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HP-65 NAV PAC 1

This addendum contains information regarding
two programs in the HP-65 NAV Pac I.

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

Composite Sailing (NAV1-12A). The equations
for A,y and A,; should contain the term sgn
(IAy = X;] = 180) instead of sgn (L, . ) 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
prerecorded 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:
NAVI1-12B. 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 HP-65 Navigation Pac | is a set of programs intended to assist
the navigator by eliminating some of the more difficult calculations
which he would normally perform. Using the prerecorded program
cards contained in this pac the navigator will be able to reduce a
sight to his most probable position with reference to nothing but the
user instruction forms contained herein.

The programs of Navigation Pac I are grouped into three broad
categories: piloting and dead reckoning, celestial navigation, and
relative motion problems. The piloting programs include such
programs as length conversions and propeller slip calculations as well
as course planning and plotting aids such as great circle computa-
tions and rhumbline navigation. The celestial navigation programs
include sextant altitude correction, a long-term almanac for sun and
stars, a sight reduction table, and programs to reduce altitude
intercepts to a most probable position. The remaining programs are
specialized situations, such as collision avoidance, which are com-
monly solved on the maneuvering board or plotting sheet.

Many of the programs in this pac are designed to work together,
sharing data through the storage registers, so that the user need only
input new data and record final answers. Some program combina-
tions are illustrated in the appendix.

USING THE KEYBOARD AND DATA FORMATTING

When running Navigation Pac | programs, only a few of the many
keys on the HP-65 are actually used. The only keys you’ll usually
need are the number entry keys ([o]through{g],|.|decimal point,
EEX| enter exponent, and |CHS|change sign), the five keys at the top
labeled [ through [ . and the key. In some cases it may be
convenient to use the “to degrees, minutes, and seconds’” key
+D.MS |to convert data before giving it to a program.

The angular notation most familiar to navigators is 110°58.3,
that is: degrees, minutes and tenths. Consequently, most of the
programs in this pac accept and display angles in the form degrees,
minutes and tenths (DDMM.m)* Azimuths and bearings are normally
expressed only to the nearest tenth degree and are therefore
expressed in the form D.d. Two programs were too complicated to
include the capabilitv of handling DDMM.m. These programs accept
angles expressed in degrees, minutes and seconds (D.MS). Thus an
angle of 35728!3 (3528"'18") would be input in the form DDMM.m

*The lower case *'m” indicates units one tenth as large as those indicated by
the upper case “M™.
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as 3528.3 and in the form D.MS as 35.2818. 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, essentially an angular
measure, is normally input in hours, minutes 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 card has been run through the lower slot, 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 instruction forms, they do serve to remind the user
of the function of the corresponding key. In general the data may be
input in any order, although it is recommended that the keys be
pushed in order from left to right to avoid missing any. On the user
instruction form, some data are preceded by large dots. These dots
indicate that the corresponding data may be input in arbitrary order
and that if one is entered incorrectly it may simply be reentered
without restarting the entire problem. Programs which cannot accept
data in arbitrary 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 particular order is important. Such cases are pointed
out in the user instruction forms.

NAVIGATING WITH THE NAVIGATION PAC

It is sincerely hoped that navigational plots made with the aid of the
HP-65 Navigation Pac will be easier to make and more accurate,
Hopefully a navigator freed from the difficulties of evaluating
complicated expressions will be able to spend more time insuring the
safety of his ship.

ACKNOWLEDGMENTS
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ments and suggestions of both professional and backyard navigators.
We especially wish to thank Captain H.H. Shufeldt, USNR(Ret.), for
his assistance in choosing important navigation problems to solve
and rendering the text more comprehensible to the navigator. In
addition we wish to extend our appreciation to Dr. Luis Alvarez for
his sight reduction table and to John Benger for assisting with the
presentation and for preparing practical examples.
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NAV 1-01A
LENGTH CONVERSIONS

LENGTH CONVERSIONS

()]
3

NAV1-01A
nautical  statute e
mi. mi. T

This program converts between various measures of length; metres,

feet, fathoms, nautical miles, and statute miles.

Conversion Factors:

| metre

| foot

1 fathom

| nautical mile

] statute mile

Example 1:

Convert 16 metres to fathoms.

Solution:

I metre

0.3048 metres
1.8288 metres

| 852 metres
1609.344 metres

» 8.75

g AjC

Example 2:

Convert 27 fathoms to feet

Solution:

» 162.00

e cls

Example 3:

Convert 2.6 nautical miles to yards

Solution:

260

iSTEP

Enter LENGTH

» 15797.90
(first convert to feet)

» 5265.97
(then divide by 3 to get yards)

INSTRUCTIONS

| | ou
DATA/UNITS |

Key in one of the following

length in metres

length in feet

length in fathoms

length in nautical miles

length in miles

Convert length to

metres or

feet or

fathoms or

nautical miles ar

miles

NAV1-01A 5

|, naut. mi.

0.00
0.00
0.00
0.00

0.00

l, ft.

|, fth.

| .
I, naut. mi.

I, mi.

TPUT

Avonis |

DATA /UNITS
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NAV 1-02A
SPEED, TIME, AND DISTANCE

SPEED,TIME, AND DISTANCE NAV 1-02A w
TIME TIME
SPEED 4 ms Hh DISTANCE

(]

This program finds a value for speed, time or distance when the

other two are specified. The variable time may be expressed as H.MS
or H.h.

Equations:
5=
i
D = St
[ = E
S
where

S = speed, distance units per hour
t = time, Hours.minutes-seconds or Hours.tenths

D = distance, any length unit

Example 1:

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

Solution:

17630458 QY » 23.47

Example 2:

At this speed how much longer will it take to cover 10 more miles?
(25™34° or 0.43 hours)

Solution:

2347110 B0 > 0.2534

0 > (.43

NAV1-02A 7

Example 3:

A vessel covers a measured mile in 343 seconds. What is her speed?
(10.5 knots)

Solution:

343[EnTEr+ 36005 @' B Y > 10.50

— - e
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

rore i e

1 Enter 5, T, D

2 Key in two of the following

® Speed S A, 0.00

® Time in hours, minutes, and

seconds or | t, H.MS B | 0.0000
in hours and tenths * | t, Hh | . c 4 | 0.00 _
® Distance D D 0.00 )
3 Compute remaining one " |
Speed | | 3 .ft | S "

Time in hours, minutes, and i |

seconds or | | {_ E:I_ ) | t, H.MS
in hours and tenths | | C —_I | -t, .H_h. o
Distance D [ D
| i
* To canvert time in seconds to ______] _____;
H.h t, sec ____]“__J | ___!r t, sec
3600 | = [ t, H.h
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NAV 1-03A
TIME-ARC CONVERSION

TIME - ARC CONVERSION
ARC
oiRC . HOURS  MINS

NAV 1-03A
TIME
SECS HMS

JHY - ANIL

(]

This program converts among arc and various representazdons for
time. Angles are expressed as DDMM.m and time is expressed as H.h,
M.m, S.s, or H.MS.

Conversion Factors:

1° of arc = 240 seconds
1 hour = 3600 seconds
| minute = 60 seconds

| second = 1 second

Example 1:
Convert 2125™36° to minutes. (145.6 minutes)

Solution:

225363 13

Example 2:
Convert 258°15'6 to time in H.MMSS. (17"13M02%)

> 145.60

Solution:

25815.6 3

- 17.1302

m M
"'E

r

'

Wy

T

—

k

P

g

i
%

 STEP

1

| 2

e —

Enter TIME-ARC
Key in one of the following

Arc
Time in hours

Time in minutes

Time in seconds

seconds

Time in hours, minutes, and
seconds

Convert to

Arc or

Time in hours or

Time in minutes or

Time in seconds or

Time in hours, minutes, and

INSTRUCTIONS | pATA/UNITS

NAV1-03A 9

INPUT

KEYS

Arc, DDMM.m A

t, hr
t, min

t, sec

t, H.MS

OUTPUT

DATA/UNITS

o o

o ©

t. hr

|
i
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NAV 1-04A
PROPELLER SLIP

PROPELLER SLIP NAV 1-04A Z
= mem  PEGH sup SPEED N

This program calculates a value for RPM, pitch, slip, or speed when
the other three are specified. Pitch is input in the form feet and
inches (FF.II). Thus a pitch of 9'3" would be keyed in as 9.03.

Equation:

_ RPM x pitch x 60 x (1 -slip)
Speed 6076

Notes:

1. 1If zero slip is desired, enter a small number such as .001, because
the program 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 pitch of 10 feet turns at 200 revolutions per
minute. If there is 18% slip, what is the ship’s speed? (16.19 knots)

Solution:

pJ000 A BIR 6 REJ C D » 16.19

STEP
1

2

IHETHUETIDH.E
Enter SLIP
Key in three of the following
RPM
Pitch
Slip
Speed
Compute the remaining ane
RPM

Pitch

Slip

Speed

NAV1-04A 11

NPUT HE"'E T OUTPUT ]I

_DATA/UNITS | T"7  DATA/UNITS
—— |
L | . |
—r— |
| 1 I | |
e — |
RPM Al | o000
e 1 |
pitch, FE.IL [ B || | 000 |
P — !
sip.% [ c ][] 000
speed, knots | D |[ | 000
______ I ‘
A |l | rem
[ 8 [ | piteh, FEN
e L1 g
T [ |l speed, knots
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NAV 1-05A
FUEL CONSUMPTION

FUEL CONSUMPTION NAV 1-05A ﬁ
@ FUEL SPEED DISTANCE i

This program solves for fuel consumption, speed, or distadce run
given the other two. Any convenient measuring unit may be used.
The program is not valid near the vessel’s hull speed or when the

vessel starts to “‘plane.”
Fo_(8:)'(Dy
F, S D,

F, = fuel used at speed S, while travelling distance D,

Equations:

where

F, = fuel used at speed S, while travelling distance D,

The above equation may be written in three forms:

S, \? D
S, D,
S, \* F
D, =D, (_I) o
S, F,

FZ Dl
F, D,

Note:

Fuel consumption in a given time t may be computed using this
program. Although the distances D, and D, will be S;t and S,t,

they may be input simply as S, and S,, because the time units
will cancel out of the equation.

NAV1-05A 13

Example 1:

At 8 knots, 51 gallons of fuel are required to run 625 miles. The
skipper wishes to run another 315 miles but does not want to use

more than 20 gallons. What is his highest allowable speed? (7 knots)

Solution:

sAs @Ac2s@3s@0Na > 7.06

Example 2:

At 12 knots, 293 tons of fuel are required to steam 2097 miles. If
the speed is increased to 15 knots, how many tons of fuel are
required to steam the same distance? (457.8 tons) How many tons
are required to steam 4282 miles at this new speed? (934.8 tons)

Solution:
121320332097 @158 2007 @ — 457.81

123293 @207 @15 @422} —— 934.84

Example 3:

It takes 1.5 gallons of diesel fuel to run 1 mile at 8 knots. What is the
consumption if its speed is reduced to 5 knots? (.6 gal/mile) It its
speed is increased to 15 knots? (5.3 gal/mile)

Solution:

S AElcBNcEIsRNC]A| » 0.59

Sl @3- AN — 5.27
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FSIEF; h_ "r_;u_smucn:iﬁﬁ o ATAZNATS KEYS DT
|1 Enter FUEL | ] ) o
* | 2 | Key in all three values for con- - i B
| dition 1 ! | _. J
: ! ¢ Fuel consumption Fi A 0.00
I ® Speed | S B | ] ﬂ..Eﬂ. -
; --i Distance | ﬁ| f C _: | Dﬂﬂ_ B
E 3 Key in two values for condition | “ | T i | | G 4
2 -
* | -i Fuel consumption F, LA U-Ell':]'-_
E.” : ® Speed Sa L_I_E__ | h_; - DDD ]
| ir @ [istance D, f " C‘ B 0.00 “
4 Compute umirm:.rw;.r value for - Tr-. 3_ ) -
| lcondition N CC_] '
.FUE| consumption or i A, -_% ______ a I;.*g
gﬁpﬂed or | In B 3l 53
.Distanr:n.a- N | T C ml D,
I L —_— -
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NAV 1-06A
DISTANCE TO OR BEYOND HORIZON

DISTANCE TO OR BEYOND HORIZON NAV 1-06A f
S HE H hs+D Dpg R/S Dyis +

This program computes the distance to an object of known height
whose base is obscured by the horizon and whose top subtends a
sextant altitude hs with the horizon. The sextant altitude is
corrected for index error and height of eye. Additional features are
the calculation of the distance to the horizon for a given height of
eye and the distance of visibility of an object of height H above sea
level.

Equations:

. tanh, \* , H-HE tan h,
) s a6 x 104/ 074736 246 x 10-*
Dio, = 1.144 /HE

Dy = 1.144 G/HE ++/H )

where
D = distance to object, nautical miles
Dy o1 = distance to horizon, nautical mile.
Dyis = distance of visibility, nautical mile
H = height of object beyond horizon, feet
HE = height of eye, feet
ha=hs+IC - 0.97+/HE
hs = sextant altitude, DDMM.m

IC = index correction, M.m

| 21
=FE
=
=

Dhnr

NAV1-06A

Dvis

17
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Example 1:

The height of eye of an observer is 9 feet above sea level, how far

away is his horizon? (3.43 nautical miles)

Solution:

‘a8

Example 2:

An observer “‘bobs” Farallon Light on the horizon and finds his
height of eye to be 16 feet. The light is 358 feet above sea level.
How far is the observer from the light? ( 26.22 nautical miles)
(Accuracy is affected by abnormal refraction)

» 3.43

Solution:

Y5 RELICHE

- 76.22

Example 3:

The top of a lighthouse, whose base is obscured by the horizon, is
known to be 300 feet above sea level. It is found to have a sextant
altitude of 25’6 above the horizon. The height of eye is 20 feet'and
the sextant requires an index correction of +1:3.

What is the distance to the lighthouse? (6.28 nautical miles)
What is the distance to the horizon? (5.12 nautical miles)

It has been determined that the luminous range of the light is
“strong”’, now compute its visibility for the given height of eye.
(24.93 nautical miles)

Solution:

1320330032568 » .28
E » 5.12
R/S — 24,93

19
INPUT . OUTPUT
STEP INSTRUCTIONS . paTA/UNITS | REYS DATA/UNITS
1 |Enter Dpor *
2 Key in all of the following
® |ndex Correction IC, M.m A
* Height of eye HE, ft B ]
® Height of object H, ft C
3 Key in sextant height and com- ]
pute [

1 § N - — + . ' e
Distance to object hs, DDMM.m | D D, naut. mi,
Distance to horizon (optional) E Dpgr, Naut, mi.

. B | e "
Distance of visibility {optional) | R/S ' Dyig, Naut. mi.

S
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NAV 1-07A |

DISTANCE BY HORIZON ANGLE AND
DISTANCE SHORT OF HORIZON

ANCE BY HORIZON ANGLE o
E'FE{AHEE SHORT OF HORIZON NAV 1-07A g
e HE  hs-D M Py

-

This program calculates the distance between an observer and an
object when (1) the vertical angle between its waterline and the

horizon has been observed from a known height of eye or (2) the
object’s height is known, together with its subtended angle.

This program also calculates the height of an object if its subtended -_ ?I?}“ }
N

sadldld

angle and distance from the observer are known.

AL
Wi

Equations: “~ - \\
| \ \
D=___IE ﬁ ‘ /*I‘ N\
tan (hs + IC + .97 \/HE ) N
o 82
tan (hs + 1C)
>
where:
D = distance to object, feet ."a
HE = height of eye. feet \
‘s
IC = index correction, M.m :
H = height of object, feet \

hs = sextant altitude. DDMM.m

Note:

¥ . . Wy
hs < 10 may make D unreliable due to atmospheric conditions
when vertical sextant altitude between object and horizon is taken.

Example 1:

The sextant altitude between the waterline of a buoy and the
horizon is found to be 21°4. The observer has a height of eye of 22
feet and the sextant requires a +1.7 index correction. How far is the
observer from the buoy? (2735.25 feet or .45 nautical mile)

Solution:
TR0 48 > 2735.25
(R/S | = (.45

1100000100
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Example 2:
amp | STEP INSTRUCTIONS | DATA/UNITS KEYS AT A
The sextant altitude subtended by the base and the top of a 41 foot ' Enter D ;’
. . ' . [P . hor = ! ~
light tower is 56.2. The sextant requires a —-1.9 index correction. "o lxew i the fon T '
. . 2 Key in the followin
How far is the observer from the light tower? (2595.50 feet or .43 Rt ’ SN | .
: - ® |ndex correction ICM.m ' fiy IC.Mm
nautical mile) i — | R
®* Height of eye HE, ft. | R ] HE, ft.
Solution: 3 Key in sextant height and con-
-1.9 [ 41 [enTer+] 56.2 3 — 2995.50 | vert to distance
WE —p (.43 ._ ' Sextant height hs, DDMM.m | C . D, ft
| | Convert D to nautical miles
E?ZEIII][]]E 3: 'l (optional) ' R/S | : D, naut. mi.
A vessel is anchored 2015 feet from an observer. The sextant 4  Key in height of object and con- | |
altitude between the vessel’s waterline and truck of mast is 1°15.2. \vert 1o distance || ]
There is no index error. How high is the truck of the mast above the | 1 e
. Height of object H, ft. ; t H, ft.
WﬂtET]l“E? (44 fe.et} —— e . ! E—
' Sextant height (angle subtended ;
| ; === —y
Solution: by object) hs, DDMM.m | D D, ft.
| - - - e - 1 ' - e
0 Y2015 [EnTers] 115.2 BB > 44.08 ComertDwonavicalmies [ ][]
: (optional ) '|_R/S - D, naut. mi.
5 | Key in distance to object and l—
convert to height ; - l
| Distance D. ft. ' u _L D, ft.
' Sextant height " hs,DDMM.m ||_E | H
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NAV 1-08A
DEAD RECKONING

Notes:
I. The program cannot follow a meridian over a pole.

2. The program loses accuracy and gets incorrect answers when
within 0.5° of a pole.

DEAD RECKONING NAV 1-08A o
s |
LA AsteCas L wsa

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 [§. Simply press [J&} and the program
will continue, computing the correct updated L and A.

This 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

o J 1T

. . P TUUINeuT ~ outPur |
elapsed time need be entered to obtain the updated DR position. | STEP  INSTRUCTIONS DATA/UNITS KEYS pATA/UNITS
The program may be used for both small and large area DR {  Enter DR | |
problems. Because of the complexity of the equations used, it was |, 'KEY 1 initial position
impossible to allow this program to accept or display data in the | | 5 | E — |
f i - Latitude ' (|cHs] for Southj L,, D.MS 1 Ly, DMS

orm DDMM.m. Instead the program uses D.MS notation and forces : - —t — 4
four decimals to be displayed. Longitude ( [CHS| for East] - An.DMs LA L, Dd
| 3 Key in ship's way i E _.,.,__5___
Ef.]l.l&t]ﬂl‘lﬂ: E 1 | Time spent on this course B i".t H.MS | ..__T._._ | | fﬁTHMS |
The updated position (L, A) is given by following a loxodrome | Course” cod [t _ GDd
{rhumb.lme) from the initial position (L;, ;) for a distance b " Speed S knots | B | AtHh
determined by the speed and time. | - . e — —
L4 Compute new position : :__I _ -
r | ] | -
S cos C Latitude (- =S, + = N} th) | ¢ | L, D.MS
L = L + ﬂt L'U_'S ’ | . . S = i .
l m E Longitude (- = E, + =W} ) RIS | A, D.MS
[ L t 5 To continue the same course for I E_.__
- 1 | [ — I
50 tan € (lﬂ fan (45 ! —-) — In tan (45 ! _)) the same time, go to step 4. To _— N |
A+ | \_ 2/ 2//. |- : - e |
I T ! 1 rhange the course, speed, or - :_]
_ ' time, go to step 3. - _[
\= C +# 90 or 270 N | ]
L
— _] _____ J
S sin C !. ‘ . If C =090 or 270, the program -
Ai = At :C=90o0r 270 |
60 cos L; . 5 ‘may halt prematurely when [ | | Mo
_ 15 pressed displaying 0.0000, b et | |
W . ——
hEIE.‘ 1 q (N . Pressing [l will allow the IR— | E—
i = initial latitude (N, positive; S, negative T | | T
l P > 1IC8 ( CHS )} —— : program to continue, and cor- . -
L = update ‘ -’ ! s | —
b d latitude ' ‘rect answers will be obtained. l .___|L..___ - ._|_
dj = initial longitude (W, positive; S, negative ( [CHS ) .
A = updated longitude 1 ‘Toconvert DDMM.m to D.MS ~~ DDMM.m [_f l=p.mMs|  DDMM.SS
S = ship’s speed, knots | Ceex |l 2 |1 02

C = ship’s course

At = the time (H.MS) between initial and final positions.
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NAV1-08A 27
Example 1: m
A ship’s last fix was L30°N, A140°W. Where will she be after
traveiling for 2 hours at 12 knots on course 052°? (L30°14'47"'N, 21w 2w U
A139°38'08") m ? ‘ DR
Solution: m : 1{ 1200 FIX
Enter DR |
30 [ENTER+] 140 [[] 2 [ENTER#) 52 [ENTER# E |
Be]c > 30.1447 E—= —
—— 139.3808 | /
Example 2: E—':. l | cssls2o |
A vessel’s position is L33°49/1N, A120°52/0W at 1200. If she steams | o e 2 —_—
as shown, what is her position at each time? | 1 i N | |
Time C S DR E = |
1200 1.33°49°06"'N, A120°52'00"W E I‘
1330 120°  15knots (L33°37'30"N, A120728'34"'W)
1510 240°  1Sknots  (L33°25'21"'N, A120°54'32"W) ] .
1823 90° 17knots  (L33°2521"N, A119°49'01"W) g ; s i
1955 3557  20knots  (L33°55'54"N, A119752'14"'W) ] |

§

Solution: ; |
Enter DR ﬁ i I
33.4906 [ENTER#]120.52 [[§13.30 [ENTERY) 2
12.00 [¢7)[ oMs+ ] 120 [enter+ |15 B D —» 33.3730 |
1202834 E— |
15.10 |ENTER#4|13.30 [t|| D.MS+ i / f 1 | \
240 [entert) 1S » 332521 LT T
R/S > 120.5432 |
18.23 |ENTER4 | 15.10 [f'|| D.MS+ | | l
90 [enTer+] 17 @A » 0.0000 | |
(Note 3) I , |
R/S » 332521 L mm ML |
R/S > 119.4901 | o
19.55 [ENTER4] 18.23 [#1] [ D.MS+
355[enter+ 20 3 » 33.5554
R/S - [19.5214
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NAV 1-09A
RHUMBLINE NAVIGATION

RHUMBLINE NAVIGATION NAV 1-09A
@ Lrl2 3,1, DISTANCE COURSE

This program accepts the coordinates of two points on the globe and
calculates the rhumbline course C and distance D between them. The
program inputs are latitude and longitude of the initial point (L,
A, ) and latitude and longitude of the final point (L,, X, ) in degrees,
minutes, and seconds. The program outputs are heading in degrees
and distance in nautical miles.

