2: 

The sextant al ti tu de sub tended by the base and the lOp of a 41 fOOl 
lighl lower is 56 ~ 2, The sextant requires a -1~9 index correction. 
How far is Ihe observer from the light tower~ (2595.50 feet or .43 
nautical mile) 

Solution : 

-1.9 1'l 4I[ ENTER. ls6.2 1l1 

liD 

Example 3: 

------_.. 2995.50 

-----_. 0.43 

A vessel is anchored 201 5 feet from an observer. The sex tan t 
altitude between the vessel's waterline and truck of mast is 1 0 I S~2. 
There is no index error. How high is the truck of the mast above the 
wa terline~ (44 feet) 

Solution : 

OD 20 1 5 IENTER+ I 11 5.2 DI -----_. 44.08 

STEP INSTRUCTIONS 

1 En ' .f DhOf -

2 Kev ,n me foil.,...." .... 

• Inde. COlfecUon 

• Heogh' 01 ey. 

_tto d,nance 

Se~t.nt heogh, 

(optional) 

• K~y ,n he'ljllt 0 1 obie<:t.nII con 

Height of objec' 

by object! 

' --t" Key in d"' an08 '0 objecl vod 
I 

Sextant height 

t 

• 

'""" , DAT AlUNlTS KEYS 

I II 
• 
I II 

• 

IC.M.m I A II 
• 

HE. It [ II II 
• 

I II 
II · - . - . 

It$ . DOMM.m C II 
II 

H. h . 

hl,DDMM.m 

II 

I 
I 
I 
I 
I 
• 

23 

"""'" DATAIUNITS 

tC.Mm 
-

HE. It. 

-
~ 

I O. It. 

I 

I.i..- -
RIS II I; D. ""ut. mi . 

II I .."1-

II i+-
t II I ' D. It. 

I 
D. It. 

-

It$. DOMM.m E II I H. It. 

• 
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/ 
8 L, t )., ,., 

NAV' -OSA 

DEAD RECKONING 

OE .. o RECKON'NG NAV 1-()8A 

" It C t S L IllS). 

Th is program calculates a ship's DR position given the ship's course, 
speed, and elapsed time from the last fix or DR position. The DR 
position is stored so that on subsequent legs just course, speed, and 
elapsed time need be entered to obtain the updated DR I>osit ion. 
The program may be uscd for both small and large area DR 
problems. Ikcausc of the complexity of the equations used , it was 
impossible to allow this program to accept or display data in the 
fo rm DDMM .m. Instead the program uses D.MS notation and forces 
four decimal s to be displayed. 

Eq uations: 

The updated positIon (L, A) is given by following a loxodrome 
(rhulll bline) fro m the init ial pOSition (Li. Ai) for a distance 
determined by the speed and lime. 

L'" L· + 6t S cos C 
, 60 

180 tan c~n tan (45 + -i-) -In tan (45 + -T )) 
o 

A'" C*900r270 

S sin C 
60 cos lj 

; C ::900r270 

where : 

Li '" initial latitude (N. positive: S. negative (]cHsl» 

L '" updated latitude 

d j '" initial longi tude (W. posi tive: S. negative (!CHSI» 

A "" updat ed longitude 

5 '" ship's speed. knots 

C'" ship's course 

6t '" the time (I·U.IS) between initial and final positions. 

• 
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Notes: 

[. The program cannot follow a meridian over a pole . 

2. The program loses accuracy and ge ts incorrect :mswers when 
within 0.50 of a pole. 

3. The program may stop executing due to a machine limitation on 
courses 090 and 270. An unexpected display of zero will appear 
very soon after pressing B . Simply press m and the program 
will continue. computing the correct updated Land A. 

KEYS 

II I 
STEP 'NSTRC':C:'c":"c'=--__ r-""'~ 

II I Entel OR 
• 

II I 
L,.O.MS I I 

-
Latll...oe I t I§§llor Soulhl 

LongI tude IICHSl lor East) ).,. D.MS I • II I 

T,me 11"''' t on thIS COUI~ 

COUlst ' 

$reed 

4 ComJ>lltt.- posllion 

Lat,lw. (_. S, + ~ N) th) 

LOllQltude 1- • E •• • W) 1 

, To cont,nue the .ame cour",IOI 

thesamet,me.!IOIOltev 4 To 

IIme.!IO 10 Itep 3 

• 

PreSlI"ll1i.D WI" allow the 

PlOIII¥TlIO con t "'u~. and cor 

locI answels w,1I bo obtam..o 

To tonvC<1 DOMM.m to D.MS 

-

lIl. H.MS 

C.O.O 

S. knoll 

DOMM.m 

I II I 
I II 

. _ .. _-

-
-

I II 
I 8 I ! I 
I I 

c I 
I 
I 
• 

J 
II 
II 

I II I 
--- • 

II I 
I II 
I II I 
I L" 
I IL' 

Il ] 
r 

I H=<Si 
EEX 2 I I 

L ,. D.MS 

L,.D.o 

lIl. H.MS 

C. D.d 

lIl. H.h 

L. D.MS 

~, D.MS 

DDMM.SS 

'"' 
" 
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Example 1: 

A ship's last rL'( was L30"N, X140o W. Where will she be after 
travelling for 2 hours at 12 knots on course OS2°? (LJOo 14' 47"N , 
~ 139° 38'08") 

Solution : 

En tcr DR 

30 [ENTER. 114013 2 

12 DB .. 30. 1447 

-~.~ 139.3808 

Example 2: 

A vessel's position is L33°49: I N, XI20"S2:0W at 1200. If she steams 
as shown, what is her position at each time? 

Time 

1200 

1330 

1 5 I 0 

1823 

1955 

Solu tion : 

Enter DR 

c 

120" 

240° 

90° 

355" 

s DR 

1..33" 49'06"N, XI20"S2'OQ"W 

15 knots (L33°37'30"N, ~120028'34"W) 

I 5 knots (1..33°25'21 " N, A 120" 54'32"W) 

17 kno ts (133"25'2 ["N, i\1 [9"49'01 " W) 

20 knots (LJ3"S5'54"N, XI1 9"S2'14"W) 

33 .49061 ENTER t 1120.52 a 13.30 I ENTERt I 
12.001!j1 D.MS+ 1120 [ m Ii • 33.3730 

Ii!liJ --o~ 120.2834 

!al rl~D~.M~S~' ~I ~~ __ ~~ 
15 DB ': . 33.252 1 

m .. 120.5432 

90 lENTER t l17 om .. 0.0000 

(Note 3) 

1i!liJ -------- o 33.2521 

m .. 119.4901 

355 I DB 0 33.5554 

1i!liJ -------- o 119.5214 
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NAV' -09A 

RHUMBLINE NAVIGATION 

l, .l, 
D.MS 

IItlUM8L1NE NAYICi.A not! NAV l .()9A 

A,.A, DISTANCE COURSE 

This program accepts the coord in ates of two points on the globe :!nd 
calculates the rhumbJine course C and distance D between them. The 
program inputs are la titude and longitude of the init ial point (ll ' 
h i) and latitude and longitude of the final point (l" A,) in degrees, 
minutes. and seconds. The program outputs are heading in degrees 
and distance in nautical miles. 

Since the rhumbline is the constant heading path between points on 
the globe. il forms the b:lsis of short distance navigation. In low :lnd 
mid latiwdes the rlllImbline is sufficien t fo r virtually all course :lnd 
distance calculation which navigators encounter. However. as dis­
tance increases or at high latitudes the rhumb line ceases to be an 
efficient track since il is nOI the shortest distance between points. 

The shortest dis tance be lween pOints on a sphere is the greal circle. 
I-Iowever, in order to steam great circles. an infinite number of 
heading changes arc necessary. Since il is impossible 10 calculate an 
infin ite number of headings al an infinite number of points, seve ral 
rhumblincs may be llsed 10 approximate a great circle. The more 
rhumblines Ihat arc used the closer to the grea t circle distance the 
sum of the rhumblinc distances will be. The Great Ci rcle Compu ta­
tion program may be used to calculate intermediate heading change 
poinls which can be linked by rhumblines. 

-. INTERMEDIATE POINTS 
CALCULATED BY 

~=~~I." GREAT CIRCLE 
-, COMPUTATION 

RHUMBUNES 

Equations : 

60 (Xl - Xd cos l ; cos C '" 0 

D = ( l l - Ld . 
60 ; otherwIse 

'os C 

where: 

( ll . Ad '" position ofiniti:!l point 

(ll , :\,) '" posi tion of final point 

D = rhumbline distance 

C = rhumbline course 

Notes: 
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I . No coursc should pass Ihrough either Ihe soulh or north pole. 

2. Errors in distance calculations may he encountered as cos C 

approachcs zero. 

3. Accuracy deteriorates fo r very shori legs. 

4-'" 
Example I : 

What is the distalH:e and cou rse from L35°24:2N, X 125°0t6W 10 
IA 1 °09: 2N, A 141'2t6E'! (41.15.6 nautical miles, 274~ 8) 

Solution : 

Enter: RHUMB 

35.2412 a 125.0236 a 41.0912 D 
147.2236 ICHSI a B -------_. 4135 .60 

a . 274.79 

Example 2: 

What course should be sailed to tr:lvel a rhumbline from 1.2° 13:7S. 
:\17(;D07:9E 10 LSo27:4N.:\179 °24'.6W?(I007) What is the dis­
tance? (469. 3 natuical1l1iles) 

Solution: 

Entcr: RIIIJMB 

2.13~::! ICHSID 179.0754 ICHSI IJ 
S.27:!4 1'l 179.24J6 1J B ------~.~ 469.31 

a .. 10.73 
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STEP INSTRUCTIOHS 

1 enl" RHUMB 

'2 Kev In 

I",t,.1 P<K,,.on 

• llt,hod" IICHS I'o< Sou th ) 

• LongItude (~IOI e.-I) 

• LII,lvde (j01l1 '0< Sou"') 

• l ongItude 1!£H!l for hll) 

• D,m,nee 

• Cours.e , To cont"",.,he CQU"., retur n 

10 stel) '2 . rld ,nput a new f ,na l 

POl lt lO" 

• To COIwe" OOMM m 10 O.MS 

L,. OMS 

)',.OMS 

l ,.OMS 

A" OMS 

OOMM.m 

KEVS 

A 

, 

o 

OUTPUT 
DUA/ UNITS 

L,. Dd 

A"O.d 

D. nlul. M, 

C,Od 

-" 
'E> 

:D~ ODM"US 

2 , 02 

OMS 

31 

E 
I 
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GREAT CIRCLE NAVIGATION 

GllUl ClIICl~ NAVIGATION NAV 1-10A ~ 
• A\,A, DISTANCE COURSE , 

This program computes the great circle distance between two pOlms 
and computes the initial heading from the first point. Coordinates 
are input in the form OO:-'IM .m. O utpulS are distance in nau tical 
miles and in itial heading in D.d. 

N 

OISTANCE 

Equations: 

D =60cos - 1 [sin L \ sin Ll +C05 L \ cos Ll cos(Al -Adl 

_, [ sin '--2 - sin L\ cos (D/ 60) ] 
III = cos 

sin (D/60) cos L\ 

where 

L I , AI '" coordinates of initial point 

L1 , Al = coordinates of final point 

D :: distance from initial to final point 

I-I, '" initial heading from initial to final point 

Notes: 

I. 

, -. 

Truncation and round off errors occur when the source and 
destination arc very do~ together (I Illile or less). 

Do not usc coordin:lIes located at diametrically opposi te sides of 
the eart h. 

3. Do not U~ lati tudes of +900 or _900
• 

4. Do not try to compute initial heading along a line of longi\udc 
(L1"'L l )· 

• 
• 

E 

E 
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Example : 
Wh at is the distance and initial great-circle heading from LJ3°S3.3'S, 
~1 8°n.I 'E to L40027.I'N. :\7Jo49.4'W? (6762.72 naut ical miles, 

J04~5) 

Solulion : 

335331tH'11l 1813.lltHSII] 
402J.I Il J349.4 1]1lI ---------" 6762.72 

[ 

m . 304.48 

"'. , 
, 

INSTRUCTIONS 

enter OC NAV 

K ey in 

Init,.1 ~i t,on 

• Lo,itwe liCHSj Tor Southl 

• Long,wde Ilc HSj lor E~sll 

Fin. l l><>.ition 

• La titwe 110151 lor Southl 

Long Itude HCHSl lor E"t) 

:1 Compute 

In'u.1 hulll"l1 

<I For _ CMe. return 10 ,Iep 2 

is the 1",.1 po"UO<1 01 the p ••. 

V'OUS 'l'UI cncle. enter O<1ly the 

_ li ".1 1>00'100<1) 

• 

• • 

INPUT 
OATAl\JNITS "'" 

II 
II 
II 

L, . DOMM.m J I A II 
A,.OOMM.m L d l 

I II , . 

L,. DOMM,m 

A"ODMMm L · 
I II 
L c II 
[ D II 

I : 

-

I 

I . , 
I 

• 

I 
I 
I 
I 
I 
I 
I 

--' 

=:J 
1 

• 

I -

OU" ,,, 
OAT A/UNITS 

L I . O,d 

)., 1. O .d 

• 
L" D.d 

).". O,d 

D. "au t. 11'11. 

H,. D.d 

• 
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NAV1 -l1A 

GREAT CIRCLE COMPUTATION 

/ 
~ 

GREAT ClI'ICI.I: CO"PU"f"'TlON NAV 1-11A 

'. 
This program computes the latitude corresponding to a specified 
longitude o n a great circle passing th rough two give n poin ts. The 
program may be run alone or in conjunction wi th GC NAV which 
enables it to compute the longitude of the vertex of the great circle. 

INTERMEDIATE POINTS 

ERTEX 
(L .,A,) 

+ 

I 

Equations: 

where 

(L \. 11.\)::: coordinates of initial point 

(L 2 , 11.1 ):: coordinates of fUlal point 

(Lj ,A j ) 

GREAT CIRCLE 
ROUTE 

H i:: initial heading from initial to final point 

(t.,. At}::: coordinates of intermediate point 

Av:: longitude of vertex 

Notes : 

1. The program does /lot compu te along lines of longitude 

0'-1 :: 11.1 ), 

2. There is another vertex at A:: AV + 180. 

J. Equator crossings are at A :: AV :1 900
• 

STEP IHSTRUC """ 
1 Em~r GC COMP 

, 
Kev '" 

In,t,al p<>s,uon 

• L.tl1...:!~ I~ lor SOUthl 

H$ lor h,tl • Long,tude I[£@ 

Fin.1 po.iuo" 

• L.litude (ICI-I5I lor Southl 

• Longitude ( I~I for E",II 

iate 10ng' Iude 

and cOtnP<J le ,nl ermed,.te I.t 

,tude 

• R.put II~P 3 •• deSIred 

0' 

I Run GC NAV 

, Emer GC COMP 

, Compute 

l ong,tude of o. rlt. 

l at, I...:!. ol •• " o. 

,Ole 100000'tude l 4 K~V on i"termed 

and compule on termed,.,. 

la"'ud. 

5 RepeO! .tep 4 » de,"ed 

""'" KEYS """"' OATAlUNfTS OATAIUNITS 

I II I -, I II I 
• • -

I II I 
• -

L,.DOMM.m I A II I L"D.d 
• 

~,. OOMM.m I , II I ~,. D.d 
• .... 

I II I • • 
L,. DOMM.m I A II I L, . O.d 

-

Xl. DOMM,m I , II I X,. O.d 
· 

II I 
- -

~I. OOMM,m . ~ 
II I, -• 

II I' lo. ODMM.m 

II =:;. 
II I 

- -
II I 
II I 

I II I 
• -I II I 
I II I · 
~I 1 :\.,.ODMM.m - -

X •. DOMM.m ! c II 1 L,. DOM"'.m 
• · 

!~. • 
II I 

~,. DOMM.m C II I l,.OOMM,m 
• 

II I 
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Example : 

A ship is proceeding fro m Manila to Los Angeles. The captain wishes 
' to use gre:lI-circle sa iling fro m L1 2° 45:2N. ~ 124°20: 1 E, off the 

entran ce to S3n Bern3rd ino Strait , to L33°48:8N. AI20007: 1W. five 
miles south of Santa Rosa Isla nd. 

Required: 

( I ) The initia l grea t-circle heading. (50°3) 

(2) The great·ci rcle dis tance. (6 185.88 1l3uticalmiles) 

(3) The lat itude and longi tude of the vertex. ( L41 °2 1: IN , 
AI60034:0W) 

(4) The 1:lI it udeat Al gOo. (39° 4 1:6N) 

Solution: 

Enter: CC NAV 

1245.2 1'J 12420.llcHSID 3348.8 D 

12()()7.1 D III ----------.~ 6 185.88 

a .. 50.32 

Enter: C.C. PLOT 

a -------------•. 16034.0 

a . 41 21.1 

18000 a .. 3941 .6 

0--/ 1 

1 
1 
I 

! 
I 
I 
I 

>1 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

. 
• 

\ 

';:;:l. 

\ 
\ 

\ 
, >14 1 

IJ'). 

" 

" 

\ 
\ 
\ 

37 

\ 
\ 
\ 
\ 
\ 

I 
I 

I 
1 

I 
,£>~ 

.. 
D $ 
• 

~ 
~ 
•• ~ 
.~ 
> • c 

~ 
"0 z 
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NAV 1-12A 

COMPOSITE SAILING 

NAV l -12A 

When the great circle would carry a vessel to a higher latitude than 
desired, a modification of great-circle sailing, called composi te 
sailing, may be used to good advantage. The composite track consists 
of a great circle from the poin t o f deparlure and tangent to the 
limiting parallel. a course line along the parallel , and a great circle 
tangent to the limiting parallel and th rough the destination . This 
program comput es, fo r each of two points, the longit ude at which a 
great circle through the point is tangent to some limiting parallcl. 

• 
-. 

Equations: 

i 

. ., 
• 

•• 
.~ 

-

• • 

-
. ......... _ ... , • . ,,- ""P'; 

•• "r 

~ "" L' ) L 
sgn (A; - A,) sgn (Lma:.J 

Ian max 

where 

(L I . A;):: initial position 

(Ll ' Al)::: final posit ion 

I 

I 

IE ' 

I 
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(Lm a"<. , XvI) '" point al which limi ting parallel is mct 

(Lmax . hv2) '" point at which limiting parallel is left 

!+I;X ;;' O 
sgn(x)= _\ :x<O 

Example: 

A ship leaves Baltimore bound for Bordeaux ( Royan). France. The 
captain desires to use composite sailing from L36°S 7:7N, 
)'7S04i2W one mile south o f Chesapeake LiP,ht to L4S039: 1N, 
),1 ° 29:8W, near the entrance to Grande Passe de 1 'Oue st, limiting the 

maximum latitude to 47° N. 

R equired. 

(I) The longitude at which the limiting parallel is reached. 

(Avl = 30° 16:1) 

(2) The longitude at which the limiting parallel should be left. 

o.'v2 = 18°S 6:9) 

Solutiun: 

Enler: COMPSA I L 

3657.7 III 7 542. 2 1] 4539.1 III 
129.8 1] 4700 13l1iJ ________ " 3016.1 

m " 1856.9 
~ 

S"" INSTRUCTIONS .OS 

, Ente.COMP SAl l I 
, K ..... in I 

Initial ..... u'on I 
• l~" 'ude I I§!!) 100- Southl l, .OOMM.m I A II I l"D.d 

--

• longitude II§!!] 10' E" ,I ~;, OOMM.m I , II I ~, . D .d 
---

F,nal ..... n'on I II I 
• lat,tude ( ICHS] IO! Sou lhl l"ODMM.m A II I l, . 001 

• LO"ll, Iu<ie 1 [CHS] 10 ' En tl ~ " DOMM.m I , II I ~,. Od 

Latiwd. 01 limn..,!: p~.a ll. 1 L", ... OO MM ... I C II I L", • • . D.d 

3 CompUte II I 
Lono;;nudl at wh,ch Iom,t"'!: I II I 
Pi.all"1 "mtl OJI I ~", . DD MM.m 

l ong,tude at wh Ich IIm","II ~I 
po'IIII.: i. loft DDMM.m -
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NAV 1-13Al.2.3 

SEXTANT ALTITUDE CORRECTIONS 

/ SVtUHT .o,lllTUDIE COfIR£CTIONS NAY 1-1311.1 • • 
i!I n 

IC HE hs·Ho -

/ st:CONOARY $VCT AHT ..... lTTUIlE 
NAY 1-13A2 • CQllllfCTIOfIS 

~ i!I TAfTS P H. • 

/ SUTA'IT CORMEClIOH$ FOfl 
S~ .NAV 1-1 311.3 • SInI o\HO IotOOI< OJ. • 

i!I 
n • ~ SO t • 50· 110 SO·Ho HP" HO HP-Hlo 

This se t of programs is used to correc t sextant readings. The first 
card applies index co rrection , height of eye co rrection, and mean 
refraction co rrection. The second card corrccts for sea-a ir tempe ra­
ture difference and abnormal air temperature and pressure. The third 
ca rd allows llimanac entries for sem i-diameter of sun and moon and 
correc ts for geocentric parallax (moon only). If an almanac is not 
available fo r determination of the sun's SO. key in zero and the 
program will aUI OJl1<lIically use 16~ 

Eq uations : 

Card I: 

h31 = hs+ IC-D 

Ho = hal - Rill 

where 

hs ::: uncorrected sex tant reading 

ha l ::: apparant altitude (also called hr. rectified alti tude) 

110 ::: fully correc ted sextant altitude 

IC ::: index correction 

D::: dip of horizon ::: 0~97 v'l-IE 

HE ::: height of eye ill feet 

Rm ::: mean refr,lclion 

_ ( 23 :6 - 8 ~36 In(ha) ; ha < 7° 
- 0:97 cot(ha) - 0:0011 cot3 (ha); ha ~ 7° 
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Card 2: 

ha= hal +$ 

5 10 P 
Ho= ha-Rm 460+T

A 
29.83 

where 

hal:' apparent alti tude from card I 

S ::: 0: II (T A - T s) :. sea-air tempera ture difference correction 

Ts:' Temperatu re of sea, OF 

T A = Temperature of air, "F 

p ::: atmospheric pressure, inches of mercury 

Card 3: 

Ho :. 1·loold :t SD + HI' cos (HOo ld) 

where 

Iloo1d :' Ho from card I or2 

SO :. sc mi-di<tmelcr of sun or moon 

HI' ::: horiLontal parallax of moon 

Example I : 

hs=- 10" 36~3 

IC=+ 1:5 

liE = 23 feel 

Solution: 

Ente r: SAC I 

1.5 13 23 1] 1036.3 B 

Example 2: 

_______ _+_ .. 1028.1 

Same as above except T A = 85°, TS '" 40" . I' '" 28.00 in. Hg 

Solution : 

Enter : SAC! 

