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CALCULATOR NAVIGATION

CALCULATOR NAVIGATION

Welcome to the world of calculator navigation! There are few skills as prized and envied as
the ability to navigate a ship anywhere in the world. The programs described in this booklet
are intended to aid the navigator whether he is an amateur yachtsman or a master mariner.
A basic knowledge of the principles of navigation is assumed. However, material in this book-
let may be supplemented with more detailed explanations found in such texts as: The
American Practical Navigator, H.O. Pub. No. 9; Dutton’s Navigation and Piloting, U.S. Naval
Institute Press; and Piloting/Mavigation with the Pocket Calculator, Tab Books.

USING THIS LIBRARY

Your calculator contains a removable Sofid State Software* module which places a large
library with a variety of programs at your fingertips the instant you turn the calculator on.
Each Solid State Software module contains up to 5000 program steps. Within seconds, you
can replace the Master Library Module with an optional module, ranging from Applied
Statistics to Aviation, to tailor your calculator to solve a series of professional probiems with
minimal effort. Your So/id State Software library does not take up valuable memory space
needed for your own programs. In fact, you can call a library program as a subroutine from
a program of your own without interruption.

After this brief introduction, you will find the description, user instructions, example pro-
blems and principal equations {when necessary) for each of the 30 programs in the Naviga-
tion Library. Each program is easily identified by the “NG’* number in the upper corner of
the page. This number corresponds with the call number you use to tell the calculator which
program in the Solid State Software module you wish to use.

The primary reference point in this manual for each program is the User Instructions. These
user instructions are also available for you in the handy pocket guide furnished with the
library. The program description and sample problems should be used when you first run a
program, to help you understand its full capabilities and limitations.

When using the Sofid State Software programs as subroutines to your own programs, you will

also want to check Register Contents for the program and check Program Reference Data
provided in Appendix A.

*Trademark of Texas Instrumgnts
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REMOVING AND tNSTALLING MODULES

The Master Library module is installed in the calculator at the factory, but can easily be re-
moved or replaced with another. It is a good idea to leave the module in place in the calcula-
tor except when replacing it with another module. Be sure to follow these instructions when
you need to remove or replace a module.

CAUTION

Be sure to touch some metal object before handling a
module to prevent possible damage by static electricity.

1. Turn the calculator OFF. Loading or unloading the module with the calculator
ON may cause the keyboard or display to lock out. Also, shorting the contacts

can damage the module or calculator.

2. Slide out the small panel covering the module compartment at the bottom of the
back of the calculator. {See Diagram below.)

3. Remove the module. You may turn the calculator over and let the module fall out
into your hand.

4. insert the module, notched end first with the labeled side up into the compartment.
The module should slip into place effortiessly.

5.  Replace the cover panel, securing the module against the contacts.

Don't touch the contacts inside the module compartment as damage can result.
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RUNNING SOL/D STATE SOFTWARE PROGRAMS

The Navigation Library contains a variety of useful programs. To help you get started in using
the Sofid State Software programs install your Navigation Library module and follow through
a couple of brief examples with us:

First of all, to eliminate any possibility of having any pending operations or previous results
interferring with your current program, turn your calculator off for a couple of seconds, and
back on again. This off/on sequence is the assumed starting point for each example problem

in this manual. Now press the key sequence {2nd] [Pgm] [0] [ 1] [SBR] [ =] to call
and run the “diagnostic” program. Notice the display goes blank except for a faint [ "

at the far left which indicates that calculations are taking place. After about 15 seconds, ‘5.”
will appear in the display. This displayed number indicates that the Navigation Library

Module is installed in the calculator and that the calculator and module are operating properly.
If the display is flashing after the diagnostic, refer to “In Case of Difficulty’’ in the SERVICE
INFORMATION Appendix of the Owner’s Manual.

The diagnostic program is a highly specialized one that works internally to check the
operation of your software library. Once you‘re sure things are working, you can continue
with another program in the library.

Assume that you know the two legs of the voyage you are about to take are 60 and 92 miles
and you need to know the equivalent distances in nautical miles as weil as the total distance.
Program NG-30 is the appropriate program for this problem. Look through the nonmagnetic
black and gold label cards® and find card NG-30 titled UNIT CONVERSIONS. Insert this
card in the window above the top row of keys on your calculator. You can now see that

the miles to nautical miles {mi. - n. mi.) conversion is performed by pressing the [ B ] key.
Now to solve the problem.