HWNHY

Since the rhumbline is the constant heading path between points on
the globe, it forms the basis of short distance navigation. In low and
mid latitudes the rhumbline is sufficient for virtually all course and
distance calculation which navigators encounter. However, as dis-
tance increases or at high latitudes the rhumbline ceases to be an
efficient track since it is not the shortest distance between points.

The shortest distance between points on a sphere is the great circle.
However, in order to steam great circles, an infinite number of
heading changes are necessary. Since it is impossible to calculate an
infinite number of headings at an infinite number of points, several
rhumblines may be used to approximate a great circle. The more
rhumblines that are used the closer to the great circle distance the
sum of the rhumbline distances will be. The Great Circle Computa-
tion program may be used to calculate intermediate heading change
points which can be linked by rhumblines.

-~ INTERMEDIATE POINTS
- CALCULATED BY

st (CWRCLE | GREAT CIRCLE
oRE" = ™%« COMPUTATION
r“".'fl?:"# .. ﬁhﬁ\"\
o RHUMBLINES " N
i""{( | H
(L, A4) \\
(L, A,)
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Equations:
_ -1 m (Pl'"l - }kﬁ,}
C = tan e S
|80(In tan (45 + %2 L,)-Intan (45 +% L))
60 (A, =A;)cosL;cosC=0
D= L,-L
60 (L2 2 : otherwise
cos
where:

(L,, A;) = position of initial point
(L,. X, ) = position of final point
D = rhumbline distance

C = rhumbline course

Notes:
1. No course should pass through either the south or north pole.

2. Errors in distance calculations may be encountered as cos C
approaches zero.

3. Accuracy deteriorates for very short legs.
“4 K
Example 1:

What is the distance and course from L35°24/2N, A125°02.6W to
L41°09'2N. A147°22'6E7 (4135.6 nautical miles, 2747 8)

Solution:

Enter: RHUMB

35.2412[[@125.0236 F 41.0912 1}

147.2236 [chs| B & » 4135.60
D » 274.79

Example 2:

What course should be sailed to travel a rhumbline from L2°137S,
A179°07'9E to L5°27'4N, A179°24'.6W? (10°7) What is the dis-
tance? (469.3 natuical miles)

Solution:

Enter: RHUMB

2.1342 [chs| [} 179.0754 [chs] B

52724 [§179.2436 &} —» 469.31
D » 10.73

_:k "7“ DTG b C '.:ff':"] ngorredt F{.auglfi Wﬁw‘k chn?-ruh,-n
}rm Ir rv-g[ o e #@M"‘-‘: = &é‘iﬂb{-ﬂ ) 7

~f r il -"i- ) i
cbirtrnces olue Castor wet oo
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STEP INSTRUCTIONS

1 Enter RHUMB
2 Key in
Initial position
® Latitude” {[CHS] for South]
* Longitude {[cHS] for East]
| Final position
* Latitude ([CHS] for South)

*  Longitude I:|'EH5| for East)

3 Compute

| ®  Distance
* Course

4 To continue the course, return
to step 2 and input a new final

position

" To convert DDMM.m to D.MS

INPUT

__DATA/UNITS

L,.D.MS

A1, D.M5

L.. D.MS

Ay, DMS

DOMM.m

e " P mim—

" OUTPUT
KEYS  DaTA/UNITS

-
CC_]

[+ )ows| commss_

|

L
! o ey e __“_!; - S —
L= 1| D.MS ‘|

|

|

|
:._ ..... - I__ .: i
' | S |
— 1
S | |
- |

Lall ] uoae

s 1 .0
= o 1
A |l L, Dd |
e | xn,pd |
e |

Ce ] oo |
b |l |  cobd
............. Ii_. _-]

|

-
]
| ]

- )

S 4

i =

CEEX || 2

A S I C— " T S NN

02

31
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NAV 1-10A
GREAT CIRCLE NAVIGATION

Example:

What is the distance and initial great-circle heading from L33753.3'S,
A18°23.1'E to L40°27.1'N, A73°49.4'W? (6762.72 nautical miles,

30475)

GREAT CIRCLE NAVIGATION NAV 1-10A
L,L2 A1, A2 DISTANCE COURSE

[(he) ]
AYN 29

Solution:

3353.3[chs| [} 1823.1[cns| B3

4027.1 ETMQ “agjcC) - 6762.72
E » 304.48

This program computes the great circle distance between two points
and computes the initial heading from the first point. Coordinates
are input in the form DDMM.m. Outputs are distance. in nautical
miles and initial heading in D.d.

_ I S ——
|HP'1..|T - OUTPUT
STEP INSTRUCTIONS DATA/UNITS “Eﬁ _______ DATA/UNITS
- B | UATALE [ —
N 1 Enter GC NAV N | | S ——
A . Key in _ E:_ B | I
pD\STANCE B R e
R Initial position _ I | e |
o Latitude | [CHS] for South) Ly, DDMM.m | [ _F_h_.__}___-__ | L,.Dd |
'|.r"'| H . ——— e —— = ]
rd Hi Longitude ([CHS| for East) A, DDMMm | B \_l_ 1 M, Dd
/ : - T e
. {L1 )H] Final position . — _ .
(L2Aa) Latitude ([CHS| for South) L., DDMM.m (| A || - L:;,Dd :1
Longitude {[CHS| for East) Ay, DDMM.m | | B | | A, Dd |
3 Compute _] ___j
Equations: ]

Distance ] D. naut, mi,

D=60cos " [sin L, sin L, +cos L, cos L, cos (A, =A\,)]

Initial heading L_______J L---—-——j, H, D.d
. » [ sin L, - sin L, cos (D/60)
= CO8S§

- s
L4 For new case, return to step 2 L .[_ | |

Y —am o ——

sin {D.'"f&ﬂ') cOs L1

(note: if the new initial position | J!___J

is the final position of the pre-
where

l |
i vious great circle, enter only the | I | ]

L,,A; = coordinates of initial point i - i =
| |

L
| it T |
- new final position| | S | —
L,, A, = coordinates of final point —

D = distance from initial to final point

H; = initial heading from initial to final point

Notes:

. Truncation and round off errors occur when the source and
destination are very close together (1 mile or less).

2. Do not use coordinates located at diametrically opposite sides of
the earth.
3. Do not use latitudes of +90° or =907,

4. Do not try to compute initial heading along a line of longitude
(L, =Ly)

TICRICIseccllll




-
-

3 _.Wﬁf‘h*{?ﬁwﬁ?ﬁﬁﬁ?ﬁﬁ

LI L Lk e R Il o
) KRRt 1o |
- L

34 NAV1-11A

NAV 1-11A
GREAT CIRCLE COMPUTATION

GREAT CIRCLE COMPUTATION NAV 1-11A §
S Ll AA el A 2

This program computes the latitude corresponding to a specified
longitude on a great circle passing through two given points. The
program may be run alone or in conjunction with GC NAV which
enables it to compute the longitude of the vertex of the great circle.

INTERMEDIATE POINTS

'“-1!?‘1.)I

: | iGHEAT CIRCLE
| | : ROUTE
o
| |

Equations:

L = tan-? tan L, sin (h_i‘ -‘.?\1] — tan Ll_msin (Ai = A2)
sin (A; = Ay)
Ay =Xy =sin”! __cosh
sin (cos™" (sin H; cos L))
where

(Ly, Ay ) = coordinates of initial point

(L2, Ay ) = coordinates of final point

H; = initial heading from initial to final point
(L;, Aj) = coordinates of intermediate point

Ay = longitude of vertex

NAV1-11A 35

Notes:

1. The program does not compute along lines of longitude
(A =Az)-
2. There is another vertex at A = Ay + 180.

3. Equator crossings are at A = A, = 90",

— e iR

| STEP INSTRUCTIONS — paraunts | "EYS  paTa/uNITS |

1 Enter GC COMP L | ] |

| | i :
2 Key in | — ||_.._.. J

— r—] |
Initial position

I
+ Latitude ([cH8) for South) L, oommm [ A J[ | L, Dd

— i ———- iR

- * Longitude ([CHS] for East) A, DDMM.m | B || 1 MN.Dd
. | B = S
: Final position | S— L .
i » Latitude ([CHS] for South) L,, DDMM.m | A L,, Dd
| * Longitude {[CHS| for East] M,DDMMm | B || | A;,Dd
3 Key in intermediate longitude |
| and compute intermediate lat- L __l -
| itude A, 0oMMm | ¢ || | L, oommm
4 Repeat step 3 as desired i J A _
| [ L]
OR | 1 — |
| — |
L L] |
| e T 1|
1 Run GC NAV [_______;{_ , J _
2 Enter GC COMP 1
! ! e —
' 3 Compute |__._..._..._:-|-_.__J -
| Longitude of vertex D _:|— ; A,, DDMM.m
| M ——— e
Latitude of vertex \.oommm [ ¢ || |, ooMMm |
4 Key in intermediate longitude ______J:__________| !
and compute intermediate i________J]-_ i | 1|
o | .
latitude A, DDMMm | C 1L | L;, DDMM.m

b Repeat step 4 as desired I
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Example:

A ship is proceeding from Manila to Los Angeles. The captain wishes

" to use great-circle sailing from L12°452N, A124720.1E, off the
entrance to San Bernardino Strait, to L33°48'8N, A120°071W, five
miles south of Santa Rosa Island.

S
o=

Required:

(1) The initial great-circle heading. (5073)

(2) The great-circle distance. (6185.88 nautical miles)

(3) The latitude and longitude of the vertex. (L41°211IN,
A160°34.0W)

(4) The latitude at X180°. (39°41:6N)

P
~

o

=

Solution:
Enter: GC NAV

1245.2 8 12420.1 [cns| (1 3348.3 [}

12007.1 Y > (185.88
D > 50.32

Enter: G.C. PLOT

D] > 16034.0

> 4121.1

ISUGD » 3941.6

_—
———— g — =

COURSE PLANNING EXAMPLE ERCM APPENDIX 7
Vs,

L=

Not for navigational purposes.
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NAV 1-12A
COMPOSITE SAILING

COMPOSITE SAILING NAV 1-12A

LiL2 A1,z Lmax A, RSA,2

(@] ™\
NYSJIN0D
N

When the great circle would carry a vessel to a higher latitude than
desired, a modification of great-circle sailing, called composite
sailing, may be used to good advantage. The composite track consists
of a great circle from the point of departure and tangent to the
limiting parallel, a course line along the parallel, and a great circle
tangent to the limiting parallel and through the destination. This
program computes, for each of two points, the longitude at which a
great circle through the point is tangent to some limiting parallel.

W AN
%\1 L 2
x /5. %0
% o) e
P AT TN T T
S .
v
) 20
v
. = 8 1w?d ¥ 3 &
N
.r"'fa_hm N Fy
- ) 7
K_,I’? TR o ﬂ.
H\ { ﬁﬂxw Not to be used for navigational purposes.
Equations:
. tan L,
Avi = A tcos l(t )SEH (A2 = Ay)sgn(Liyax)
an L ay
tan L
Av2 = Ag *cos™! : sgn (A; = Az) sgn (Lmax)
tan Ly ax

where
(L;.A,) = initial position

(L5, A5 ) = final position

(=
| =
=
E—=
&8
B8
B8
[ =
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(L ax, Ay1) = point at which limiting parallel is met
(Liyax, Av2) = point at which limiting parallel is left

+1 :x =0

Example:

A ship leaves Baltimore bound for Bordeaux (Royan), France. The
captam desires to use composite sailing from L36°57.7N,

A75°42'2W one mile south of Chesapeake Light to L45°39'1N,
A1°29'8W. near the entrance to Grande Passe de 1’Ouest, limiting the

maximum latitude to 47°N.

Required.

(1) The longitude at which the limiting parallel is reached.
(\y1 = 30°16'1)

(2) The longitude at which the limiting parallel should be left.
(A, = 18°5629)

Solution:
Enter: COMPSAIL

3657.7 [ 754223 4539.1 [}

129.8E4TGUE » 3016.1
(R/S » 1856.9
%_-.E_TE"- | '“57“”“'“"5 B DATA/UNITS KEYS DATA/UNITS
: I Enter COMP SAIL :[_ L
! 2 Key in 1_ I
| Initial position ‘ _ ! J
» Latitude ([CHS)for South) L, DDMMm [ A || | L, Dd
* Longitude ([CHS| for East) \,, DDMM.m | E__ | n.Dd
Final position [_ | :ET 1
+ Latitude ([CHS) for South) Ly, DDMM.m_ Al ] L.Dd
* Longitude ([CHS| for East) Ay, DDMM.m L___T__j |__ _ A;,Dd
Latitude of limiting parallel Lmax, DOMM.m[ € |l | Lmax. Dd
3 Compute ”’“ji B
Longitude at which limiting | | __| '______I | ]
parallel is met b || “*!.h“‘ DDMM.m ‘
Longitude at which limiting __ ___ - 1|
parallel is left D 1 . DDMM.m |
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NAV 1-13A1,2,3
SEXTANT ALTITUDE CORRECTIONS

/ SEXTANT ALTITUDE CORRECTIONS NAV 1-13A1 E]
= 3]

l\ﬁ IC HE hs+Ho -
c SECONDARY
B | _ Comrections - NAV113A2 ¢
: % TA‘PTE P Ho X

. SD4 sD w

SEXTANT CORRECTIONS FOR

SUN AND MOON NAV 1-13A3 £
N @ T O
= o = 4

= SD+Ho SD+Ho HP-+Ho  HP=» Ho

program will automatically use 16’

Equations:
Card 1:
ha, =hs+IC-D
Ho =ha, - Rm
where

hs = uncorrected sextant reading

ha; = apparant altitude (also called hy, rectified altitude)
Ho = fully corrected sextant altitude

IC = index correction

D = dip of horizon = 0'97 /HE

HE = height of eye in feet

Rm = mean refraction

_ ) 236 - 8136 In(ha); ha < 7°
0'97 cot(ha) - 0'0011 cot? (ha); ha=7"

This set of programs is used to correct sextant readings. The first
card applies index correction, height of eye correction, and mean
refraction correction. The second card corrects for sea-air tempera-
ture difference and abnormal air temperature and pressure. The third
card allows almanac entries for semi-diameter of sun and moon and
corrects for geocentric parallax (moon only). If an almanac is not
available for determination of the sun’s SD, key in zero and the

I

P T T M

% ¥
oW oW W W W
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Card 2:
ha=ha; +8S
510 P
y=ha-R e
Ho = ha m 160+ Ta 29.83
where

ha, = apparent altitude from card 1

S =011 (T - Tg) = sea-air temperature difference correction
Tg = Temperature of sea, °F

T » = Temperature of air, °F

P = atmospheric pressure, inches of mercury

Card 3:
Ho = Hﬂﬂld + SD + HP cos (Hﬂ{]ld)

where
Hogyyq = Ho from card 1 or 2
SD = semi-diameter of sun or moon

HP = horizontal parallax of moon

Example 1:
hs = 107363
IC=+1'5
HE = 23 feet

Solution:
Enter: SACI
1.5 23 1036.3 » 1028.1

Example 2:
Same as above except T = 85°, Tg = 40°, P =28.00 in. Hg

Solution:

Enter: SACI

ISEN23E 1036303 » 1028.1
Enter: SAC2

8SenTER+ 402 B D » 1033.6
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| Example 3: - .
" P * 'sTEP INSTRUCTIONS INPUT ¢ KEVS DATA/UNITS
The upper limb of the sun is observed with a marine sextant having | DATA/UNITS _ \
: ! ' . . i SAC 1 and
; an IC of +1.0, from a height of eye of 45 feet. The hs is 32°47'9 1 |Firstrun SAC T or i L] — J
What is Ho if the sun’s SD is 18!57 (32°22'4) E—~ SAC 2 ]
? Sol 2 Enter SAC 3
: ution: - — —
3 m 3 Key in semidiameter of (O (If f |
- : . . . .
. Enter SACI ' unknown key in 0) and compute E___ : |
EF ] E 45 E 3247.9 —» 3240.9 Ho corrected for observation of -
E Enter SAC3 E ...'.; | lower limb of sun ~ sp,Mm [A ][] Ho, DDMM.m
g 18.5 B > 32224 o | | S — |
E“ l; for observation of upper limb of o !
__S. — s cun SD, M.m B | Ho, DDMM.m
TEP INSTRUCTIONS ' - 5 UTPUT S N = .
e .. DATA/UNITS | KEYS DATA/UNITS |
1 Enter SAC 1 ] E : ] B ! ]
| P | T = S . OR L |
2 Key in constants '] ’ et __E, |
“ Index correction IC, M.m | ! A_i j H‘; M rn _ . | . P — |
. .. . N e | — 3 Key in '
: | - - e N : Semidiameter of € and sD,Mm | 5D, M.m
3 Key in sextant height and com- ; il| | _ _ | | - .
' ' f et S : Horizontal parallax of € and ]
pute corrected altitude hs, DDMM.m c || Ho, DDMM.m g. | ML 1
' ' — 4 i : te Ho corrected for !
4 For additional sights, return to o] compy S — | B
_....__.1 : : . observation of lower limb of
B ' 5 Moon HP, M.m C Ho, DDMM.m
s wemcnow WU T B .
: FstronSAC 1T Ir - : S — — - | for observation of upper limb ﬂf‘ L - 1_ _ oo )
| i | —_— 4 | ' Ho, DDMM.m
2 EnterSAC2 O moon | wemm [0 JL_J Ho.0OMMm)
3 Key in constants . ] : __J | |
*  Temperature _'7[_ T :
otar A
ﬂf wﬂter"‘ Tsl D_F |" ﬁt jll_ __‘_] Ta] nl-: e
] ® Air presiure P, in. Hg | é J 7 Fr . Hg -
! 4 | Apply S to ha stored by SAC 1 E BN ___:l
; and compute corrected sextant !-._.___. [____- _.!
altitude | . C _I":" ] Ho. DDMM.m
| I |
: . If T¢ is not known use T, =T, ,__ —||_ _'J |
| and the refinements will be ___ BB ]
? applied to the mean refraction N |__ |
| L o | | |
correction only I
— o o o B _L___ ___IIL‘__ _|_ ]
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NAV 1-14A
LONG-TERM ARIES ALMANAC

YEARS FROM 1900.0 NAV 1-14A1
M Y YEARS

()]
o

\_SHv3A )

GREENWICH HOUR ANGLE OF ARIES NAV 1-14A2

LYHD

|

This set of programs is used to compute the Greenwich Hour Angle
of the first point of Aries (the vernal equinox) which is the celestial
reference point from which Sidereal Hour Angle is measured. The
program also stores the time in years from 1900.0 for the star

almanac and the time in days from 12" GMT 1 Jan 1974 for the sun
almanac,

=1  TIME
= H.MS GHAT

Equations:

The number of days from 1900.0 (0" GMT 31 Dec 1899) to day D
month M year Y is given by

days=31(M-1)+D+(M> 2)(-—[.4!»1 +2.3] +1- [1:3])

+ 365r + [I_+ fi] + 4[Y'1900]
4 4

where

B Y-190
r=4 x Fra{:(— 4—9) , see footnote

I:M>2

M>2)=
( ) {D;M%Z

[x] = largest integer not greater than x

The number of years, therefore, is

y= _days
365.25

*Thus [T + 3] _ {[}; leap year
L 4 1. non-leap vear
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The long term Aries almanac is based on the fact that due to the
Earth’s precession, the vernal equinox moves westward through 360°
in about 25785 years at a rate of

360°
25785

=0.0139617

degrees per year. Due to the Earth’s motion about the sun, then, the
equinox should move 360.0139617 degrees in GHA in a year. A
calendar year is slightly longer than a tropical year (365.25 days
versus 365.2421988 days) so the vernal equinox moves only

365.2421988 x 360.0139617
B . = 3H().
365 25 0.0062724

degrees per tropical year. Thus in a calendar year, T moves 0.461358
minutes of arc farther than it does in a tropical year. The long term
T almanac corrects for this motion every four years by adding
1.845432 minutes (0.0307572 degrees). Due to the Earth’s rotation

on its axis, T moves

s 360.0139617

| — = 360.9856645
360 365.25

degrees per day or 15.04106935 degrees per hour. Thus in terms of
the time in hours, years from 1900.0, and number of four-year
periods since 1900, we can write

Y.
GHA T=0.030757 n+ 360.00627 x4 Frac [ f:] +15.041069 H.h

+ 98.2204

where
n = number of leap vears from 1900
Y.y = years from 1900.0
H.h = time of day

98.2204 = value for GHA T at O" on 31 Dec 1899 which makes
program most correct in 1974
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Example 1: F: L Ls'{gp"  INSTRUCTIONS oaronTs | KEvs | QuTRUT 7]
Compute GHA T for GMT 13102™M49% on 7 Aug 1950. (151°11!4) ' ﬂ’""g;;r VEARS T e ]!_-_—_-—_-__--_
_ _ _ _ [ S | S—
Solution: : 2 Key in the date [_ “ ]
Enter: YEARS - ow _owo [AJ 1 om
| ¢ Month Month, M ’:E_J E___ | Month )
Akl e BENMC | E » 50.6 | s Veur Yoar v | ---—é—'—'lr--——— T e
Enter: GHA T | 3 Icomoume — - = ) T
13.0249 E E » 15111.4 | Years from 1900.0 | | :_E ------ -J ___j- Y.y
4  Enter GHAT
Example 2: l b | = ___j' —
o ) : | b Key in - | |
e Compute GHA T for GMT 1"12™07% on 6 Jun 1974. (272°06'2) 'E; ! i e of day B T = e
Solution: ._ - | 6 :Cump““ - - : ] |' | "_]: — _.
Enter: YEARS £E = . ewar 1 [T8 ][ |GHAT,0OMMm

Al s BERZY c e > 74.4
Enter: GHA T = :.