1.5 a 23 0 1 036.3 13 -------_.. 1028.1 

Enter: SAC2 

BS !ENTER. 140 13 2B I]B ------•• 1033.6 



42 NAV1-13A 

Example 3 : 

The upper lim b of the sun is observed with a marine sex tant having 
an Ie of +1:0, from a height of eye of 4S feel. The hs is 32°47~9. 
Wha t is 1-10 jf the sun's SO is 18:S? (32°22:4) 

Solution : 

Enter: SACI 

I D 45 1] 3247.9 B -------_. 3240." 
Enter SAC3 

18.5 [1 -------------0 •• 3222.4 

,-STEP INSTRUCTIONS 
OAT AlUNlTU KEYS ~ ""''''' OATAIUNIT~ , Ent., SAC 1 , K .... in conu~n !l 

• Inde~ correction 

• Heigln of t y, 

J K, y on se ~ "nllle,ghl . rId com. 

pUl' COflOCled '1I,lude 

• Fo. add,I'anll " 9n ll, "tu,n to 

11l1li 3. 

"'" INSTRUCTIONS 

, F,m 'un SAC I , En., . SAC 2 

J K.v m conuanl, 

• T""Ile"Iu., 

01 an 

01 w.tel · 

• A,or p,es",,, 

• Apply 5 to h. "ored by SAC 1 

~nd compUle conecle<! "x tam 

alt " ude 

• 
II T, '. no. known use T, . T • 

.nd In. ,el'""menu w,11 be 

ap(tlled 10 th, mUn " ',.e t,on 

COllect.on only 

I II 
II 

IC, M.m I A II . ... ._. 

HE, h . I a II 
I II . 

1I',ODMM.m I C II 
II 

I II 

"" 

, " • , " ,. 
P, on. Hg 

II I , 
I 

:;L 
I 
I , 
I 
I 

IC , M,m 

HE,ft , -
Ho, DOMM.m 

To , OF 

, " •• 
P, .n. Hg 

-

HO,DDMM .m 

STEP 

I 
, 

, 
J 

E J 

L 
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"""'" '""" KEYS INSTRUCTIONS OAT AlUNITS DATAlUNrTS 

FnU fun SAC 1 0< SAC 1 and I II I · =J I II »A" • • -

Em .. SAC 3 I II I 
• 

K .... In ...... d ''''''.I .. 01 0 (II I II I 
• 

unknown key In 0) .nd compUl' I II I .-.. 9-Ho COflecled 10< obie<"<'atoon 0 1 I II 
lowe. lomb of II<Jn SO. M.m FA II l- Ho, OOMM.m 

• . 
~ ~ II I -• 

I II I lor ,*","",.""" of upper lomb 01 
. . . . 

~" SO, M.m I a II I HO,ODMM. m 
.... .. · 

I II I 
Ir 

· · 
0' II I, .. · 

I II I 
• . 

I • II I Key in 
• . · 

~,diametef 01 <t ,,'" SD, M.m 
I I t II I SD, M. m 
• · 

Hor ilonl.1 p • • , II • • of <t . nd I II I 
~ 

_ .... 
compUt. Ho corrected tor i= II I .. . I 
ob$.e ... at,on o f lower lomb 0 1 I II I 

.. • 

-" HP , M.m I C II I HO, ODMM.m 
• · . - .. 

~ I 1F=l. .. · 
I II I lor o/M. vato"" 0 1 UP!M' lomb 0 1 

• - . - . , 
m~ HI', M.m I 0 II I 1-10, DDMM.m 



NAV 1-14A 

LONG-TERM ARIES ALMANAC 

'UIIS FIIOM 1900.0 

D M Y 
NAV 1· 14Al 

YEARS 

GMENWIC" HOUR ANGU OF MlES 

TIME G HAT 
NAV 1-14A2 ~ 

H.MS < 

This sct of programs is used 10 compu te the Gree nwich Hour Angle 
of the fi rst point of Aries (the vernal equinox) which is Ihe celestial 
reference point from which Sidereal Hour Angle is measu red. T he 
program also stores the time in years from 1900.0 for the star 
almanac an d the time in days from I2h GMT 1 Jan 1974 for the sun 
almalHlc. 

Equations: 

TIle number of d:lYs from 1900.0 (Oh GMT 3 1 De c [899) to day D 
month M year V is given by 

days'" 3 1 (M - I) + D + (M > 2) ( -1.4M + 2.3 1 + I _ [r: 3 J ) 
+365r+ [r;3J +4[V-!900J 

where 

(
Y-1 900 ) r "' 4 x Frac 4 

(M >2)' ( I:M>2 
0; M "2 

• see foo tnote 

Ix I = largest integer not greater than x 

The number of years, therefore, is 

·Thus " 

Y '" days 
.y 365.25 

[" 3J {O: 1~3p ~' C3r 
" I : non-Icap ycar 

E 

The long term Aries almanac is based on the fact that due to the 
Earth's precession, the vernal equ inox moves westward through 360" 
in about 25785 years lit a rale of 

360" 

25785 
:0.0139617 

degrees per year. Due 10 tlie Earth's mOl ion about the sun, then, the 
equinox should move 360.0 1396 17 degrees in GHA in a year. A 
calendar year is sligluly longer than a tropical year (365.25 days 
verslls 365.2421988 days) so the vernal equinox moves o nly 

365.2421988 x 360.01396 17 
365.25 

= 360.0062724 

degrees per tropical year. Thus in a calendar year, l' moves 0.461358 
minutes of arc f;Hther than it docs in a tropical year. The long term 
T almanac co rrects for this motion every four years by adding 
1.845432 minutes (0.0307572 degrees). Due to the Earth's rotation 
on its axis, l' moves 

360 + 360.01396 17 = 360.9856645 
365.25 

degrees per day or 15.04106935 degrees per hour. Thus in terms of 
the time in hours, yea rs from 1900.0, and number of fou r·year 
periods since 1900, we can write 

GHA T =0.030757 n + 360.00627 x 4 Frac [V/ ] + 15.041069 U.h 
+ 98.2204 

where 

n = number of leap years from 1900 

Y.y"'" years from 1900.0 

H.h .:; time of day 

98.2204 '" value for GIlA j at 011 0 11 31 Dec 1899 which makes 
program most correct in 1974 
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Example I : 

Compute GHA T for GMT 13h0 2m 49s on 7 Aug t950. (15 to I I :4) 

Solution : 

Enter: YEARS 

7 a 8 III 19'0 131 III ---------., ... ' 0.6 

Enter: GHA T 

13.0249 a III -----------<... 151 11.4 

Example 2: 

Compute GHA T for GMT I h 12m 07s on 6 Jun 1974. (272° 06:2) 

Solution : 

En ter: YEARS 

6 a 6 III 1974 131 III -------.... 74.4 
Enter: GHA T 

1.1207 a III ---------.... 27206.2 

Example 3: 

Compute GHA T for GMT 17 h 591ll 4 2s on 30 May 1980. (158° 19:9) 

Solution : 

Enter: YEARS 

30 a ' I!I 1980 131 III ------_. 80.4 
Enter: GHA T 

17. '942 alll ---------_. 15819.9 

NAV1-14A 47 

CS=~=C" '---=,"=S= •• ~~==no.==sc----r-'~~'--'---'=~~S----r OUT~T 
; DATAIUNITS I DATA/UNITS 

1 En,., YEARS 

2 Kev in th e dl !e 

• Day 

• Month 

• Yn, 

3 CompUte 

+ Yea" f,om 1900.0 
+ 

4 Ente, GHA T 

5 Kev In 

T,meofdav 

6 Compute 

GHAT 

I II , 
I II 

• 
Dlv.D I A II I 

Mon!to, M I B I[ 
'-------, 

Ynr. Y I; -~-- !f-~ 

t. H.MS 

• 

I E II 
I II 

II 

, 
I 
I 
• 

.- .-- , 
A II I 

- --_ .. 
II I. 

-

D" 

Mon!h 

.-
I, H.h ~ 

B II 1 I GHA T. OCWMm 
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NAV' -'5A 

1974-1975 SUN ALMANAC 

NAV 1-1 SAI 

~ START 

o -

NAV 1-1 SA2 0 
" Eq.T. 

This program computes the sidereal hour angle and declination of 
the sun and stores them for use by the Almanac Positions program. 
This program also com putes the Equation of Ti me which is used 
with the declination by the Sunrise, Sunset. and Twilight program . 

The program is based on a 1974 ephemeris and will give positions 
with increasing error if used for o ther years. For 1975 no errors 
grea ter than 0: 5 have been foun d. 

Equations: 

Lo t 

J);::= 365.25 (Y.y -74) - 1.5 = day numbe r from GMT noon 
on 1 January 1974 

The Sun's mean anomaly is given by 

0=0.9856 (0#+ 2:) 
The Equa tion of Time is 

Eq. T. = - 1.842 sin (0 -3.4 1)- 2.482 5in(20 + 20.38) - 0.079 
sin (30 + 17) -0.055 sin (40 + 40) - 0 .003 sin (50 + 4 1) 

The Sun's Greenwi ch lIour Angle is 

CI IA0 = ( 0.5 + 2: ) 360 + Eq. T. 

:lIld ils declination is 

DEC0 = 0.379 -13.267 c05(O + 10.174) - 0.38 1 o.::os (20+ 7.4) 
-0. 171 cos(JO + 21,>.7) -0.008 cos(40 + 26)-0.003 cos 
(SO +95) 

E 
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Example I : 

Find the Sun 's positIon and the Equation of Time 011 3 Nov 1975 at 
12h OOmw. (Alm:lJI:u: GHA 4°06~0, DEC 14°57:3S Eq.T. 16 m24S 

HP-65 GI-tA 4°06~2 , DEC 14°5tOS, Eq.T. 16m25s) 

Solution : 

En ter YEARS 

3 rJ I I IlI 1975 (31[1 ------- •• 75.84 

Enter GilA T 

12 rJIlI - -----------..... 22207.5 

Enter 01 

Enter 02 

- -----------_. 0. 1625 

Ent er SHA 

- --- ---------..... 406 .2 

- -------- ----...... - 14 57.0 

Note tha i a part ial solar eclipse occurs on this date. 

Example 2: 

Find the Sun's posit ion on 2 1 J un 1974 at t9h38 m4OS. 
(SHA 269°57:4, DEC 23°26:5) 

Solutio n: 

Enter YEARS 

21 rJ 6 1l1 1974 (31 [I 
Enter GHA T 

-------~.~ 74.5 

19.3840 rJllI 
Enter 01 

---------~.~ 204 17.0 

En ter 02 

rJ --- - --------_ . - 0.01 42 
Enter SHA 

rJ - ---- - ----- -_. 26957.4 

(31 - ---- ---- ------- ... 2326.5 

Note the Sun is crossing the solstitial colme. 
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51 

STEP IN5TRUCT~S ,."" ms 0'''"" I DATWUNITS D.nAlVNrrS > , F"" fun ARIES ALMANAC II 
2 En\~'01 II 

II 
, 

3 CompUl~ 

• Enw02 II 
5 Coml>\Jle A II Eq.l" H.MS 

G Ru" ALMANAC POSITIONS 10 

f",,!.h p.oblem I 



-

I 

NAV 1-16A 

SUNRISE, SUNSET, AND TWILIGHT 

5UNRI~ 5UNSET. N+D TW1UGHT ." 
I t ). d t Eq .T. ~:~ 

NAV 1-16A 
m 

H " LMT 
illS GMT 

Th is program computes the local mean time and Greenwich mean 
time at which the sun will be at alti tude H from either horizon. 
Inputs are observer's posit ion, the declination of the sun, the 
Equation of Time, and the desired altitude. The values used for d 
and Eq. T. may be approximate values f rom The Nautical Almanac 
or they may be supplied automatically by the Su n Almanac 
program. The GMT output may be less than ze ro or greater than 24 
indicating a change of date. 

Equations: 

LMT - - , [sin H - sin L sin dJ 
RISING - - cos 

cos L cos d 
+ 12-Eq.T. 

LMTSETTIN G=+COS + 12- Eq .T. -, [ sill H - sin L sin d J 
cos L cos d 

Example: 

A 
GMT = LMT +-'7 

15 

-50'.0 . ; sun flSCS or sets 
_6°0' ; civil twilight begins or ends 

_1 2° 0' ; nautical twilight begins or ends 
_18°0' ; astronomical twilight begins or ends 

Compute the time of sunrise on 25 December 1974 at Ll 9°30' N, 
A. 155° W. (6h3Im) 

Solution: 

Ent er: YEARS 

25 B 12 III 1974 B 0 - ------+_. 74.98 

Enter: GHA l' 

7 Bill - ---------____ • 19824.8 

Enter: 01 

B 

E 

Enter: 02 

-----------_. 0.0008 

Enter: SST 

19301 ENTER +115500 El 50 ICHSI B ----+_ .. 6.3058 

, 
, 

IN STRUCTIONS 

, 
Kev ,n 

L.I01ude ! lettS] to, Soulh) L. DDMM.m 

LO'lII,lude I]CHS] for Ean) ),.DDMM.m 
--+1· 

+ 

• Sun pa,amele" ne., lime of .l 
, 

d.med phenomenon 

I 

J 

Decl ination 

Equal,on ·of Time 

d. DOMMm I ~= 
Eq.T .. H.MS 

Key in deS i,ed almud. and , '-'-'-----+, 

j
compute 

Time , isi '>g Sun reache, H I,om -t 

Easlern ho,ilOn H.DDMM.m 

Compute corresponding GMT 

!optiO"al) LMT. H.MS -
4 KeV in de,rred all lwde and 

compule 

i Time "'l1i~ Sun ,eache. H 

from We'tern ho,izon H.ODMM.m 

Compule cotrespond'ng GMT 

(opl,onal) LMT. H.MS 

, First 'un SUN ALMANAC 

enon 

, Koy in ob.., ... ,·, poSrtion 

Lal,lude !]CHS] to, Soulh) L.DOMMm 

Long,tude ! ~ lor East) )',DDMM.m 

J Continue w,lh lIep 3 or 4 abo •• 

KEYS 

I 
I 

L, DDMM.m 
-----j 

L. D.d 
-----j 

d. DDMM .m 

'" t Eq.T .. H.h-j 

I 
I 

LMT. H.M:::S---1 

GMT. H.MS 

LMT. H.MS 

GMT. H.MS 

L.DDMM.m 

L.D.d 
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NAV l -17A 

LONG-TERM STAR ALMANAC 

~ACHERNAR 
~ OE.I 

ACRUX 
oCru 

/ STAR _ANAC DATA 

~ ALPHERATZ 
~ "And 

ALTAIR ". 
~ ARCTURUS " , "", 

BETELGEUSE 
,0.; 

STAR ALMANAC DATA 

~ CAPELLA DENEB 
OAu. "Crg 

STAR _ANM: DATA 

~ DlJBHE FOMALNAUT 
"UM. "PsA 

STAR _"NM: DATA 

~ POlLUX '.0'"'''' ,Gom "CMi 

/ STAR ..... MANAC O"TA 

~ RIGEL RIOIL KENTAURUS 
~Ori " Can 

SIRIUS SPICA 
"CloIIa "V" 

NAY 1-17Al * 
ALDEBARAN 

oTau 

NAY 1-17A2 
ANTARES 
"k, 

NAY 1-17Al 
CANOPUS 
'c. 

NAY 1-17A4 
DENEBOLA 

,,~ 

NAY 1·17A5 
PE"COCK 

"P.y 

NAY 1-17A6 
REGULUS 

oCw 

N AY 1- 17A7 
SCHEOAR 

oC .. 

NAY 1-17AB 
VEGA 
O L~' 

-

• • 

• • 

• • 

• • 

• • 

• • 

., 
• 

Th is sct o f programs stores the posit ion of any of 24 sta rs into the 
registers for use by the Almanac Posit ions progra m. Each card 
contains data fo r three stars: SHA(l 900). tS HA (annual correction), 
DEC( 1900), and llDEC (annmil correc tion). The 1900 posit ions 
were obtained by working backwards from the 1956 pOSit ion s in 
BowdifCh , Appendix X. Appendix 6 of this manual contain s the 
1900 positions of 38 navigational stars with instructions fo r making 
more slar cards. 

Example : 

Set up the calculator to compute the position of Arct urus on 2 Jun 
1950a t GMT4h10m 355 . 

Solution: 

Enter: YEARS 

2 1l 6 D 1950 &0 _ _ ______ • 50.42 

Enter: GilA T 

4.1 035 1lD -----------__ 3 1242.9 

En ter: * 2 

Il ------------... -0.3 

INPUT STEP INSTRUCTIONS KEYS """'" OUA/UNITS OUA /UNITS , F"" 'U~ AR IES ALMANAC I II I 
2 Ent~' one 01 eljjhl .1., card. [ :::11 

NAVI • 17AI 10 NAVI _ 17A8 Lli I 
3 ~Iecl ' Ita, [ II ] 

F,tsl'''' 0< A 

" 
flOEC. M.m 

Second st .. 0< c..J1 I fIOEC. M.m 

Th"d Ita, [ ,"]1 I fIOEC. M,m 

, Run ALMANAC POSITIONS C II 
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, 

NAV 1-18A 

ALMANAC POSITIONS 

POSITIOH OF SUN ANO 51.0,115 NAV 1-18Al 
SHA GHA DEC 

/ 1lELATM: POSfllOH OF SUN AltO STARS NAV 1.18A2 

~ L A lHADEC 

! 

These programs are run after the Aries Almanac and either the Sun 
Almanac o r a slar data card. They compute the position of the Sun 
or selectcd star on the celest ial sphere. The I1rst card computes SHA, 
GHA and DEC and allows conversion of hour angle to right 
ascension. The olher card accep ts the observer's DR position and 
computes the LHA and DEC of the Sun or star, sloring appropriate 
data for use by the Sight Reduction Table progralll. 

Equations: 

The position of a star on a given date is 

where 

SHA '" S .. IA (l900.0) + Y.y 8S1·IA 

DEC '" DEC (1900.0) + Y.y LillEC 

G .. IA '" GHA T + SHA 

LHA :: GHA - A 

Y.y '" number of years from 1900.0 

SHA '" Sidereal hour angle 

8S1-IA :: annual correc tion to SI-IA 

GHA :: Greenwich hour angle 

LHA '" Local hour angle 

DEC = Declination 

LillEC '" annual correction to DEC 

A:: observer's longitude 

NAV1-1BA 57 

Ex:mlplc I : 

Compute the position of Arcturus on 2 J un 1950 al GMT 
4h 1 Om 35~. (SHA 146° 39~O . GI-IA 99° 21 ~9, DEC 19° 26~3N) 

Solu tion : 

Enter: YEARS 

2 D 6 0 1950 l3lD --------. 50.42 

Elller : G UA T 

4.1035 DO -----------+. 31242.9 

Enter: * 3 

D -------------•• -0.3 

Enter: SI-IA 

D ---------------. 14639.0 

D .. 9921.9 

131 0 19263 

Example 2: 

Compu te the relative position of Betelgeuse at GMT ShOmO' on 3 
Mar 1974 at L40N, A128W. (LJ-IA 19°0'/2, DEC 7°24~2) 

Solution: 

Enter: YEARS 

3 D 3 0 '974 131D - ------_0 74.17 

Emer: GUA T 

5 D 0 -----------~.~ 23535.7 

Enter: .. 3 

131 ------------.-. 0.0 

Enter: LIlA 

4000 D 12800 0 131 --------. 1909.2 

a ... 724.2 
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STEP 

, 
INSTRUCTIONS 

F"sl .un ARIES ALMANAC 

and llw! SUN OAT 11.0<. STAR 

DATA ptO\j'1m 

2 Ente. SHA 

3 Compure ...... or III of rn. 

loUow,ng 

COMfit 10 R'9h1 Aocem.on 

fop"orn,tI 

Conye!! 10 llou .. of AlQht 

A""""$lon 1000tionili 

INPUT 
OAT..vuNiTS KEVS 

II 
II 
II 

1 , 

00,,",""' 
DATA /UNITS 

A II I SHA. DOMM.m 

L:::J 
o IL ] RA. H.MS 

8 ]1 I GHA, DOMM.m 

II 
HOtI ... H .MS 

• Oeclinltton I I DEC,OO MM.m , 
Con.ert to degrees, m inul",. I II 
aod second. DEC, DOMM.m RIS DEC, D.MS 

5 Em .. l HA IOpI,onlli 

• Lautude Il§!)tor South) 

• Long,wdeliCKSI fOf EIOI) 

7 Compult 

, 

, 

, 

local Hom Angle 

" 

En!," LHA 

Kev '" ome •• e"'I'm.\lon 

• l.t,tU(le I ~fQ' Southl 

• Long,tude IICHSllo. Elu) 

Comoute 

Local Hour Angle 

Decl,nallon 

L.OOMM.m 

>'. DOMM.m 

L,ODMM.m 

:I..DOMM,m 

r 

A 

B II 
l. O.d 

A.O,d 

U --.J LHA. DOMM.m 

o II I DEC, ODI,1M.m 
• 

II :=:J 

r--_" 

, 
::::JI 

c 
D 

L. D.d 

A.O.d 

LHA,OOMM,m 

DEC,ODMM.m 

59 
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NAV 1·19A 

SIGHT REDUCTION TABLE 

I L d 

NAVH9A 

He IIIS Z., 
; 

This program calculates the computed alt itude He and azimu th Zn 
of a celestial body given the observer's latitude and Ihe local hour 
angle and declinat ion of the body_ The program may be used alone 
to replace H0214, etc., or it may he used in conjullct ion with the 
10llg term :a lmanac programs and the most probable position 
program to reduce a star sight to an MPP. The program considers all 
eight navigational triangles always using the north pole as the 
elevated pole. 