ENTER PRESS DISPLAY CONMMENTS
{2nd] [Pgm] 30 Call Program 30
60 {B] 52.1385744 Mi. = n. mi.
[+] 52.1385744
92 iB] 75.94581408 Mi. = n, mi.
F=] 132.0843885 Total distance in n. mi.

If you have the optional PC-T00A printer** you may obtain a printed record of any input and
output data that you wish. The programs in this library include instructions for printing most
of your data. Data that is printed is marked by a dagger “T" in the examples. You may print
anything else you wish by pressing [2nd] [Prt] on your caiculator, or the PRINT key on the
printer.

To use the printer, mount your calculator on the PC-100A using the Calculator Mounting pro-
cedure in the PC-100A Owner’s Manual. The switch called out in Step 2 should be set to
"OTHER" for your calculator. Always turn the calculator and printer off before mounting or
unmounting your calculator.

*The cards are supplied in a prepﬁnched sheet. Carefully remove the individual cards from the sheet and
insert them in the card carrying case for convenient storage.

"*Note: The T! Programmable 58 and T1 Programmable 59 will not operate on the PC-100 print cradle.

3
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Before you begin using the Solid State Software programs on your own, here are a few things
to keep clearly in mind until you become familiar with your calculator.

1.  Press [CLR] before running a program if you are not sure of the status of the
calculator. (To be completely sure of calculator status, turn it off and on again —
but remember that this clears the program memory.)

2.  The programs in this library may not be run in a fix-decimal format. You may
remove this format by pressing [INV] [2nd] [fix].

3. There is no visual indication of which So/id State Software program has been called.
If you have any doubts, the safest method is to call the desired program with [2nd]
[Pgm] mm, where mm is the two-digit program number. The calculator remains at
this program number until another program is called, [RST] is pressed or the calcu-
tator is turned off.

4. A flashing display normally indicates an improper key sequence or that a numerical
limit has been exceeded. When this occurs, always repeat the program sequence and
check that each step is performed as directed by the User Ihstructions. Any unusual
limits of a program are given in the User Instructions or related notes. The In Case
of Difficulty portion of Appendix A in the Owner’s Manual may be helpful in iso-
lating a problem.

5. Some of the Solid State Software programs may run for several minutes depending
on input data. If you desire to halt a running program, press the [RST] key. This
is considered as an emergency halt operation which returns control to the main
memory. A program must be recalled to be run again.

USING SOL/D STATE SOFTWARE PROGRAMS AS SUBROUTINES

Any of the Solid State Software programs may be called as a subroutine to your own program
in the main memory. Either of two program seguences may be used: 1) [2nd] [Pgm] mm
{User Defined Key) or 2) [2nd] [Pgm] mm [SBR] {Common Label). Both send the pro-
gram control to program mm, run the subroutine sequence, and then automatically return to
the main program without interruption. Following [2nd] [Pgm] mm with anything other
than [SBRI] or a user-defined key is not a valid key sequence and can cause unwanted resuits.

It is very important to consider the Program Reference Data in Appendix A for any program
called as a subroutine. You must plan and write your own program such that the data registers,
flags, subroutine levels, parentheses levels, T-register, angular mode, etc., used by the called
subroutine are allowed for in your program. In addition, a Register Contents section of each
program description provides a guide to determine where data is or must be located to run

the program.

A sample program that calls a Solid State Software program as a subroutine is provided in the
PROGRAMMING CONSIDERATIONS section of the Owner’s Manual.

If you need to examine and study the content of a Solid State Software program, you can
download as described in the following paragraph.
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DOWNLOADING SOLID STATE SOFTWARE PROGRAMS

tf you need to examine a Sofid State Software program, it can be downloaded into the main
program memory.* This allows you to single step through a program in or out of the learn
mode. It also allows using the program list or trace features of the optional printer. The only
requirement for downloading a Solid State Software program is that the memory partition be
set so there is sufficient space in the main program memory to receive the downloaded pro-
gram. The key sequence to download a program is [2nd] [Pgm] mm [2nd] IOp] 09, where
mm is the program number to be downloaded. This procedure places the requested program
into program memory beginning at program location 000. The downloaded program writes over
any instructions previously stored in that part of program memory. Remember to press [RST]
before running or tracing the downloaded program.

Any program in the Navigation Library Module may be downloaded with your calculator set
at the partitioning established when you first turn it on. If you need to change this partition-
ing see Appendix A for individual program requirements.

PROGRAM DESIGN NOTES

All directions {courses, headings, bearings, azimuths, etc.) are entered and displayed in decimal
degrees. Position coordinates and celestial data {declination, GHA, etc.}) appear in either the
degree-minute-second or degree-minute-decimal minute format. {See the appropriate sections
for the exact form.