11207 3 2 > 27206.2

Example 3: E; ‘

Compute GHA T for GMT 17"59™42% on 30 May 1980. (158°19'9)

Solution:

Enter: YEARS
k(1) A B D JEEN C | E » 80.4 t’
Enter: GHA T

175942 3 B » 15819.9 t i
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NAV 1-15A
1974-1975 SUN ALMANAC

SUN ALMANAC DATA NAV 1-15A1 o
Fq —
= START

SUN ALMAMAC DATA NAV 1-15A2 E
@ 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 computes the Equation of Time 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 other years. For 1975 no errors
greater than 0'5 have been found.

Equations:
Let

D#=365.25(Y.y = 74) - 1.5 = day number from GMT noon
on | January 1974

The Sun’s mean anomaly is given by

6 = 0.9856 (D#+ i)
24

The Equation of Time is

Eq. T.= -1.842 sin (§ = 3.41) - 2.482 sin (26 + 20.38) -0.079
sin (36 + 17) =0.055 sin (40 + 40) = 0.003 sin (50 + 41)

The Sun’s Greenwich Hour Angle is

GHA® = (u,s + j—2> 360+ Eq. T.

and its declination is

DEC® = 0.379 -23.267 cos(f + 10.274) —-0.381 cos (260+ 7.4)
-0.171 cos(36 + 29.7) -0.008 cos(48 + 26)-0.003 cos
(50 +95)

T
2

m m

i m
oW o oW W

SEITEE.

111
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Example 1:

Find the Sun’s position and the Equation of Time on 3 Nov 1975 at
12"00™00%. (Almanac GHA 4°06°0, DEC 14°57'3S Eq.T. 16™24°
HP-65 GHA 4°06'2, DEC 14°57'0S, Eq.T. 16™25%)

Solution:
Enter YEARS

el ARRRE BEERIC ] E » 75.84
Enter GHA T

20AE » 22207.5
Enter @1

A

Enter ®2

(A > 0.1625
Enter SHA

B > 406.2
»> -1457.0

Note that a partial solar eclipse occurs on this date.

Example 2:

Find the Sun’s position on 21 Jun 1974 at 19"38™40°.
(SHA 269°57'4, DEC 23°26'5)

Solution:
Enter YEARS

AN AR B IEEN C E » 74.5

Enter GHA T
19.3840 E E » 20417.0
Enter ®1

Enter ®2

(Al > -0.0142
Enter SHA

A

Note the Sun is crossing the solstitial colure.

269574
2326.5

Y

\J
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STEP

1

INSTRUCTIONS
First run ARIES ALMANAC

Enter(D1

Compute
Enter(2
Compute
Run ALMANAC POSITIONS to

finish problem

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Eq.T., H.MS

S I
W o rj;! rﬂ o

g eoTN
Ao

_,l——-.—

a1
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NAV 1-16A
SUNRISE, SUNSET, AND TWILIGHT

SUNRISE, SUNSET, AND TWILIGHT NAV 1-16A a
= H-T-sl.ElT H EELLT -
= Ltr dtEqT. HEENT RS GMmT

-

This program computes the local mean time and Greenwich mean
time at which the sun will be at altitude H from either horizon.
Inputs are observer’s position, 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 from The Nautical Almanac
or they may be supplied automatically by the Sun Almanac
program. The GMT output may be less than zero or greater than 24
indicating a change of date.

Equations:
sin H —sin L sin d
LMT =—-cos”! +12 - Eq. T.
RISING w8 [ cos L cosd :I q
in H-=sin Lsind
LMT =+ cos~ 1| 2R S l+12-Eq.T.
SETTING COs I: cos L cos d q
A

GMT = LMT + —
15

~50'0 ; sun rises or sets

-6°0" ; civil twilight begins or ends

~12°0" ; nautical twilight begins or ends
~18°0’ ; astronomical twilight begins or ends

Example:

Compute the time of sunrise on 25 December 1974 at L19°30" N,
A 155°W. (6"31™)

Solution:
Enter: YEARS

ZSEI2E19?4 » 74.98
Enter: GHA T
7 E » 19824.8

Enter: ®1

Enter: ®2
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Enter: SST

1930

ENTER+ 15500 [ 50 [CHS

» (.0008

» 5.3058

STEP |

INSTRUCTIONS

INPUT

| DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

2
—

1 Enter ST

K.ey in

® Observer's position

Latitude | for South)
Longitude ([CHS] for East)

'® Sun parameters near time of |

{

Declination

Equation of Time |
E — — - — ..+___.__

desired phenomenon

—t

L, DDMM.m

- A, DDMM.m

d, DDMM.m |

Eq.T., H.MS

——

G

A

Key in desired altitude and !

compute

;Tim{: rising Sun reaches H from

|Eastern horizon

{optional)

—

Compute corresponding GMT

'K.ey in desired altitude and

compute

Time setting Sun reaches H

from Western horizon

Compute corresponding GMT

H{optional)

Qr

First run SUN ALMANAC

near time of desirad phenom-

enon

K.ey in observer's position

Latitude | for South)

Longitude ( [CHS] for East)

Continue with step 3 or 4 above

=

H, DDMM.m

LMT, HMS

e e e e = = mmr= = rme= = om

L, ODMM.m

), DDMM.m |

=

S U S SR —

L LMT, H.MS

L .
- LMT, H.MS

e e

GMT. H.MS

o Sy

1 GMT, H.MS

-

L, DDMM.m

L, D.d
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NAV 1-17A Example:
LONG-TERM STAR ALMANAC Set up the calculator to compute the position of Arcturus on 2 Jun
1950 at GMT 4" 10™ 355,
ACHERNAR ACRUX ALDEBARAN Solution:
@ e Eri aCru aTau
Enter: YEARS
STAR ALMAMAC DATA NAV 1-17A2 ¥ 2 E ﬁl E 1(}5[] E - 5042
ALPHERATZ ALTAIR ANTARES ]
@ a And a Agl aSco Enter: GHA T
410353 R » 31242.9
STAR ALMANAC DATA NAV 1-17A3 = Enter: & 2
gad
ARCTURUS BETELGEUSE CANOPUS
@ aBoo a Ori aCar ﬂ » —0).3
STAR ALMANAC DATA NAV 1-17A4 = .
l=] CAPELLA DENEB DENEBOLA STEP INSTRUCTIONS INPUT KEYS OUTPUT
B aAur aCyg BLeo DATA/UNITS — DATA/UNITS
1 Firstrun ARIES ALMANAC |
: I
_ ' 2 Enter one of eight star cards
0 (=l DUBHE FOMALHAUT PEACOCK NAVI - 17A1 ta NAVI - 17A8
23 = aUMa aPsA aPav o
iy |
& 3 Select a star I
T
: First star or oA MDEC, M.m
STAR ALMANAC DATA HA“ 1'1?AE' £ | ) . i .. ..
=] POLLUX PROCYON REGULUS @ second star or c  ADEC, Mm
1 BGem aCMi aleo — —
| Third star E I | ADEC,M.m
| R — 4  Run ALMANAC POSITIONS
NAV 1-17AT
RIGIL KENTAURUS SCHEDAR ™
o Cen aCas
STAR ALMANAC DATA NAV 1-17A8 =
SPICA VEGA ®
a Vir ct Lyr

This set of programs stores the position of any of 24 stars into the
registers for use by the Almanac Positions program. Each card
contains data for three stars: SHA(1900), ASHA (annual correction),
DEC(1900), and ADEC (annual correction). The 1900 positions
were obtained by working backwards from the 1956 positions in
Bowditch, Appendix X. Appendix 6 of this manual contains the
1900 positions of 38 navigational stars with instructions for making
more star cards.
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NAV 1-18A Example 1:
. g GMT
Compute the position of Arcturus on 2 Jun 19;5[] at
ALMANAC POSITIONS { ﬂ 4h10M 355, (SHA 146°39'0, GHA 99°21'9, DEC 19°263N)
POSITION OF SUN AND STARS NAV 1-18A1 ¢ .
3 SHA GHA  DEC HA=RA g Solution:
( m Enter: YEARS
RELATIVE POSITION OF SUN AND STARS M av 1.18A2 c 2 E 6 E 1950 E > 50.42
@ L A LHA DEC . fm Enter: GHAT
| 41035 3 83 » 312429
These programs are run after the Aries Almanac and either the Sun .u-_-.{j Enter: ® 3
Almanac or a star data card. They compute the position of the Sun l A » 0.3
or selected star on the celestial sphere. The first card computes SHA, . QHA
GHA and DEC and allows conversion of hour angle to right ( - ‘ Enter: 5 |
ascension. The other card accepts the observer's DR position and et > 14639.0
computes the LHA and DEC of the Sun or star, storing appropriate ] B » 09921.9
data for use by the Sight Reduction Table program. w0 A ‘ -
41 » 1926.3
Equations: I
The position of a star on a given date is r- Example 2:

Compute the relative position of Betelgeuse at GMT sho™M0° on 3

HA = SHA (1900.0) + Y.y ASH , e
SHA = SHA (1900.0) y ASHA Mar 1974 at LAON, A128W. (LHA 19°09'2, DEC 7°24.2)

DEC = DEC (1900.0) + Y.y ADEC | |-
Solution:
GHA = GHA T + SHA Erter: YEARS
LHA = GHA - )\ [--_4"-"' S ABlcICcle > 74.17
where l Enter: GHA T
Y.y = number of years from 1900.0 : ‘::"l! snQ —» 23535.7
SHA = Sidereal hour angle I Enter: * 3
ASHA = annual correction to SHA *..-'if_!.‘__l' ' - 0.0
GHA = Greenwich hour angle | Enter: LHA
LHA = Local hour angle l R so00 @i2z003@3 3 - 1909.2
DEC = Declination l D > 7242
ADEC = annual correction to DEC ( —

A = observer’s longitude

P—-
-

=
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ot werrons o, s ke U
1 First run ARIES ALMANAG |_][_] a B
| and the SUN DATA or 2 STAR | . j
| DATA program | r__—l [ ]
2 EntersHA 1 ]
3 Computeanyorallofthe 1 ”
following j [ _
. * Sidereal Hour Angle | j__ { T FSHA, DDMMm
| Convert to Right Ascension | ____ ___'E:_ _ | |
(optional) (o1 ] rRaums
“ Greenwich Hour Angle | [-_Ei__: E___f .;GHA, DDMMn_w
| | Convert to hours of Right | | C__ [L __1_i! ]
| Ascension (optional) L_ ['-'___ [____1 Hr:lL;rsj HM_E
» Declination "¢ || ] bEc. ooMM.m
i Convert to degrees, minutes, __ ______ _] [r_ )
| and seconds DEC,DDMM.m | R/ ||| DEC, D.MS
5 Enter LHA (optional) | |
! 6  Key in observer’s position - ___ [_____1

* Latitude ([CHS]for South)  LooMMm | A || | L opa

| * Longitude {[CHS| for East) | A, DDMM.m E E_h :L_ ; A, D.d
| 7 Compute ]
i Local Hour Angle 'L C:' ___- ; LHA, DDMM.m
Declination |l_- D _']'F__m__ DEC, DDMM.m
| | I — . '“‘| il : 3
| ———— ——
| 11
i ——— [~
| or | L Jr ] -
e :
l L I |
| e —
2  Enter LHA . ]
! Key in observer's position — _j T“ ____ _1
3 » Latitude ( [CHS|for South) LobMMm A [ | | pd
| * Longitude {[CHS] for East) A, DDMM.m I 3 Ir__ l A Dd
. Computa -___ - | —
Local Hour Angle C Ir - " LHA, DDMM.m |

Declination o ' | pec, oomm.m
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NAV 1-19A
SIGHT REDUCTION TABLE

SIGHT REDUCTION TABLE NAV 1-19A 4
SHE L d  HcRsSZn )

This program calculates the computed altitude Hc and azimuth Zn
of a celestial body given the observer’s latitude and the local hour
angle and declination of the body. The program may be used alone
to replace HO214, etc., or it may be used in conjunction with the
long term almanac 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 COMBINATIONS OF t,L AND d
OBJECT WEST OF OBSERVER OBJECT EAST OF OBSERVER

tE tw
e e
-~ __,f"'x M -,
;/ {f"! P\ /KP\
M= N 'Y p
; 47 | L>0 d>0 z """}M
\ / \ y
b o S x&.h- %
.-"'"-.. - T e
f/ e P H‘Lk\"-.
'f \
{ / | j L<O d<0
N ]
5 {7/
Mk‘ﬁx ~Z
/ A %1"“'-\
£ PN N

{Mff \ > L<O d=>0

L'-.,‘_‘-x _ﬁ;;

/ P “‘“;1\1 / ' F: \\
'z [ z4 \
\ | L>0 d<0 | ]

\ . ;r
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Hc = (90-p) = sin~' [sin d sin L + cos d cos L cos t]

The smallest angle from North to the arc ZM is given by

7 . [smd-sianin Hc]
= COS ———
cos He cos L

and the azimuth is

7= Z tE (sin t <0)
") 360 - Z ; tW (sin t > 0)

where
d = declination of body
L = latitude of observer

t = local hour angle

MNote:

This program may also be used for star identification by entering
observed azimuth in place of local hour angle and observed altitude
in place of declination. The outputs are then declination and local
hour angle instead of altitude and azimuth. The star may be identi-
fied by comparing this computed declination to the list of stars in
The Nautical Almanac.

Example 1:

Compute the altitude and azimuth of the Sun if its LHA is
333°01'9W and its declination is 12°28!1S. The assumed latitude is
34°11'1S. (He = 57°16'0, Zn = 055°0)

Solution:
Enter: SRT
33301.9 [} 3411.1 [chs] B}

1228.1[cis] @ ) » 5716.0

R/S * 55.0
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Example 2:

Compute the altitude and azimuth of Regulus if its LHA is
36”39.3W and its declination is 12°12'7N. The assumed latitude is
33°30'N (He = 50°24'4, Zn = 246°3)

Solution:

Enter: SRT

3639.3 Y 3330 )

12127 3 ) — 5024.4
R/S > 246.3

Example 3:

Compute the altitude and azimuth of Alpheratz if its LHA is
311704:5W and its declination is N28°56'3. The assumed latitude is
34°50'N (He = 48°26'9, Zn = 084°1)

Solution:

Enter: SRT

31104.5 [} 3450 ] 2856.3 D » 4826.9
R/S — 84.]

Example 4:

Compute the altitude of ‘2 (Saturn) if its LHA is 55°5371W and its
declination is 6°56'9N. The assumed latitude is 38°39'S. (He =
217032, Zn = 298°3)

Solution:

Enter: SRT

5553.1 E§3839 [chs] B}

656.9 [4 B} —» 2103.2
R/S » 2083
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Example 5:

Compute the altitude and azimuth of the moon if its LHA is
2°39'9W and its declination 13°51.IN. The assumed latitude is

33°20'N. (Hc = 70°22'1, Zn = 18777)

Solution:
Enter: SRT
2390933203 13511 A » 7022.1
a3 > 1877
STEP INSTRUCTIONS DA*:‘T:HIITS KEVS BATANAETS
1 Enter SRT |
2 Key in
Local Hour Angle t, DDMM.m A_ f t,. D.d
Latitude of observer L,DOMM.m | B | L, D.d
Declination of star d, DDMM.m c | _ d, D.d
3 Compute
Altitude D He, DDMM.m
Azimuth R/S || Zn, D.d
R
1 First run ARIES ALMANAC
and the SUN or a STAR
ALMANAC
2 Enter SRT
3 Compute
Altitude D He, DDMM.m
Azimuth R/S Zn, D.d
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Example: . o
A navigator determines his DR to be L40712'S, A159 5TE. He

observes Procyon at 9"40™ 59° GMT to be 11°11°3 above the horizon.
The computed altitude is 10°57.0 at 73°4. What is his MPP?

NAV 1-20A
MOST PROBABLE POSITION

_ MOST PROBABLE POSITION NAV 1-20A = {L4UG 07'9S. A160° |4'_{}E}
%‘! aLtal Hc+Zn Ho+a LARSH h Solution: b
Enter: MPP —
4012 [chs]|(EnTER+]15957 [chs] I}
, . ENTEI » —14.3
This program computes the most probable position from a single 1057.0 Eﬂ@”ﬂ E 1111.3 (14.3 miles Toward)
: : - . . .3 miles
observation of a celestial object by dropping a perpendicular from
the dead reckoning position to the line of position of the object. D » -4007.9
Inputs are the observer’s position (DR), Hc and Zn of the object, R/S » 160149
and the object’s corrected sextant height. If this card is run after the INPUT KEYs | _ OUTPUT
Aries and star almanacs and the sight reduction table, only the STEP INSTRUCTIONS DATA/UNITS | DATA/UNITS
corrected sextant height need be input, because the other programs 1 | Enter MPP
will have stored all necessary data. 2 Keyin
L Observer’s position | . |
f Latitude | [CHS]for South) aL, DDMM.m Tl aL, DDMM.m |
: : Longitude | @fﬁr East) ar, DDMM.m a‘!'- | aL,Dd
| : | .
| : J"’ Computed star sight
: = ) _ :
g Zn {Q% Computed Altitude He, DDMMm || 1 || He, DDMM.m
g '
l.-,. N— | _-._...-._.:.. .,_:_______ R . é .l':'ﬁ_?imllth ?_nl 0O B H{:, Dd
| ) |
I Dﬂr‘k ' ;f &) 3 Key in observed altitude and
I ~J X
| Y 4 O compute
| _a"a__' ’%Q- |
: h ;'-:? altitude intercept {(+ = A, -=T) Ho, DDMM.m c a, M.m
.3-: A/
% 7 MPP 4 Compute location of MPP
-E F
Latitude (- = S, + = N D || L, DDMM.m
Equations: Longitude (- = E, + = W] R/S || A\, DDMM.m
-a sin Zn
A=A -
cos L, OR

L=L, -acosZn 1 First run ARIES ALMANAC,

where the SUN or STAR ALMANAC,

L,,A; = coordinates of observer’s DR LHA and SRT

L. A = coordinates of MPP 2 Enter MPP

— — : : 3 Key in observed altitude and
a = Hc - Ho = altitude intercept (- = Towards, + = Away) v " e
. . compute altitude intercept Ho, DDMM.n C a, M.m
Hc = computed altitude of object

Compute location of MPP
Ho = corrected sextant height - . : -
Latitude (- =5, + = N| , wiN.m

/Zn = Azimuth of object Longitude (- = E, + = W) R/S \. DDMM.m
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NAV 1-21A
FIX BY TWO OBSERVATIONS

[T

aL+ak a;+Zn; ay+Zn, LFAsSA

FIX BY TWO OBSERVATIONS NAV 1-21A :J
=

This program accepts the observer’s dead reckoning position and
intercepts and azimuths for observations of any two celestial bodies
and computes the coordinates of the intersection of the lines of
position of the two bodies. Inputs and outputs are expressed in the
form DDMM.m or D.d as appropriate. The intercepts and azimuths
for the two bodies may have been obtained as intermediate outputs

when solving for the most probable positions resulting from each of
the two sights.