THE EIGHT COMBlNAOONS OF t ,L AND d 
OBJECT WEST OF OBSERVER OBJeCT EAST OF OBSERVER 

IE IW 

M z 

L <O d < O 

M 

L < O d > O 

z 

z 
L> O d < 0 

M 
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lie = (90-p) = sin - I Isin d sin L+ cosdcos L cos tl 

The smallest angle from North \0 the arc ZM is given by 

. , [ Sin d - sin L sin He] Z = cos 
cos He cos L 

and the azimuth is 

• _ ( Z;tE(Sint<O) 
Zn - 360 -Z ; tW (sin t >0) 

where 

d '" declination of body 

L '" latitude of obse rver 

t '" local hour angle 

Not e: 

T his program may also be used for star identification by entering 
observed azimuth in place of local hour angle and o bserved altitude 
in place of declinat ion. The outputs are then declination and local 
hour angle instead of altitude and azimuth. The star may be ident i· 
fied by comparing this computed declination to the list of s tars in 
The Nautica{ A {mallae. 

Example I : 

Compute the altitude and azimuth o f the Sun if its LHA ~s 
333°01~9W and its declination is 12°28:1S. The assumed la titude IS 

34" II ~ IS . (l ie = 57° 1 6~0. Zn ::: 055~0) 

Solution : 

Enter: SRT 

3330t.9 ri1 341 t.t ICHs l 1ll 

1228.1 Ic HSI Ii m ---------_ .. 5716.0 

m ------ ---. 55.0 
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Example 2: 

Compu te the altitude and azimuth of Regulus if its LHA is 
36°39:3W and its declination is I Zo12:7N. The assumed latitude is 
33°30'N ( He'" 50°24:4, Zn = 246~3) 

Solution: 

EllIer : SRT 

3639.3 r.1 33301] 

1212.7 1311lJ ---------__ • 5024.4 

-----------. 246.3 

Example 3: 

Compute the altitude and azimuth of Alpheratz if its UtA is 
311 °04:SW and its decl inat ion is N2SoS6:3. TIle assumed lat it ude is 
340 SO'N (He'" 48°26:9, Zn = 084~ I) 

Solution : 

Enter: SRT 

3 1104.5 r.1 3450 I] 2856.3 1311lJ ----__ 4826.9 

liD _ 84. 1 

Example 4 : 

Compute the altitude of lz (Saturn) if its LHA is 55°53: I W and its 
declina tio n is 6° S6~9N. The assumed latitude is 38°39'S. (He = 
2 1°03:2, Zn = 29~3) 

Solution : 

Enter: SRT 

5553.1 r.1 3839 le Hsl I] 
656.9 1311lJ ---------___ 2 103.2 

1iD -------_ _ 298.3 
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Example S: 

Compute the altitude and al.im uth of the moon if its U·IA ]s 
i '39:9W and its declination 13°SI: IN . The assumed latitude IS 

33°20'N.(Hc:7002il, Zn: 187~7) 

Solution: 

Enter : SRT 

239.9 r.1 3320 I] 135 1.1 1311lJ -----_. 7022.1 

INSTRUCTIONS 

Enter SRT 

, K~V In 

• Loc~1 Hour Angle 

• Latotude 01 ob><lrver 

• Oeo lina"on 01 na , 

Computo 

Alt,lude 

1 F,rst 'un ARIES ALMANAC 

and the SUN 0< a STAR 

ALMANAC 

:1 Eorer SRT 

, Compo.ue 

AIUtlKle 

liB .. \87.7 

""'" DAUJUNITS 

t. DDMM.m 

L.DDMM.'" 

d. DDMM .m 

• 

I 

, 

"". oumrr 
OATAIUMITS 

II I 
II I 

, 

A I. D.d 

L. D.d 

d. D.d 

He. DDMM.m 

,~ , J Zn.D.d 

:::11 
-
1 

D-,;:~ ~ 
RIS 11 ~ Zn. D.d 

He. OOMM.m 

1 

J 
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NAV 1-20A 

MOST PROBABLE POSITION 

~ MOST PROIIAIIU. POSITIOfI NA V 1-20A i 
~ aLta .\ Hc tZn Ho.a IRISj\ 

This program computes the most probable positIOn from a single 
observation of a celestial object by dropping a perpendicular from 
the dead reckoning position to the line of position of the object. 
Inputs are the observer's position (DR), He and Zn of the object, 
and the o bject's corrected sex tan t height. If Ihis card is run aft er the 
Aries and Slar al manacs and the sight reduction table, only the 
corrected sex tant height need be input, because the o ther programs 
will have stored all necessary data. 

L 

/ , 
Z n ,~ 

,- -- - -t-\-----; '~ ... 

Equations: 

,/tPt.; 
/~ 

, j;, 
, ~ 

, V 

, MPP , 

_-=-' "si:c"-,Z,,"C A 0:: Al -
cos L, 

L '" LI -a cos Zn 

where 

LI • Al '" coordinates of observer's DR 

L. A '" coordinates of MPP 

a'" Hc - 1-10'" altitude intercept (- == Towards. + '" Away) 

Hc '" compu ted altitude of object 

1-10'" correc ted sex tant heigh t 

Zn 0:: Azimu th of object 
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Example : 
A navigatOr determines his DR to be L40

D

12'S , 1\159° 57' E. He 
observes Procyon al9h40m 59' GMT to be 110 11 ~3 above the ho rizon. 
The co mputed altitude is IOo 57~O at 73° 4. What is his MPP? 

1\1600 1 4~9E) 

5957 1eH51 a 
~7J',4 1l1 11 1 L3 B ----__.. -14.3 

( 14.3 miles Toward) 

-----.~ -4007.9 

STEP INSTRUCTIONS 

;:==:::::;'~-::1 60 14_,9_ 
KEYS 

1 ,:n ltr MPf' 

2 Kev ,n 

L~"wdo ( ICWSlfO! SOUlh) 

Long ,l ude 1 ]0 1$1 lor Easl ) 

Compuled ".r <oghl 

aL. ODMM,m i 
0)., ODMM .m ; 

Compuled Ah'IUd~ He. OOMM.m 

A" mulh Zn , O.d 

K ~V ,n obs.e rved . Ititude arid 

com ll~t e 

~I"lude ,nlerupt (. T A, _ . T ) HO, OOMM.m I C ---
4 Compute local,on of MPP L 

, 

, 
, 

-
Lat,tudel - • S, • ~ N) CO 
Lonq,wde (_ . E, • • W) 

0 ' 

F"" run AR IES ALMANAC, 

'he SUN or STAR ALMANAC, 

LHA, and SRT 

Eme, MPP 

Key ,n observed alt'tude.nd 

ComPUlt 10001,on at MPP 

Ll tl1ude 1- · S, • - Ill ) 

LO"ll,hKle 1-· E, • • W) 

Ho. ODMM n 

I '~ JL J 
I I[.J 
[]l 
[ 
[ 
[ 
[ 

o 

' IS 

) 

) 

aL,D DMM ,m 

I L,O.d 

He. DDMM.m 

He, D.d 

a, M.m 

L. DOMM.m 

),., DOMM.m 

I . M.m 

l. DDMM m 

),. , DDMMm 
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NAV 1·21A 

FIX BY TWO OBSERVATIONS 

Fll(" TWO OBSUIV~llOHS 

alu). _, tZn , _: t Zn: 
NAV 1-21A 

l "" 

-, 
This program accepts the observer's dead reckoning position and 
intercepts and azimut hs fo r observations of any two celest ial bodies 
and computes the coordinates of the intersect io n of the lines of 
posi tion of the two bodies. Inputs and ou tputs are expressed in the 
form DDMM. JTl or D.d as appropriate. The intercepts and azimu ths 
for the two bodies may have been obtained as intermedia te outputs 
when solving for the most probable positions reSUlting from each of 
the two sigh ts. 

Equations: 

L=a L-llL, +lanZII , 

L 

r llLr llL, -llA, tall Zn] + lli\l tan Zn2 l tan Zlll - tan Zn 1 

A=ai\+ llLJ -llL, -tv.] lanZn, + llAl tallZn 1 

(tan Zn1 - tan Zn I) cos aL 
where 

ll L, =a l COSZIl, 

tv., = a, sin Zn, 

ll Ll = al cos Zill 

ll;\l = al sin Zn1 

E.'l(ample : 

I'ollux , Spica and Vega are observed frOIll L42"31~8N, AI71 "28~6E. 
I'ollux's intercept is 13.8 miles away a\ 288~3 and Vega's is 6 miles 
toward at 65~8. What is Ihe posit ion o f the fix (L42D2 1~6N, 
;\171 D 43~7E) 

Solution : 

Enter: 2 FIX 

423 1.8 I ENTERt j I 7128.61cHsI I'l 13.81 ENTER. j 

288.3 III 61cHSII ENTER. 165.8 I31B .. 4221.60 

-----_. -171 43.73 liD 

,,... INSTRUCTIOHS I OA~=ITS I ..." """'" OATAIU'"IS , Enltr2FIX I~i , 
2 K e~ in 

t 
I II I - . . , 

• A~lIJmed "",ilion I II I 
· . . . . . 

LI'''ud. !lOISl for South) aL.OOMM.m I , II I I L, DDMM.m 
. . , 

Lontllude HCHSl for E"t) ~. ODMM.m I A II I &L. D.d 
, 

• C:"est,a l body #1 
II II I , · , 

AIt,.""" d,ffere""" (ICHSl for I II 
Tow .. d) a,. M.m I , II '" M_m 

. 

Al'mnrt. In,. D.d I • II .o.A,. M.m 
· . 

• Celest ,al bod~ ::2 I II 
T I . 

1 -
AI ",ude d,ft.re,,~e IICHSl 'or II . 
Toward) a,. M.m I , II 1 •. M.m _ 

• 

AlImu,h In,, D.d I C II M,. M.m 
t- . . 

I II 3 Compu,. 

L~lll!K1e (_ .. S. ' ~ NI I 0 II L.DDMM.m 
. 

Long"""" (_ .. E. ' .. W) I "~ II X. ODMM.m 
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NAV 1-22A 

FIX BY THREE OBSERVATIONS 

FlXeVtH~"OBSQIV.o.TIONS NAV 1-22A 

L,U. , Lz t Az LJ t AJ LIIIS), 
" , 

Tltis program computes Ihe coordinales of a fIx obtained from 
obscrval ions o f three celestial bodies. Inpuls are the three vertices o f 
the triangle formed by the LO P's. The resulting fIx is the centroid of 
the triangle. 

Notes: 

I. This program will !lOI work if the triangle straddles the dateline. 

2. If the bodies arc not well distributed in azimuth, it may be 
advisable 10 plot an exterior fix. 

Eq uations: 

Example: 

On a sc t of observat ions on th ree stars, the Fix by Two Observations 
program gave three positions: Lr40025:63S, Ar 160021:85E; 
L1 4002i40S . A2 160

0
20:58E; Ll 40025:83S, A) 1600 14:53E. What is 

the best fix based on these three two-star fixes? (L40024:62S, 
, ' 600 18:98E) 

Solution : 

Enler: 3 FIX 

4025.63 ~I ENTER . 116021.85 ICHs l a 
4022.40 I 6020.581cHs l a 
4025.83 I 60 14.53jCHs J a ----<.~ -4024.62 

1m .. - 160 18.98 

, 
, 
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IHSTRUCTIOf\IS 

Ente,) FIX 

Vertex 1 

Latitude I !CHSllor South) 

Long".,de tlCtdoI'or EMI) 

Venn 2 

Lautude C~ I .... So\Jthl 

LOOII'tude C~ to, Easll 

INPUT KEYS 
DATA/UNITS 

L 
[:Je-

" -=:J 
L, . OOMhI.m I f 1( ---l 

).., . OOMM ,m roA~ r='-1 

L •. ODMM_'" 

>',.DOMM.m 

Vertu 3 ~:c 
LatItude \ ICttSllOl' Soulh) l ,. ODMM.m ,l 

lo r'llO\ ude I [CHSl lof E I,'l AJ, OCMM.m 

"'""'" DATA/UNITS 

Lt . OOMM.'" 1 
L •• D.d 

L •. DDMM.m 

L,.D.d 

L •. DOMM.m 

L •. D.d 

3 Comput. most p,obable I'O' llioo 

Lal'tud.(- ~ S. + . N) -. L.DOMM.m 

Longitude 1-. E. t • W) 
.DDMM.m 
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/ 

NAV' -23A 

DISTANCE OFF AN OBJECT 
BY TWO BEARINGS 

OIS'ANCI!OFF ,.... oeJECT 'v TWO et:...-.s 
~ RB, tRB2 Dr.... S t I 

To determine the distance off an object as a vessel passes it, observe 
two bearings on the bow and note the distance run between 
bearings. TIle program calculates the distance off the object when it 
is abeam and at the time of the firs t and second bearings. 

• 
I 

Equations: 

where 

D, 

,S , 

Dabe3m 

sin RB, 

RB, = First re13tive bea ring 

RIl2 = Second relative bearing 

Drun = St = Distance run 

S = speed of vessel 

t = time in minut es 

0, ' Dl = Distance at time of first or second bearing 

Da = Distance when abeam 
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Example I : 
A lighthouse bears _026° (26° counterclockwise) at 1130 and _051° 
at 1140. OUT speed is 15 knots. How far will we be off the light 
when it is abeam? (2 nautical miles). l-1ow far off were we at 1130 
and I 140? (4 .6 and 2.6 nautical miles) . 

Solution: 

261cHSIl ENTER+ 15 1 EI 
I SI ENTER+ 1 lO B 1:1 -----------;>~ 2.02 

o . 4.60 

Ii!l!I > 2.59 

Example 2: 

A buoy is sighted bearing 0 I S° on the bow, after a 3 mile run it 
bears 105° . What was its distance when abeam? (0.75 nautica l miles) 
miles) 

Solution : 

15I ENTER. 1105 D 3DIEI ------- > 0.75 

STEP INSTRUCTIONS 

, EHler OIST 
+ , " lOy in 

• Bu ... "" 

0' 'I 
all, -

• D.nonee run 

0",.""" -
• _."" 
T.me De'Wftn bu,,"9$ -, ComP<lI~ 

• Di,nne' wh." .b.am 

• D.n.nee 

.11.mOI. 

al I.m. I, 

RB"D.d 

RB, . D.d 

o,~~ . ~ul. m •. 

S. kno1S 

,. M.m 

RB, .D.d 

RB •. D.d 

S, knots 

D •• n.u'. mi. 
-

D,.naUI.mi, 

0,. "aul. m •. 
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NAV 1-24A 

VECTOR ADDITION 

V[CTOR AOOITION NAV 1· 24A 

TIlis program will compu te the sum or difference of two vectors in 
polar fo rm . II can be used 10 solve a large number o f relat ive motion 
problems. 

Example I : 

The :l pparcnt wind is from 040° relative al 15 knots. OUT speed is 5 
kno ts. Wh at is the true relat ive wind? (11.62 knots at 236~05 (from 
56~ 05» 

Solution : 

220 I ENlER t- I I S iii 0 [ENTERt 15 D Ii --_o_0 11.62 

Il!!l ---~ .. 236.05 
(direction of wind) 

180 B ------------0 56.05 
(direction wind comes from) 

Example 2: 

A vessel fixes her position al the beginning and end of a 23 minute 
run at 8 knots on heading 030° . She made good 4 nau tical miles but 
her true cou rse was 04 1°. Whal is the current? (3 knots. 7 1 ~6) 

Solution : 

301 ENTER t 18!J 41 [ENTER t l 

4 I ENTER . 1231±l60~ DO -----_0_.. 3.00 

------0-. 71.59 

STEP INSTRUCTIONS 

1 Enter VECTOR 

, KeV on .""tOf' 
.... ",,'0' I 

bu,,"lI 

mag.mude 

Vo.;'Of'1 

mallm,ude 

3 Com""t~ 

Mogm,ude 

E Sean"ll 
• 

D,tte.enco " • • , 

Magni,ude 

Sea. ing 

-
D , 1! o,~"" • • , - It 

Bu"ng 

Note: Con'''' ..... J>.O$~'''' 01 

RIS cou.n Jite'r>I,e <! .. plav 01 

INPUT 
OAf ",UNITS 

8 ,. D.d 

•• 

8,. D.d 

" 
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KEVS 

, .::lI 
A 

~ 

• 

0, 
0 """"'1 

--:JL 
J( 

[ 

[ 

I 

OUTPUT 
OATAIUHITS 

B,.D.d 

0.00 

B, . D.d 

0.00 

- -Ir, . f,1 
B. D.d 

- -1,, _.,1 
B. D.d 

- -1,,-'01 

B. D.d 
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NAV' ·25A 

VELOCITY TO CHANGE RELATIVE POSITION 

'o'tLOCITY TO CIIANG!! A~LATIVE POS'TION NAV 1.25A 

"""'Y 6t RfS 
H_MS SPEED 

This program may be used when it is desired 10 change position 
relative to another vessel whose course and speed are known. The 
program computes the course and speed nccessary to complete the 
mancuver in a specil1cd time. Bearings may be relative or true, 

Equations : 

- -em: +<8 

where 

em = velOcity or maneuvering vessel (M) 

eg = velocity or guide vessel (G) -GM I : position or M relative to G at lime II -
GM} : POSiliol1 orM relalivc 10 G al time '2 

61 = lime for Imneuvcr 

• 
The vector symbol a represents magnitude and angle simultaneously . 

• 

". • 
• 

• 
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Example: 

.' 2050 true speed 10 knots, We wish to change The gUIde IS on course. . d h d 
" r I' ile~ due west of the guide to 20 miles dea a ea 

positron rOIll - III ~ ? ( 1850 21 2 
(0° relative) in 1.5 hoors. What is our course and speed. •. 
knots) 

Solution: 

0= 

, 
, 

, 

• 

Ellie. REL POS 

KeV inG· ..... ay 

Cou, ... 

time .lIowed 

• M, 

Bea"''11 

Din.nco 

Il 
______ .~ 185.03 

-----_. 21.23 

I 
, 

I I II 
C, D.d TI t 11--

~ S ~,~oo~,,:-+I A 11 

JG;; II 
1- II 

-

I II 
',,0 C",,:--ilt t - II 

RM,. naut. mi. ,lbll....,... 

• 

Ij I C,Od -

It 9O - C.Od 
- I -

, 

I 
, 

I 
I 
It 

B" D_d 

ooo,--j 

(If enlO'ed beaw'll was f.I,I· ,II­
I RIS II 

I 
,~, . -

~II 
B,. D.d' --C'lt II 

• M, 

-
RM" naut. mi . I C 

I II 
II 
II 

I RIS II 
(II ellle,ed be •• ing wa ••• 1, 1· . 

• T "". allowed 10< mlneu_ tot. H.MS 1 0 II 
Compute M' . ..... y 10 comple te I II -

I II 
I E II 
I RIS II 

--

· 
I -, 
I 
I B,.D.d 

Ii 0.00 
, -
I , 
Ij ---' ­
I ai, H_h 

, 

I 
• 

I 
• 
I c. D.d 
· 
I s. ~no\ • 
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NAV 1-26A 

MANEUVERING RELATIVE 
TO ANOTHER VESSEL 

, 
H,MS 

cno ' .......... "¥OIOolHCE·S£T til' 

~ ~~. '3·r,'"3 d",·m, h 

NAY 1-26Al 

Sf ,1'1 , 

NAV 1-26A2 

cO! , "'ON AYOIOolttCI!.couASf. CH.f.H(;£S NAY ' .26A3 
~ ,,,55 PASS 
E9 ASTERH AHEAD INTERCEPT 

n • 
R 

This program computes the course change necessary to come within 
distance 0 of a ship having range TI and bearing 8 1 at lime I, and 
range T1 and bearing Bz at time 12 . The course change is applied at a 
specific time 13 , Intermediate outputs are range and bearing of CPA , 
relative speed and heading of the other ship, range and bearing of 
other ship at I l • and ac lual speed and heading of other ship. The 
final ou tput s are course change and new heading to pass ahead , pass 
astern, or in tercept. 