All times are based on the 24 hour clock and must be in the same time zone. Using GMT in
programs where time is a factor {required for celestial programs) is advised. In general, times
are entered and displayed in the hour-minute-second format (HH.MMSS]).

Occasionally, times, position coordinates, and other data may be displayed with 60 in the
seconds position. Such outputs should simply be interpreted as full minutes. Note that when
data is displayed in either the hour-minute-second or degree-minute-second format digits past
the fourth decimatl place are actually the fractional portion of the second.

Latitudes, longitudes, compass corrections, and celestial data are represented by positive values
if north or west and are negative if south or east. This convention is easily recalled by remem-
bering that traditionally, north is placed above south, and keeping in mind the phrase “east

is least and west is best.”’

While every effort has been made to ensure the accuracy of these programs, in the final ana-
tysis, the navigator must assess the program results in light of all available information. Pro-
gram output that clearly does not square with the other data on hand should be treated
with caution. Tl's programmable calculators, as powerful computational instruments, can aid
the navigator by relieving him of considerable drudgery, but they can never relieve him of
the obligation to exercise his own judgement.

*Unless the library is a protected, special-purpose library.
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NAVIGATION LIBRARY DIAGNOSTIC

This program performs the following functions separately,

1. Diagnostic/Library Module Check

2.  Linear Regression Initialization

Diagnostic/Library Module Check

This routine checks the operation of your calculator and most of its functions, including con-
version and statistics functions that are preprogrammed in the calculator, trigonometric func-
tions, data register operations, program transfers, and comparisons. It also uses other naviga-
tion library programs to verify that the module is connected and operating correctly. If this
diagnostic routine runs successfully, in approximately 15 seconds the number 5. will be
displayed. if the calculator is attached to a PC-100A print cradle, the following will be printed:

—

i

NAVIGATION
5.

If there is a malfunction in the calculator or the Solid State Software module, a flashing num-
ber will be displayed. Refer to Appendix A of the Owner's Manuat for an explanation of the
various procedures to be followed when you have difficulties.

When you simply want to know which of your Solid State Software modules is in the calcula-
tor without physically looking at it, you can call the Library Module check portion of the
routine directly. If the Navigation Library Module is in the calculator, the number 5. will be
displayed. This number is unique to the Navigation Library {other optional libraries use other

identifying digits).

Linear Regression Initialization

This routine initializes the calculator for linear regression by clearing data registers Ros through
Res and the T-register. It should be used whenever linear regression or other built-in statistics
functions are to be started. You can also use the routine at any time to clear these registers

selectively without disturbing any other registers.

SRR




2a
2b

NOTES:

PROCEDURE

Diagnostic/Module Check

Select Program ! . [2nd] [Pgm] 01 .
Run Diagnostic 4 . [sBRI] [=] : 5.!

Qr : G
Library Module Check 5 " [SBR] [2nd] [R/S] 5.2

Initialize Linear Regression

Select Program [2nd] [Pgm} 01

fnitialize Linear Regression

1. This output is obtained if the calculator is operating properly.
2. The number 5. indicates the Navigation Library.

3. The Navigation Library programs are numbered 1 through 30. Program number Q is the
calculator’s program memory.

DISPLAY

-~ [SBR] [CLR] o

NG-01
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Example 1:

Diagnostic

PRESS

[2nd] [Pgm] 01
[SBR] [ =]

Example 2:

Library Module Check

PRESS
[2nd] [Pgm] 01
[SBR] [2nd] [R/S]

Example 3:

Initialize Linear Regression

PRESS

[2nd] [Pgm] 01
[$BR] [CLRI]

Register Contents

Rao Ros
Ro1 L R. Init Ros
Roz L.R. Init Ro-
Ros L.R. Init Ros
Ros L.R. Init Rog

L.R. Init
L.R. Init

DISPLAY
5.
DISPLAY
5.
RlO
Ri
R12
R13
Ria

DISPLAY

OPTIONAL
PRINTOUT

NAVIGATION
5.

OPTIONAL
PRINTOUT

NAVIGATION
5.

R0
Ra Used
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COASTAL NAVIGATION

The programs of this section are designed primarily for short range navigation where factors

such as the current and vessel speed remain constant throughout the leg. Another limitation

is that leg times must be less than 24 hours when using any program that computes the time
on a leg or time between observations.