L
A
uh ;;
P N7 K
N & /
A /9
.F' E-_z"1.f"—-a1 N /
: Y/ SN
iz N
l_.‘_ - {al_-lal} H—Hz o - {L,?L}
! N
.
‘mpp, "
! .
:! ‘t

Equations:

AL, -AL, - +
L=al-AL, +tanZn, ':_1_:‘}. 1 =AM tan Zn + AN, tan Zn, —ﬂ.l,:'

tan Zn, - tan Zn,

AL, = AL, = AN, tan Zn, + AX, tan an

{tan Zn, - tan Zn,) cos al

A=al+

where
AL, =a; cos Zn,
AN, =a, sin Zn,
AL, = a, cos Zn,
AN,y = a, sin Zn,
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Example:

Pollux, Spica and Vega are observed from L42°31'8N, A171°28'6E.
Pollux’s intercept is 13.8 miles away at 28873 and Vega’s is 6 miles
toward at 65°8. What is the position of the fix (L42°21°6N,

N171°43'7E)

Solution:
Enter: 2 FIX
4231.8 17128.6[cHs| [[J 13.8 [ENTER+
288.3 (1 6 [chs| [enTErR+|65.8 @ ) » 4221.60
R/S » —17143.73
HETEP INSTRUCTIONS ! nnﬂ?ﬂ;ns | KEYS Dfrlimws
1 Emer2fix ” 1D i ...... [ |
2 Key in ' _
| & Assumed pcmhun »
Latitude [@ fur South) | aL DI&EEM Jm | T | alL, DDMM.m 1
Longitude [[g_T_si for East) © a,0DMM.m [ A ] aL Dd
'. L'l Lelesnal body #'I B |
| Altitude difference {@ ’h‘.‘nrI | B ) 1
! Toward) ap, M.m t [“_ A _I"n.'lfn
i Azimuith | .z.u.n_,_,mt_)._d | B _| By, Mm

N

* Celestial body #2

Altitude difference | |I:H5| for

i Toward) a,, M.m 1 -} a; , M.m

Azimuth Zn,, D.d C ) Hhg, Mom

3 Compute _ ) E

|. =
i Lutitude {-=5,+=N) D || L, DDMM.m
Longitude (- = E, += W) CR/S ||| A\ DDMM.m

|
ST W———
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INPUT ' OUTPUT |
NAV 1'22A STEP INSTRUCTIONS DATA/UNITS “E'ﬁfs- DATA/UNITS
FIX BY THREE OBSERVATIONS U Emer 3FIX
2 Key in vertices
FIX BY THREE OBSERVATIONS NAV 1-22A = Vertex 1 L
m ; I == - .l |
[%T Lithy L2tz Laths LVEA Latitude ( [cHS]for South) Ly, DDMM.m | T | || Li, DDOMM.m |
L_.-_-,ngiiude {fUI‘ East) }LI v DDMM'm :_ A ___: 3 L' f D.d
1 = & [ Pp—— .i- PR _ .
This program computes the coordinates of a fix obtained from Vertex 2 I | B |
observations of three celestial bodies. Inputs are the three vertices of Latitude ([GF8] for South) Ly, 00OMMam [t |[ | L, DDOMMm
the triangle formed by the LOP’s. i ' ] s 1 |
lang d by OP’s. The resulting fix is the centroid of Conaitude ([GFS] for Eastl %, DDMMam [ B || L,Dd
the triangle. : al :
Vertex 3 —\ ' 1
Notes: Latitude { [CHS] for South) Ly, DDMM.m || T ||  Ls. DDMM.m |
: . : . _ : Mm | C | Ly, Dd
1. This program will not work if the triangle straddles the dateline. Longitude | [CHS] for East) Ay, DDMM.m —
= - 5 - i . t :
2. If the bodies are not well distributed in azimuth, it may be 3 Compute most probable position -
' ior {i L, DDMM.m
advisable to plot an exterior fix. Latitude (=S, + = N) . D |
M.
Longitude (- = E, + = W) RIS A, Do,
Equations:
Ly +L; +1L;
L= : o
3
At At
A= .
3
Example:

On a set of observations on three stars. the Fix by Two Observations
program gave three positions: L,40°25'63S, A, 160°21'85E;
L,4072240S, X, 160°20'S8E; L;40°25'83S. X\, 160°14'53E. What is
the best fix based on these three two-star fixes? (L40°24!628S,
A160°18/98E)

Solution:
Enter: 3 FIX

4025.63 |[CHS||ENTER+ |16021.85 |CHS
4022.40 |CHS||ENTER+ 16020.55 [CHs
4025.83 [CHS||ENTER+]16014.53 [CHS] » -4024.62

R/S »_ |6018.98

LGB
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NAV 1-23A

DISTANCE OFF AN OBJECT
BY TWO BEARINGS

DISTANCE OFF AN OBJECT
BY TWO BEARINGS NAV 1-23A E

& RB1#RB; Dpn St Da  DyASD,

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. The program calculates the distance off the object when it
is abeam and at the time of the first and second bearings.

'-.Drun
RB,

Equations:

sin RB,
sin (RB, — RB,)

D'g. =

D.beam :l[}: Sin RB;I

“sin RB ,

where
RB, = First relative bearing
RB, = Second relative bearing
D;un = St = Distance run
S = speed of vessel
t = time in minutes

D,. D, = Distance at time of first or second bearing

D, = Distance when abeam

mn

EMH

mm
i

HEL

W

A

I |
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Example 1:

A lighthouse bears -026° (26° counterclockwise) at 1130 and -051°
at 1140. Our speed is 15 knots. How far will we be off the light
when it is abeam? (2 nautical miles). How far off were we at 1130
and 11407 (4.6 and 2.6 nautical miles).

Solution:

26[cns| [enTer+)51[chs| ¥

15[enters | 10 [E EX » 2.02
E ' > 4.60

m » 2.59

Example 2

A buoy is sighted bearing 015° on the bow, after a 3 mile run it
bears 105°. What was its distance when abeam? (0.75 nautical miles)
miles)

Solution:
15 [enter+]105 33 B > (.75
[ser|  sTRuCTIONS | pATAUNITS | Kevs | DATA/UNITS
?1_""'53;;; DIST ]
;F: 2 Key in a
E ® Bearings ] -
| at t,  RB,,Dd t ][] =re,Dd
' att RB,,Dd | A || || RB,,Dd
| & Distance run | |
I; Distance Dryn. NAUL. mi. B _-j _D,un. naut, mi.
- C
._ Speed and S, knots T ) E S, knn_{:&m
i Time between bearings t, M.m . C _ ] Dyyn, naut. mi_.
3 comue L]
® Distance when abesam | [_} -' J D,, naut. mi. ]
' | ® Distance | —__ _—] ‘
arumer, CE 1 o |
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NAV 1-24A INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
< . K.ey In vectors
VECTOR ADDITION NAV 1-24A P
@ B.4 B.4 P P R § Vector 1
£ Bith 2412 F1*rg ry=rp s~y
L bearing B,.Dd 1 B,,Dd
magnitude r A 0.00
This program will compute the sum or difference of two vectors in Vector 2
polar form. It can be used to solve a large number of relative motion bearing B;.D.d t B,,D.d
yroblems. -
| magnitude ra B 0.00
EIH“’I!}IE IZ 3 Compute
The apparent wind is from 040° relative at 15 knots. Our speed is S s S
knots. What is the true relative wind? (11.62 knots at 23605 (from Magnitude C N+ ral
Difterence rql - r-;
Snlutmn: Magnitude [ IFy = rai
220 [enTER+] 15 [} O [ENTER+ |5 ] > 11.62 Bearing R/S 8, D.d
R/S » 236.05 Difference ry - 1,
ISU E - 56,05 Bearing R/S B, D.d
(direction wind comes from)
Mote: Continued pressing of
Example 2:

. L ) ) R/S causes alternate display of
A vessel fixes her position at the beginning and end of a 23 minute

run at 8 knots on heading 030°. She made good 4 nautical miles but
her true course was 041°. What is the current? (3 knots, 71°6)

magnitude and bearing.

Solution:

30 (ENTER+|S|[Y 41 [ENTER+]
4 [enTeEr+]23 [+ 60 x| 3 » 3.00

R/S = 71.59
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NAV 1-25A
VELOCITY TO CHANGE RELATIVE POSITION

s Example:

The guide is on course 205° true, speed 10 knots. We wish to change
position from 12 miles due west of the guide to 20 miles dead ahead

& L
YROCITY TO CHANGE RELATNE POSITION. NAV 1-25A (0° relative) in 1.5 hours. What is our course and speed? (1857, 21.2
9 M 1 M 2 COURSE o
@ COURSE BEARING® BEARIN At ) _
SPEED DISTANCE DISTANGE HMS  sprep 3 knots)
Solution:

This program may be used when it is desired to change position
relative to another vessel whose course and speed are known. The
program computes the course and speed necessary to complete the

205 [enTer+] 10 (1 270 [EnTER+] 12 [E]
oenters 20 @@ 130 1 3 > 185.03

: : _ _ R/S. = 21.23
maneuver in a specified time. Bearings may be relative or true. H
Equations: B - ST
. . ; = |
1 TEP INSTRUCTIONS | DATA/UNITS | KEYS | DATA JUNITS
— " I S — ————— ——  — e —
— GM, -GM, _, | 1 Enter REL POS L _]
At | 2 Key in G's way l | |
h : Course C,Dd ' t i C.Dd
where ﬂ | _ bl =1 |
< T speea sknos [ A || %0-¢.04 |
em = . ' i : ] | I— i
FEIGE“F Df mdﬂEUVErmg vessel (M) 3 Key in relative positions and L ]
Cg = ‘:’E]{}GH}F of guide vessel (G) time allowed 5
——y =
GM,; = position of M relative to G at time t, o M, | 5
' | | ]
GM, = position of M relative to G at time t, Bearing B,,0d | T 1] B Dd
| - - - -
At = time for maneuver Distance |AMy nautmi | B Jl ) 000 .
Th [ b ] - {If entered bearing was relat- u ___i
& VeCLOr svi . . . . . | = :
ymbol a represents magnitude and angle simultaneously. | vel Ris || -C
0O | | = - 1+ _
T . M, L]
.-"---- HH‘% | T "'r___ —_ — f
*"/f : Bearing B,, D.d Lt ] 1_ B, Dd
/ | RM i c [ 1 0.00
/ ™, Distance 5, Naut. mi. S || 00
.‘.\l I | _ -
/ \1 : (If entered bearing was relat- .~ | |~ J
LY I T T - T
. i |
/ \ | vel sl -¢ |
I,'r II'. | ¢ Time allowed for maneuver At H.MS D_l ﬂ-t-_H_-h
| t - P ——————
?mi |.'9u . 4 Compute M's way to complete J 7.
| . ' -  [———
I'. .'I maneuver i L |
Course - E | ]| C,Dd

! Speed TEIS_-!, _ _J | S, knots |
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NAV 1-26A

MANEUVERING RELATIVE
TO ANOTHER VESSEL

CLOSEST POINT OF APPROACH NAV 1-26A1

ST " R - 3
E*X ®
=1  H.MS RANGE BEARING Sr:h,

COLLISION AVOIDANCE-SET UP NAV 1-26A2
g
s COURSE+ ta*r3zhy dyp+m:h

PASS PASS

COLLISION AVOIDANCE-COURSE CHANGES NAV 1-26A3 5
F] )
] ASTERN AHEAD INTERCEPT °

This program computes the course change necessary to come within
distance D of a ship having range r; and bearing B, at time t, and
range r, and bearing B, at time t,. The course change is applied at a
specific time ty. Intermediate outputs are range and bearing of CPA,
relative speed and heading of the other ship, range and bearing of
other ship at t3, and actual speed and heading of other ship. The
final outputs are course change and new heading to pass ahead, pass
astern, or intercept.

]

NEW COURSE TO .
- PASS AHEj NEW COURSE

rr! TO PASS

270

180

—2
E==
£E—3
E—

NAV1-26A
Equations:
Card 1:
Let r, =1, L B, = the range and true bearing of

target at t,

=h

r, =ry L By = the range and true bearing of
target at t,

rcpa = fepa L Bepa = the range and true bearing of
target at topp

Then the bearing of the CPA is

, T2 cos B, -1, cos B,
B{_IPA = tan - .-......-L-.-..._._._
r, sin B; = r, sin B,

and the range of the CPA is

rcpa = Iz cos (Beppa = B3)

The relative motion rm = rm £ h, is given by

— I~ 1 1 mile
I"‘I'I"l _— . x =
t, =t 2025 yd.

Card 2:
Let  C= course of our ship
S = er = speed of our ship
ty = time at which course change will be executed
Iy =13 L By
f = change to relative heading to intercept
h, + 0 = relative heading to intercept
¢ = change to (h; + 6) to pass at distance D
D = desired miss distance

em=em/lh= speed and heading of target ship

-5 — -
Then ry =ry + rm(t; -ty )x 2025

¢d=sin"" —
'y

|

—k

] I L hl
=ertrm=5SLC+rmLh;

fl =By + 180 = h,

€0

—

77
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Card 3:

Let ! + ¢ to pass astern
g =4 0 — ¢ to pass ahead

NAV1-26A 79

Part 3: What course should we steer to pass astern? (002°) Ahead?
(346°) Intercept? (354°)

¢ to intercept Solution:
@ = new course at time t, Card 3:
A » 2.002

(come starboard 2° to heading
002 to pass astern)

B > -14.346
(come port 14° to heading 346
to pass ahead)

> —6.354
(come port 6° to heading 354
to intercept)

Then a=h;+§+ 180 - sin™" (i—m sin (h - h; -ﬁ))
I

Example:

Part 1: At 2252 a ship observes a target 29,100 yards away at 026°
true. At 2300, the position of the target is 24,000 yards at 025°
What is the CPA? (2380 yards at 301”) What is the relative speed of
the target? (18,97 knots at 211°)

Solution:
Card 1: 'STEP  INSTRUCTIONS oatiutirs KEYS OATA NS
22.52 |01 26 [ENTER4]29100 [ 23.00 3 1 Emercea I -
25 |[ENTER+ 24000 B I3 » 2380.24 2 Keyin el
(range of CPA) e Time, t;. H.MS .E Al . H.h
g XLy . 3{}(].59 & Relative position, B
(bearing of CPA) | Bearing 8,04 [ t | ] B.Dd
o - 1857 - B
(relative speed) |3 Keyin ]
g||xzy] » 210.69 } s Time t;, H.MS :‘_‘"’ﬁ;"'j ] 1,Hh
(relative heading) e Relative position, B ][__
Part 2: Our course is 24 knots at 000°. We wish to change course at | — sl _..T__Ir__ 200 |
2308 so that we will pass 3000 yards astern of the target. Range 2, yards = 8 HI_ _I| B2, Dd
4  Compute | —
Solution: .CIﬂsest point of approach :E_ L__: ropa, yards
Card 2: 5 :Displa-',r L L] |
0[ENTER+] 24 [§ 23.08 ) > 18911.25 . Bearing of CPA (optional) ‘L—q'j[_ru—v_qjl Bepa, D.d
(range at t3) : 6  Compute L
gl [xzy » 2346 | Relative velocity (rm) | o ] moknots |
(bearing at t3) 7 Display [ ]
3000 &9 = 12.36 | Relative heading [ g x=y | h,Dd
(his speed) - - R
l9] [x2Y] > _51.53

(his heading)




80 NAV1-26A

STEP INSTRUCTIONS

1 Enter CA - 5U

2 Key in R's way
Course
Speed

3 Key in
Time when course will be
changed

4 Display
Bearing at ty {optional)

5 Key in desired CPA and com-
plete speed of target

G Display

M's heading (optional)

STEP INSTRUCTIONS

1 Enter CA - CC

2 Output
Course change and new
course to pass astern
Course change and new
course to pass ahead
Course change and new

course to intercept

This display 15 a combination
of two numbers, thus - 23.058
Is read “come port 23" to a new

course of 068"

INPUT
DATA/UNITS

C.Dd

S, knots

ty, H.MS

D, yards

INPUT
DATA/UNITS

KEYS

KEYS

—
Mty

Ky

OUTPUT

DATA/UNITS

C.D.d

100C + S5/1000

- ry, yards

B, Dd

em, knots

h, D.d

OuUTPUT

DATA/UNITS |

AC. CCC *

AC. CCC

AC, CCC

OEeNOO AWM=
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Appendix 1

ENTERING A PROGRAM

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

Set W/PRGM-RUN switch to RUN.
Turn the calculator ON. You should see 0.00

Gently insert the card (printed side 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 does not pull the card in. If this happens, push the card a little
farther into the machine. Do not impede or force the card; let it
move freely. (The display will flash if the card reads improperly. In
this case, press and reinsert the card.)

When the motor stops, remove the card from the left side of the

calculator and insert it in the upper “window slot™ on the right side
of the calculator.

The program is now stored in the calculator. It remains stored uniil
another program is entered or the calculator is turned off.

J

mTTHNE

J

m-nnnmreaEmmmMMM
WO W o e wm w we

143
A
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Appendix 2

FORMAT OF USER INSTRUCTIONS

The User Instruction Form is your guide to operating the programs
in this pac.

The form is composed of five labeled columns. Reading from left to
right, the first column, labeled. STEP, gives the instruction step
number.

The INSTRUCTIONS column gives instructions and comments
concerning the operations to be performed. Items preceded by a
dot (@) in the INSTRUCTIONS column may be performed in any
convenient order. Absence of the dot indicates that the order of
operations is important.

The INPUT-DATA/UNITS column specifies the input data, and the
units of data if applicable. Data input keys consist of the numeric
keys [0] to (9], [+] (decimal point), [EEX](enter exponent), and [CHS
(change sign).

The KEYS column specifies the keys to be pressed. Where the
[ENTER#| key is used, it is indicated by . All other key
designations are identical to those appearing on the HP-65. Ignore
any blank spaces in the KEYS columns.

The OUTPUT-DATA/UNITS column specifies intermediate and final
outputs and their units where applicable.

Angles are usually expressed as either degrees, minutes and tenths
(DDMM.m) or as degrees and tenths (D.d). In certain cases, it is
necessary to input angles as degrees, minutes and seconds (D.MS).
There are keystroke procedures in Appendix 5 to facilitate conver-
sion among these three forms of angular notation.

Some User Instruction Forms indicate that the value zero i1s output
for any input. These programs are interchangeable solutions which
solve for the missing variable in an equation when all others are
specified. The zero is used by the program as a signal to calculate,
thus,if a zero is not in the display when the calculation is attempted,
no calculation will be done. All known values must be input before
trying to calculate an unknown.
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LINKED PROGRAMS, AND REGISTER USAGE

Most programs in the HP-65 Navigation Pac may be run alone, but
certain sets of programs are designed so that they may follow each
other in a particular order, passing data from program to program
through the data registers. The accompanying flow charts show how
the programs are intended to be linked for certain problems. The
table showing register usage is useful for determining whether or not
a variable may be passed to another program through the data
registers.

VOYAGE PLANNING

NTER HERE (SR Y DR DISTANCE
WITH TWO AHUMB | | Dpy COURSE
POINTS l
GC DISTANCE
ey C.C. NAV e apin
e

Dpp not significantly
larger than D

Dy much larger COMPARE
D AND D

DONE

D not much larger
but desire to go GC
anyisay

| ) NAWT 118 , ‘ Le, hw Li
: { GC COMP '

alLl

INTERMEDIATE
POINTS

COMNSIDERED?

N

S i . !
3 MAN 10948 | 0DC
o ]

aLL
POINTS

ENTERED
?

M0

-

mmnm

m m

mm m m

mm

-

=

t

WoW W W N W oW oW oW W o W W W W ow

ENTER HERE
WITH SESTANT
ALTITUDES
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Appendix 4

EQUATIONS, SYMBOLS, AND UNITS

The important navigational equations used in the HP-65 Navigation
Pac are gathered here for quick reference along with a list of the
symbols and units.

Equations For Sailing A Great Circle From (L,, A, ) to (L,, \;)

The great-circle distance is
D =60 cos™! [sin L, sin Ly +cosL; cos L, cos (A, - }klj:l

The initial great-circle heading is

H _, | sin Ly =sin L; cos (D/60)
. = "'{'J B
L sin ( D/60) cos L,

The intermediate points are (L;, A;) where

[ = tan-! tan L, sin (A, = Ay ) - tan L, sin (A; = A3)
! sin (A, = Ay)

Vertices of the great circle are at (L, A,)and (- L,, A, + 180°) where

cos H.
v=Ap —sin”! | — T :
sin (cos™" (sin H; cos L))

The great circle crosses the equator at (0, A, £90°) making an angle
with the equator of L,,.

The great «.  » is tangent to the small circle defined by L=1L_, ., at
(Lmﬂx: }'kv]) whe..
- tan L,
}'Lvl = }'\1 t cos : ('EEHI Lmax )Sgn {}'ki - }'Ll} sgn {Lmﬂx)

Equations For Sailing A Rhumbline From (L,, A, ) to (L,, ;)

The rhumbline course is

(A = Ay)

180 (m tan (45 + ?2) —In tan (45 + %))

(=

§ u L
= " - L

Equations, Symbols, Units 89

The rhumbline distance is

60 (A, - \;)cos L; cos C=0

- L, - L
D 60 —2 - ! . otherwise
cos C

The position on the rhumbline at distance SAt from (L, A;) is
(L;, A;) where

At S cos C
L=L1, +
1 1 6[]
L )
180 tan C (111 tan (45 + ?‘) ~In tan (45 + %))
At '
m
Ay = C # 090° or 270°
- BLSSINE L 02 090° or 270°
60 cos L,

Equations For Correcting Sextant Readings

The apparant altitude is
ha=hs+IC-D
where
D=097+HE
The corrected altitude is
Ho =ha - Rm
where

. 23'6 - 8736 In (ha); ha <7°
m=
0297 cot (ha) - 00011 cot® (ha); ha=7"
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on to ha and s modification 1o R+ modiier S Primary Symbols Used in This Work
. a m, /0, vector having magnitude m, and angle 0,
ha=hs+IC-D+S t" ! 3 altlitudr:: intercept
where C course
B :! d, DEC declination
S =011 (Tair = Tsea) D distance
L eg velocity of guide vessel
Ho =ha = Rm - 2 631+GT 5 PS—-- E‘ | '! mg'n velocity of maneuvering vessel
r o Eq.T. Equation of Time (mean time—apparent time)
[f a limb of the sun or moon is observed, Ho must be corrected E [ ! F quantity of fuel
further G position of guide vessel
Hog 4 + SD ® E : :! GMT Greenwich @ean Time
Ho = f ha apparent altitude
Hog1q  SD ({ + HP cos Ho_,, | I H; initial heading
E."" ‘ Ho corrected sextant altitude
Equations For Computing Altitude and Azimuth ‘ hs sextant altitude
The altitude of a body is E : i H height
He =sin™! [sin d sin L + cos d cos L cos t] . I :: E:;?:iiye
The azimuth is E"l ! HP horizontal parallax
| I 1 (subscript) initial or intermediate
Z;, sint<0 h.‘ " g L latitude
Zn = 360-27: sint>0 I LHA Local hour angle
E . _5 M position of maneuvering vessel
where 5 - RB relative bearing
RPM revolutions per minute
7 = cos-! [ sin d - sin L sin HL':I i g speed
cos Hc cos L
SD semi-diameter
i SHA sidereal hour angle
t time
T temperature
E v (subscript) vertex
Zn Azimuth

[Greek capital delta] (prefix) change in (i.e. ASHA)

A [Greek lower case lambda| longitude

.l
iy
>
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Units

Length measures

ft.

fth.
FF.11

m

mi.
naut.mi.
yd.

foot, feet

fathom

feet and inches

metre

statute mile

nautical mile (mi. if context is clear)

yard, yards

Time and angle measures

D.d

D.MS
DDMM.m
H.h

H.MS
M.m

degrees and tenths

degrees, minutes and seconds
degrees, minutes and tenths
hours and tenths

hours, minutes and seconds

minutes and tenths

Appendix b

Appendix 5 93

SIMPLE KEYSTROKE SEQUENCES

Collected here are a number of keystroke sequences to perform
simple operations without the aid of a preprogrammed magnetic

card.