'" 

/ 

\ 
\ 

/ 

/ 
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Equations: 

Card I : 

Le t rl "" TI L B l = the range and true bearing of 
targe t at I, 

r, '" T1 L 81 = the range and true bearing of 
target a t t1 

;CPA 0: rCPA L BePA '" the rangc and true bearing of 
target at tCPA 

Then Ihe bearing of Ihe CPA is 

r1 cos B1 - (I cos B I 

TI sin HI - T1 sin H1 

and the range of Ihc CPA is 

-The relative mol ion TIll = r111 L hT is given by 

- --rill = , I mile 
2025 yd. 

Card 2: 

Let C = course of our sh ip 

So: er 0: speed of our ship 

IJ = lime at which course change will be execu ted -T)= r)L BJ 

0= change 10 relative hea ding to intercept 

h, + 0 = relative he<lding to intercept 

Then 

9 = change to (h , + 0) to pass al di stance D 

D = desired miss distance 

em = em L h 0: spee d and heading of targc t ship 

- - -
f J = Tl + rm(l} -ll )X 2025 

• . _, 0 
.,.. = Sltl -

" - - -em= er+ rm = SLC + rm L hT 

8= BJ + 180 -h, 
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CanI 3, 

Let 0 + ¢ to pass astern 

Then 

{3 = 0 - ¢ to pass ahead 
o to intercept 

a = new course at time t} 

(
'm a=hr+t)+ 180-5in- 1 

" 
Example: 

Pari I : At 2252 a ship observes a target 29,100 yards away at 026° 
true. AI 2300. the position of the target is 24,000 yards at 025° 
What is the CPA ? (2380 yards at 30 1°) What is the relative speed of 
the target ? (18 .97 knols at 211 °) 

Solutio n: 

Card I : 

22.52 D 26 I ENTER . 129 100 a 23.00 D 
25 IENTERt I24000 Elm -------... 2380.24 

(range of CPA) 

[!] I <:, I ---------. 300.69 
(bearing of CPA) 

III ------+_. 18.97 
(relative speed) 

[!]I <:' I ------_. 21 0.69 
(relative heading) 

Part 2 : Qur course is 24 knots at 0000
. We wish to change course at 

2308 so that we will pass 3000 yards astern of the target. 

Solution : 

Card 2: 

OIENTEAt I24 D 23.08 E1 ------_ .. 18911.25 

3000 8 

(range at t3 ) 

------_ .. 23.46 

(bearing at t}) 

------------... 12.36 

(his speed) 

[!] I ':Y I ---------_ . - 51.53 

(his heading) 

It=t • 
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Part 3 : What course should we steer to pass astern? (002° ) Ahead? 
(346°) Intercept '! (354°) 

Solution : 

Card 3: 

D ----------..... 2.002 
(come starboard 2° to heading 

002 to pass as tern) 

a -----------... - 14.346 
(come port 14° to heading 346 

to pass ahead) 

--------- - - ••. "';.354 
(come port 6° to heading 354 

to intercept) 

INSTRUCTIONS INPUT KEYS OUTPUT i I STEP OATA,/U NtTS OATA IUNITS , EnwCPA I II I 
~ • , Key In I II I 

• T""" I,. H.MS I A II I 1, . H.h 
· . 

• Relil '.' pOol \lOfl , I 11 I 
· 

Bu",'9 B •. D.o I 1 II I B, . 0 .0 
.- . -

,,,'" 'l.y. rO$ r , II I B" O.d · . · , Kev ,n I II I 
• TIme I " . HM$ I A II I t- H.h •• 

· 
• Rtll' , •• l>O<'IIOfI, II I 

· r . 

Be""'9 B,.O.o I II I B" 0.0 -
'0"" I,. va"ls .~ II I B,.O.o . 

II I • Compute 
• 

CIOWS! POlnl 01 approach .' C II I 'eI' .... V.'OS _ l-
I II I , O ,q:oIay 

Bei"" 01 CPA 1""lIonll) I • II x:"v I BeI'A.D.o 
· , Compute I II I · • 

R.III .. o .eIOC<1V I.ml I 0 I[--J .m, knou 
• • , D'wl.y I ICJ 

Rei.,,., h'~lng I • II • '-' I h. , 0.0 
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STEP INSTIlUCTIONS APPENDIX 
, En", eA - SU 

2 Kev In R'I""v 

",",. e.D.d C.D.d 

So: lid S. knou 'OOC. 511000 

, Key In 

T.me """ .... c;ov,se •• 11 be 

"' ..... I •. H.MS I " J , V"ds 

• O,opI.y 

1. Entering a Program . . . . . . . . . . . . . . . . . . . . . . . . . 82 
2. Format of User Instructions . . . . . . . . . . . . . . . . . .. 83 
3. Linked Programs, and Reg ister Usage . . . . . . . . .. 84 
4. Equat ions, Symbols, and Units . . . . . . . . . . . . . . . . 88 
5. Simple Keystroke Sequences . . . . . . . . . . . . . . . . . 93 
6. Star Almanac Cards . . . . . . . . . . . . . . . . . . . . . . . .. 94 
7. Comprehensive Examples . .. . ... . . . . . ... . . . .. 96 
8. Bibliography ............................... 104 
9. Index of Program Listings ...... . .. . ..•....... 105 

Be,,,"9" I, (OjlllOnaU BI.O.d , KOV In dnl!ed CPA.nd com· 

pl.t. 1P"d of "'11'1 D. ya,ds 1trTt. knO ll 

, O"plly 

M'I head;"9 loptlonal) h. D,d 

~ STEP INSTRUCTIONS INPUT KEYS oumrr 
DATA/UNITS DATA /UNITS , Enle, CA - CC I II 

2 OvtpUi :::JI I 
Cou,,, chJI>ge Jnd.-- II ] 
c;ov'", 10 _ ",ern A 6C. cce • 

Coune d1lnge Ind new ,-
C;OV,,, 10 PII" "'tid , 6C. CCe 

Coune d1 ..... and new 

cou,,, 10 tn"'~1 , '" W, 
] 

• n." d'!'play ". como,nlll"" 

of lWO n ....... be'l. ,hvi - 23.058 1 
"'tad "come POft n ' 10 . new 

cou.se 01 058." 
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Appendix 1 

ENTERING A PROGRAM 

From the card case supplied with this application pac, select a 
program card. 

Se t W/ PRGM· RUN switch to RUN. 

Turn the calculato r ON. You shou ld see 0.00 

Gently insert the card (printed s.ide up) in the right , lower slot as 
shown . When the card is part way in , the motor engages it and passes 
it out the left side of the calculator. Sometimes the motor engages 
but docs not pull the card in. If this happens, push the card a little 
fa rther into the machine. Do not impede or fo rce the card ; let it 
move freely. (The display will flash if the card reads improperly. In 
this case, press m and reinsert the card.) 

When the moto r stops. remove the card from the left side of the 
calculator and inse rt it in the upper "window slo," on the right side 
of the calculator. 

The program is now stored in the calculator. It remains stored un Iii 
ano ther program is entered or the calculator is turned off. 

i . 

.-
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Appendix 2 

FORMAT OF USER INSTRUCTIONS 

The User Instruction Fo rm is your guide to ope rating the programs 
in this pac. 

The fo rm is composed o f five labeled col umns. Reading from left to 
right, the fi rst column , labe led STEP , gives the inst ruction step 
number. 

The INSTRUCTIONS column gives instructions and comments 
concerning the opera tio ns to be performed . Items preceded by a 
dot (. ) in the INSTRUCT IONS column may be performed in any 
convenient order. Abse nce of the dot indicates that the order of 
opera tions is important. 

The INPUT·DATA/ UNITS column specifics the input data , and the 
units of data if applicable. Data input keys consist of the nu meric 
keys @]to(ill, GJ (decimal pOint), IEExl (enter exponent), andlc Hsl 
(change sign). 

The KEYS column specifics the keys to be pressed. Where the 
jENTER t l key is used, it is indicated by [!J . All other key 
designations are iden tical to those appearing on the HP-6S. Ignore 
any blank spaces in the KEYS columns. 

The OUTPUT·DATA/ UN ITS column specifies intermediate and final 
outputs and their uni ts where applicable. 

Angles are usually expressed as either degrees, minutes an d tenths 
(Dm-IM .IlI) or as degrees and tenths (D.d). In certain cases. it is 
necessary to input angles as degrees, minu tes and seconds (D.MS). 
There are keystroke procedures in Appendix 5 to facilitate conver­
sion among these three forms of angular no tation. 

Some User Instruction Forms indicate Ihal Ihe value zero is output 
for any input. These programs are interchangeable solutions which 
solve for Ihe missing variable in an equation when all ot hers are 
specified . Th e lcro is used by the program as a signal to calculate, 
thus. if a lero is not in thc display when the calcula tio n is attempte d, 
no calculation will be done. All known values mu st bc input before 
trying 10 calcula tc an unknown . 
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Appendix 3 

LINKED PROGRAMS, AND REGISTER USAGE 

Most programs in the IW-65 Navigation Pac may be run alone, bu t 
certain sets of programs are designed so that they may follow each 
other in a pa rticular o rde r, passing da ta from program to program 
through the da ta registers. The accompanying now charts show how 
the programs are intended to be linked for certa in problems. The 
table showing register usage is useful for determining whether or not 
a variable llIay be passed to anOlher program through the data 
registers. 

VOYAGE PLANNtNG 

" 

,. !,. ',. 

• • • 
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N.V' II. 
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-
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e 

Linked Programs And Registe r Usage 
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. .. 
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........ 1 '. " • C"" 

,. .. 
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.' ., .... 

~ 00',.,.. .. l.,." ....... 
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... , ' ... _ . 

...., "., .. -
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.... , .. ' -

.... , I..., 
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. , .. 
, . , -. 
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cun 

.... , .. , ., 
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• 
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_ .. ....,_0: 

.. 

... , -
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. .. , ... 
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O1A 

02A 

03A 

C>1A 

OSA 

06A 

'" 08A 

09A 

lOA 

I1A 

12A 

13Al 

13A2 

13A3 

14Al 

14A2 

15AI 

1SA2 

16A 

17A 1 

17A2 

17A3 

17M 

17A5 

17A6 

I1A7 

17A8 

18Al 

18A2 

." 
20A 

2" 
22A 

23A 

24A 

25A 

2 ... 

2 .. 2 

26AJ 

LENGTH 

5T O 

ARC 

SUP 

fUEL 

Dt, o' ... 

0,, 01 -

OR 

RHUMB 

GCNAV 

GC COMP 

COMP SAIL 

SAC I 

SAC 2 

SACl 

YEARS 

GHAT 

0 1 

0 2 

SST 

•• 
' 2 

' 3 .. 
os .. 
' 7 

' 8 

SHA 

L"A 

SRT 

Me> 

2 FIX 

3 FIX 

mST 

-t 

VECTOR 

REL POS 

CPA 

CA·5U 

CA·CC 

, 
R1 R2 

U'"" _d T 

t , sec 

R'M , 
F, 

IC 

IC -
L , 

L, L, 

L, L, 

L, L, 

L, L, 

h. 
--, 
"" h. "0 

H ()old . 
I 

I" 
T ime I" 
T ime , , 

H [ L 
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, 
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~ 

L, " I I 
R8 , -+- RB, 

I 

" " I 
I 5 I 9Q.-C 

I 
'CPA 

l00c+Sl l000 ' CPA ,e 

l00c+SJ1000 , 

- , 
R3 .4 R' 

• I 
H 

I 

1 5=C 
I 

" " In l~ (45+~') 
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'. " '. ~ " ~Lm. x 

-
T." , 

I 

-Moo," Y.M O, I,2,or3 

Moo," I Y.M 

SHA 0 Eq.T. 

SHA0 Eq.T., t.SHA " 0 OEe e , OEe 0 

R6 .7 

T 

u .... 

S ,in C 
I o. 

--- -1 

In tan(45'" ~,) A, - A, 

0 ' 60 H, 

H, 

5 , 
HE IC 

1M> 21 , 
"'. , 
dw' Y., 

6SHA " O 
Eq.T. 
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I 
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a,un 

" 
9Q.-B, 

b I • h, 

h, 

h, 
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l>S HA 

l>S HA 

l>S HA 

OSHA 
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OSHA 

OSHA 

OSHA 

OSHA 

H, 

H, 

0>, 

" 0, 

" RM , 

', . rm 

,m 

fm, lJ+h, 

I 

- - . . 

DEe!1900) 

DEen900) 
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DEql900) 

OEC(900) 

OEC(900) 

OEC(1900) 

OECI1900) 

DECt19(0) 

DEC{ l9(0) 

Z, 

'" 
OL, 

L. 

o. 

OO-B, 

h, 

b,. h 

h 

I 

liDEe 

liOEe 

liDEe 

liDEe 

6 0EC 

MEC 

----
60EC 

60Ee 
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Ho 

"'" '. 
0, 
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" 
r"rJ.~ 

• 

--" 

, 
, 

tan Zn"L 
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O. 

1, 
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.m 

GHAT 
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GHAT 

GHAT 

GHAT 

GHAT 

- - -.. . 
GHAT 

GHAT 

GHAT 
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EQUATIONS, SYMBOLS, AND UNITS 
The important mvigational equations used in the HP-65 Navigation 
r <lC arc gathered here fo r quick reference along with a list of the 
symbols and uni ts. 

Equations For Sailing A Greal Circle From (l , . AI) to (Ll' Al ) 

The great-circle distance is 

The initial gre<lt-circle heading is 

tSin I I - sin l , cos (0/60)J 
Jl . '" cos· ' 

I sin ( Dj60) cos L, 

The intermedia te poi nt s <Ire (li' Ad wh ere 

_, [ 1<111 l 2 sin (A2 - Ad - tan l , 
L '" tan 

I sin (A2 - Ad 

Vert ices of the great circle arc at (Lv . Av) and (- Lv, Av + 180°) where 

Av '" AI -sin - 'l ,0, Hi J 
sin (cos · ' (sin Hi cos ld) 

The great circle crosses the equa tor at (0. Av +90°) making an angle 
wit h the equa lor of Lv, 

The great... . is tangent to the small circle defined by L = lmu at 
(lm ax . Av d whe •. 

Equations For Sailing A Rh umbline From (l , . AI ) to (ll' Xl ) 

The rhumbline cou rse is 

~ . 

IE: 

IF-

(t; , 

I~ ~, 
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TIle rhumbline distance is 

60(A,-A,)cosL; cosC"'O 

0 '" 60 l , - L, ; otherwise 
cos C 

The position on the rhumbline al distance S6t from ( ll ' Ad IS 
(1.;, Ai) where 

A, '" 

A, + 
180 tan C (l n tan (45 +..!;j ) - In Ian (45 + -1-)) 

Ai _ fl. t S si n C . C '" 090° or 270° 
60 cos L, ' 

Equations For Correcting Sextant Readings 

The apparant altitude is 

ha '" hs + IC - D 

where 

0 = 0:97 V HE 

The corrected alt it ude is 

Ho"'ha- Rm 

where 

1 23~6 - 8:36 In (ha); ha < 7° 
Rill '" , 

0:97 COl (ha) - 0.00 1 J co t) (ha); ha ;;' 7° 

• 



90 Appe nd ix 4 

Secondary corrections due to abnormal con ditions are a modifica. 
tion to ha and a modification to Rm 

where 

ha= hs+ Ie - D + S 

lio'" ha _ Rm _:c5~IO,---_ 
460 + T. ir 

p 

29.83 

Ir a limb of the su n or moon is observed, Ho must be corrected 
rurther 

J.i OOld ± SD 0 
Ho = 

1.100 111 ± SD <r + HP cos 1-I0
01d 

Equations For Computing Altitude and Azimuth 

TIle altitude of a body is 

He'" sin - I [sindsinL+cosdcosLcost] 

The azimut h is 

where 

Z; sint <O 
Zn = 

360-Z; sin t>O 

Z'" COS - I [ Sin d- sill L sin He ] 
cos He cos L 

:: -
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• 

Primary Symbols Used in This Work 

• , 
, 
C 

d, DEC 

0 

" 
em 

Eq.T. 

F 

G 

GMT 

I" 

Hi 

Ho 

I" 
H 

HA 
HE 
HP 
, 
L 

LHA 

M 
RB 

RPM 
S 

SD 
SHA 
, 
T 
, 
Zn 

~ 

A 

rna LOa vector having magnitude lila and angle 0, 

altitude intercept 

course 

declina tion 

distance 

ve locity of guide vessel 

velocity or maneuvering vessel 

Equation of Time (mean time- apparent time) 

quantity of fue l 

position of guide vessel 

Greenwich Mean Time 

apparent altitude 

initial heading 

corrected sextant altitude 

sextant alt itude 

heighT 

hour angle 

height·of-eye 

horizontal parallax 

(subscript) initial or in termediate 

latiTude 

Loca l hour angle 

position of maneuvering vessel 

relative bearing 

revolutions per minute 

speed 

se mi·diameter 

sidereal hour angle 

time 

kmperature 

(subscript) vertex 

Azimuth 

[Greek capi tal delta] (prefix) change in (i.e. t.SHA) 

[Greek lower case lambda] longitude 
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Units 

Le nglh measures 
ft. fOOl, feet 

fth. 

FF .I! 

on 

1111. 

fathom 

fee t and inches 

metre 

statute mile 

naut.ml. naut ical mile (mi . if context is dear) 

yd. yard, yards 

Time and angle measures 
D.d degrees and tenths 

D. MS degrees, minutes and seconds 

DDMM .m degrees, minutes and tenths 

1·I.h hours and ten ths 

H.MS hours, minutes and seconds 

M.m minutes and tenths 
• 

•• 

-
--

-

-
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SIMPLE KEYSTROKE SEQUENCES 

Collected here are a number of keystroke sequences to perform 
simple operations without the aid of a pre programmed magnetic 
card. 

To convert DDMM.m to D.MS 

Data Keystrokes 

DDMM.on 0 I . 0.M5 I 0@]@]1±l 
0' 
o I .0.M5 IIEExl m I±l 

To COllvert D.MS to D.d 

Data Key strokes 

D.MS [!J I +D.MS I 

To convert Hour Angle 10 Right Ascension 

Data Key strokes 

To convert H .~·I S to H.h 

Data Keystrokes 

H.MS [!j I +D.MS] 

To convert I·t h to I U ;I S 

DaTa Keystrokes 

H.h OJ I +O.MS I 

To compute nt from II and t1 

Data Keystrokes 

t1. H.MS I ENTER . ) 

11 • \·LM S [!j I O.MS+ I 
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STAR ALMANAC CARDS 

The data cards for the Star Almanac simply load posit ion data into 
appropriate registers fo r use by the Almanac Positions program. 
Registers R3 th rough R6 are used for data and R8 and R9 are left 
undisturbed. A skeleton program is shown here along with a table of 
values for each star. Except for convenience, it is not necessary to 
write a program: the data may be loaded direct ly in to the indicated 
registers if desired. 

SKELETON PROGRAM 

LBL LBL LBL 
A C E 

· · · · · · · · · • · • • • • • • • · ) 
·1 . 

SHA, D.MS 
• · · • • · · · · · · • • • • • • r-

5TO 3 STO 3 STO 3 

, 

· · · · · · · · · · · · • • • • • • • 

J .OSHA, M.m 

· · · · · · · · · · · • • · . . . . r 
ST04 STO 4 ST0 4 

· · • • • · · • • · · • • • · · · · · 

) DEC. D.MS 

f-' ~;O 5 • · · • • • • • · • · • • · · 

STO 5 STO 5 
• • • • • · • • • · • · • • • · • · · ) 6DEC, M.m 

>-' ~T'O' 6' 
· · · · · • • • • • • · • • 

STO 6 STO 6 
RTN RTN RTN 

I 

I 
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s., I ., •• •• ., 
SHA(1900.0) A SHA OEC(l900 .01 A OEC 

Acamar (0 E.i) I 316°23'01" f- ~d.57 - -40"42' 14 " 0'.24 
Ache.na. (a E.i) 336"30'10" -0:56 -57" 44'24 " 0'.30 

((I Cru) 174"44'56" -0:84 -62"3t4'1 • • Ac.ux -0.33 
Aldeba.an (a Tin) 292"2'115" -0:86 16°18'35' • 0'. 12 

I (I) UMI) 154"05'56" -0'.59 49"48' .t • • Alk,id -0.30 

219"20'02" -0:,4 41126 • • Alphard (a HYI' -0.26 .,,..... (0 C.B) 127'23'32" -<ts< 27'Ot54 " -0:20 
A1phe.au (0 And) 359"12'05" -(US 28"3t25' • • 0.33 
Altair (0 AqL) 63"31'23" 

-0'73 -+436'0' 
• 0'.16 

Anca.u (a 500) 114"10'55" -0:92 -21f12 '55 " • -0.13 _ 

(0 Boo) 147' 13'17" -0:68 19"41'51 • 
+- . 

Arcturus -0.31 
Atria (a TrA) 110"29'1 4" -1:59 -68°50'50' • • -0.11 

(oO.i) 272"3'531' • Betelgeuse -0.81 7"23'21 • • 0.01 

"',- (Q Car) 254°33'53" -0:33 -51'Jd 31 • • -0.03 
Capo!lIa (Q Aur) 282"40' "r:/' - 1: 11 45'"53'56' • • 0.00 

Deneb (Q Cvg) 5(f29'34" -0:51 4,,° 55' 34 " • 0.21 
Denebola 1/1 Leo) 184"00'2t ' -0:76 15"08'os' • • -0." 