To convert DDMM.m to D.MS
Data Keystrokes
DDMM.m [f]| | »DMs | [1][0][0][+]

ar
f|| +D.MS | [EEX]|[2 ][+

To convert DMS to D.d

Data Keystrokes
D.MS [#'] | *D.MS |

To convert Hour Angle to Right Ascension

Data Keystrokes

HA,D.d  [1][5])[+] [2][4][=][chs] [f

+D.MS

To convert HMS to H.h

Data Keystrokes
H.MS [f1] [ *D.MS ]

To convert H.h to HMS

Data Keystrokes

Hh [f] | »D.MS

To compute At from t; and t,
Data Keystrokes

t;, HMS [ENTER4]

t,, HMS [+] [ DmS+
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STAR ALMANAC CARDS

The data cards for the Star Almanac simply load position data into
appropriate registers for use by the Almanac Positions program.
Registers R3 through R6 are used for data and R8 and R9Y 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 directly into the indicated
registers if desired.

SKELETON PROGRAM

LBL LBL LBL
A Co E

) SHA. D.MS
STO3 STO3 = STO3

l ASHA, M.m
STO4 = STO4  STO4

} DEC, D.MS
STO5 STO5 = STO6

} ADEC, M.m
STO6 @ STO6 @ STO6
RTN RTN RTN

nr

m_n

i M M ™M
I

ol

Star

Acamar
Achernar
Acrux
Aldebaran
Alkaid

Alphard
Alphecca
Alpheratz
Altair
Antares

Arcturus
Atria
Betelgeuse
Canopus
Capella

Deneb
Denebola
Diphda
Dubhe
Enif

Fomalhaut
Hamal
Kochab
Menkent
Mirfak

MNunki
Peacock
Pollux
Procyon
Rasalhague

Regulus
Higel

Rigil Kent.
Schedar
Sirius
Spica
Suhail
Vega

(6 Eri)
(o Eri)
(o Cru)
la Tan)
(n UMa)

(x Hya)
(e CrB)
(e And)
(e AgL)
(o Sco)

(e Boo)
(e TrA)
(o Ori)
(e Car)
(o Aur)

(& Cyg)
I§ Leo)
(f Cet)
(e UMa)
(e Peg)

(e PsA)
(ox Ari)
(B UMi)
(& Cen)
(o Per)

(& Sgr)
(o Pav)
(f Gem)
{ae CMi)
{ae Oph)

{ex Leo)
| Ori)
(e Cen)
(e Cas)
(e« CMa)

(o Vir)
(A Vel)
(ae Lyr)

R3

SHA(1900.0)

316°23'01"
336°30'10"
174°44'56"
292°29'15"
154°05'56"
219°20'02"
127°23'32"
359°12'05"

63°31'23"
114°10'55"
147°13"17"
110°29'14"
272°33'33"
264°33'53"
282°40'40"

50°29'34"
184°00'22"
350°21'18"
195°36 07"

35°11'02"

16°58'05"
329°37'18"
137°15 34"
149°47'59"
310°42' 25"

77°43'59"

56°33'66
245°12'07"
246°28'41"

97°25'48"
209°14'18"
282°34'01"
141°48'07"
351°17'42"
259°48'51"
160°01'08"
223°55'12"

81°36'51"

Star Almanac Cards

R4

ASHA

-0'57
-0.56
-0.84
-0.86
-0.59
-0.74
-0.64
-0.78
-0'73
-0.92

-0’68
-1.59
-0.81
-0.33
-1.11

-0’51
-0.76
-0.75
-0.92
—0'74

r

-0.83
-0.85

0,04
-0.88
-1.07
-0'93
-1.19
-0.92
-0’78
-0'70

-0’80
-0.72
-1.02
-0.85

R5

DEC(1900.0)

~40°42'14"
-57°44'24"
-62°32' 49"
16°18'35"
49°48 42"
_Eﬂ- ,,IBF EE”
27°02'54"
28°32'25"
8°36'02"
-26°12'655"
19°41'57"
-68°50'50"
7°2327"
-52°38'37"
45°53'56"
44°55'34"
15°08'08"
-18°32'11"
62°17 13"
9°24'37"
-30°0919"
22°59 37"
74°34'06"
-35°53 04"
49°30 39"
-26°25'41"
_E?E- 03' ED”
28°16 24"
5°28 48"
12°37'38"
12°27'14"
-8°19'01"
60°25'18"
55°59'19"
-16°34'49"
-10°38'32"
-43°01'46"
38°41'08"

R6
ADEC

0.24
0.30
-0.33
0.12
-0.30
-0.26
-0.20
0.33
0.16
-0.13
-0.31
-0.11
0'01
-0.03
0.06
0.21
-0.34
0.33
-0.32
0.28
0,32
0.28
-0.25
~0.29
0.21
0.08
0,19
-0.15
-0.15
-0.04
-0.29
~0.07
-0.25
0.33
-0'08
-0.31
-0.24
0.06
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COMPREHENSIVE EXAMPLES

A few examples are included here to demonstrate 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 answers 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 L40°12'S, A159°57'E, and the
observations are made from 35 feet using a sextant requiring -1.5
index correction. What is the fix? (L40°24'8S, X160°19:9E)

Rigil Kentaurus Procyon Alpheratz
GMT 9h40m21" ohqpms9s  ghg1m42s
hg 11°25'5 11°2312 10°28.7

Solution:
. Record times and sextant altitudes

Use the 0940 DR for all sights

Compute and record corrected sextant altitude for each sight.

B

Run the almanac series for each sight. Record Zn from SRT and
a from MPP.

4a. (optional) Record L and X from MPP. These points are useful
for making accurate plots.

5. Run 2 FIX for pairs of observations. The resulting points are
useful when plotting, because they are the points at which
LOP’s intersect.

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

Note:

[f the observed celestial bodies were not well distributed in azimuth,
it would be prudent to consider plotting an exterior fix instead of
running 3 FIX.
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SIGHT REDUCTION FORM

DRL »y
DR 4'{, Z

Time

“W §- 40 =3/

2 -H0-49

y 9-o/-43 | @

Celestial object

Ll £EENT

HeolyoN

ALPHERAT Z

Sextant altitude

hs, f_."'ﬂ';{j',";_ﬁ"

hs, 4/°23.'2

hsy /g °28 7

Compute DR at each
t, and at tg

At, C, 5

i

LAST [~ 5o DR,

DR 'I

::.l' =

A

I_.DHﬁx

[ 40%/2 5

A /5T 7 E

A

Correct sextant
observations
hs-I

IC, HE o SAC 1i—oHu.|
r

T, T SAC 2 HHo

for T

. T |sAC 3 Ho

Hoy 17212 1

Ho, 118 1

”f’ﬂfﬂﬂfﬁ'{g

Repeat these programs
for each object

DATE—tl YEARS

TIME—_OI ARIES

oL X

(D 2p=+1(Eq. T)
[

DR, =% LHA

Ho,—H mpp [*7

These MPP's are useful
for making
an accurate plot

He, = /0°67.0
Zn, =73. 4

a5

L

)

Run this program with points 182, 183, 283,

{a'.. Eni:l, 13|, Enjh

on—{Z tic}

1, 2

fé!ﬂi. :; 75
L v

(602 TE

. 3
L M
o4 sE

A

from DR for time at which fix is desired.

2, 3
L ﬁ’él+£5

. /60 8L 5E
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']

Example: Three Star Fix Accounting For Movement Of Ship

On 1 Jan. 1975, enroute San Francisco for San Bernardino Strait,
- Philippine Islands, the 1520 DR is L40°02'N, A132°15'W. From

-
60° - 30 feet with a sextant requiring a 1'5 index correction the navigator
LAA! RAARRRARE: SAARRRLALY 2 observes three stars for a fix.
, i
| [ : Our course is 288°, speed 20 knots. What is the fix obtained by
i adjusting the LOP’s resulting from the three sights to 15207
| (L40°09'5N, N132°21:4W)
i " m
1 Pollux Spica Vega
Y GMT 15" 19™45° 15"20™15° 1sh21m2s®
' h, 23°18'1 38°49'5 30°18'3

Solution:
1. Record times and sextant altitudes on form.

W oW w

Compute and record DR corresponding to the times of the

[

observations.

o

3. Compute and record corrected sextant altitude for each sight.

4 Run the almanac series for each sight using the appropriate DR
when running LHA. Record Zn from SRT and @ from MPP.

mmomom

4a. (optional) Record L and A from MPP. These points are useful
for making accurate plots

Run 2 FIX for pairs of observations using the DR corresponding
to the desired time of the fix. These resultant points are useful
when plotting, because they are the points at which LOP’s

intersect.

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

W

LA

Required:
1. The initial great-circle course,
The great-circle distance.

The latitude and longitude of points on the great circle at
longitude 15°E and at each 5° of longitude thereafter to
longitude 70°W.

Rhumbline courses and distances between each of the points
calculated in 3.

o

LAALLRY
W‘l&'ﬁﬂﬂﬁ

[
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SIGHT HEDUCTION FORM
Time Y 51T Y2 /6-QD¢ -24-36 | Q

Celestial object FPOLLLOX ‘5#?;’{::‘[ VEM#
Sextant altitude hsy 523 d/{_"’f hs, M’#ﬁ? hs; S0 %K. '3

E
=
— o ES - |
E ' '

132 W

DRL 4£0°02 ‘N
DRA 320 s

74

t. and at Ui

At, C, S L #aﬂfyfﬁ L ‘@#aﬂ' *E:'ﬂ-' L ?QE}E‘E?'

: .
"on o B*ON | B2 msH |, (325 06" | (325 %"
Sor, __#0°0a’_ I3RS

Correct sextant 9
observations
hs,

IC,HEA[ SAC 1] Ho,| Ho, 23%2"0 | Ho, 3;"’47455 Hoy 30 5%R-8 o | . 1

II c - i
T.ﬁ. Ts-lil_flﬂﬂ "2_ =+ Ho E' ! | |
for T !

(3, @ | SAC 3=+ Ho

T

t

. | EPE!

| E-0 | | Al

Repeat these programs e , {
}

mr s e L r—— R T T e

i
e =l —r— ——
S

e e

for each object
DATE-" YEARS

i
1 S T I —-—-—|—|

TIME ARIES

—r T e — e s —— =

I -
DR, LHA E g
I _;ﬂi He| He, = He, = Hoq = i ._
SRT = zn| zn, - 258/ Zn, = /76§ Zn, = [4=9% & J | |
- -4 e E ! ' | ;' |
Ho— wmpp [*2 | &1 o4 "2 & w /G : | |
b 1
(MPPH L L L I

These MPP's are wuseful

)
for making E: ;
an accurate plot A A A
—

Run this program with points 1&2, 1&3, 2&3, from DR for time at which fix is desired.
[ai, EI'III', [a., Enj}

1, 2
L Poye’3 |,
DFI—-ol 2 FIX . ;g.;z_";g!’_a J

1520 FIX

1520 DR




102 Appendix 7

Comprehensive Examples 103

COURSE PLANNING SHEET

Example: Course Planning

i

A ship is to steam from Valparaiso, Chile, to Wellington, New
Zealand. The captain wishes to use composite sailing from L32°58.0S
to A71°41.2W off Punta Angeles Light, to L42°00.0S, A175°00!0E,
near Cape Palliser, limiting the maximum latitude to 50°S.

id

LMay 600005 3’1_; -7 ' f
ffELT”}' ”t"f"‘.—-r Ll1 l—h- RHUMB J—pDH Distance 1579

| WITH TWO | co
RE[] uired: . _POINTS __{_ urse
1. The longitude at which the limiting parallel is reached. GC NAV b GC [:-manae,._‘?‘m—'?ﬂm.mi.
. _ . | Initial Heading 22 Z- 4L
2. The longitude at which the limiting parallel should be left. ' ! IR e e
_ (Optional)
3. The initial great circle course. | cc comp ‘
| . 0O
4. The total distance. | i
L
5. The latitude and longitude of points along the great circles at
convenient intervals of longitude. ' |
£ . i
e
Solution:

1. Run COMPSAIL to determine points of tangency with limiting
parallel.

momMOpRe
il

W

2. Run GC COMP from departure to first point of tangency.
3. Run GC COMP from second point of tangency to destination. E -
4. Run RHUMB from point to point. L, M Drnume Canume
i 1 — £ 7{‘5‘? L 2 30 -
5. Add up all distances. t[_l '! 2 | - Ze ;5.? 75 p?}L ! 1.-:23 - % / ;ﬁ_ 7
Th-ﬁ ; 15 l I — 3 ‘-ﬁ(ﬂ #"51-5‘ &0 T 5 . E
(This course is plotted on the chart on p. 37.) Y I - S0/ .8 Rt
5 | —447 é;i o | u|—#%7 E‘ ~
_ ; 6 _|-44 (O ”5‘55‘ 81, g;:;% sig-.
t 1 . 7 —£i Mo fai%g L 18 Y *'F' :
N 8 - ﬁ.ﬁ.'% ﬂﬂﬂ' Vi . \ B9 - 5 ?-ﬂ'
9 - Fa] LA - L 310 .
gy o Tl e 75 z.
—_— W | —4p 06| /65 00 |, i3 FT T
. Ol 7| - 393 /7500 :mmh'—'ﬁj# i 4
- 13 L Do S75S 00 ' 131 S £
14 L1415
. = | 1516,
16
£ = : e
B 18 E I-Eﬂ—ll-
19 1920
P 20 \ 2021
21 \2122 ]
t g 27 y 22 |
23 , 11|
24 |

n R
A§




104 Bibliography
Appendix 6

BIBLIOGRAPHY

The following references were used extensively in the preparation of
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tions, Cambridge University Press, London, 1931,

Shuteldt, H.H., Slide Rule for the Mariner, United States Naval
Institute, Annapolis, 1972,

Smart, WM., Text-Book on Spherical Astronomy, Fitth Edition,
Cambridge University Press, Cambridge, 1971.

™y

™ ™o

7

74

U B I

L UR T U U U I

\&§

LY

A

Program Listings

PROGRAM LISTINGS

Length Conversions .. .......................
Speed, Time and Distance . ..................

Time-Arc and Conversion . ..
Propeller Slip . ........

Fuel Consumption . ..... P R
Distance to or Beyond Horizon . ............. ..

Distance By Horizon Angle and Distance Short

of Horizon . .. . .

Dead Reckoning . .. ... ..

Rhumbline Navigation ... ....................
Great Circle Navigation ... ...................
Great Circle Computation . .. .................

Composite Sailing ..........

Sextant Altitude Corrections . . ... .............
Secondary Sextant Altitude Corrections .. .... ..
Sextant Corrections for Sun and Mcon ... ...... ...
Years From1900.0 . ... ... . . ... . ... ... ..

Greenwich Hour Angle of Aries ... ... ...
1974-1975 Sun Almanac (Card 1) .... ..

1974-1975 Sun Almanac (Card 2) ..............
Sunrise, Sunset, Twilight . .. ..................
Long Term Star Almanac (Card 1) . ...........

Lcng Term Star Almanac (Card 2) . ..

105

Long Term Star Almanac (Card3) ...... .......

Long Term Star Almanac (Card 4) . ... ..

Long Term Star Almanac (Card 5) . ... . ...

Long Term Star Almanac (Card 6) .

Long Term Star Almanac (Card7) .............

Long Term Star Almanac (Card8) ............ .

Position of Sunand Stars ... ...... . ... ... ..
Relative Position of Sun and Stars .. ...... .. ...

Sight Reduction Table . .. ... ..
Most Probable Position . ...

Fix by Two Observations .. ... ................

Fix by Three Observations ... . ........ ... ... .
Distance Off an Object by Two Bearings ... ... ..
Vector Addition ... .. ... ... ... o L.
Velocity to Change Relative Position ......... ..
Closest Point of Approach ......... ... .. ... .
Collision Avoidance-Set-Up . ........... ... ..
Collision Avoidance-Course Changes . ... .. .. ..
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NAV1-02A 107

LENGTH CONVERSIONS " - SPEED, TIME, AND DISTANCE i
- S T [
; . | | ' CODE
KEYS CODE | | KEYS CODE | | KEYS  CODE E .E_KE"'S___ (CODE | | KEVS CODE | | KEYS 'CO
| | - 3501
X T 2 02 gxy | 3507 - | LBL 23 RTN 1 & . NGE 35 01
STO 1 33 01 8 08 0 00 A 1 RCL3 | 3403 g NO
EENR- B O U - B o oz Ret o ue ] e
RTN 24 g X<y 35 07 g R 3508 e | . 8 | & v, 33 02 ; NOP 35 01
LBL 23 0 00 GTO 22 2 02 | 519 aNOP 3501
A 11 | |lgx#y 3521 | |0 00 sTot 3301 | RIN 23 | [SNop | 3501
1 01 g RJ 3508 LBL 23 E 0 00 | | LBL 23 g (a4
g x2y 35 07 GTO 22 1 .01 9 X7 1 NOP 35 01
0 00 | |0 00 g R? 35 09 | 0 oo DSP Eg TNOP | 3501
| g xFy 35 21 GTO 22 STO 33 E R ' RTN 24 g
' g R} 35 08 1 01 B 81 — RCL3 3403 |2 02 g NOP 35 01
GTO 22 LBL 23 1 01 RCL2 3402 | |STO3 3303 g NOP gg g}l
| - 81 0 00 g NOP
E’;‘TD 33 [1::I {17,? 2?,‘;, 1 * 3,1 E ;g STO 1 3301 | | gx#y 35 21 gNOP 3501
1 01 8 08 NOP 35 RTN 24 | |0 00 gNoP 3501
LBL 23 5 05 . NOP 35 o ~ | LBL 23 RTN 24 gNOP | 3501
g 01 = g B 12 RCL1 3401 gNOP 3501
B 12 2 02 g NOP 3501 - -
. 23 X< 3507 NOP 35 01 f1 32 RCL 2 34 02 g NOP 35 01
'3 03 ?} o 00 . NOP 15 . >D.MS 03 X 71 g NOP 3501
| ; o E - C 13 | | STO3 33 03 g NOP 35 01
. > ax7 o sl tod | g | DSP 21 | RTN 24 g NOP 3501
E 3;‘ ?;Eé % 33 g Egﬁ §*§ 3} | 83 ‘ gNOP | 3501 | |gNOP 3501
B |4 04 | | gNOP 3501 g NOP 35 01
E“i* . E; gm o ; ﬁDE i E g Lt 31 | | gNOP 3501 gNOP 3501
| g xty 35 21 1 S? ; ng | 32 E} | =D.MS 03 = | gNOP 3501 ' g NOP 3501
| 3 Rl 35 08 LBL 23 3 NOP 3501  RTN 24 | | gNOP 3601 g NOP 3501
| GTO E’ ! - LBL 22 | | gNOP | 3501 g NOP 3501
22 | | E 15 g NOP 3501
0 00 | |1 01 | |gNOP 3501 e 13 | | gNOP 3501 | |gNOP 3501
' DSP 21 NOP 3501 g NOP 35 01
GTO 22 6 06 g NOP 3501 E | . 33 | 3 NOP 35 01 gNOP | 3501
1 01 0 00 gNOP | 3501 | NOP . |
. - ; o fz,sm 2 33 Eg | 3 NOP 3501
C 13 . 83 |
1 01 3 | 0 00 | | gNOP | 3501
. 83 4 gi E ; g XFYy 35 21 g NOP 35 01
8 08 4 04 0 00 gNOP 3501
e L — —_— E .a e —_— : :
R Ued R, R R speed  PRa R
R> Hs RE | E R, Time Rs Rs
R R Ry Usd Ro Disunce  Re  Re .

'.I'!_
Y

e a—

..-‘1 _I
=
ﬁ
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KEYS CODE | | KEYS CODE| | KEYS  CODE

SERTETTITE—_.

g R
X
STO 1
0

DSP

0

RTN
LBL

A

f
—-D.MS
EEX

Ry t, sec

3508
71
33 01
00
21
83
00
24
23
11
31
03
43
02
81
32
03
02
04
00
35 07
00
35 21
22
00
34 01
02
04
00
81
31
03
43
02
/1

!
—-+D.MS
- DSP

| 1
!F{TN
_I_EL

o owu OO Wwm

32
03
21
83
01
24
23
12
03
06
00
00
35 07
00
35 21
22
00
22
01
23
13
06
00
35 07
00
35 21
22
00
22
01
23
14
01
3507
00

TIME-ARC CONVERSION

| g xFy
|GTO
0
LBL
1

L+
CLX
'RCL 1
g xZy

Used

35 21
22
00
23
01
61
44
34 01
3507
81
21
83
02
24
23
15
32
03
12
31
03
21
83
04
24
35 01
35 01
35 01
35 01

13501

1
R s e i ———

nw

IR

E 3
¢ =

[ &

Wromlroox ag~oaomr

W

v = =g — =k
-
)

KEYS CODE

STO 1
0

g X7y
g NOP
RTN
RCL 4
RCL 2
1
RCL 3

0
r

c7
- =

=
—

T

=
-]

—h

X

RPM
Pitch
Slip

33 01
00
3b 21
35 01
24
34 04
34 02
81
01
34 03
51
81
23
15
06

00 |
07 |

06
/1
06
00
81
24
23
12
31
83
35 00
32
83
83
01
02
81
61

PROPELLER SLIP

{
|

KEYS CODE
' STO 2 3302
0 00 |
g XFY 35 21
g NOP 35 01
" RTN 24
RCL 4 3404 |
RCL 1 34 01 |
= 81
1 01
RCL 3 34 03
| — 51
+ 81
F 15 |
f 31
INT 83
gLST X 3500
f-! 32
INT 83
83
01
02
71
: 61
RTN 24
LBL 23
C 13
EEX 43 |
2 02
= 81
STO 3 33 03
00
g X7y 35 21
g NOP 35 01
RTN 24
1 01
Speed

NAV1-04A 109

 KEYS CODE
"RCL4 | 3404 |
' RCL 1 34 01
|+ 81
'RCL2 3402
|+ 81
E 15
| — o1
. EEX 43
2 02
E X 71
' RTN 24
| LBL 23
D 14
' STO 4 33 04
in 00
| g XFY 35 21
' g NOP 35 01
' RTN 24
| RCL 1 34 01
' RCL 2 34 02
X 71
; 01
E 15
1 01
RCL 3 34 03
| 51
X 71
' RTN 24
g NOP 3501

|
1

—————

s —

—— e ——

S ——
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FUEL CONSUMPTION DISTANCE TO OR. BEYOND HORIZON

. . e * DE KEYS CODE
KEYS |CODE| | KEYS CODE| | KEYS  CODE | KEYS  CODE| | KEYS Com 1 01
RCL2 3402 + 81 g NOP 3501 LBL 23 | N 05 . 23

| 71 gNOP 3501 A Mmoo T
STO1 | 33017 | X 01 TO1 3301 | 2 021 |1 V]

. STO2 3302 | Vx 09 | | gNOP | 35 23| | 4 04 | |4 04

0 00 RCL3 3403 g NOP gg 3: lB_BL 230 | o o ) o

| NOP ' |
gx#y | 3521 | | x e 3302 | EEX 43 | | RTN 24
g NOP 3501 | | RTN 24 gNOP 32 g} SF{TI‘?MIE s | | cHS 42 RCL 2 34 02

. RTN 24 LBL 23 | | gNOP 25 01 AT 2116 o ||t A

| ReLS  Re !l | E L6 343:2 | QEEE 3501 C 13 |+ 81 | | Vx 09
RCL5 3405 | | RC d | RCL3 3403
A 81 STO5 3305 | | gNOP 3501 STO3 33 gi | ?TD 7 | 33 g:: f >
RCL4 3404 | | gRJ 3508 | | gNOP | 3501 . 23 || x 7 Vx 09

| RCL3 | 3403 ) | 8TO6 3300 | |0 top | 2 E = o 14 | | RCL3 3403 | |+ 61
- 81 0 g — | 9 1 01
£ 32 | |gx#y | 3521 gmgi ggg: | | fD e 313 RCL2 | 34 21 . 83

VX 09 | | gNOP 3501 9 i | oY . 1 01

| x 71 RTN 24 | | gNOP | 3501 E = EEX o ; ﬁ? 4 04

' RCL1 3401 RCL2 3402 gNOP 3501 2 021 | . 04 4 04

| x 71 | | RCL1 3401 gmgi | gg g: £ . 3; | 07 || 71

1 |3 03 R/S

. LBL 23 | RCL 3 34 03 | g NOP 35 01 ’ | —=+D.MS 03 L 06 NOP 35 01

| | 3404 | | gNOP 35 01 RCL 1 34 01 | 6 g

B 12 | | RCL4 28 01 RCL2 3402 | |+ 81 gNOP 3501

| RCL4 1 3404 | =~ o o E.I.’ 1 61 gNOP | 3501

sT03 3303 | | £ 32| | gNOP | 3501 ' | i/— o | |7 31 | | gNOP 3501

' gRY{ 3508 | | vx g? L la Egi gg g} VX 83 | | Vx 09 gNOP 3501

STO4 3304 | x g | 3407 |  gNOP 3501

0 00 | | RCL5 34 05 g NOP 35 01 tu " -9 gg RCL 7 o o NOP 35 O

| 3521 | | x 71 gNOP 3501 |7 | | =

| 9xAY | OP 3501 X 71 STO6 3306 | H gNOP 3501

' gNOP 3501 | RTN 24 gN | 51 | | RTN 24 | | gNOP | 3501

. RTN 24 | | gNOP 3501 | | gNOP | 3501 &, ' . 511 | AT 2 NOF P E

| RCL2 3402 |  gNOP 3501 o 00 | | E 15

' RCL1 3401 | | gNOP 3501 | u

| - 1| | gNOP 3501 K 81 | | RCL2 | 3402

| RCL5 3405 | | gNOP 3501 | | sTo4 3308 | Ux 09

. RCL®6 3406 | | gNOP 3501 | | I R B

—e———— TR ] ﬁ-’ R C Rs ha "Ry Used

|R1 Fl H-ﬂ- 51 7 R R R

| : HE 5 8
R F, R5 D, Rs &1’ ’ 2

| s R D Hg Used
Rz s Re Do Rg - Rs H e - ) [ —
- x E— - 0

B2

<
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DISTANCE BY HORIZON ANGLE

DEAD HECKONING

NAV1-08A 113

AND DISTANCE SHORT OF HORIZON . . . B S
. . ; KEYS CODE KEYS CUDE KE"'S .E?ﬂf_d
_ KEYS | CODE| | KEYS CODE| | KEYS | CODE E—= o x| [E 15 | [~DMs | 03
. LBL 23 | | GTO 22 | | 32 >D.MS 03 | | RCL1 3401 R/S 84
A 11 | |1 01 | |->D.MS 03 STO2 3302 E 15 | | RCL2 | 3402
STO1 3301 | | LBL 23 | |RCL1 | 3401 | gx2y 3507 |+ 81 | | f 31
RTN 24 D 14 | |6 06 | f 1 32 1 01 | | »D.MS 03
| LBL 23 | | f 31 0 00 ~D.MS 03 g X=Yy 35 23 RTN 24
5 12 | | >D.MS 03 | |+ 81 E._:. :! STO 1 3301 | GTO 22 | | LBL 23
STO2 3302 | | EEX 43 | |+ 61 | RTN 24 | |1 o1 | |1 01
' RTN 24 | |2 02 | | f 31 LBL 23 | | gR} 3508 | | RCL6 34 06
| LBL 23 | |+ 81 | | TAN 06 B 12 | f 31 | |RCL7 3407
C 13 | | ! 32 | |«x 71 ! 32 | LN 07 | | x 71
f 31 | | ~D.Ms 03 | | RTN 24 R—P o1 | | RCL6 3406 | |RCL1 3401
- —»D.MS 03 | | RCL1 3401 | | gNOP 3501 STO 5 3306 | | x 71 | | f 31
| EEX 43 | |6 06 | |gNOP 3501 g R 3508 = RCL5 3405 | | COS 05
2 02 |0 00 | | gNOP 3501 STO 6 3306 | | < 81 | |6 06
K 81 | |+ 81 | |gNOP 3501 g RY 3508 | |1 01 | |0 00
T 32 | |+ 61 | |gNOP 3501 f! 32| |8 08 | | x 71
- >D.MS 03 | |f 31 | |gNOP 3501 ~D.MS 03 |0 00 | | CHS 42
RCL 1 3401 | | TAN 06 = | gNOP 3501 STO7 3307 | | x 71 | | GTO 22
RCL2 3402 |+ 81 | |gNOP 3501 RTN 24 | | g 35 | |2 02
o 31 | | LBL 23 | |gNOP 3501 LBL 23 | | 02 | | LBL 23
VX 09 @ |1 01 g NOP 3501 C 13 | LBL 23 | | E 15
~ 83 | | R/S 84 gNOP 3501 DSP 21 2 02 |9 09
9 09 | |6 06 gNOP 3501 : 83 | |+ 81 | |0 00
7 07 |0 00 | |gNOP 3501 4 04 | RCL2 3402 | |+ 61
X 7|7 07 | |gNOP 3501 RCL5 3405 i 61 | |2 02
4 61 @ | 6 06 | |gNOP 3501 RCL7 3407 1 01 | |+ 81
6 06 | = 81 | |gNOP 3501 X 71 £ 32 | | f 31
0 00 = | RTN 24 | |gNOP 3501 | 6 06 | | R-P 01 | | TAN 06 |
|+ 81 | | LBL 23 gNOP 3501 0 00 | f 31 | |LRTN 24
+ 61 | E 15 | |gNOP | 3501 | | + 81 R—P 01 |
f 31 | | f 31 RCL 1 3401 | | gx2y 3507 |
TAN 06 @ —D.MS 03 | + 61 ' STO 2 3302 |
RCL2 3402 | | EEX 43 STO 1 3301 RCL1 3401 |
g Xy 3507 | |2 02 g LSTX 3500 f 31 |
+ g1 | |+ 81 |
| R4 L R4 R; At
H1 IC R.g; R;r RE A RS Scos C RE
RE HE R5 HE; F‘;_:; RE Ssin C Rg Used

Used




114 NAV1-09A

NAV1-10A 115
RHUMBLINE NAVIGATION GREAT CIRCLE NAVIGATION
KEYS CODE | KEYS CODE { ! KEYS CODE | KEYS CODE KEYS CODE! | KEYS @ CODE :

f! 32 STO 7 3307 | | ABS 06 | 15 05 | SIN 04 |
-+D.MS 03 | | 02 | | RTN 24 RCL 1 34 01 7110 00 |
RCL 1 34 01 81 ' LBL 23 STO 2 33 02 61 | | gx>vy 35 24
STO 2 33 02 31 | C 13 35 07 32 | GTO 22
g X<y 35 07 04 'D 14 STO 1 33 01 05 | |1 01 |
STO 1 3301 32 | RCL 7 34 07 24 STO 6 3306 | | 3 03 |
2 02 04 | RCL1 34 01 23 06 |6 06 |
+ 81 09 f 31 12 00 0 00
4 04 00 COS 05 15 71 g Rt 3509
5 05 81 X 71 RCL 3 34 03 24 - 51
+ 61 35 1 41 STO 4 33 04 23 STO 7 3307 |
f 31 02 'RCL 1 34 01 g X2y 15 07 14 " RTN 24
TAN 06 71 'RCL 2 34 02 STO 3 3303 34 01 ' LBL 23 |
f 31 RCL 5 3405 | |- 51 24 31 1 o1 |
LN 07 RCL 6 3406 | | RCLS8 34 08 23 04 | | x 7
RCL 5 34 05 | 51 | f 31 13 RCL 2 3402 | |+ 61
STO 6 3306 | 31 COS 05 RCL1 3401 31 STO 7 33 07
g X2y 35 07 01 0 00 31 04 RTN 24
STO 5 3305 | 35 08 g X7y 35 21 04 RCL 6 34 06 LBL 23
RCL 1 3401 | | STOS8 3308 g Rl 3508 RCL 2 34 02 31 E 15
RTN 24 RCL 7 34 07 + 81 31 05 @ | f 31 |
LBL 23 31 g X=y 3523 04 71 ' —D.MS 03 |
B 12 04 g Rt 3509 71 51 - EEX 43
£ 32 32 g NOP 35 01 RCL 1 34 01 RCL6 3406 2 02

- —>D.MS 03 04 6 06 31 31 |+ 81
RCL 3 34 03 00 0 00 05 04 £ 32
STO 4 3304 35 24 | X 71 RCL 2 34 02 : 81 -+D.MS 03
g X<y 35 07 03 g 35 31 RCL 2 34 02 RTN 24
STO 3 3303 06 ABS 06 05 31 | | gNOP 3501 |
RTN 24 00 RTN 24 X 71 COS 05 | | gNOP 3501 |
LBL 23 RCL 8 34 08 RCL 3 34 03 + 81 | |
D 14 g 35 RCL 4 34 04 fo 32
RCL 4 34 04 ABS 06 . 51 COS 05
RCL 3 34 03 - 51 STO 5 3305 RCL 5 34 05
-~ 51 g 35 f 31 f 31

R L, R4 M R; A=A R L R4 A R, Hi

R, L, R; Intan(45+L,/2) Rg Used R, L, R. Ny = Ay Rg

Rz A, Rg Intan(45+L,/2) Rg Used Ry A\, Re D/60 Ro Used




L L= e i

116 NAV1-11A
GREAT CIRCLE COMPUTATIONS

NAV1-12A 117
COMPOSITE SAILING

KEYS  CODE KEYS CODE KEYS | CODE " KEYs CODE | | KEYS CODE KEYS CODE
b 15 X 71 1 01 B 15 | | x 71 cOS 05
CRCL1 3401 RCL8 3408 | |¢! 32 RCL1 3401 | |t 41 RCL4 | 3404
- STO2 | 3302 RCL3 | 3403 R—P 01 STO 2 3302 | g 35 RCL 3 34 03
gxZy 3507 | | - 51 gxly | 3507 gx2y 3507 | | ABS 06 | | - 51
STO1 3301 | | f 31 | |RCL2 3402 sTO1 3301 | ¢ 81 | | RCLS | 3405
RTN | 24 | | SIN 04 f 31 " RTN 24 | | x 71 X 71
LBL 23 RCL2 3402 COS 05 LBL 23 |+ 61 t M
B 12 f 31 X 7 B 12 | LBL 23 g 35
E 15 TAN 06 £ 32 E 15 | 2 02 ABS 06
RCL3 3403 X 71 COS 05 RCL3 3403 | DsP 21 % 81
STO 4 33 04 - 51 f 31 ' STO 4 3304 | - 83 X 71
g Xy 3507 RCL 3 34 03 SIN 04 ‘ g Xy 3507 |1 01 + 61
STO3 3303 RCL4 3404 | |+ 81 | STO3 3303 | | 1 01 GTO 22
' RTN 24 - 51 f! 32 RTN 24 | | {7 32 2 02
LBL 23 f 31 SIN 04  LBL 23 | | R-P 01 LBL 23
E 15 SIN 04 RCL4 | 3404 - C 13 | | f 31 E 15
f 31 - 81 — 51 E : 15 | l R—>P 01 f 31
~D.MS 03 £ 32 CHS 42 . STO5 3305 | gx2y 35 07 -D.MS 03
EEX 43 TAN 06 1 01 ~ RTN 24 | | f 31 EEX 43

|2 02 LBL 23 f-1 32 - LBL 23 | | »D.MS 03 2 02
: 81 1 01 RSP 01 D 14 | EEX a3 | |+ 81
! 32 f 31 f 31 RCL 4 3404 | | 2 02 ! 32

- —»D.MS 03 -D.MS 03 R—P 01 " RCL 2 3402 | x 71 -D.MS 03
RTN 24 | | EEX 43 gx2y 3507 f 31 | | ! 32 RTN 24
LBL 23 | |2 02 GTO 22 - TAN 06 | > D.MS 03 g NOP 3501
C 13 X 71 |1 o1 ' RCL5 3405 | RTN 24 gNOP 3501
E 15 | - 32 gNOP | 3501 - f 31 I . RCL 3 34 03 g NOP 35 01

| STO8 3308 ~D.MS 03 gNOP 3501 . TAN 06 | | RCLT 34 01 gNOP | 3501

' RCL4 3404 DSP 21 g NOP 3501 - 81 | | f 31 gNOP 3501
- 51 : 83 | |gNOP 3501 f! 32 | TAN 06 gNOP 3501
f 31 1 01 | COS 05 | RCL5 34 05

SIN 04 | | RTN 24 RCL3 3403 | | f 31

RCL1 3401 LBL 23 RCL4 3404 | | TAN 06

f 31 D 14 —~ 51 | | + - 81

TAN 06 | |RCL7 3407 RCLS 3405 | f! 32

—— - _ | - RS WES——" R S— i —

Ri L, Ra ) R; Hi Ri L, Ra . Ry .

R> L, RE Rg A R> L, Rs Lmax 1R5 |

Rs »  Re Rg  Used Ra 2% Re  [Re Usd
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118 NAV1-13A1
SEXTANT ALTITUDE CORRECTIONS

KEYS

STO 7
RTN
| LBL

STO 6
RTN
LBL

CHS

" RCL 7
RCL 6

. —
5

=] WD

oo |

e
CODE | | KEYS CODE |

' 3307

24
23
12
33 06
24
23
13

02

42
15

3407
34 06 |

31
09

07
/1
o1

06 |
00

81
61
31

04 |
32
04 |

33 01

83 |
09 |
07 |
3507

07

3524 |

83 |
09 |

' GTO
|

;.
g R
f
TAN

Re HE

22

01
3508
31
06

81

83
00
00

01

01
35 00
03
35
05

81

51
23
02
06
00

31
34 01
51
42
3302
02
15
24
23
01
3508
31
07
08

r

= ———

. KEYS CODE
K 83
'3 03
6 06
' CHS 42
X 71

| 2 02

'3 03

- 83

6 06

+ 61

' GTO 22

2 02

LBL 23

'E 15

| DSP 21

K 83

1 01

f 32
| LOG 08
g x2y 3507

f 31

—~D.MS 03
| X 71
f 32
' —D.MS 03
' RTN 24

g NOP 3501
g NOP 35 01
g NOP 3501
|9NOP | 3501
IC
Used

KEYS CODE
STO 8 3308
g Rl 35 08
STO 3 33 03
RTN 24
LBL 23
B 12
STO 5 33 05
RTN 24
LBL 23
C 13
RCL 1 34 01
. 83
0 00
0 00
1 01
8 08
RCL 3 34 03
RCL 8 34 08
— 51
X 71
+ 61
- 83
9 09
7 07
g X<y 35 07
STO 2 3302
7 07
g x>y 35 24
GTO 22
1 01
g R{ 3508
f 31
- TAN 06
83
R,
R,
R

KEYS

=

o 2 W = = OO
—
w
=
>

LBL

* M
O
—
83

+ Mmoo h XX JO 0N

CODE |

00

00 |

01
01
35 00
03
35
05
81
51
23
02
83
02
08
05
34 05
71
04
06
00

34 03
61

81

71

34 02
51

42

33 02

02

15

24

23

01

31

NAV1-13A2 119
SECONDARY SEXTANT ALTITUDE CORRECTIONS

KEYS CODE
LN 07 |
8 08
. 83
'3 03
' CHS 42

X 71
2 02
' 3 03

: 83
B 06
L+ 61
' GTO 22
2 02
 LBL 23
'E 15
7l 32
;LDG 08
g X<y 3507
f 31
 —~D.MS 03
| x 71
| §71 32

-+D.MS 03

RTN 24

g NOP 35 01

g NOP 35 01

g NOP 3501
gNOP 3501
g NOP 35 01
R;

RE Tsea
Rq Used

————
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120 NAV1-13A3

e —— s e ——

SEXTANT CORRECTIONS
FOR SUN AND MOON
LmKEYS ' CODE KEYS  CODE KEYS @ CODE
0 00 | |= 81 gNOP 3501
gx=y | 3523 ~ 51 g NOP 35 01
1 01 GTO 22 g NOP 35 01
6 06 | |1 01 g NOP 35 01
+ 61 | | LBL 23 g NOP 35 01
RCL2 3402 | |C 13 gNOP 3501
g X2y 3507 | |RCL2 3402 gNOP 3501
6 06 f 31 gNOP | 3501
0 00 COS 05 gNOP 3501
= 81 X 71 g NOP | 3501
+ 61 + 61 gNOP 3501
LBL 23 6 06 gNOP 3501
1 01 0 00 g NOP 35 01
f 31 = 81 g NOP 35 01
>D.MS 03 RCL 2 34 02 g NOP 35 01
EEX 43 + 61 g NOP 35 01
Y, 02 GTO 22 g NOP 3501
X 71 1 01 g NOP 3501
f1 32 LBL 23 g NOP 35 01
D.MS 03 | |D 14 | |gNOP 3501
' DSP 21 RCL 2 3402 | |gNOP 3501
K 83 f 31 | |gNOP 35 01
N 01 COS 05 ‘ g NOP 3501
' RTN 24 X 71 g NOP 3501
| LBL 23 - 51 g NOP 3501
' B 12 6 06 | |gNOP 3501
0 00 0 00 | |gNOP 3501
g x=y 35 23 + 81 g NOP 35 01
1 01 RCL 2 34 02 g NOP 35 01
| 6 06 g X<y 35 07 g NOP 35 01
+ 61 |- 51
RCL 2 3402 | |GTO 22
g X2y 35 07 1 01
6 06 | |gNOP 3501
0 00 !g NOP 3501
R, Ry, R,
iHE Hog g Rﬁ Rs
EHE Re Rg Used

T

™" MM MM mMm@mMm
" EEREERENRNN

—

I

AR EREEEET"

T

NAV1-14A1 121
YEARS FROM 1900.0
 KEYS CODE| | KEYS CODE| | KEYS  CODE
"sTo2 3302 |4 04 | |+ 61
RTN 24 | |+ 81 RCL5 3405
LBL 23 | f 31 3 03
B 12 | | INT 83 6 06
' STO3 3303 | STO8 3308 5 05
" RTN 24 | |2 02 x 71
. LBL 23 | RCL3 3403 + 61
- C 13 | gx>y 3524 RCL 8 34 08
STO4 3304 |1 01 + 61
RTN 24  STO6 3306 & |1 01
| LBL 23 | |2 02 | |4 04
' E 15 | |- 83 6 06
0 00 E 3 03 1 01
. STO 6 3306 | RCL3 3403 E 81
' RCL 4 3404 | | - 83 RCL7 | 3407
1 01 4 04 + 61
9 09 | | x 71 4 04
0 00 | |+ 61 X 71
0 00 f 31 STO 33
- 51 INT 83 9 09
4 04 CHS 42 RTN 24
+ 81 1 01 g NOP 35 01
f 31 + 61 g NOP 3501
INT 83 RCL8 3408 gNOP 3501
STO 7 3307 | | - 51 gNOP 3501
gLSTX 3500 | RCL6 3406 gNOP 3501
f! 32 | | «x 71 g NOP 35 01
INT 83 | RCL2 3402 gNOP 3501
4 04 | |+ 61 gNOP 3501
| 71 | | RCL3 3403 gNOP 3501
| STO5 3305 1 01
g 35 - 51
' ABS 06 3 03
3 03 1 01
+ 61 X 71
Ry Ra Year R; n
RE Day R5 0,1,2,0or3 RE ':W}
BR3  Month Re (M > 2) Ro Y.y