(jJ Cet) 350"21'18" • - 18"32' 1 ," • Oiphda - 0.75 0.33 
Dubhe (Q UM.) 19!t36'01' -0'.92 62" 11 11 • • -0.32 
Enif (f Peg) 3!t Il'Ot' -0'.74 9"24'31 • • 0.28 

f omalhaut ((I P, A) 16"58'05" -0:83 -Jif09'lt • • 0.32 
Hamal ((I Ari) 329"31 18" -0:85 2t'5'i31 • • 0.28 
Kochab (II UMi) 137'15'34" 0:04 7""34'00 • • -0.25 

(9 <An) 149"4159" -0:88 -35"53'04 
.. • Menken! -0.29 

Mirfak (0 Pe.) 310"4t25" - ' :07 49°JCi3'i • • 0.21 

Nunki (0 Sgr( 77'4i5'i' -0:93 -26"25'41 .. 0'.08 -
Peacock (oPa") 55"33'56" - 1: 19 - 57"03'20' • • 0.1 9 
Pollux (jJ Gem) 245",t01' -0'.92 28" 16'24 .. • -0.15 
Procyon (Q CMi) 246"28'4 1" -0'.78 S' 28'48' • -0:15 
Raulh-vue (Q Opt,) 97"25'48" -0:10 12"31Jd • -0:04 

209" I.' 18" -<tOO -' 12"2114 .. .4.29 Regulus (Q Leo) 
Rigel ttl 0 .. , 281'34'01" 472 -8"19'0 1 

.. • -0.07 
Rigil Kent . (0 <An) 141"48'01 ' -1:02 -60" 25 18' • • -0.25 
Schwar (Q Cas) 351" 114t' -0'.85 

.. 5S'5'i 19 0:33 
Si.ius (a CMa) 259°48'51" - 0'.66 - 16"34' 49 .. • 

" 
-0.08 

160·01'os" 
.,.. 

-10"38'3t • -0:31 Spica (Q Vir) -0'.79 
Suhail p. Veil 223"55' 1 t' -0'.55 

.. 
-4:f01'46 • -0.24 

V.,. (a Ly.) 81"36'51" -0'.51 38"41'os' • d.oo 
I ~ 
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COMPREHENSIVE EXAMPLES 

A few examples are included here to demollsirate the power of the 
HP-65 Navigation Pac when its programs are run in the correct order. 
The forms used with these examples emphasize the fact that very 
little input data and answe rs need to be written down. 

Example: Three Star Fix 

In the Tasman Sea on 30 Dec. 1974 the navigator observes three 
stars for his 0940 fix. His DR is L400 12'S, AI59°57'E, and the 
observations are made from 35 feet using a sextant requiring -1:5 
index correction. What is the fix? ( L40024:8S, ),,160° 19:9E) 

GMT 

Solution: 

Rig,i l Kentaurus 

9h 40m 2 1s 

11 °25 :5 

Procyon 

9h40m5<t 

11°23:2 

I. Record times and sex tant alti tudes 

2. Use the 0940 DR for all sights 

Alpheratz 

9h41 m 42s 

10° 28:7 

3. Compute and record corrected sex tant altitude for each sight. 

4. Run the almanac series for each sight. Record Zn from SRT and 
a frolll MPI}. 

4a. (optiona1) Record L and A from MPP. These I>oints are uscful 
for making accurate plots. 

5. Run 2 FIX for p:l irs of observations. The resulting points :lre 
useful when plotting, because they are the points at which 
LOP's intersect. 

6. Run 3 FIX for three LOP interse ctions and record the fix. 

Note : 

If the observed celestial bodies were not well diSiributed in azimuth, 
it wo uld be prudent to consider plouing an exterior fix instead of 
running 3 FIX. 

, "'- po ......... 
IOf ud> oiIt"" 

DATE VURS 

TIME ARIES 

02 IE" n 

, 
Ho, II'I~ ' II, 

, 
" K< K<, . /~·''1. 7 

Zn 2~. · nr.O 

G:Ji:: -n-. MPP', ... u .. lul , ----

la,. Zn'), (a,. Zn,) l 

DR--+! 2 fiX t--
, 
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. ' K<z · /0 57· 0 
Znz - 73·t 
-z • -lil-

,---

• 

fie, .lo·!6"- '5" 
Zn,· 3~.+ 

, - 19· ;1.. 

,--- -

1Vf>5 I ' e 

o 
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-

I 
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. 
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T 

• 
L< 

r 
~~ \\1\." 
j 

j 

• 

,o .. ~ 11 .,,"'" 
w ~ . .. , OKl , 

00'>' • · ~ • • 
, I • 

L 

• 

______________ ~,~-----------------------"-----.•. ----J.;" 
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Example : TIlfee Star Fix Accounting For Movement Of Ship 

On I Jan. 1975. enrou te San Francisco for San Bernardino Strait, 
Ph.ilippine Islands. the 1520 DR is L4000tN, AI32° 15'W. From 
30 feet with a sex tant requiring a I '.5 index correction the navigator 

observes three stars for a fix. 

Our course is 288°. speed 20 knots. What is the fix obtained by 
adjusting the LOP's resulting from the th ree sights to IS201 
(lAOD 09:5N. AI32° 21:4W) 

Pollux Spica Vega 

GMT ISh 19m 4S' ISh 20m lS5 lSh 21 m 2Ss 

h, 23° 18~1 38°49:S 30° 18:3 

Solution: 
I. Record times and sextant alt itudes on for m. 

2. Compute and record DR corresponding 10 the times of the 

observ~lions. 

3. Compute and record corrected sextan t altitude for each sight. 

4. Run the alm~nac series for each sight using the appropriate DR 
when running UIA. Record Zn from SRT and a from MPP. 

4a. (optional) Record L and A from MPP. TIlese poin ts are useful 

for making accura te plots 

5. Run 2 FIX for pairs of observations using the DR corresponding 
to the desired tillle of the fix. These resultant poin ts are useful 
when plolting, because they are the points at which LOP's 

intersect. 

6. Run 3 FI X for three LOP irllersections :md record the fix . 

Required : 

I . TIle initial great-drcle course. 

2. The great·circle distance . 

3. The latitude and longitude of points on the great circle at 
longitude ISoE and at each S° of longitude thereafter to 
longitude 70o W. 

4. Rhumbline cou rses and diSI:l11 CeS between each of the points 
calculated in 3. 
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SIGHT REDUCTION FORM 

o. 

,~ MPP', If. ,. 

"', . 
lnl · ,;21"1 I 

"1 • t..4 

, - ---

R .... "'" _ ....... Ih pelOn .. 162. 163. 

II,. Zn,!. 10,. Zn,1 * 1. 2 
I , _ ·/4 f~ 

OR-/ 2 fIX t+ , I~ "..;20!.3 

, 

, , , '#-C"-O 
, IJ;2.Q;Lf.2. 

y 

13 FIX r. ~ 
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" 
~.,--'T"-' " 

o 
, 

t j 

, 

• 

E: 

E-
.. 1--

I 
I 

"', . 
ln

J
• ,"~_ r I 

~ · /·6 

, ----

2. 3 I 0 , .w ,.,,,.;L.. 
, /~ '!t..2 ~"7 

I 0 '" 40 "tJ'{ .'$" 
1~~ I>.;2./.)¥ 

L.-~",~.~-------------------____ ~,,~.c-__________ _ 
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Example: Course Planning 

A ship is to steam from Valparaiso, Chile, to Wellington, New 
Zealand. The captain wishes to use composite sailing fro m L32° S8~OS 
to X-71 "41 :2W off Punta Angeles Ligh t, to L42"OO:OS.X-17So00~OE, 
near Cape Palliser, limiting the maximum latitude to SO"S. 

Required : 

I. The longitude at which the limiting parallel is reached. 

2. The longitude at which the limiting parallel should be left. 

3. The initial great circle course. 

4. The total distance. 

5. The latitude and longitude of points along the great circles at 
convenient intervals of longitude. 

Solution: 

I. Run COM PSA IL to determine points of tangency with limiting 
parallel. 

2. Run GC COMP from departure to fi rst point of langency. 

3. Run GC COMP from second point of tangency to dest ination. 

4. Run RHUMB from point to point. 

5. Add up all distances. 
(This course is plotted on the chart on p. 37.) 

, 

I 

, 

-

COURSE 

~,­•• 

, , 

.. ,. '. . 
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L,. " .. ,.',. , 

GC 0;"..,.. 'Y1l!rf.,., ..... 
1,,;,;01 Hood.r>gezR :J.!f 

" , 

• 
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PROGRAM LISTINGS 
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KEYS CODE 

, 71 
STO 1 3301 
0 00 
RTN 24 
LaL 23 
A 11 
1 01 
9 xZy 3507 
0 00 

9 ,"" 3521 
9 RI 3508 
GTO 22 
0 00 
GTO 22 
1 01 
LBL 23 
B 12 
- 83 
3 03 
0 00 
4 04 
8 08 
9 xZy 3507 
0 00 

9 ,"" 35 21 
9 RI 3508 
GTO 22 
0 00 
GTO 22 
1 01 
LBL 23 
C 13 
1 01 
- 83 
a 08 

Rl Used 

R, 
R, 

LENGTH CONVERSIONS 

KEYS I CODE 

2 02 
a 08 
8 08 
9 x;;::'y 3507 
0 00 

9 K*Y 3521 
9 RI 3508 
GTO 22 
0 00 
GTO 22 
1 01 
LBL 23 
D 14 
1 01 
8 08 
5 05 
2 02 
9 xZy 3507 
0 00 
9 x¢-y 3521 
9 Rl 3508 
GTO 22 
0 00 
GTO 22 
1 01 
LBL 23 
E 15 
1 0 1 
6 06 
0 00 
9 09 
- 83 
3 03 
4 04 
4 , 04 

KEYS CODE 

9 x~y I 3507 
0 00 
9 x*y 3521 
9 R I 3508 
GTO 22 
0 00 
LBL 23 
1 01 
9 Rt 3509 
STO 33 
- 81 
1 ,01 
RCL 1 34 01 
RTN 24 
9 NOP 350 1 
9 NOP 350 1 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NOP 350 1 
9 NOP 350 1 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NOP 350 1 
9 NOP 350 1 
9 NOP 3501 

NOP I 35 01 

-

-

A, 
As 
Ag Used 

IE;- " III: • • 

IE 

E- _ 

E 

E 

E 

• 
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SPEED, TIME, AND DISTANCE 

KEYS CODE KEYS CODE KEYS CODE 
• 

L8L 23 RTN 24 9 NOP 3501 

A 11 RCL 3 34 03 9 NOP 3501 

DSP 21 RCL 1 3401 9 NOP 3501 

83 - 81 9 NOP 3501 - -
2 02 STO 2 3302 9 NOP 350 1 

STO 1 3301 RTN 24 9 NOP 3501 

0 00 LBL 23 9 NOP 3501 

9 x¢-y 3521 D 14 9 NOP 3501 

0 00 DSP 21 9 NOP 3501 

RTN 24 - 83 9 NOP 3501 

RCL 3 34 03 2 02 9 NOP 3501 

RCL 2 34 02 , STO 3 3303 9 NOP 3501 

• 81 0 00 9 NOP 3501 

STO 1 3301 9 ,"" 3521 9 NOP 35 01 

RTN 24 0 00 9 NOP 350 1 

LBL 23 RT N 24 9 NOP 3501 

B 12 RC L 1 34 0 1 9 NOP 3501 

,-, 32 RCL 2 34 02 9 NOP 3501 

..... O.MS 03 , 71 9 NOP 3501 

C 13 STO 3 3303 9 NOP 35 01 

DSP 21 RTN 24 9 NOP 3501 

- 83 9 NOP 350 1 9 NOP 35 01 

4 04 9 NOP 3501 9 NOP 3501 , 31 9 NOP 350 1 9 NOP 3501 

...... D.MS 03 9 NOP 3501 9 NOP 350 1 

RTN 24 9 NOP 350 1 9 NOP 3501 

LBL 23 9 NOP 3501 9 NOP 350 1 

C 13 9 NOP 3501 9 NOP 3501 

DSP 21 9 NOP 3501 9 NOP 3501 

- 83 9 NOP 3501 9 NOP , 3501 

2 02 9 NOP 3501 

STO 2 3302 gNOP 3501 

0 00 9 NOP 3501 

9 ,"" 3521 9 NOP 3501 

0 00 9 NOP 3501 

A, Speed A, ~A, 
A, T ime A, As 

A, Distance A, Ag 
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TIME·A RC CONVERSION 

KEYS CODE KEYS 
, RI 3508 I · • 
, 71 ...... D.MS 
STO 1 33 01 DSP 
0 00 • 

DSP 21 1 
0 B3 RTN 
0 00 LBL 
RTN 24 B 
LBL 23 3 
A 11 6 
1 31 0 
.... O.MS 03 0 
EEX 43 9 x-;!y 
2 02 0 
+ B1 9 l("</:V 
I · • 32 GTO 
.... D.MS 03 0 
2 02 GTO 
4 04 1 
0 00 LB L 
9 x~y 3507 C 
0 00 6 
9 '*v 3521 0 
GTO 22 9 x=.v 
0 00 0 
RCL 1 3401 9 x"</:y 
2 02 GTO 
4 04 0 
0 00 GTO 

0 B1 I 
1 31 LBL 
..... O.MS 03 D 
EEX 43 1 
2 02 9 x;:'v , 71 0 

A, t, sec 

R, 
R, 

CODE 
32 
03 
21 
B3 
01 
24 
23 
12 
03 
06 
00 
00 

3507 
00 

3521 
22 
00 
22 
01 
23 
13 
06 
00 

3507 
00 

35 21 
22 
00 
22 
01 
23 
14 
01 

3507 
00 

KEYS CODE 

, '*v 352 1 
GTO 22 
0 00 
LBL 23 
1 01 
+ 61 
CLX 44 
RC L 1 34 01 -9 x+-y 3507 
0 B1 7 

DSP 21 
0 B3 
2 02 
RTN 24 
LBL 23 
E 15 
1-' 32 
..... D.MS 03 
B 12 
I 31 
..... D.MS 03 
OSP 21 
• 83 
4 04 
RTN 24 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 

NOP 3501 

R, 
Rs 

R. Ured __ _ 

E-

I 

KEYS 
STO 1 
o 
gX-=F-V 
9 NOP 
RTN 
ACL 4 
RCL 2 

1 
RCL 3 

• 

LBL 
E 
6 
O 
7 
6 , 
6 
0 
· -· 
RTN 
LGL 
B 
I 
INT 
9 LST X 
I · • 

INT 
• 

1 
2 

0 

0 

+ 

CODE I 
330 1 

00 
3521 
3501 

24 
3404 
34 02 

81 
01 

34 03 
51 
B1 
23 
15 
06 
00 
07 
06 
71 
06 
00 
Bl 
24 
23 
12 
31 
83 

3500 
32 
83 
83 
01 
02 
81 
61 

R, RPM 

R2 Pitch 

R, Slip 

PROPELLER SLIP 

KEYS CODE 
STO 2 3302 
0 00 
, '*v 35 21 
9 NOP 3501 
RTN 24 
RCL4 34 04 
RCL 1 34 01 
0 81 
1 01 
RCL 3 34 03 
- 51 

0 81 
E 15 
I 31 
INT 83 
9 LST X 3500 
1- • 32 
I NT 83 
• 83 
1 01 
2 02 , 71 
0 61 7 

RTN 24 
LBL 23 
C 13 
EEX 43 
2 02 

0 81 
STO 3 3303 
0 00 
9 l(-=F-y 352 1 
9 NOP 3501 
RTN 24 
1 01 

R, 
Rs 

Speed 

R-C, ___ _ 
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KEYS 
RCL 4 
RCL 1 
~ 

0 

RCL 2 
+ 
E 
-
EEX 
2 , 
RTN 
L8L 
D 
STO 4 
0 
9 X-=F-V 
9 NOP 
RTN 
ACL 1 
RCL 2 , 
1 
E 

0 

1 
RCL 3 
-, 
RTN 
9 NOP 

R, 
Rs 

R. 

CODE 
3404 
3401 

81 
3402 

81 
15 
51 
43 
02 
71 
24 
23 
14 

33 04 
00 

3521 
3501 

24 
3401 
3402 

71 
01 
15 
81 
01 

3403 
51 
71 
24 

; 3501 
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KEYS ' CODE 

RCL 2 3402 
STO 1 3301 
9 RI 3508 
STO 2 3302 
0 00 
9 ,,oy 3521 
9 NOP 3501 
RTN 2. 
ACL 6 3406 
ACl5 34 05 
• 81 T 

RCL 4 3' 04 
RCL 3 3403 
· 81 
f - , 32 
,r, 0' , 71 
RCL 1 34 01 , 71 
RTN 2' 
LBL 23 
B 12 
RCL 4 3404 
STO 3 3303 
9 RI 3508 
STO 4 3304 
0 00 
9 ,,oy 35 21 
9 NOP 3501 
RTN 2' 
RCL 2 34 02 
RCL 1 34 01 
· Bl 
RCL 5 34 05 
RCl 6 34 06 

FUEL CONSUMPTION 

KEYS I CODE 
• 

, 
f 
,r, 
RCl3 , 
RTN 
L8L 
C 
ACl6 
STO 5 
9 RI 
STO 6 
0 
9 x'*v 
9 NOP 
RTN 
ACl2 
ACLI 
• 
• 

RCl 3 
RCL4 
• 

f - , 

,r, , 
RCL 5 , 
RTN 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 

" 
0, 

0 , 

81 
71 
31 
0' 

3403 
71 
2. 
23 
13 

3406 
33 05 
35 08 
33 06 

00 
352 1 
35 01 

2' 
34 02 
34 01 

81 
34 03 
3404 

B1 
32 
0' 
71 

34 05 
71 
2. 

35 01 
35 01 
35 01 
35 01 
35 01 
3501 

KEYS 

9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 

R, 

CODE 

3501 • 

35 01 
35 01 
35 01 
3501 
3501 
3501 
35 01 
350 1 
3501 
35 01 
35 0 1 
35 ;::11 
35 01 
35 01 
35 01 
35 01 
3501 
3501 
35 01 
3501 
3501 
35 01 
35 01 
35 01 
35 01 
3501 
35 01 

~;-

3501 
...L 35 01 

KEYS 

LB L 
A 
STO 1 
RTN 
LBL 
8 
STO 2 
RTN 
LBL 
C 
STO 3 
RTN 
LBL 
0 
f 
--;oD .MS 
EEX 
2 
• · 
f - , 

--;oD.MS 
RCl 1 
RCl2 
f 
,r, 
• , 
7 , 
-
6 
0 
· 
+ 
STO 4 

'-

R, 
R, 
R, 

IC 

HE 
H 
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OISTANCE TO OR BEYONO HORIZON 

CODE KEYS ' CODE 

23 f 31 
11 TAN 06 

33 01 2 02 
2' • 83 
23 • D. 
12 6 06 

3302 EEX .3 
2. CH5 .2 
23 • 04 
13 • 81 

3303 STO 7 3307 
2' 1 ., 
23 , 71 

" 
• ACL 3 34 03 

31 ACl2 34 02 
03 - 51 

'3 • 83 
02 7 07 
81 • 04 
32 7 07 
03 3 03 

3401 6 06 
3402 • 81 

31 + 61 
0' f 31 
83 ,r, 0' 
0' ACl7 3407 
07 - 51 
71 STO 6 3306 
51 RTN 2' 
06 LBL 23 
00 E 15 
81 RCL 2 • 34 02 
6 1 f 31 

3304 ,r, 0' 

h' 

o 

KEYS CODE 

1 01 
• 83 
1 01 

• 04 

• 04 , 71 
RTN 2' 
RCl2 3402 
f 31 
,r, 0' 
ACl3 34 03 
1 31 
,r, 09 
+ 61 
1 01 
• 83 
1 01 

• 04 

• 04 , 71 
R/5 8' 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 Nap 350 1 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NQP I 3501 

R, 
Rs 

R. 