122 NAV1-14A2 NAV1-15A1 123

<
GREENWICH HOUR ANGLE OF ARIES - 1974—1975 SUN ALMANAC (CARD 1)
KEYS CODE | | KEYS CODE| | kevs | CODE | : KEYS CODE | | KEYS CODE | KEYS CODE |
i B —_— — -1 - : -1
fo1 ;; : 1 |4 04 9 09 8 08 | |SIN 04
X ANNENE 01 | . 02 | |3 03
| STO 7 33 07 2 |
~D.MS 03 | |3 03 | |o 00 | - cLe 3406 | | x || x 71
STO 1 33 01 6 06 |6 | - |
g o 06 | . 83 + 61 | |+ 61
24 ' 0 00 | |9 09 | g 09 3 03 | EEX 43
LBL 23 | |- 83 | |x 71 S 3402 | |3 03
. i 0 o0 X o £ @ 8 08 RCL 2 02 | 3 .
| 05 X |
RCL 34 0 00 -i 0 | |
; ol N - 3 03 6 06 1 01 | | CHS 42|
| 06 6 06 71 7 07 | STO4 3304 |
7 g A
07 1 ]2 02 | 10 00 TO2 3302 |+ 61 | |- 83 |
4 04 7 S |
07 |+ 81 | 3 03 f 31 | 5 05
— 51 X 71 | ! 32 | E : 83 SIN 04 RCL 1 3401 |
3 03 | | RCL7 34 07 - JINT 83 | i a 04 7 07 2 02 |
: 5 | |o ol K 03 | 1 01 | |9 09 | |4 04
5 00 | |6 06 | _ 51 X AN 81 |
‘2 g; :g 03 | |0 00 ' E i f 31 + 61 | + 61 |
: s . , 00 X 71 I SIN 04 4 04 3 03 |
1| s 07 |STO8 3308 | 1 01 RCL2 3402 6 06 |
| X s | | I : .
1 o |3 o | ows 5| B e |13 || 0
' 83 | X 71| |EEX 43 | 2 02 |0 00 | |+ 61
5 215 + 61 . 02 E 'i x 71 |+ 61 'RCL 8 34 08
- 9 09 | Ix 71 2 02 | |f 311 1- .
RCL 1 3401 | |8 08 f! 32 RCL 2 3402 | SIN 04 | |f 31
2 02 : 83 | |>D.MS 03 | x 71 | | b 05 | | —>D.MS 03 |
N gf: | 3 02 DSP 21 | E i 2 02 5 05 | |STO3 3303 |
N | 02 | |- 83 0 00 & | x 71 | |R/S 84 |
|+ 61 0 00 | |1 01 | . 93 4 61 | | gNOP 3501 !
E:EEB 3306 | |4 04 | [RTN = 24 B i 3 03 | |5 05 | [gNOP 3501 |
34 + 61 | 8 08 | | RCL?2 3402
9 09 | |RCL1 34 01 i 61 | | X 71
? 04 1 |1 01 E t 31 4 04
) 81 1 /5 05 SIN 04 i 01 |
f 32 83 | 2 02 + 61 |
| £ - |
- _ |
R1 Time R-‘-l Year H? n I H1 Time H4 Eq. T H? Y."r"
RE Day Rs Rg (LY), GHAY | E : ; R, 0 Rs Rs GHAT
3 Month Re  day # Rg Y.y I Rs Month SHA® Rs day # R
F I o
E | o



L Btk It e Tl I

124 NAV1-15A2 NAV1-16A 125

 KEYS |CODE | | KEYS CODE| | KEYS | CODE z _ KEYS CODE | | KEYS CODE| | KEYS CODE
0 ! | ' | _— - ,
(sTos | a3 gg ; g; ; 07 E 15 | | RCL2 3402 | |C 13
'RcL2 3102 | |- & e ' sTO3 3303 | | f 31 | | f! 32
1 o1 | |7 I I IO I = ox2y 3507 | | COS 05 | |-DMS 03
0 00 | |+ s1 | |3 [ - £ 15 | |+ 81 | |2 02
. a3 | | 2 . gf i STO2 3302 | | RCL5 3405 | |4 04
. | " RTN 24 | | f 31 RCL7 3407
; oo | 508 o o t o | LBL 23 | cos 05 | |2 02
| B 12 | |+ 81 X 71
4 04 | |7 7 | B |
¥ 31 | |y 1 | lreLy 3200 B >D.MS 03 | | cos 05 | |- 51
| COS o5 | |+ a1 | |s10 STO7 3307 | |1 01 CHS 42
) | 33 gx2y 3507 |5 05 | | f 31
: 02 | |RCL2 3402 | |9 09 3 E 15 | | =+ 81 | | >D.MS 03
2 02 | | o | |FEte (300 = ' STO5 3305 | | 1 01 | | RTN 24
6 6 | |3 LA I O ' RTN 24 | |2 02 | | GTO 22
| | LBL 23 | | - 51 1 01
7 | |
X 5’3 ° g? JTr 31 3 - C 13 | |RCL7 3407 | | LBL 23
'RCL2 3402 | | f 31 | |s | u; f 31| |+ 61 E 15
2 02 | | cos 05 | |+ . ~~>D.MS 03 | | CHS 42 | |f 31
| x 71 g ’ a1 3 el  EEX 43 | | f 31 | | >D.MS 03
3 T ?? fsm 7 33 g? | 2 02 | | >D.MS 03 | | EEX 43
| | -3 E 81 | RTN 2% | |2 02
| 83 | |+ 61 -DMS 03 ) .
| | * f 32 LBL 23 + 81
4 04 RCL 2 34 02 DSP 2 E i -1
4 _ | ~D.MS 03 | | 1 01 | |f 32
p o3 2l 83 ' STO1 3301 | | RCL3 3403 | |>DMS 03
f 31 1 01 RTN 24
| EDS Eg 2 04 | |R/S - 84 E-- SIN 04 |5 05 | |gNOP 3501
'8 08 ; 05 | |gNOP 13301 RCL2 3402 | |+ 81 | |gNOP 3501
1 1 61 gNOP 3501 | f 31 f 31 gNOP 3501
X 21 I:DS ‘Sé gNOP | 3501 E | i ' SIN 04 -D.MS 03 gNOP | 3501
' RCLS 3405 | | f 31
+ 61 3 03 : l i
f 31 D.MS+ 02
R a
CL2 3402 | |«x 71 E.a@ | i 4 I o
’ gl 6! oy ' x 71| |BL | 23 |
X 71 3 03 r | J |
o rE i i 1L I
R R, , - : . B B
H1 | Ra  AsHA=0 R EqT. , R, K R, R,  EqT
| E ; ; ;
| 2 1“5 DEC ® ;HE | ) E‘ . i R, L Rs DEC G Rs
Ra SHA®  Re 4DEC-0 Ry Yy Ry A " Re R
El@
K. @




126 NAV1-17A1

1

- KEYS CODE
3 03 |
-3 03
B 06
: 83
3 03 |
0 00
1 01
STO 3 3303 |
| - 83 |
5 05
6 06
CHS 42
- STO4 3304
-9 05 |
7 07
|- 33 |
4 04 |
4 04 |
2 02 |
4 04 |
CHS 42
STO 5 3305
- 83 |
3 03 |
STO 6 3306
RTN 24
LBL 23
- C 13
1 01
7 07
1 04 |
| 83 |
B 04 |
4 04 |
b 05 |
R4
R>
R; SHA

LONG TERM STAR ALMANAC (CARD 1)

' KEYS CODE| | KEYS | CODE
!a 06 6 06
| STO3 3303 CHS 42
| - 83 STO4 3304
K 08 | |1 01
4 04 | 6 06
' CHS 42 . 83
- STO 4 33 04 ‘ 1 01
6 06 | 8 08
2 02 | |3 03
- 83 | |5 05
3 03 | |STO5 3305
2 02 | | - 83
4 c4 | |1 01
9 09 | |2 02
' CHS 42 | | STO6 3306
' STO5 3305 | | RTN 24
| . 83 | |gNOP 3501
3 03 | |gNOP 3501
3 03 | | gNOP 3501
| CHS 42 | |gNOP 3501
' STO6 3306 | gNOP 3501
- RTN 24 | | gNOP 3501

- LBL 23 | | gNOP 3501

| E 15 | | g NOP 35 01
2 02 | | gNOP 3501
9 09 | | gNOP 3501
2 02 | gNOP 3501

| ° 83 |« | gNOP 3b 01
2 02 | |gNOP 3501 |
7 07 = |gNOP 3501 |
1 o | B— = —
5 05 |

STO3 3303

. 83 i
'8 08
Rs ASHA R;
Rs DEC Rs
Rg ADEC R

™m

m m m M MM MMM MMM M™m MM

b

™ m

| ..

I

o—

O

& m

BT EEEEE"

KEYS CODE | KEYS CODE

S = & I

TO 3

O N =

CHS
STO 4

2 I L R L I S

03
05

09 |
83 |

01
02
00
05
3303
83
07
08
42
33 04
02
08

83 |

03
02
02
05

3305 |

83
03
03
33 06
24
23

13

06
03
83
03
01
02

|

3 03
- STO 3 3303
| 83 |
7 07 |
3 03 |
 CHS 42 |
- STO 4 3304
8 08
| 83 |
3 03
6 06
0 00 |
2 02
- STO5 3305
|- 83
1 01 |
6 06 |
' STO6 3306 |
~ RTN 24§
 LBL 23
| E 15
1 01 |
1 01 |
4 04 |
. 83 |
1 01 |
0 00 |
5 05 |
5 05 |
 STO3 3303
- 83 |
9 09
2 02 |
CHS 42
STO 4 3304
R, ASHA
Rs DEC
Rg ADEC

LONG TERM STAR ALMANAC (CARD 2)

NAV1-17A2 127
KEYS CGﬂEj
2 02 |
6 06
| - 83!
1 01 |
2 02 |
5 05
5 05
CHS 42
' STO5 3305
. 83 |
1 01 |
3 03
. CHS 42
| STO6 33 06
RTN 24
g NOP 35 01
g NOP 3501
gNOP 3501 |
- g NOP 3501 |
- g NOP 35 01
' g NOP 35 01
' g NOP 35 01
' g NOP 35 01
g NOP 3501
gNOP 3501 |
- g NOP 3501 |
g NOP 3501 |
g NOP 3501 |
- g NOP 3501 |
- gNOP 3501 |
R;
Rs
REI




r NAV1-17A4 129
| 17A3
e A | - LONG TERM STAR ALMANAC (CARD 4)
LONG TERM STAR ALMANAC (CARD 3) - S ‘_Yé_ COE_}E
S — 1 CODE | KE
i CODE 'CODE | | KEYS | CODE KEYS CODE | | KEYS CODE | | KEYS | CODE
| KEYS | CODE KEYS | E. = 5 02 |3 03 | | CHS 42
T 3 - 03 CHS 42 - o 08 4 04 | | STO4 3304
4 04 3 03 STO4 3304 . ; 0 ST03 3303 | |1 g;
- 83 | STO3 3303 | |2 g: T = . 04 5 g? | ‘u B3
1 o1 | - 83 ) 3 0 00 1 .
| 8 08 3 03 , ! 04 CHS 42 | | 8 08
| ? g? | i 1 01 8 08 E = 3 00 STO4 3304 | | O gg
| 03 04 | |8
7 07 | | CHS 42 3 [ STO3 3303 4 .
' STO3 3303 |  STO4 3304 |7 E; | 01 4 04 | | STOS 33;2
- 83 | | 7 07-1 | &S i e E = : 83 | - 83 || o
6 06 | | ol Bl b 383 | | 0 : Eéi?ﬁ 04
| || 02 | |- 01 5 -
| ,B, 03 i 2 | . 1 ' | 2
: 03 | | 0 00 . 9 3 03 | | CHS 4
| E?{;’ 4 33 gﬁi | 3 02 | |3 03 E ! E?S 4 33 34 4 04 | | STO®G 33 06
g o1 | | 7 07 | | CHS 42 4 04 STO 5 3305 : RTN 24
9 09 | | STO5 3305 ?1_‘?46 333::‘{ E .. : o5 | |- Eg | ‘g:gg ggg}
. o 83 . 2 19
| o3 0 00 | | gNOP 3501 §§ 1 01 | |gNOP 3501
4 041 5
5 05 | SToe 3306 gﬁgﬁ ggg’: E " 5 05 RTN gg | ;gﬁgi gg gl
| | RTN 24 g 06 LBL L9
| stos 3332! - LBL 23 | | gNOP | 3501 | l STos 3305 | | E 15 | | gNOP 3501
. 83 | E 15 | | gNOP 3501 3 i ) 83 1 01 | | gNOP 3501
ETREE AR E -1 I D R AR T+
] o B I Ei | anop | 3501 : ° gl 32 | lgNoP 3501
- CHS 42 | | 4 e y E' -i STO 6 33 06 . R 28 01
 STO6 3306 | | - 83 | | gNOP | 3501 | RTN 24 | |0 00 | | gNOP ’
~ RTN 24 | 13 03 | | gNOP 3501 LBL 23 |0 00 | | gNOP gg;
- LBL 23| |3 03 1| gNOP 3501 £ C 132 02 | |gNOP 3501
C 13| | 5 05 | | gNOP | 3501 — : s | |3 02 |
2 02| | 3 03 | 0 00 STO 3 3322 |
7 07 | | STO3 3303 | - . 83 . |
2 02 | | - 83 | &£ = 2 02 |7 07
- 83| | 3 03 | 9 09 | 6 06
3 03 | | 3 03 | E: i
S i . o i .
e — ' R, B ASHA R,
R Ry ASHA AL _ R. R,  DEC Rs
Ro Rs DEC .RB | E : i R SHA IR ADEC Rq
| | 3 6 |
Ry SHA ~ [Re ADEC  Ro J
(Sl
£ @
I




130 NAV1-17A5

NAV1-17A6 131

LONG TERM STAR ALMANAC {CAHD 5} i ! LONG TERM STAR ALMANAC {CAFID 6]

KEYS  CODE | i KEYS CODE| | KEVS | CODE ] = KEYS CODE| | KEYS CODE| | KEYS CODE
1 01 | E” 0 | |9 09 | 4 - 2 02 8 08 | | CHs 42
9 09 | |5 05 | |CHs 42 | 4 04 |4 04 | |STO4 3304 |
5 05 | |STO3 3303 | (STO4 3304 | 5 05 @ |1 01 | |1 01
- 83 | | - 83 | |5 05 | E ! : 83 | STO3 3303 |2 02
3 03 | |8 08 | |7 07 1 o1 | |- 83 | |- 83 |
.g gg !?:Hs gg: 83 | E @ 2 02 | |7 07 | |2 02 |
7 07 | |STO4 3304 | |3 03 | 7 07 | | CHS 42 1 01 |
STO3 3303 | |3 03 | |2 02 STO3 3303 | | STO4 3304 | |4 04 |

. 83 | 0 00 | |CHS 42 E - * 83 |5 05 STO5 3305 |

9 09 | |- 83 | |STO5 3305 - 9 09 | - 83 | |- 83 |
2 02 0 00 K 83 2 02 |2 02 2 02 |
| CHS 42 | |9 09 | |1 01 | CHS 42 | |8 08 | |9 09 |
| STO4 3304 | |1 01 | |9 09 E : STO4 3304 | |4 04 | |CHS 42 |
6 06 | |9 09 | |STO6 3306 2 02 |8 08 | |STO6 3306 |
2 02 | | CHS 42 RTN 24 8 08 | | STO5 3305 RTN 24|

. 83 STO5 3305 gNOP 3501 3 : 83 - 83 | [gNOP 3501 |

1 o1 | |- 83 | |gNOP 3501 1 01 | |1 01 | |gNOP 3501 |

7 07 |3 C3 | | gNOP 3501 6 06 |5 05 | |gNOP 3501 |

1 01 |2 02 = |gNOP 3501 | 3 2 02 | | CHS 42 | |gNOP 3501 |

3 03 | STO®6 3306 | | gNOP 3501 | 4 04 | STO6 3306 | | gNOP 3501 |

STOS 3305 | | RTN 24 | |gNOP 3501 | STO5 3305 | | RTN 24 | gNOP 3501 |

83 | LBL 23 | |gNOP 3501 | E : 83 LBL 23 | | gNOP 35 01

3 03 | |E 15 | [gNOP 3501 ' 1 01 E 15 | | gNOP 3501

2 02 |5 05 | gNOP 3501 | 5 05 |2 02 | | gNOP 3501

CHS 42 5 05 | gNOP 3501 | E CHS 42 |0 00 = |gNOP 3501 |

STO6 3306 | - 83 gNOP 3501 . : STO6 3306 | |9 09 | [gNOP 3501 |

RTN 24 3 03 | | gNOP 3501 RTN 24 | |- 83 | |gNOP 3501 |
| LBL 23 | |3 03 | |gNOP 3501 | i LBL 23 1 01 | |gNOP 3501

c 13 |5 05 = |gNOP 3501 . - C 13 | 4 04 | |gNOP 3501
1 01 6 06 I 2 02 1 01 o

6 06 STO3 3303 | 4 04 8 08

' 83 | |1 01 6 06 STO3 3303

5 05 | |- 83 S ; : 83 : 83

8 08 | 1 01 2 02 8 08
R Rs  ASHA R, R+ Rs  ASHA R;

R, Rs DEC Rs E‘; ; Ro Rs DEC Rs
R; SHA Re ADEC Rg | R3 SHA Rg  ADEC Rg



J1

132 NAV1-17A7 NAV1-17A8 133
I
LONG TERM STAR ALMANAC (CARD 7) E :! LONG TERM STAR ALMANAC (CARD 8)
[ KEYS CODE KEYS CODE KEYS | CODE E KEYS CODE @ KEYS CODE KEYS ' CODE
ey = = e ar | i _ | | ——————————— N
2 02 0 00 : . 83 r ! 2 02 0 00 | |- 83
8 08 7 07 8 08 5 05 1 01 | 5 05
2 02 STO 3 33 03 5 05 - 9 09 0 00 1 01
| 83 1 01 CHS 42 E '-'! : 83 8 08 CHS 42
3 03 . 83 STO4 3304 4 04 STO 3 3303 STO 4 3304
4 04 0 00 5 05 | 8 08 | - 83 3 03
0 00 | | 2 02 | |6 05 I 5 05 |7 07 | |8 08
| 1 01 CHS 42 I | 83 1 01 9 09 . 83
- STO 3 3303 STO 4 3304 | | 5 05 | STO 3 33 03 ' CHS 42 4 04
| 83 |6 06 | |9 09 E _-_! : 83 | STO4 3304 | |1 01
] AN 2BF g ' k o | | o 1|9 .
| | ’ | G 06 0 00 | 8 08
| CHS 42 | | 2 02 | | STO5 3305 E :! ' CHS 42 . 83 | | STO5 3305
. STO 4 3304 | |5 o5 | | - 83 - STO 4 23304 | 3 03 . 83
L1 - S A N - AR
| ;‘ E 5] . 06 |3 03 6 06
T 01 CHS 42 | | STO6 3306 — . 83 |2 02 STO6 3306
9 09 STO5 3305 | | RTN 24 3 03 |CHS 42 | | RTN 24
0 0w | - 83 | | gNOP 3501 E 4 04 |STO5 3305 | | gNOP 3501
1 01 2 02 | | gNOP 3501 '_- 4 04 | |- 83 g NOP 3501
' CHS 42 5 05 | | gNOP 3501 | 9 09 |3 03 gNOP 3501
STO 5 3305 | | CHS 42 | | gNOP 3501 ' CHS 42 |1 01 g NOP 3501
| | 83 | | STO6 3306 | |gNOP 3501 E i STO5 3305 | |CHS 42 g NOP 3501
| 0 00 | | RTN 24 | | gNOP 3501 , *- 83  |STO6 3306 | | gNOP 3501
7 07 | LBL 23 | |gNOP 3501 0 00 | RTN 24 g NOP 3501
 STO6 3306 | E 15 | ' gNOP 3501 | E ’ '8 08 | LBL 23 g NOP 3501
~ RTN 24 | |3 03 | | gNOP 3501 — CHS 42 | |E 15 g NOP 3501
. LBL 23 | |5 05 | |gNOP 35 01 | STO6 3306 '8 08 g NOP 3501
- C 13 | 1 01 'gNOP 3501 o | RTN 24 | |1 01 g NOP 3501
1 01 | | 83 | |gNOP 3501 Ef~ Qa ' LBL 23 | - 83 | |gNOP | 3501 |
4 04 | |1 01 S | ' C 13 | |3 03
1 01| |7 07 | | 1 01 | |6 06
83 | |4 04 6 06 '5 05
4 MIi_z 02 £'a 0 00 | |1 01
8 08 | | STO3 3303 83 | |STO3 3303
- I N [ S S—— E'} | a : S S .
R asA R R, e rein A __;
R, R;  DEC Rs ' E‘: a R> Rs  DEC Re |
R, SHA Re ADEC Rq ™ R3  SHA Re  ADEC Ro |
s
€ =



134 NAV1-18A1 NAV1-18A2 135

POSITION OF SUN AND STARS RELATIVE POSITION OF SUN AND STARS

—_—— ey, S

e ey

KEYS CODE] fKEvs CODE | | KEYS CODE 1 MTweve | eane
| LBL u 14 | DMS+ | 02 KEYS CODE KEYS CODE] rKE"‘S _EEEE-
A 11 Ll f 31 | | 32 ; 31 + 61 | |E 15 |
RCL 3 3403 | »D.MS 03 '—»D.MS 03 ~D.MS 03 RCL 7 3407 | |STO 3 3303
'RCL4 3404 | | EEX a3 | |3 03 EEX 43 - 51 | |LBL 23

| E 15 | 2 02 | ' B 08 9 02 E 15 | 1 01

| | S

" RTN 24 |+ 81 | 0 Co - 81 RCL 34 f 31
LBL 23 | | f! 32 | |+ 81 (1 32 9 09 | |-D.MS 03
B 12 | | —>D.MS 03 | | f! 32 >D.MS 03 STO 1 3301 | |EEX 43
A 11| |3 03 | |INT 83 STO 7 33 07 g Xy 3507 | |2 02
f 31 | |6 06 | |3 03 RTN 24 1 01 | |x 71