Used 

U>ed 
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KEYS 
LBL 
A 
STO 1 
RTN 
LBL 
B 
STO 2 
RTN 
L8L 
C 
1 
"'O,MS 
EEX 
2 
• 

1- , 
...... D.MS 
RCL 1 
RCL 2 
1 
w: 
• 

9 
7 , 
+ 
6 
0 
• 
~ 

+ 
1 
TAN 
RCL 2 -9 x-v 
• 

R, IC 

R, HE 

R, 

DISTANCE BY HORIZON ANGLE 
AND DISTANCE SHORT OF HORIZON 

CODE KEYS I CODE KEYS I CODE 
23 GTO 22 I ' , I 32 

" 1 01 ..... O.MS 03 
3301 LBL 23 ACll 34 01 

2' D 14 6 06 
23 1 31 0 00 
12 ->O.MS 03 • 81 

3302 EEX 43 + 61 
24 2 02 1 31 
23 • 81 TAN 06 ~ 

13 1 - , 32 , 71 
31 -- D.MS 03 RTN 24 
03 RCL 1 34 01 9 NOP 3501 
43 6 06 9 NOP 35 01 
02 0 00 9 NOP 35 01 
Bl " 81 9 NOP 3501 • 

32 + 61 9 NOP 35 0 1 
03 1 31 9 NOP 35 01 

34 01 TAN 06 9 NOP 35 01 
3402 • 81 9 NOP 35 0 1 

31 LBL 23 9 NOP 3501 
09 1 01 9 NOP 35 01 
83 RIS 84 9 NOP 35 01 
09 6 06 9 NOP 35 0 1 
07 0 00 9 NOP 35 01 
71 7 07 9 NOP 35 01 
61 6 06 9 NOP 35 01 
06 • 81 9 NOP 3501 
00 RTN 24 9 NOP 35 0 1 
81 LBL 23 9 NOP 35 01 
61 E 15 9 NOP 35 01 
31 1 31 
06 --D.MS 03 

34 02 EEX 43 
3507 2 02 

81 • 81 

R, R, 
Rs R, 

1R 6 R, Used 

DEAD RECKONING 

KEYS CODE KEYS : CODE KEYS CODE 
I ' , 32 E . 15 ..... D.MS 03 
..... D.MS 03 RCL l 34 01 RIS 84 
STO 2 3302 E 15 RCL 2 34 02 -9 x __ v 3507 • 81 1 31 
I ' , 32 1 01 ...... O.MS 03 
""'O.MS 03 9 x=y 3523 RTN 24 
STO 1 3301 GTO 22 LBL 23 
RTN 24 1 01 1 01 
LSL 23 9 R' 3508 ACl6 34 06 
B 12 1 31 ACl7 34 07 
1 - , 32 LN 07 , 71 
R- P 01 RCL 6 34 06 RCL 1 34 01 
$T05 3305 , 71 1 31 
9 R' 3508 RCl5 34 05 COS 05 
STO 6 3306 • 81 6 06 ~ 

9 R' 3508 1 01 0 00 
1 - , 32 8 08 , 71 
...... O.MS 03 0 00 CHS 42 
ST07 3307 , 71 GTO 22 
RTN 24 9 35 2 02 
LB L 23 rr 02 LBL 23 
C 13 LBL 23 E 15 
DSP 21 2 02 9 09 
• 83 • 81 0 00 
4 04 RCl2 3402 + 61 
Ae l S 3405 + 61 2 02 
RCl7 34 07 1 01 • 81 , 71 1 - , 32 1 31 
6 06 
0 00 

R-P 01 TAN 06 
1 31 I RTN I 

• 81 • R- P 01 
RCL 1 34 01 -9 )(+--Y 3507 
+ 61 STO 2 3302 
STO 1 3301 RCll 34 01 
9 lST X 3500 1 31 

R, L R, 
• 
R, LI t 

R, A Rs s cos C R, 
R, Rs S sin C R, Used 
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AHUMBLINE NAVIGATION 

KEYS CODE ,. , 32 
..... O.M5 03 
RCl I 34 01 
5TO 2 3302 
9 ,,;t.y 3507 
5TO 1 3301 
2 02 
• 81 , 04 
5 05 , 61 , 31 
TAN 06 , 31 
LN 07 
RCl5 3405 
5TO 6 3306 
9 ,,-:"y 3507 
5TO 5 3305 
RCll 3401 
ATN 2' 
LBL 23 
B 12 ,. , 32 
..... O.M5 03 
R·:l3 3403 
5TO 4 3304 
9 "Zv 3507 
5TO 3 3303 
ATN 2' 
LBL 23 
D 14 
RCl4 3' 04 
RCl3 34 03 
- 51 

A, L, 
R, L, 

R, X, 

KEYS --, CODE 
5TO 7 
2 
• , 
SIN ,. , 
SIN 

• 0 
• 

9 , 
, 
RC l 5 
RC l 6 
-, 
A-P 
9 AI 
5TO 8 
RCl7 , 
SIN ,. , 
SIN 
0 
9 ' >v 
3 
6 
0 
RCl8 
9 
A8S 

9 

A, X, 

3307 
02 
Bl 
31 
04 
32 
04 
D. 
00 
Bl 
35 
02 
71 

34 05 
3406 

51 
31 
01 

3508 
3308 
34 07 

31 
04 
32 
04 
00 

3524 
03 
06 
00 

34 08 
35 
06 
51 
35 

R, In tan (45 + l z/ 2) 

R, In tan (45 + II / 2) 

KEYS CODE 
ABS I 06 
ATN 2' 
LBL 23 
C 13 
D 14 
RCl7 34 07 
RCll 34 01 , 31 
COS 05 , 71 
t 41 
RCll 3401 
RCl2 3402 
- 51 
RCl8 3408 , 31 
COS 05 
0 00 
9 '*'1 352 1 
9 AI 3508 
• 81 
9 ,,=y 3523 
9 At 3509 
9 NOP 3501 
6 06 
0 00 , 71 

9 35 
ABS 06 
ATN 2' 

A, Al - Al 

Rs Used 

R, Used 

KEYS 
E 
RCll 
5TO 2 -9 ,, - v 
5TO 1 
ATN 
LBL 
B 
E 
RCl3 
ST04 -9 x ..... y 
5TO 3 
ATN 
LBL 
C 
RCll , 
SIN 
RC l 2 , 
SIN , 
RCi... 1 , 
COS 
RCl2 , 
COS , 
RCl3 
RCl4 

STO 5 , 

I R, 
R, 

L, 

L, 

, R3 X, 
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GAEAT CIACLE NAVIGATION 

COD".El 
15 

3401 
3302 
3507 
3301 

2' 
23 
12 
15 

34 03 
3304 
3507 
3303 

2' 
23 
13 

3401 
31 

0' 
3402 

31 
0' 
71 

34 01 
31 
05 

3402 
31 
05 
71 

34 03 
3404 

51 
3305 

31 

EYS K 

CO 5 , 
+ ,. , 

5 
06 

CO 
ST 
6 
o , 
A 
L 
D 
A , 

TN 
BL 

CL 1 

N 51 
A , CL 2 

IN 5 
A , CL 6 

C OS , 

A , CL 6 

5 IN 

A , CL 2 

c OS 
• . , 

OS 

, 
C 
A , CL 5 

R, X, 

CODE 
05 
71 
61 
32 
05 

3306 
06 
00 
71 

2' 
23 
14 

34 01 
31 

A' 
34 02 

31 
04 

34 06 
31 
as 
71 
51 

3406 
31 
0' 
81 

34 02 
31 
05 
81 
32 
05 

3405 
31 

R, Al - Al 

Rs D/60 

KEYS I CODE 
SIN 04 
0 00 

9 '>v 3524 
GTO 22 
1 01 
3 03 
6 06 
0 00 
9 A I 3509 
- 51 
5TO 7 3307 
ATN 2' 
LBL 23 
1 01 , 71 
+ 61 
STO 7 33 07 
ATN 2' 
LBL 23 
E 15 , 31 
..... O.M5 03 
EEX 43 
2 02 
• 81 • ,., 32 

...... O.MS 03 
ATN 24 
9 NOP 3501 
9 NOP 3501 

R, H; 

Rs 
R, Used 
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GREAT CIRCLE COMPUTATIONS 

KEYS CODE KEYS 

E 15 , 
ACll 34 01 ACl8 
STO 2 3302 ACl3 
9 xZ y 3507 -
STO 1 3301 I 
RTN 2. SIN 
LBL 23 Rel2 
B 12 I 
E 15 TAN 
ACL 3 3403 , 
STD 4 3304 -
9 x-';y 3507 RCl3 
STO 3 3303 RCL 4 
RTN 2. -
LBL 23 I 
E 15 SIN 
I 31 • 

• 

-D.MS 03 1- , 

EEX .3 TAN 
2 02 LBL 
" 81 1 • 

I - , 32 I 
-+O. MS 03 -+O.MS 
RTN 2. EEX 
LBL 23 2 
C 13 , 
E 15 1- , 

STO 8 3308 -+O .MS 
RC L 4 3404 DSP 
- 51 • 

I 31 1 
SIN D. RTN 
ACl l 34 01 LBL 
I 31 0 
TAN 06 RCl7 , 

A, 

CODE 
71 

3408 
34 03 

51 
31 
04 

3402 
31 
06 
71 
51 

34 03 
3.04 

51 
31 
04 
Bl 
32 
06 
23 
01 
31 
03 
'3 
02 
71 
32 
03 
21 
83 
01 
2. 
23 
I . 

I 3' 07 

KEYS CODE 

1 01 
1- ' 32 
R~P 01 
9 x-::'y 3507 
RCL 2 34 02 
I 31 
COS 05 , 71 
1- ' 32 
COS 05 
I 31 
SIN 04 
• Bl 
1- ' 32 
SIN 04 
RCL4 3404 
- 51 
CHS . 2 
1 01 
1- ' 32 
R~P 01 
I 31 
R~P 01 
9 I(ZY 3507 
GTO 22 
1 01 
9 NQP 35 0 1 
9 Nap 3501 
9 NOP 3501 
.iNOP . 35 01 

R, 
R, 
R, 

HI 

A, 
Used 

KEYS 

E 
RCll 
STO 2 
9 x-;!.y 
STO I 
RTN 
LBL 
B 
E 
RCL 3 
STO 4 
~ 

9 x- v 
STO 3 
RTN 
LBL 
C 
E 
STO 5 
RTN 
LBL 
0 
RCL 4 
RCl2 
I 
TAN 
RCL 5 
I 
TAN 
. 
1- , 

COS 
RCL 3 
RCl4 
-

RCL 5 

L, 

L, 
A, 

-
CODE 

15 I 
34 01 
3302 
3507 
3301 

2' 
23 
12 
15 

3403 
3304 
3507 
3303 

2' 
23 
13 
15 

3305 
2. 
23 
I. 

3404 
3402 

31 
06 

3405 
31 
06 
81 
32 
05 

34 03 
3404 

51 
3405 

COMPOSITE SAILING 

KEYS 
, 
1 
9 
ABS 
• 

, 
+ 
LBL 
2 
OSP 
• 

1 
1 
1- , 

R~P 

I 
R~P 

9 xZv 
I 
->O.MS 
EEX 
2 , 
1- ' 
..,. D .MS 
RTN 
ACl3 
RCL 1 
I 
TAN 
ACL5 
I 
TAN 
• 

1-' 

R, 
R, 
R, 

CODE 

71 ., 
35 
06 
81 
71 
61 
23 
02 
21 
83 
01 
01 
32 
01 
31 
01 

3507 
31 
03 
'3 
02 
71 
32 
03 
2' 

34 03 
34 01 

31 
06 

3405 
31 
06 
81 
32 , 
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KEYS CODE 

COS 05 
RCL4 3404 
RCL3 3403 

- 51 
RCl5 34 05 
, 71 
t ., 
9 35 
ABS 06 
+ 81 , 71 
+ 61 
GTO 22 
2 02 
LB L 23 
E 15 
I 31 
..... O.MS 03 
EEX ' 3 
2 02 
• 81 
1- ' 32 
.... O.MS 03 
RTN 2. 
9 NOP 3501 
9 NOP 35 0 1 
9 NOP 3501 
9 NOP 3501 
9 NQP 3501 
9 NQP 35 01 

R, 
R, 
R, Used 
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SEXTANT ALTITUDE CORRECTIONS 

, KEYS I CODE KEYS ' CODE 
STO 7 3307 GTO 22 
ATN 2. I 01 
LBL 23 9 Rl 3508 
B 12 , 31 
ST06 3306 TAN 06 
AtN 2. • 81 • 

LBL 23 , 83 
C 13 0 00 
2 02 0 00 
CHS '2 I 01 
E 15 I 01 
RCL 7 3407 9 lST X 3500 
RCL 6 34 06 3 03 , 31 9 35 
V< 09 y' 05 
• 83 • 81 ~ 

9 09 - 51 
7 07 LB L 23 , 71 2 02 
- 51 6 06 
6 06 0 00 
0 00 • 81 
• 81 ACL 1 34 01 
+ 61 - 51 , 31 CHS '2 SIN 04 STO 2 3302 
'0' 32 2 02 
SIN 04 E 15 
STO 1 33 01 ATN 2. 
• 83 L8L 23 
9 09 1 01 
7 07 gAl 3508 
9 x:;!y 3507 , 31 
7 07 LN 07 
, ,>y 3524 8 08 

R1 ha R4 

R2 Ho Rs 

R, R HE 

R, 
R, 

KEYS 
• 

3 
6 
CHS , 
2 
3 
• 

6 
+ 
GTO 
2 
LBL 
E 
DSP 
• 

1 
'0' 
LOG 
9 x~y , 
-D.MS , 
'0' 
-j. D.MS 
ATN 
9 NOP 
9 NOP 
9 NOP 
9 NQP 

IC 

CODE 

83 
03 
06 
.2 
71 
02 
03 
83 
06 
61 
22 
02 
23 
15 
21 
83 
01 
32 
08 

3507 
31 
03 
71 
32 
03 
2. 

35 01 
35 0 1 
35 0 1 

, 3501 

'-' ______ 6 Rg Used 
--~ -=--------"----' 
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SECON DARY SEXTANT ALTITUDE CORRECTIONS 

KEYS CODEl 

STO 8 
gAl 
STO 3 
ATN 
LBL 
B 
STO 5 
ATN 
LBL 
C 
RCL 1 
• 

o 
o 
1 
8 
RCL 3 
RCl8 

• 
+ 
• 

9 
7 -9 x .... y 
STO 2 
7 
9 ,>y 
GTO 
1 
gAl 
I 
TAN 

• 

< 
33 08 
3508 
3303 

2' 
23 
12 

33 05 
2' 
23 
13 

34 01 
83 
00 
00 
01 
08 

3403 
34 08 

51 
71 
61 
83 
09 
07 

3507 
3302 

07 
3524 

22 
01 

3508 
31 
06 
81 
83 

KEYS 

0 
0 
1 
1 
9 LST X 
3 
9 
y' 
• 

-

L8L 
2 
• 

2 
8 
5 
RCL 5 , 
• 
6 
0 
RCL 3 
+ 
· • , 
RCL 2 
-
CHS 
STO 2 
2 
E 
ATN 
LBL 
1 , 

P 

CODE 

00 
00 
01 
01 

3500 
03 
35 
05 
81 
51 
23 
02 
83 
02 
08 
05 

34 05 
71 
O. 
06 
00 

3403 
61 
81 
71 

3402 
51 
'2 

3302 
02 
15 
2' 
23 
01 
31 

KEYS I CODE 

LN 07 
8 08 
• 83 
3 03 
6 06 
CHS .2 , 71 
2 02 
3 03 
• 83 
6 06 
+ 61 
GTO 22 
2 02 
L8L 23 
E 15 
'0' 32 
LOG 08 -9X~Y 3507 , 31 
""'D.MS 03 , 71 
, ° • 32 
-+O.MS 03 
ATN 2. 
9 NOP 3501 
9 NOP 3501 
9 NOP 3501 
9 NOP 35 0 1 
9 NOP , 35 0 1 

T Sill 

R, 
R, 

R. U .. d __ _ 
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SEXTANT CORRECTIONS 
FOR SUN ANO MOON 

KE YS CODE 
-j 

KEYS CODE KEYS 

0 00 , B1 9 NOP 
9 x "'y 3523 - 51 9 NOP 
1 01 GTO 22 9 NOP 
6 06 1 01 9 NOP 
+ 6f LBL 23 9 NOP 
RC L 2 34 02 C 13 9 NOP 
9 x,:y 3507 RC L 2 34 02 9 NOP 
6 06 f 31 9 NOP 
0 00 COS 05 9 NOP 
, B1 , 71 9 NOP 
+ 61 + 61 9 NOP 
L8L 23 6 06 9 NOP 
1 01 0 00 9 NOP 
f 31 + B1 9 NOP 
-+D.MS 03 RCL 2 3402 9 NOP 
EEX 43 + 61 9 NOP 
2 02 GTO 22 9 NOP , 71 1 01 9 NOP 
f" 32 LBL 23 9 NOP 
..... D.MS 03 0 14 9 NOP 
DSP 21 ACl2 34 0 2 9 NOP 
, B3 f 31 9 NOP 
1 01 COS 05 9 NOP 
RTN 24 , 71 9 NOP 
LBL 23 - 51 9 NOP 
B 12 6 06 9 NOP 
0 00 0 00 9 NOP 

3523 
, B1 9 NOP 9 x=y , 

1 01 RCL 2 34 02 9 NOP 
6 06 -9 x ..... y 35 0 7 NOP 
+ 61 - 51 
RCL 2 34 02 GTO 22 
9 x;!y 3507 1 01 
6 06 9 NOP 350 1 
0 00 9 NOP 350 1 

R, R, R, 

R, H OOld Rs R, 

RJ Rs R, Used 

CODE I 
3501 
3501 
3501 
3501 

E 
35 01 
35 01 
35 01 
3501 
3501 
3501 
35 0 1 
3501 
35 0 1 
35 0 1 

e-3501 
3501 
3501 
3501 
35 01 
35 01 
35 01 
35 0 1 
35 01 
35 01 
35 0 1 
35 01 
35 01 
35 01 
35 01 
3501 

KEYS ' CODE I 

STO 2 3302 
RTN 24 
LBL 23 
B 12 
STO 3 3303 
RTN 24 
LBL 23 
C 13 
STO 4 3304 
RTN 24 
LBL 23 
E 15 
0 00 
STO 6 3306 
RCL 4 3404 
1 01 
9 09 
0 00 
0 00 

51 
4 04 
, B1 
f 3f 
INT 83 
STO 7 3307 
9 LST X 3500 
f" 32 
INT 83 
4 04 , 71 
STO 5 33 05 
9 35 
ABS 06 
3 03 
+ 61 

R, 

R, D,v 
RJ Month 
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YEARS FROM 1900.0 

KEYS CODE KEYS 'I CODE 

4 04 + 61 
• B1 ACl5 34 05 -f 31 3 03 
INT 83 6 06 
SIO 8 3308 5 05 
2 02 , 71 
RCL 3 34 03 + 61 
9 '>v 3524 RCL B 3408 
1 01 + 61 
STO 6 3306 1 01 
2 02 4 04 
• B3 6 06 
3 03 1 01 
RCL 3 34 03 + 81 
• 83 ACL 7 3407 
4 04 + 61 , 71 4 I 04 
+ 61 , 71 
f 31 STO 33 
INT 83 9 09 
CHS 42 RTN 24 
1 01 9 NOP 3501 
+ 61 9 NOP 3501 
ACl B 34 08 9 NOP 35 01 

- 51 9 NOP 3501 
RC L 6 34 06 9 NQP 3501 , 71 9 NOP 3501 
RCl2 34 02 9 NOP 3501 
+ 6f 9 NQP 3501 
RCl3 34 03 9 NQP 3501 
1 01 
- 51 
3 03 
1 01 , 71 , 

R, Year R, 0 
+- -Rs Q, 1,2,or3 R, I LVI 

Rs (M > 2) R, V.V 
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GAEENWICH HOUA ANGLE OF AAIES 
1 KEYS ' COOE KEYS ' CODE KEYS . CODE 

LBL 23 INT 83 0 00 A 11 4 04 4 04 ,-, 
32 , 71 1 01 ..... D.MS 03 3 03 0 00 STO ' 3301 6 06 6 06 RTN 24 0 00 9 09 LBL 23 • 83 71 , 

8 12 0 00 + 6 ' I :CL 34 0 00 3 03 
09 6 06 6 06 7 07 2 02 0 00 4 04 7 07 81 . 

- 51 , 71 ,-, 
32 3 03 RCl 7 3407 INT 83 6 06 • 83 3 03 5 05 0 00 6 06 , 

• 83 3 03 0 00 2 02 0 00 , 71 • 
5 05 7 07 STO 8 3308 x 71 5 05 , 31 1 01 7 07 ..... O.MS 03 • 83 71 EEX 43 

, 
5 05 + 61 2 02 - 51 9 09 71 , 
RCL 1 34 01 8 08 ,-, 

32 2 02 • 83 ..... O.MS 03 4 04 2 02 DSP 21 
• 81 2 02 • 83 + 61 0 00 1 01 STO 6 3306 4 04 RTN 24 RCL 34 + 61 
9 09 RCL 1 34 01 
4 04 1 01 

t 

• 81 5 05 ,-, 
32 • 83 

A, T ime A, Year A, 0 -R, O,y R, Rs (l VI. GHA1' 
R3 Month R, day # R9 Y.y 

• 

• 

t 

t 

• 
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1974- 1975 SUN ALMANAC (CAAO 11 

KEYS CODE l KEYS CODE KEYS CODE 

RCL 34 4 04 , 31 
9 09 8 08 SIN 04 
STO 7 3307 2 02 3 03 
RCL 6 3406 , 71 , 71 
• 83 + 6 1 + 61 
9 09 3 03 EE X 43 
B 08 ACl2 34 02 3 03 

• Bl 5 05 , 71 

6 06 1 01 CHS 42 
, 71 7 07 5TO 4 3304 
ST02 3302 + 61 • 83 
3 03 , 31 5 05 
• 83 SIN 04 RCL 1 3401 
4 04 7 07 2 02 
1 01 9 09 4 04 

71 • 81 51 , • -, 31 + 61 + 61 
SIN 04 4 04 3 03 
1 01 RCL 2 3402 6 06 
8 08 , 71 0 00 
4 04 4 04 , 71 

2 02 0 00 + 61 
x 71 + 61 ACL 8 34 08 
2 02 , 31 - 51 
RCl2 34 02 SIN 04 , 31 , 71 5 05 -+O.MS 03 
2 02 5 05 $T03 3303 
0 00 , 71 RIS 84 
• 83 + 6 ' 9 NQP 3501 
3 03 5 05 lJLNOP 3501 
8 08 RCL 2 34 02 
+ 61 , 71 , 31 4 04 
SIN 04 1 01 
2 02 + 61 

R, Time R, Eq. T R7 V.y 

R, 0 R, Ra GHA l' 

A3 Month SHA 0 R, day # R9 
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1974- 1975 SUN ALMANAC (CARD 2) 

KEYS CODE KEYS CODE KEYS 
• 0 00 2 02 7 

STO 6 3306 9 09 9 
RCL 2 34 02 , B3 -
1 01 7 07 EEX 
0 00 + 61 3 
, B3 , 31 ~ , 

2 02 COS 05 CHS 
7 07 1 01 f • 04 7 07 ..... D.MS 
+ 61 1 01 STO 5 , 

3 ' , 71 RCL 7 
COS 05 + 61 STO 
2 02 RCL 2 34 02 9 
3 03 • 04 RCL 4 
2 02 , 71 0 
6 06 2 02 STO 4 
7 07 6 06 + , 71 + 61 1 
RCL 2 34 02 , 31 5 
2 02 COS 05 , , 71 B OB STO 7 
7 07 , 71 , 
, B3 + 61 ..... O.MS • 04 RCL 2 34 02 DSP 
+ 61 5 05 , , 31 , 71 • COS 05 • O' RIS 
3 03 5 05 9 NOP 
B OB + 61 9 NOP 
1 01 , 31 Nap , 71 COS 05 
+ 61 3 03 
RCL 2 34 02 , 71 
3 03 + 61 , 71 3 _I 03 

R, R4 ilSHA ~ 0 Eq.T. 
R, 0 

R3 SHA 0 
tRS DEC 0 

_. 1 R6 ilDEC ., 0 Y.y 

l 
CODE KEYS 

• 07 
09 
51 
' 3 
03 
Bl 
'2 
31 
03 

3305 
34 07 

33 
09 

3404 
00 

3304 
61 
0 1 
05 
Bl 

33 07 

t 

E 
STO 3 -9 x_v 
E 
STO 2 
RTN 
LBL 
B ,-. 
..... D.MS 
STO 7 
9 x-;!.y 

E 
STO 5 
RTN 
LBL 
C , 
..... O.MS 
EEX 
2 

3 ' , 

03 ,- . 
21 -'OD .MS 
B3 STO 1 
04 , 
84 SIN 

3:3 01 RCL 2 
3501 , 
3501 SIN 

RCL 5 , 
SIN , 
-

- R, H 

- R, L 

R, , 
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SUNRISE, SUNSET, TWILIGHT 

CODE KEYS CODE KEYS I CODE 

15 ACL 2 34 02 C 13 
33 03 , 31 ,-, 32 
3507 COS 05 ..oD.MS 03 

15 , Bl 2 02 " 
3302 AC L 5 34 05 • 04 

2. , 31 ACL 7 34 07 
23 COS 05 2 02 
12 , Bl , 71 
32 ,-. 32 - 51 
03 COS 05 - 51 

33 07 1 01 CHS .2 
3507 5 05 , 31 

15 , Bl ..... O.MS 03 " 
3305 1 01 RTN 2. 

2' 2 02 GTO 22 
23 - 51 1 01 
13 RC L 7 3407 LBL 23 
31 + 61 E 15 
03 CHS ' 2 , 31 
.3 , 31 ..... D.MS 03 
02 ..... D.MS 03 EEX .3 
Bl RTN 2' 2 02 

23 
, Bl 32 LBL , 

03 1 01 ,-. 32 
3301 RCL3 34 03 ..... D.MS 03 

31 1 01 RTN 2. 
O' 5 05 9 NOP 3501 

3402 , Bl 9 NOP 3501 " 
31 , 31 9 NOP 3501 
04 ..... D.MS 03 ..iNOP ..L 3501 

34 05 , 31 
31 O.MS+ 02 
04 RIS 84 
71 LBL 23 
51 D 

" 
R4 R7 Eq .T. 

Rs DEC 0 Rs 

____ ~_R~, __________ ~R. ________ ~ 



... ' 

I 

126 NAV1-17Al 

LONG TERM STAR ALMANAC (CARD 11 

KEYS 

3 
3 
6 
• 

3 
0 
1 
STO 3 
• 

S 
6 
CHS 
STO 4 
5 
7 
• 

4 
4 
2 
4 
CHS 
STO 5 
• 

0 , 
STO 6 
RTN 
LaL 
C 
1 
7 
4 
• 

4 
4 
5 

R, 
R, 
R3 SHA 

CODE 

03 
03 
06 
83 
03 
00 
01 

3303 
83 
05 
06 
42 

3304 
05 
07 
83 
04 
04 
02 
04 
42 

3305 
83 
03 

3306 
24 
23 
13 
01 
07 
04 
83 
04 
04 

~ 

KEYS 

6 
STO 3 
• 

8 
4 
CHS 
5T04 
6 
2 
• 

3 
2 
4 
9 
CHS 
STO 5 
• 

3 
3 
CHS 
STO 6 
RTN 
LaL 
E 
2 
9 
2 
• 

2 
7 
1 
5 
STO 3 
• 

8 

R4 b.SHA 

As DEC 

Ae l!.DEC 

CODE 

06 
3303 

83 
08 
04 
42 

3304 
06 
02 
83 
03 
02 
04 
09 
42 

3305 
83 
03 
03 
42 

3306 
24 
23 
15 
02 
09 
02 
83 
02 
07 
01 
OS 

3303 
83 
08 

KEYS 

6 
CHS 
STD 4 
1 
6 
• 

1 
8 
3 
5 
STO 5 
• 

1 
2 
STO 6 
RTN 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 

' R , 
R, 

R, 

CODE 

06 
42 

3304 
01 
06 
83 
01 
08 
03 
05 

3305 
83 
01 
02 

3306 
24 

35 0 1 
35 01 
35 01 
35 01 
35 01 
35 0 1 
35 01 
3501 
35 01 
35 0 1 
35 01 
3~Ol 
35 01 
3501 

E 

-t: 

I 

KE YS 

3 
5 
9 
• 

1 
2 
o 
5 
STO 3 
• 

7 
8 
CHS 
STO 4 
2 
8 
• 

3 
2 
2 
5 
STO 5 
• 

3 
3 
STO 6 
RTN 
L8L 
C 
6 
3 

3 
1 
2 
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LONG TERM STAR ALMANAC (CARD 21 

CODE 

03 
05 
09 
83 
01 
02 
00 
05 

3303 
83 
07 
08 
42 

3304 
02 
08 
83 
03 
02 
02 
05 

33 05 
83 
03 
03 

3306 
24 
23 
13 
06 
03 
83 
03 
01 
02 

KEYS 

3 
STO 3 
• 

7 
3 
CHS 
STO 4 
8 
• 

3 
6 
0 
2 
STO 5 
• 

1 
6 
STO 6 
RTN 
LaL 
E 
1 
1 
4 
• 

1 
0 
5 
S 
STO 3 
• 

9 
2 
CHS 
STO 4 

CODE 

03 
3303 

83 
07 
03 
42 

3304 
08 
83 
03 
06 
00 
02 

3305 
83 
01 
06 

33 06 
24 
23 
15 
01 
01 
04 
83 
01 
00 
05 
05 

3303 
83 
09 
02 
42 

3304 

KEYS CODE 

2 02 
6 06 
• 83 
1 01 
2 02 
5 05 
5 05 
CHS 42 
STO 5 3305 
• 83 
1 01 
3 03 
CHS 42 
STO 6 3306 
RTN 24 
9 NOP 3501 
9 NOP 350 1 
9 NOP 35 01 
9 NOP 3501 
9 NOP 3501 
9 NOP 35 at 
9 NOP 3501 
9 NOP 35 01 
9 NOP 3501 
9 NOP 3501 
9 NOP 35 01 
9 NOP 35 0 1 
9 NOP 3501 
9 NOP 35 0 1 
9 NOP 35 01 

. 
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LONG TERM STAR ALMANAC (CARD 3) 
. 

KEYS CODE 
1 01 
4 04 
7 07 
• 83 
1 01 
3 03 
1 01 
7 07 
STO 3 3303 
• 83 
6 06 
8 08 
CHS 42 
STO 4 3304 
1 01 
9 09 
• 83 
4 04 
1 01 
5 05 
7 07 
STO 5 3305 
• 83 
3 03 
1 01 
CHS 42 
STO 6 3306 
RTN 24 
L8L 23 
C 13 
2 02 
7 07 
2 02 
• 83 
3 , 03 

KEYS CODE 

3 
, 

03 
3 03 
3 03 
STO 3 3303 
• 83 
8 08 
1 01 
CHS 42 
STO 4 3304 
7 07 
• 83 
2 02 
3 03 
2 02 
7 07 
STO 5 3305 
• 83 
0 00 
1 , 01 
STO 6 33 06 
RTN 24 
LSL 23 
E 15 
2 02 
6 06 
4 04 
• 83 
3 03 
3 03 
5 05 
3 03 
STO 3 33 03 
• 83 
3 03 
3 03 

.6SHA 

DEC 

.6DEC 

KEYS CODE 
CHS 

, 
42 

STO 4 3304 
5 05 
2 02 
• 83 
3 03 
8 08 
3 03 
7 07 
CHS 42 
STO 5 3305 
• 83 
0 00 
3 03 
CHS 42 
STO 6 3306 
RTN 24 
9 NOP 35 01 
9 NOP 35 01 
9 NOP 35 01 
9 NOP 35 01 
9 NOP 3501 
9 NOP 35 01 
9 NOP 35 01 
9 NOP 35 01 
9 NOP ~01 
9 NOP 3 01 
9 NOP 35 01 
9 NOP 35 01 
9 NOP , 3501 

, 

I 
1J; ' 

I 
I 

• 

I 
1:. : 

f · ! 

I 
E · 

~ . 

KEYS 

2 
8 
2 

4 
0 
4 
0 
STO 3 
1 
• 

1 
1 
CHS 
STO 4 
4 
5 
• 

5 
3 
5 
6 
STO 5 
• 

0 
6 
STO 6 
RTN 
LSL 
C 
5 
0 

lL 
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LONG TERM STA R ALMANAC (CA RD 4) 

CODE] 
02 
08 
02 
83 
04 
00 
04 
00 

3303 
01 
83 
01 
01 
42 

3304 
04 
05 
83 
05 
03 
05 
06 

3305 
83 
00 
06 

3306 
24 
23 
13 
05 
00 
83 
02 
09 

, 

KEYS CODE 

3 03 
4 04 
STO 3 33 03 
• 83 
5 05 
1 01 
CHS 42 
ST04 3304 
4 04 
4 04 
• 83 
5 05 
5 05 
3 03 
4 04 
STO 5 33 05 
• 83 
2 02 
1 01 
ST06 3306 
RTN 24 
L8L 23 
E 15 
1 01 
8 08 
4 04 
• 83 
0 00 
0 00 
2 02 
2 02 
STO 3 3303 
• 83 
7 07 
6 06 

R, 
R, 
R, 

.6SHA 

DEC 

.6DEC 

KEYS I CODE 

CHS 
STO 4 
1 
5 
• 

0 
8 
0 
8 
STO 5 
• 

3 
4 
CHS 
STO 6 
RTN 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 

R, 
Rs 

R, 

42 
3304 

01 
05 
83 
00 
08 
00 
08 

3305 
83 
03 
04 
42 

3306 
24 

35 01 
35 01 
3501 
3501 
3501 
3501 
3501 
3501 
35 01 
35 01 
35 01 
3501 
3501 
3501 
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LONG TERM STAR ALMANAC (CARD 5) 

KEYS CODE 

1 01 
9 09 
5 05 
• 83 
3 03 
6 06 
0 00 
7 07 
STO 3 3303 
• 83 
9 09 
2 02 
CHS 42 
STO 4 3304 
6 06 
2 02 
• 83 
1 01 
7 07 
1 01 
3 03 
STO 5 33 05 
• 83 
3 03 
2 02 
CHS 42 
STO 6 3306 
RTN 24 
L8L 23 
C 13 
1 01 
6 06 
• 83 
5 05 
8 08 

-

KEYS '-CODE 

0 00 
5 05 
STO 3 3303 
• 83 
8 08 
3 03 
CHS 42 
STO 4 3304 
3 03 
0 00 
• 83 
0 00 
9 09 
1 01 
9 09 
CHS 42 
STO 5 3305 
• 83 
3 C3 
2 02 
STO 6 3306 
RTN 24 
L8L 23 
E 15 
5 05 
5 05 
• 83 
3 03 
3 03 
5 05 
6 06 
STO 3 3303 
1 01 
• 83 
1 01 

R4 llSHA 

R5 OEC 
R6 6 DEC 

KEYS 

9 
CHS 
ST04 
5 
7 
• 

0 
3 
2 
CHS 
STO 5 
• 

1 
9 
STO 6 
RTN 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NQP 
9 NOP 

R, 
Rs 

R, 

-

CODE 

09 
42 

3304 
05 
07 
83 
00 
03 
02 
42 

3305 
83 
01 
09 

3306 
24 

3501 
3501 
350 1 
3501 
3501 
3501 
3501 
3501 
35 01 
3501 
35 01 
3501 
35 01 
35 01 

i: 

I , 

E 

E 

E I 

E 

e: 
E 
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LONG TERM STAR ALMANAC (CARD 6) 
~ 

KEYS 

2 
4 
5 

1 
2 
0 
7 
ST03 

9 
2 
CHS 
STO 4 
2 
8 
• 

1 
6 
2 
4 
STO 5 
• 

1 
5 
CHS 
ST06 
RTN 
LSL 
C 
2 
4 
6 

2 

R, 
R, 
R3 SHA 

CODE 

02 
04 
05 
83 
01 
02 
00 
07 

3303 
83 
09 
02 
42 

3304 
02 
08 
83 
01 
06 
02 
04 

3305 
83 
01 
05 
42 

3306 
24 
23 
13 
02 
04 
06 
83 
02 

KEYS I CODE 

8 08 
4 04 
1 01 
STO 3 3303 
• 83 
7 07 
8 08 
CHS 42 
STO 4 3304 
5 
• 

2 
8 
4 
8 
STO 5 
• 

1 
5 
CHS 
STO 6 
RTN 
L8L 
E 
2 
0 
9 
• 

1 
4 
1 
8 
STO 3 
• 

8 
L 

R4 LlSHA 

R5 DEC 
R6 LlDEC 

05 
83 
02 
08 
04 
08 

3305 
83 
01 
05 
42 

3306 
24 
23 
15 
02 
00 
09 
83 
01 
04 
01 
08 

3303 
83 
08 

KEYS I CODE 

CHS 
STO 4 
1 
2 
• 

2 
7 
1 
4 
STO 5 
• 

2 
9 
CHS 
STO 6 
RTN 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 

R, 

Rs 

R, 

NOP 

42 
3304 

01 
02 
83 
02 
07 
01 
04 

3305 
83 
02 
09 
42 

3306 
24 

3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
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LONG TERM STAR ALMANAC (CARD 7) 

KEYS T CODE 

2 
8 
2 
0 

3 
4 
0 
1 
STO 3 
0 

7 
2 
CHS 
STO 4 
8 
0 

1 
9 
0 
1 
CHS 
STO 5 
0 

0 
7 
STO 6 
RTN 
LBL 
C 
1 

• 
1 
0 

• 
8 

R, 
R, 
R3 SHA 

02 
08 
02 
83 
03 
04 
00 
01 

3303 
83 
07 
02 
42 

3304 
08 
83 
01 
09 
00 
01 
'2 

33 05 
83 
00 
07 

33 06 
2. 
23 
13 
01 
04 
01 
83 
04 
08 

KEYS T CODE KEYS CODE 
0 00 0 83 
7 07 8 08 
STO 3 33 03 5 05 
1 0 01 CHS 42 
0 83 ST04 3304 
0 00 5 05 
2 02 5 05 
CHS .2 0 83 
ST04 3304 5 05 
6 06 9 09 
0 00 1 01 
0 83 9 09 
2 02 STO 5 3305 
5 05 0 83 
1 01 3 03 
8 08 3 03 
CHS 42 STO 6 33 06 
STO 5 3305 RTN 2' 
0 83 9 NOP 35 01 
2 02 9 NOP 35 01 
5 05 9 NOP 35 01 
CHS .2 9 NOP 35 01 
STO 6 33 06 9 NOP 35 01 
RTN 24 9 NOP 35 01 
LBL 23 9 NOP 3501 
E 15 9 NOP 3501 
3 03 9 NOP 3501 
S 05 9 NOP 35 01 
1 01 9 NOP 35 01 
0 83 9 NOP 35 0 1 
1 01 
7 07 
4 O' 
2 02 
STO 3 3303 

R4 l1SHA 

Rs OEC 

.....:R:<>,_ 6D EC 

E, 

f . 

E. 

£: 

t 

£: 

[ 

1 £: ' 

KEYS 

2 
5 
9 

4 
8 
S 
1 
STO 3 

6 
6 
CHS 
STO 4 

1 
6 
0 

3 
4 

• 
9 
CHS 
5T05 

a 
8 
CHS 
STO 6 
RTN 
LBL 
C 
1 
6 
0 
0 

R, 

R, 
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LONG TERM STAR ALMANAC (CARD 8) 

CODE KEYS COOE KEYS I CODE 

02 0 00 0 83 
05 1 01 5 05 
09 0 00 1 01 
83 8 08 CHS 42 
04 STO 3 33 03 STO 4 3304 
08 0 83 3 03 
OS 7 07 8 08 
01 9 09 0 83 

3303 CHS 42 4 04 
83 STO 4 3304 1 01 
06 1 01 0 00 
06 0 00 8 08 
42 0 83 STO 5 3305 

3304 3 03 0 83 
01 8 08 0 00 
06 3 03 6 06 
83 2 02 STO 6 33 06 
03 CHS 42 RTN 24 
O. STO 5 33 05 9 NOP 35 01 
04 0 83 9 NOP 3501 
09 3 03 9 NOP 3501 
.2 1 01 9 NOP 35 01 

3305 CHS 42 9 NOP 35 01 
83 STO 6 3306 9 NOP 35 01 

00 RTN 24 9 NOP 3501 
08 LBL 23 9 NOP 35 0 1 
42 E 15 9 NOP 35 01 

3306 8 08 9 NOP 3501 
24 1 01 9 NOP 35 01 

23 0 83 9 NOP 35 01 
13 3 03 
01 6 06 
06 5 05 
00 1 01 
.3 STO 3 , 33 03 

R3 SHA 

l1SHA 

DEC 

l1DEC 

R, 
Rs 

R. 