' »D.MS 03 | 0 00 | |6 06 LBL 23 f 32 | |f! 32

- EEX 43 | | - 51 0 00 A 11 R—P 01 | |—>D.MS 03
2 02 | | CHS 42 X 71 f 31 f 31 | |RTN 24
= 81 | 1 01 f 31 >D.MS 03  R-P 01 | |LBL 23 |
' RCL8 3408 | |5 05 | | —D.MS 03 EEX 43 g X2y 3507 | |E 15
f 31 |+ 81 | |EEX 43 2 02 RCL 1 3401 | |3 03

- —>D.MS 03 @ | f 31 | |2 02 81 STO 33 | |6 06 |
GTO 22 | —>D.MS 03 | |x 71 f-1 32 9 09 0 00
n 01 | | DSP 21 | | f7! 32 >D.MS 03 g X2y 3607 | |+ 81

- LBL 23 | | - 83 | | —>D.MS 03 STO 2 33 02 STO 1 3301 | [f! 32

' C 13 |4 04 | DSP 21 'RTN 24 GTO 22 | INT 83
'RCL5 3405 | RTN 2 | |- 83 LBL 23 1 01 | |3 03
~RCL6 3406 | LBL 23 | 11 01 C 13 | LBL 23 ! 6 06

| E 15 | E 15 | | RTN 24 RCL3 3403 D 14 | |0 00

| R/S 84 6 06 | |gNOP 3501 RCL4 3404  RCL5 3405 | |x 71
f 31 0 00 | [gNOP 3501 | 6 06 RCL 6 34 06 'RTN 24 |

' >D.MS 03 | |+ 81 | |gNOP 3501 0 00 6 06 | |gNOP. 3501

- Dsp 21 | | RCL 34 = |gNOP 3501 = 81 0 00 | [gNOP 35 01

| 83 | |9 09 | |gNOP 3501 RCL 34 + 81 | |gNOP 3501

| 4 04 | | x 71 | [gNOP 3501 9 09  RCL 34 | |gNOP 3501

. EEX 43 | | f 31 | [ X 71 9 09 | gNOP 3501 |

2 02 | | ~D.MS 03 | gx2y 3507 | x |

T 81 | |LBL 23 | Y 32 g x<y 3507 |

' RTN 24 | |1 01 | —D.MS 03 £ 32 |

- LBL 23 | | f 31 | L+ 61 -D.MS 03 |

el Sl B R B 'RCL8 3408 | |+ 61 |

R4 R, ASHA R. 'I' ,_ | —— :
R, Rs DEC Rg GHAT | i LHA Ha ASHA o7 2 |
R: SHA Re ADEC Rq Y.y | Ry L Rs DEC(1900.0) Rs GHAT

:_H35HAHBDD.GLDEC Re ADEC Ry vy




136 NAV1-19A NAV1-20A 137

i
SIGHT REDUCTION TABLE li ! MOST PROBABLE POSITION
- 5 E | | | S S —
‘| KEYS A CODE KEYS CODE KEYS @ CODE .~ KEYS CODE = KEYS CODE 'l KEYS CODE
- I . | . | ) R R R _—
| E 15 RCL2 3402 - 51 E ! E 15 | | LBL 23 LBL 23
STO 1 - 3301 f 31 RCL 4 34 04 STO 7 33 07 a 01 E 15
| RTN 24 COS 05 f 31 - ‘ g X2y 35 07 f 31 f 31
| LBL 23 RCL 3 34 03 COS 05 E i E 15 | —»D.MS 03 ~D.MS 03
5 12 f 31 + 81 | ' STO 2 3302 | EEX gg SEX gg
E 15 COS 05 RCL2 | 3402 RTN 24 | |2
i 3 ?1 - 31
sTO2 3302 | |«x 71 |1 31 & l - LBL 23X o, 8!
' RTN 24 RCL 1 34 01 COS 05 | B 12
| LBL 23 f 31 B 81 | 'STO5 33056 | —»D.MS 03 ~D.MS 03
; C 13 COS 05 £ 32 ,E . g g x2y 3507 | DSP ;; Ft;l; . . E?
E 15 X 71 COS 05 | E 15 1 > g o o
STO 3 33 03 ‘ 61 RCL1 | 3401 STO 4 3304 | | g
RTN 24 f! 32 f 31 E | RTN 24 | | RTN 24 g NOP 35 01
LBL 23 SIN 04 SIN 04 | g ' LBL 23 | |RCL7 34 07 g NOR 3501
3 15 STO 4 33 04 0 00 | C 13 | |RCL6 34 06 g NOP 3501
f 31 f 31 g x>y 35 24 E _ 15 ' RCL 4 34 04 g NOP 35 01
-D.MS 03 -D.MS 03 X 71 E | j 'STO 6 3306 & | - 51 g NOP 35 01
EEX 43 EEX 43 GTO 22 RCL 4 3404  |RCL5 34 05 g NOP 35 01
2 02 «| |2 02 3 03 g X<y 35 07 | g X2y 35 07 gNOP 3501
* 81 X 71 6 06 | :. — 51 fl 32 g NOP 3501
! 32 £ 32 0 00 E | GTO 22 | | R-P 01 g NOP 3501
' —+D.MS 03 -D.MS 03 g Rt 35 09 1 01 L 35 08 g NOP 35 01
" RTN 24 RTN 24 — 51 E ; «! - LBL 23 'RCL 2 34 02 g NOP 13501
' LBL 23 LBL 23 0 00 D 14 f 31 g NOP 35 01
'D 14 D 14 LBL 23 ' RCL 2 34 02 COS 05 g NOP 35 01
' DSP 21 RCL 3 34 03 3 03 'RCL6 3406 |+ 81 g NOP 3501
. 83 f 31 + 61 E. ' ‘ RCL 4 34 04 — 51 gNOP 3501
1 01 SIN 04 STO5 3305 | — 51 | | 1_1 01 gNOP 3501
RCL2 3402 RCL2 3402 RTN 24 [ RCL5 3405 f 32 gNOP 3501
f 31 f 31 R/S | 84 E— r a g xZy 3507 | | R—=P 01 g NOP ) 35 01
SIN 04 | |SIN 04 | | ! 32 | |f 31
RCL3 3403 RCL4 3404 | ' R-P 01 | |R-P 01
f 31 f 31 E | ; Lax2y 3507 | gx2y 3507
SIN 04 SIN 04 | | ‘g R{ 3508 | |GTO 22
X 71 X 71 | -+ 61 1 01 J
- .__.________..I — l ! L I I —
£ @
imﬁ'i o TR — R T [
| Hg L RE Zn RB E‘ | ’ ! HE L H5 Zn RE
s d Re Ry Used ; R Re Ho Ry Used
£ &




138 NAV1-21A NAV1-22A 139

FIX BY TWO OBSERVATIONS £ | L FIX BY THREE OBSERVATIONS
KEYS CODE | | KEYS CODE | KEYS CODE | | KEYS CODE = KEYS CODE | KEYS CODE |
2 02 | sTo8 3308 | |E 15 | t = - 15 | EEX 43 | |gNOP 3501
E 15 RCL5 3405 | | RCL1 34 01 | STO 2 33 02 2 02 g NOP 35 01
STO 1 33 01 RCL 3 34 03 + 61 ‘- ' g R 35 08 :;; 1 ;; g TJ{D}E gg E}
g R 35 08 - 51 | |1 01 - E 15 - 9
2 02 RCL4 3404 f1 32 STO 1 3301 ~D.MS 03 | | gNOP 35 01
E 15 RCL7 3407 | R-P 01 | . RTN 24 RTN 24 g NOP 35 01
STO 2 33 02 X 71 | |f 31 | F | i LBL 23 RCL2 3402 g NOP 35 01
RTN 24 - 51 R—P 01 | - B 12 RCL 4 34 04 g NOP 35 01
LBL 23 RCL6 3406 g X2y 3507 | E 15 RCL6 3406 g NOP 3501
B 12 RCL8 3408 | | STO8 3308 | & | STO4 3304 a 61 gNOP 3501
Lol b AN AN 5 g A 1 R SN -
f- 32 + 61 2 02 E 9
R—P 01 |  RCL8 3408 | CHS 42 E . :g STO 3 33 03 = 81 gNOP 3501
STO 3 3303 RCL 7 34 07 ' LBL 23 : RTN 24 1 01 g NOP 3501
g X<y 35 07 - 51 E 15 LBL 23 f~! 32 g NOP 35 01
STO 4 33 04 : 81 | |CHS 49 . C 13 ~D.MS 03 = gNOP 35 01
RTN 24 1 41 §-1 37 | E . :! E 15 f 31 g NOP 35 01
LBL 23 1 41 LOG 08 STO6 3306 ~>D.MS 03 | ' gNOP 3501
C 13 RCL 4 3404 | | gx2y 3507 | g R 3508 g Rl 3508 g NOP 35 01
gx2y 3507 | | — 51 f 31 | - -l E 15 GTO 22 | |gNOP 3501
b or | [at7 | oS 03 | RTN. 22 | |LaL 23 | |aNoP 3501
R-P 01 X 71 X 71 | g
STO 05 R -1 ? o LBL 23 E 15 g NOP 35 01
g :-c?;iﬁ.? gg 07 —CL ’ > g? LD.MS gg E ' i D 14 f 31 g NOP 35 01
STO 6 33 06 2 02 RTN 2% | ‘ RCL 1 34 01 ~D.MS 03 g NOP 35 01
RTN 24 E 15 RCL8 3408 | E i RCL3 3403 EEX 43 g NOP 35 01
LBL 23 RCL 2 34 02 2 02 | R RCL 5 34 05 2 02 g NOP 35 01
D 14 § 61 | CHS 42 | + 61 . 81 g NOP 35 01
RCL4 3404 STO 7 3307  |E 15 , + 61 f 32 gNOP 3501
RCL3 3403 g R{ 35 08 RTN 24 F - a 3 g? ;,?I;:‘"S gi g NOP 35 01
+ 81 RCL2 3402 | +
STO 7 33 07 f 31 | LBL 23 g NOP 3501
RCL6 3406 | COS 05 E . d 'I 01 = gNOP 3501
RCL5 3405 + 81 - f 31 g NOP 3501
= 21 2 0?2 I —-+D.MS 03 g NOP 35 01
€@

R an R4 AN R;  tan Zn;, L I R L) R4 A, R7

R al Rs AL, Rg tan Zn,, A ﬁg _-_’ Ra X\ Rs Lj Rg

RE A L1 RE AN Hg. Used I : RE I—l HE A 3 Hg Used

£.8




140 NAV1

-23A

DISTANCE OFF AN OBJECT BY TWO BEARINGS

' KEYS | CODE |
LBL 23 |
A 11
STO 2 33 02

g X2y 35 07
STO 1 33 01
RTN 24
LBL 23

B 12

' STO 3 3303 |

" RTN 24 |

. LBL 23 |

' C 13
6 06
0 00

|+ 81

X 71

' STO 3 3303

" RTN 24
LBL 23
D 14
RCL 2 34 02 |
RCL 1 34 01
— 51

f 31

- SIN 04 |

g 35 |

U 04

" RCL 1 34 01
f 31 |
SIN 04 |
X 71 |
RCL 3 34 03
X 71
STO 4 3304
RCL 2 3402
H1 HB]

R, RB,
~H3 Drun

5 KEYS CUDEJ
f 31
' SIN 04
X 71
g 35
. ABS 06
' STO5 3305
' RCL 1 34 01
f 31
' SIN 04
|+ 81
g 35
' ABS 06
' STO 6 3306
' RCL5 34 05
' RTN 24
. LBL 23
| E 15
' D 14
" RCL6 24 06
' R/S 84
' RCL 4 34 04
' RTN 24
| g NOP 3501
g NOP 3501
g NOP 3501
' g NOP 3501
' g NOP 3501
g NOP 3501
g NOP 3501 |
g NCP 3501 |
g NOP 3501 |
' g NOP 3501
' g NOP 35 01
g NOP 3501
g NOP 3501
R4 DE
Rs Dapeam
Re D

KEvS CDDE1
gNDP 35 01
;gNDP 35 01
g NOP 35 01
' g NOP 35 01
'gNOP 3501
| g NOP 3501
| 35 01
g NOP 35 01
' g NOP 35 01
' g NOP 35 01
g NOP 35 01
‘gNDP 3501
g NOP 35 01
‘g NOP 35 01
| g NOP 35 01
g NOP 35 01
g NOP 35 01
' g NOP 3501
' g NOP 35 01
' g NOP 35 01
g NOP 35 01
g NOP 3501 °
g NOP 3501
' g NOP 35 01
' g NOP 35 01
g NOP 35 01
g NOP 35 01
g NOP 3501
g NOP 35 01
[gNOP | 3501

——roaa=

|

m M M ™M ™M ™M ™M ™M W =

m T MMM m

"

ﬁ

o ok W

P

i

NAV1-24A 141

VECTOR ADDITION

KEYS CODE KEYS CODE - KEYS CODE
LBL 23 6 06 | |gNOP 3501 |
A 11 0 00 ‘QNOP 3501
f! 32 + 61 ‘g NOP 3501
R—P 01 + 61 g NOP 3501
STO 1 33 01 R/S 84 ‘g NOP 3501
g Rl 35 08 g X2y 35 07 g NOP 35 01
STO 2 3302 R/S 84 'g NOP 3501
CLX 44 GTO 22 'g NOP 35 01
RTN 24 1 01 g NOP 35 01
LBL 23 LBL 23 g NOP 35 01
B 12 D 14 g NOP 3501
f 32 RCL 2 34 02 ‘g NOP 3501
R—P 01 'RCL 4 34 04 g NOP 3501
STO3 3303 - 51 | [gNOP 3501
g R 35 08 RCL 1 34 01 ‘g NOP 3501
STO 4 3304 RCL 3 34 03 ‘g NOP 3501
CLX 44 - 51 g NOP 3501
RTN 24 f 31 g NOP 35 01
LBL 23 R—P 01 g NOP 35 01
C 13 RTN 24 g NOP 3501
RCL 2 34 02 GTO 22 'g NOP 35 01
RCL 4 34 04 1 01 'g NOP 3501
1 61 LBL 23 'g NOP 35 01
RCL 1 34 01 E 15 'g NOP 3501
RCL 3 34 03 'RCL 4 34 04 'g NOP 35 01
+ 61 RCL 2 34 02 ‘g NOP 3501
f 31 - 51 ‘g NOP 3501
R—P 01 RCL 3 34 03 g NOP 3501
RTN 24 RCL 1 34 01 g NOP 3501
LBL 23 - 51 g NOP 3501
1 01 f 31 o B
g X2y 35 07 R—P 01
0 00 RTN 24
g x>y 35 24 ' GTO 22
3 03 1 01

Ri 1, cosb, R4 r, sin b, R,
R, ry sin by Rs Rs
R; r, cosb, Re Ro




142 NAV1-25A NAV1-26A1 143
VELOCITY TO CHANGE RELATIVE POSITION E i! CLOSEST POINT OF APPROACH
_KEYS CODE | KEYS CODE | KEYS CODE € KEYS CODE = KEYS CODE| | KEYS CODE
' STO2 3302 | STO5 3305 f 31 i ! RCL8 3408 g x2y 3507 | | RoP 01 |
g x2y 3507 @ | CLX 44 R->P 01 STO 7 33 07 = 81 | RCL8 34 08
9 09 | RTN 24 = | RCL7 3407 E :- g xZy 35 07 f azi . RCL7 3407
0 00 | RCL1 3401 | | = 81 L £ 32 TAN 06 | | - 51 |
| - 51 | 9 09 | | f! 32 ~D.MS 03 t 41 | | = 81
 CHS 42 0 00 R—P 01 | STO8 3308 1 41| |2 02
. {
- STO1 3301 | - 51 | | gx2y 3507 @ RTN 24 | RCL5 3405 | 0 00
~ RTN 24 | STO 33 | | RCL1 3401 T LBL 23 - 51| | 2 02 |
 LBL 23 | + 61 | RCL2 3402 B 12 f 31, | 5 05 |
B 12 |5 05 | | f! 32 — RCL6 3406 | COS 05 =+ 81 |
STO4 3304 | R/S 84 = | R-P 01 E i STO4 3304 RCL6 3406 : E 15 |
g x2y 3507 | LBL 23 | | gR} 35 08 g Ri 35 08 X 71| | STO3 3303 |
9 09 | D 14 | |+ 61 E STO6 3306 | E 15 | igxi\; 3507 |
0 00 f! 32 | gR! 35 08 . g R 3508 | gx2y 3507 | | STO4 3304
- 51 | | »D.MS 03 |+ 61 RCL5 3405 = STO2 3302 | | RTN 24
: | ‘
CHS 42 | STO7 3307 | |gRt 35 09 STO3 . 3303 | RTN 24 | | LBL 23
STO3 3303 | RTN 24 gx2y 3507 E :Q g R! 35 08 LBL 23 | E 15
CLX 44 | | LBL 23 | | f 31 STO5 3305 | D 14 | £ 32
RTN 24 | | E 15 | | RoP 01 | RTN 24 | RCL5 3405 | RoP 01
RCL1 3401 | RCL5 3405  STO8 3308 - LBL 23 | RCL6 3406 | f 31
9 09 | RCL6 3406 | gR! 35 08 | C 13 | ! 32 | RoP 01 |
0 00 | f 32 9 09 RCL3 3403 R->P 01 | gx2y 3507 |
- 3; RoP 01 | |0 00 | P 'i RCL4 3404 g X2y 35n7i 0 00 |
gx2y 3507 @ | — 51 - f 32 RCL3 3403 | gx>y 3524 |
+ 61 | RCL3 3403 | CHS 42 | ‘ R—P 01 RCL4 3404 | | 3 03 |
3 03  RCL4 3404  STO 33 | 3 gx2y 3507 | CHS 2 6 06 |
R/S 84 | ! 32| 9 09 | — RCL5 3405 | f! 32 0 00 |
LBL 23 | | R-P 01 | | R/S 84 RCL6 3406 R—P 01 |+ 61 |
C 13 | gR{ 3508 | RCL8 3408 ' : | f! 32 g R{ 3508 | + 61
STO6 3306 | | - 51 | | RTN 24 E‘"*'"i R—P 01 - 61 | RTN 24 |
ox2y 3507 | gRl wos | | I S R 3509 | | o Ry w8 |
9 09 | | - 51 | | - 51 - 61
0 00 | | CHS 42 =5 g R} 3508 | gRt 35009 |
= 51 | | gRt 3509 | T - 51 g X2y 3507
CHS 42 | | gx2y 3507 I g Rt 3509 f 31
R S Rs 90-b, Rs E:‘a R, CPA range Rs b, Rs t,
R;  90-b, Rs RM, Rg : Ry by, Lrm Re o, Rg Used |




144 NAV1-26A2
COLLISION AVOIDANCE — SET UP
KEYS

EEX
3

03
81
35 07
43
02
71
31
83
61
33 01
24
23
12
32
03
34 08
51
33 08
34 03
34 04
34 08
71
02
00
02
05
71
34 05
34 06
15
35 07
33 08
3507
33 06

R1 100C+S/1000

Rz rcpa. 0

HE hr

'RTN 24
| LBL 23
C 13
'RCL 6 34 06
|+ 81
f! 32
'SIN 04
'STO 6 3306
'RCL 1 34 01
f 31
INT 83
'EEX 43
2 02
+ 81
'RCL 1 34 01
f] 32
CINT 83
EEX 43
'3 03
X 71
"RCL 3 34 03
'RCL 4 34 04
E 15
'STO 7 33 07
g X2y 35 07
'STO 5 3305
'RCL 8 34 08
1 01
'8 08
0 00
|+ 61
RCL 3 34 03
| — 51
' STO 2 3302
RCL 5 34 05
Rs rm, B+ h,
Rs b,,h
RE ra, r3, 0

E—— .

ErE— Ta

|

RCL 7 34 07
RTN 24
LBL 23
E 15
f! 32
'R—P 01
g R} 35 08
!g R 3508
|1 32
'R—>P 01
g X2y 35 07
g R1 3509
+ 61
g Rl 35 08
+ 61
‘g R1 3509
g x2y 35 07
f 31
R—>P 01
'RTN 24
%g NOP 35 01
ig NOP 3501
g NOP 35 01
'g NOP 35 01
‘g NOP 35 01
g NOP 35 01
g NOP 35 01
'g NOP 3501
'g NOP 35 01
thDF‘ 3501
R; t,, em
Rg t,,t3-1t,,b;
Rg Used

cove | [ kevs [cob | [ kevs [cooe

|
|
F
|

m M m m v m

"

- =

mmmm®mMmMmmm
L N\

m
L A\ \

/

B

/

A A

i
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NAV1-26A3 145

COLLISION AVOIDANCE — COURSE CHANGES

KEYS CODE
F 15
+ 61
GTO 22
1 01
LBL 23
B 12
E 15
— 51
GTO 22
1 01
LBL 23
C 13
= 15
g R4 3508 |
LBL 23 |
1 01
DSP 21
. 83
3 03
STO 4 3304
— 51
f 31
SIN 04
RCL 7 34 07
X 71
RCL 1 34 01
f! 32
INT 83
- 81
EEX 43
3 03
= 81
f—l

SIN 04
RCL 4 34 04

Ry 100C + S/1000
R, g

Ra I"r

X =+
=

32 |

KEYS CODE| | KEYS CODE |

T

g LST X

T

" RCL 1

f

CINT
EEX

'Rd

o1
01

51

01

32

01
31
01

3507 |
00

35 24
03
06
00
61

43

42 |

03
35 07
83
05
61
31
83
71
35 00
41
34 01
31
83

43

03;
00 |

42

61

2

em

U_sed

02
81
51
31
04
32
04
00
35 24
22
02
61
61
24
23
02
61
42
61