134 NAV 1 ~' 8A' 

POSITION OF SUN AND STARS 

KEYS CODE KEYS CODE. KEYS CODE 
LBL 23 0 14 D.MS+ 02 
A " 

, 31 ,-, 32 
ACl3 34 03 ..... O.MS 03 - D .MS 03 
RCL4 3404 EEX 43 3 03 
E IS 2 02 6 06 
RTN 24 + 81 0 00 
LBL 23 ,-, 32 + Bl 
B 12 ..... O.MS 03 ,-, 32 
A " 3 03 INT B3 , 31 6 06 3 03 
..... O.MS 03 0 00 6 06 
EEX 43 - 51 0 00 
2 02 CHS 42 , 71 
• Bl I 01 , 31 
ACl8 34 08 5 05 - O.MS 03 , 31 • 81 EEX 43 
-O.MS 03 , 31 2 02 
GTO 22 -+ O.MS 03 , 71 
I 01 DSP 21 ,-. 32 
L8L 23 • B3 ..... O.MS 03 
C 13 4 04 DSP 21 
RCL 5 34 05 RTN 24 • 83 
RCL 6 34 06 LBL 23 I 01 
E IS E IS RTN 24 
RIS 84 6 06 9 NOP 35 01 , 31 0 00 9 NQP 3501 I 
-+O .MS 03 • Bl 9 NQP 3501 

1 

DSP 21 RC L 34 9 NQP 3501 
• 83 9 09 9 NQP 3501 
4 04 , 71 9 NQP 3501 
EEX 43 , 31 
2 02 ..... D.MS 03 
• Bl LBL 23 • 

RTN 24 I 01 
LBL 23 , 31 

r R. R. 6 SHA R, 

Rs DEC R, R, GHAT 

~ SHA R, t:.DEC R, Y.y 
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RELATIVE POSITION OF SUN AND STARS 

-
KE YS CODE KEYS CODE KEYS CODE 

, 31 + 61 E IS 
ACl7 34 07 STO 3 3303 -D.MS 03 

EEX 43 51 LBL 23 
2 02 E IS I 01 

+ 81 RCL 34 , 31 , -, 32 9 09 03 
-D.MS 03 5TO 1 3301 EEX 43 

3307 - 3507 2 02 5TO 7 9 x- v 
RTN 24 I 01 , 71 

L8L 23 ,-, 32 ,-. 32 
A " R-P 01 ..... O.MS 03 , 31 , 31 RTN 24 
- D.MS 03 R-P 01 LBL 23 
EEX 43 9 x;:'y 3507 E IS 
2 02 I RCl 1 340 1 3 03 
+ 81 STO 33 6 06 , -, 32 9 09 00 
..... O.MS 03 - 3507 81 9 x-v 
5TO 2 3302 5TO 1 3301 32 
RTN 24 GTO 22 INT 83 
LBL 23 I 01 3 03 
C 13 LBL 23 06 
RCL 3 3403 0 14 00 
ACl4 3404 RCl5 34 05 71 

6 06 RCl6 3406 24 
0 00 6 06 3501 
• 81 0 00 3501 
RCL 34 . 81 3501 
9 09 RCL 34 350 1 
x 71 9 09 - 3507 71 9 x- v , , - , 32 9 xZ.V 35 07 
- D.MS 03 ,-' 32 
+ 61 ;- O.MS 03 
ACL B 34 08 J + 61 

R. LH A R. t:.SHA R, A 
R, L RS DEC( 1900.0) R, GHAT 

R J SHA(1900.0 ). DEC Re 6 DEC R, Y.y 

I 



, 

136 NAV1-19A 

SIGHT REDUCTION TABLE 

KEYS , CODE KEYS ' CODE KEYS 
-1 

E 15 RCl 2 34 02 -
STO 1 3301 , 31 RCl4 
RTN 24 COS 05 , 
LBL 23 RCl3 34 03 COS 
B 12 , 31 • 

E 15 COS 05 RCl2 
STO 2 3302 , 71 , 
RTN 24 RCl1 34 01 COS 
LBL 23 , 31 , 

C 13 COS 05 '" E 15 , 71 COS 
STO 3 3303 + 61 RCl1 
RTN 24 " , 32 , 
LBL 23 SIN 04 SIN 
E 15 STO 4 3304 0 , 31 , 31 9 , >y 
- O.MS 03 ...... O.MS 03 , 
EEX .3 EEX 43 GTO 
2 02 . 2 02 3 
• Bl , 71 6 
" , 32 , ' , 32 0 
- O.MS 03 ...... O.MS 03 9 Rt 
RTN 2. RTN 2. -
LBL 23 LBL 23 0 
D I. D I. LBL 
DSP 21 RCl 3 3403 3 
, B3 , 31 + 
1 01 SIN O. STO 5 
RCl2 34 02 RCl2 3402 RTN , 31 , 31 RIS 1 
SIN 04 SIN 04 
RCl3 34 03 RCl4 3404 , 31 , 31 
SIN O. SIN 04 , 71 , 71 , 

R. t R4 He 

R2l RsZn 

~, 

RJ d R6 
-'------'-"-

R, 

R, Used 

CODE 

51 
3404 

31 
05 
Bl 

34 02 
31 
05 
Bl 
32 
05 

34 01 
31 
04 
00 

3524 
71 
22 
03 
06 
00 

3509 
51 
00 
23 
03 
61 

3305 
2' 
B4 

E 

E 

I 
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MOST PROBABLE POSITION 

KEYS 

' E 
STO 7 
9 x:;:y 
E 

CODE] 
15 

3307 
3507 

15 
I STO 2 

RTN 
LBL 
B 
ST05 
9 x:t:y 
E 
STO 4 
RTN 
LBL 
C 
E 
STO 6 

3302 
24 
23 
12 

3305 
3507 

15 
3304 

24 
23 
13 
1 5 

3306 
RCl4 3404 
9 x+=y 

GTO 
1 
LBL 
D 
RCl2 
ACl6 
RCl4 

3507 
51 
22 
0 1 
23 
14 

34 02 
34 06 
3404 

51 
RCl5 3405 
9 x+=y 3507 
f - I 32 
R ...... P 01 
9 x;!:.y 3507 
9R ~ 3508 
+ 61 

R, 
R, L 

R, 

-

[ KEYS CODE 
23 LBL 

1 01 , 31 
...... O.MS 03 
EEX '3 
2 02 , 71 , ' , 32 
...... O.MS 03 
DSP 21 
, 83 
1 01 
RTN 2. 
RCl7 34 07 
RCL 6 3406 
RCl4 3404 
- 51 
RCL 5 34 05 
9 x+=y 3507 

'" 32 
R-P 01 
9 Rl 3508 
RCL 2 34 02 , 31 
COS 05 
, 81 
- 51 
1 01 

'" 32 
R-P 01 , 31 
R- P 01 
9 x-':y 35 07 
GTO 22 
1 01 

R4 He 

Rs Zn 

Rs Ho 
---

KEYS 

LBL 
E , 
-+O.MS 
EEX 
2 
+ 

'" ...... O.MS 
RTN 
9 NOP 
9 NQP 
9 NOP 
9 NOP 
9 NOP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 
9 NOP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 
9 NQP 

R, 
R, 
R, Used 

CODE 

23 
15 
31 
03 
'3 
02 
Bl 
32 
03 
2. 

3501 
3501 
3501 
3501 
3501 
35 01 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
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FIX BY TWO OBSERVATIONS 

, KEYS 

2 
E 
STO 1 
9 A, 
2 
E 
STO 2 
ATN 
LBL 
B 
9 x;!:y ,-' 
A~P 

STO 3 
9 x;!:y 
STO 4 
ATN 
LBL 
C 
9 x-:"y ,-, 
A~P 

STO 5 
9 x;!:y 
STO 6 
ATN 
LBL 
D 
RCl4 
RCl3 
• 

STO 7 
RCl6 
RCL 5 
• 

.A 

. L 

CODE 

02 
15 

33 01 
3508 

02 
15 

3302 
24 
23 
12 

3507 
32 
01 

3303 
3507 
3304 

24 
23 
13 

35 07 
32 
01 

3305 
3507 
3306 

24 
23 
14 

3404 
34 03 

81 
3307 
34 06 
34 05 

B1 

R, 
R, 
R, "L", __ 

, 

KEYS 

STO 8 
RCl5 
RC L 3 
-
RCl4 
RCl7 , 
-
RCl6 
RCL8 . , 
+ 
RCl8 
RCl7 
-
• 

t 
t 
RCL 4 
-
RCl7 , 
RCl3 
-
2 
E 
RCL 2 
+ 
STO 7 
9 A, 
RCl2 , 
COS 
. 
2 

CODE 

3308 
34 05 
3403 

51 
3404 
34 07 

71 
51 

34 06 
34 OB 

71 
61 

34 DB 
34 07 

51 
B1 
41 
41 

34 04 
51 

34 07 
71 

34 03 
51 
02 
15 

3402 
61 

3307 
3508 
3402 

31 
05 
B1 
02 

KEYS CODE 

E I 15 
RC L 1 34 01 
+ 61 
1 01 ,-, 32 
A~P 01 , 31 
A~P 01 
9 x;!:y 3507 
STO 8 33 08 
RCL 7 34 07 
2 02 
CHS 42 
LBL 23 
E 15 
CHS 42 ,-, 32 
LOG 08 
9 x;!:y 3507 , 31 
...... O.MS 03 , 71 ,-, 32 
...... O.MS 03 
ATN 24 
RClB 34 DB 
2 02 
CHS 42 
E 15 
ATN 24 

R7 tanZnl,l 

RS Ian Zn 2, A 

Rg Used 

• 

KEYS 

E 
STO 2 
9 A, 
E 
STO 1 
ATN 
LBL 
S 
E 
STO 4 
gAl 
E 
STO 3 
ATN 
LSL 
C 
E ~-' 
ST06 
gA l 
E 
STO 5 
ATN 
LSL 
0 

I 
RCl 1 
RCl3 
RCl5 
+ 
+ 
3 
• 

LSL 
1 
f 
......O.MS 
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FIX BY THREE OBSERVATIONS 

CODE 

15 
3302 
3508 

15 
3301 

24 
23 
12 
15 

3304 
350B 

15 
3303 

24 
23 
13 
15 

3306 
3508 

15 
3305 

24 
23 
14 

34 01 
3403 
34 05 

61 
61 
03 
81 
23 
01 
31 
03 

EYS 

X 

, , 
.MS 

,­
~D 

RT 
AC 
AC 
AC 
+ 

N 

+ 
3 
• 

1 ,-

L2 
L4 
L6 

, 
O.MS , 

~D 

9 
GT 
1 
LB 

.MS 
A, 

0 

L 
E , 

O.MS 
EE 
2 

X 

,-, 
O.MS 

A 

9 
9 
9 
9 

TN 
NOP 
NOP 
NOP 
NOP 

X, 
L, 

A, 

CODE 

43 
02 
71 
32 
03 
24 

34 02 
3404 
34 06 

61 
61 
03 
B1 
01 
32 
03 
31 
03 

35 08 
22 
01 
23 
15 
31 
03 
43 
02 
B1 
32 
03 
24 

350 1 
3501 
3501 
3501 

KEYS 

9 NOP 
9 NOP 
9 NOP 
9 Nap 
9 Nap 
9 Nap 
9 NQP 
9 NOP 
9 NOP 
9 NQP 
9 NOP 
9 NOP 
9 NOP 
9 NQP 
9 NOP 
9 NQP 
9 Nap 
9 NQP 
9 NOP 
9 NQP 
9 NQP 
9 NOP 
9 NOP 
9 NQP 
9 NQP 
9 NQP 
9 NOP 
9 NOP 
9 NOP 
9 NOP 

R, 
R, 
R, , Used 

CODE 

3501 
3501 
3501 
3501 
35 01 
35 01 
35 01 
35 01 
35 01 
3501 
3501 
3501 
3501 
3501 
3501 
3501 
35 01 
35 01 
3501 
3501 
3501 
3501 
3501 
35 01 
35 01 
35 0 1 
3501 
3501 
3501 
3501 
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DISTANCE OFF AN OBJECT BY TWO BEARINGS 

, 
KEYS ' CODE KEYS ' CODE KEYS CODE 

LBL 23 , 31 9 NOP 35 01 

A 11 SIN 04 9 NOP 35 01 

STO 2 3302 x 71 9 NOP 35 01 

9 xZy 3507 9 35 9 NOP 35 0 1 

STO 1 33 01 ABS 06 9 NOP 35 01 

RTN 24 5TO 5 3305 9 NOP 3501 

LBL 23 RCL 1 34 01 9 NOP 35 01 

B 12 , 31 9 NOP 35 01 

STO 3 3303 SIN 04 9 NOP 3501 

RTN 24 • 
• Bl 9 NOP 35 01 

LBL 23 9 35 9 NOP 35 01 

C 13 ABS 06 9 NOP 35 01 

6 06 STO 6 3306 9 NOP 35 01 

0 00 RCL 5 34 05 9 NOP 35 0 1 
• 81 RTN 24 9 NOP 35 01 
" 
x 71 LBL 23 9 NOP 3501 

5TO 3 33 03 E 15 9 NOP 35 01 

RTN 24 0 14 9 NOP 35 01 

LBL 23 RCL 6 34 06 9 NOP 35 01 

0 14 RIS 84 9 NOP 35 01 

RCL 2 34 02 RCL4 3404 9 NOP 35 01 

RCL 1 34 01 RTN 24 9 NOP 35 01 

- 51 9 NOP 35 01 9 NOP 35 01 , 31 9 NOP 35 01 9 Nap 35 01 

SIN 04 9 NOP 35 01 9 NOP 35 01 

9 35 9 NOP 35 01 9 Nap 35 01 

'Ix 04 9 NOP 35 01 9 NOP 35 01 

RCL 1 34 01 9 NQP 3501 9 NOP 35 01 , 31 9 NOP 35 01 9 NOP 35 01 

SIN 04 9 NOP 35 01 9 NOP I 35 01 

x 71 9 NQP 35 01 

RCL 3 34 03 9 NOP 35 01 

x 71 9 NOP 35 01 

STO 4 3304 9 NQP 35 01 

ACL 2 34 02 !l NQP 3501 

R, RB , R, 0 , R, 
R, RB , R, Dabeam Rs 
RJ Drun R, 0, 1R 9 

• 

, 

I 
t" j 

• 

I 
CODE J KEYS 

LBL 23 
A 11 ,-, 32 
R-P 01 
STa 1 33 01 
9 RI 3508 
STO 2 3302 
CLX 44 
RTN 24 
LBL 23 
B 12 ,-, 32 
R~P 01 
STO 3 33 03 

9 R' 3508 
STO 4 3304 
CLX 44 
RTN 24 
LB L 23 
C 13 
RCL 2 34 02 
RCL 4 3404 
+ 61 
RCL 1 34 01 
RCL 3 34 03 
+ 61 , 31 
R-P 01 
RTN 24 
L8 L 23 
1 01 
9 xZ y 35 07 
0 00 

Lr>v 3524 
03 

R, rlco~bl 

R, f1 sin b 1 
RJ r2 cos b2 
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VECTOR ADDITION 
~ 

KEYS CODE KEYS CODE 

6 06 9 NQP 3501 
0 00 9 NOP 3501 
+ 61 9 NOP 3501 

• 61 9 NOP 35 01 
RIS 84 9 NOP 35 01 
9 x-::'y 3507 9 NOP 35 01 
RIS 84 9 NQP 35 01 
GTO 22 9 NOP 3501 
1 01 9 NOP 3501 
LBL 23 9 NOP 3501 
0 14 9 NOP 3501 
RCL 2 34 02 9 NOP 35 01 
RCL4 3404 9 NQP 35 01 
- 51 9 NOP 35 01 
RCL 1 3401 9 NOP 35 01 
RCL 3 3403 9 NOP 35 01 
- 51 9 NOP 35 01 , 31 9 NOP 35 01 
R~P 01 9 NQP 35 0 1 
RTN 24 9 NQP 35 01 
GTO 22 9 Nap 3501 
1 01 9 NQP 3501 
LBL 23 9 NQP 3501 
E 15 9 NOP 3501 
RCL4 3404 9 NOP 35 01 
RCL 2 34 02 9 NOP 3501 
- 51 9 NOP 35 01 
RCL 3 34 03 9 NQP 3501 
RCL 1 34 01 9 NOP 3501 

5 ' 9 NOP 350 1 , 31 
R- P 01 
RTN 24 
GTO 22 
1 , 01 

R, r2 sin b1 R, 
R, Rs 
R, R, 



",. 

, 
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VELOCITY TO CHANGE RELATIVE POSITION 
, 

KEYS CODE KEYS 

STO 2 3302 STO 5 
9 x;:"y 3507 CLX 
9 09 RTN 
0 00 Rell 
- 51 9 
CHS '2 0 
STO 1 3301 -
RTN 2' STO 
LBL 23 + 
B 12 5 
STO 4 3304 RIS 
9 x;:"y 3507 LBL 
9 09 0 
0 00 f - , 

- 51 ..... O.MS 
CHS '2 STO 7 
STO 3 3303 RTN 
CLX •• LBL 
RTN 2' E 
RCL 1 34 01 RCL 5 
9 09 RCL 6 
0 00 f - , 

- 51 R~P 

STD 33 9 x-'::'y 
+ 61 RCL 3 
3 03 RCL4 
RIS 84 f - , 

LBL 23 R~P 

C 13 9 RI 
STO 6 33 06 -
9 x-;!:.y 3507 9 RI 
9 09 -
0 00 CHS 
- 51 9 Rt 
CHS '2 9 x::::'y 

R, 
R, 
R3 

90-C R4 RM1 

S A5 90-b1 

90-0b,-, __ -,-Rc:,,,-,,R:::cM, 

CODE KEYS CODE 

3305 f 31 
'4 R~P 01 
2. RCL 7 3407 

3401 
, 81 

09 f - ' 32 
00 R~P 01 
51 9 x-;!:.y 3507 
33 RCL 1 3401 
61 RCL 2 3402 
05 ,-' '32 
84 R~P 01 
23 9 RI 3508 
I. + 61 
32 9 RI 3508 
03 + 61 

3307 9 Rt 3509 
2' 9 x-'::'y 3507 
23 f 31 
15 R~P 01 

34 05 STO 8 3308 
34 06 9 RI 3508 

32 9 09 • 
01 0 00 

3507 51 
34 03 CHS 42 
3404 STD 33 

32 9 09 
01 RIS 84 

3508 RClB 34 08 
51 RTN 2. 

3508 
51 
.2 

3509 
3507 

E, 

E , 

E 

L KEYS 
ACL 8 
STO 7 
9 x"i!-y , . , 
- D.MS 
STO 8 
RTN 
LBL 
B 
RCl6 
STO 4 
9 RI 
STO 6 
9 RI 
RCL 5 
STO 3 
9 RI 
STO 5 
RTN 
LBL 
C 
RCL 3 
RCL4 
r' 
R~P 

9 x-::'y 
RCL 5 
RCl6 
f" 
R~P 

9 Rt 

9 R I 

9 Rt 
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CLOSEST POINT OF APPROACH 

CODE KEYS CODE KEYS CODE 

34 08 , 9 x"t:-y 3507 R~P 01 
3307 

, Bl ACL 8 34 08 
3507 f" 32 RCL 7 3407 

32 TAN 06 - 51 
03 t ., • 81 

3308 t ., 2 02 
2' RCL 5 34 05 0 00 
23 - 51 2 02 
12 f 31 5 05 

3406 COS 05 • 81 
3304 RCL 6 3406 E 15 
35 08 x 71 STO 3 3303 
3306 E 15 9 x<!..y 3507 
3508 9 x-'::'y 3507 STO 4 3304 
3405 sro 2 3302 RTN 2. 
3303 RTN 2' LBL 23 
3508 LBL 23 E 15 
3305 0 I. r' 32 

2. RCL 5 34 05 R~P 01 
23 RCL 6 34 06- f 31 
13 f - ' 32 R~P 01 

34 03 R~P 01 9 x-:ty 3507 
3404 9 x;:"y 3507 0 00 

32 RCL 3 34 03 9 x>V 3524 
01 RCL4 34 O' 3 03 

3507 CHS '2 6 06 
3405 f - ' 32 0 00 
34 06 R~P 01 + 61 

32 9 RI 3508 + 61 
01 + 61 RTN 2. 

3509 9 RI 3508 
51 + 61 

3508 9 RI 3509 
51 9 x-::'y 3507 

3509 f 31 

R. '-, r[. lrm 

CPA range R5 b, 

R, c, 
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COLLISION AVOIDANCE - SET UP 

KEYS CODE KEYS CODE KEYS CODE 
EEX 43 RTN 24 ACl7 34 07 
3 03 LBL 23 RTN 24 
• 81 C 13 L8L 23 
~ 9 x- v 3507 ACl6 34 06 E 15 

EEX 43 • 81 ,-. 32 
2 02 ,-. 32 R~P 01 , 71 SIN 04 9 RI 3508 , 31 STO 6 3306 9 RI 3508 
INT 83 RCl1 34 01 ,-, 32 
+ 61 , 31 R~P 01 
STO 1 3301 INT 83 9 x:tV 3507 
RTN 24 EEX 43 9 RI 3509 
L8L 23 2 02 + 61 
8 12 • 81 9 RI 3508 ,-, 32 RCl1 34 01 + 61 
-+- D.MS 03 ,-, 32 9 Rt 3509 
RCl8 34 08 INT 83 9 x<!.V 3507 
- 51 EEX 43 , 31 
STO 8 3308 3 03 R~P 01 
RCl3 34 03 , 71 RTN 24 
RCl4 3404 RCl3 3403 9 NOP 3501 
RCl8 3408 RCl4 3404 9 NOP 3501 , 71 E 15 9 NOP 3501 
2 02 STO 7 3307 9 NOP 35 01 

1
0 00 gx~V 3507 9 NOP 3501 

02 STO 5 3305 9 NOP 3501 2 

I 

5 05 RCl8 34 08 9 NOP 3501 , 71 1 01 9 NOP 3501 
RCl5 34 05 8 08 9 NOP 35 01 I 
RCl6 3406 0 00 9 NOP 35 01 
E 15 + 61 
~ 

9 x~v 35 07 RCl3 34 03 
STO 8 3308 - 51 
~ 9 x+-v 3507 STO 2 3302 

STO 6 3306 RCl5 34 05 , 

Rl TOOC+S/ 1000 R, rm,)l+h r R, tl, em 

R2 rCPA, 0 Rs b1 , h R, t1 ,tJ - t2,bj 

R3 hr R, rl ,rj ,O R, Used 

. , 
• 

~. 

E 

E-

E 

E, 

E 

• 

NAV1-26A3 145 

COLLISION AVOIDANCE - COURSE CHANGES 

KEYS CODE KEYS CODE KEYS CODE 

E 15 - 51 2 02 
+ 61 1 01 • 81 
GTO 22 8 08 - 51 
I 01 0 00 , 31 
LBL 23 - 51 SIN 04 
B 12 CHS 42 ,-, 32 
E 15 1 01 SIN 04 

51 ,-, 32 0 00 
GTO 22 R~P 01 9'>Y 3524 
1 01 , 31 GTO 22 
L8L 23 R~P 01 2 02 
C 13 9 x<!.y 3507 + 61 
E 15 0 00 + 61 
9 RI 3508 9 ,>Y 3524 RTN 24 
L8L 23 3 03 LBL 23 
1 01 6 06 2 02 
DSP 21 0 00 + 61 
• 83 + 61 CHS 42 
3 03 + 61 . + 61 
STO 4 3304 EEX 43 CHS 42 

51 CHS 42 RTN 24 , 31 3 03 L8L 23 
SIN 04 9 x<!.V 3507 E 15 
RCl7 34 07 • 83 RCl5 3405 , 71 5 05 RCl3 34 03 
RCl t 34 01 + 61 RCl2 34 02 ,-, 32 , 31 + 61 
INT B3 INT 83 RCl6 3406 , · 81 • 71 RTN 24 
EEX 43 9 l ST X 3500 ~NOP 35 01 
3 03 t 41 
• 81 RCll 34 01 , - , 

32 , 31 
SIN 04 INT 83 
RCl4 3404 EEX 43 

I R, t DOC + 5/1000 R, rm, hr + i3 R, 'm 
R, O Rs h R, b, 

I R3 hr R, ¢ R, Used 

• 
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