The DEAD RECKONING and RHUMBLINE NAVIGATION programs may be used for fong
range planning. For these programs coordinates are entered and displayed in the degree-
ininute-decimal minute (DDDMM.m) format. If your data is in seconds rather than decimal
minutes, simply enter it in that form (DDDMM.SS) and press [2nd] [D.MS} before pressing
the approp!’!ate user defined key. The opposite conversion may be performed on program out-
puts by pressing [INV] [2nd} [D.MS].

The LAT/LON programs at the end of this section are for short range navigation only. Each
quires that the CHART INITIALIZATION (LAT/LON) program be used to load constants
apphcable to the area being navigated. Latitude and longitude are entered and displayed in the
ree- .minute-second {DDD.MMSS) format. If your data is in decimal minutes, enter it in that
m (DDDMM.m), press {INV] [2nd] [D.MS], then divide by 100, press [ =], and press the
oprlate user defined key. (Watch the decimal point!} These programs are limited in that
will generate incorrect answers if the international date line lies between navigational

s or vessel positions and cannot follow a course through a pole.

e programs calling for magnetic variation and/or deviation, compass courses and bearings
ered and displayed. If you wish to make these conversions mentally, then enter zero or
he step according to program instructions. However, all directions must then be entered
the same reference north and all output will be with respect to that reference direction,

eparate bearings are taken to fix a position, the bearings should differ by at least
egrees. Otherwise, gross errors may result as readings can only be accurate to the nearest
‘at best. An angular separation near 90 degrees is ideal.
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TIME-SPEED-DISTANCE WITH CURRENT SAILING

This program is actually three routines in one, the first of which operates independently of the
remaining two.

TIME-SPEED-DISTANCE

Given any two of the three quantities time sailed (At), speed made good (SMG), and distance
sailed {Dist), this routine is capable of finding the third value. Varying forms of the basic
equation Dist = SMG X At are used in calculations.

PLANNING WITH CURRENT SAILING

This routine may be used to plan a trip of multiple legs. Given the expected speed over the
bottom (or the desired time of arrival), the distance of the leg, and the departure or starting
time of the leg, the calculator will determine the estimated time of arrivat {or the speed to
make good) and the time of each leg while keeping track of the cumulative distance and time
as well. Aside from the time-speed-distance equations above, ETA = ETD + At is the only
formuta used by this routine.

Once the above entries have been made {computation is necessary only when SMG is not
entered), the true course to steer (C,) and the necessary speed through the water -{S) may be
found by entering the drift {Dr) and set {St) of the current along with the course 10 make
good.

C, and S are derived from the vector gquation

>

—
V = VMG — Cr

where:
—_—
VMG has magnitude SMG and direction CMG,
—
Cr has magnitude Dr and direction St, and

V has magnitude S and direction C,.

10



Select program.
f Select degree mode.
TIME-SPEED-DISTANCE
Initialize.

Enter time interval and speed
made good to calculate
distance.

‘OR

. Enter time interval and
- distance to calculate SMG .

OR

Enter distance and speed made
' good 1o calculate time.

Display:
time,
SMG,
Bist,

PLANNING

Initialize

Enter ETD.

Enter speed to make good.
Enter leg distance.

' Calculate ETA,

Compute.

Display total distance

- and time {optional).
Display teg time {optional).

& Return to step 10 for next leg.

OR

Enter ETD.

. Enter leg distance.

- Enter ATA and compute.

: Display total distance

and time {optional).
Display teg time {optional).
' Display SMG

Return to step 17 for next leg.

PROCEDURE

At {HH.MMSS)
SMG {knots)

At (HH.MMSS)
Dist (nau. mi.}

Dist {nau. mi.)
SMG (knots)

ETD {HH.MMSS)
SMG {knots)
Dist {nau. mi.)

ETD (HH.MMSS}
Dist (nau. mi.}
ATA (HH.MMSS)

N

L 12nd] [Pgmi 02

[2nd] {Dey]

[2nd] [A']

8]
[c]
D}

Py ——
oUW

el

vow
T
oo®

[2nd] [A']
[A]
fcl
ID]
[E]
| [2nd] [E']
. [R/S]
- [R/s]
[B1[B]

[A]
(D]
! [2nd] [E']
IR/
R/
[81[B]
[clicl

PRESS

NG-02

0.

a.
.
Dist {nau. mi.}

0.
0.
SMG (knots)

0.
0.
At (HH.MMSS)

At (HH.MMSS)
SMG (knots)
Dist {nau. mi.)

0.

ETD {HH.hh)}

a.

0.

ETA (HH.MMSS)
ETA

tD {nau. mi.}

At {HH.MMSS)
At,, (HH.MMSS)

ETD {HH.hh)

0.

ATA {HH.MMSS)
tD {nau, mi.}

At {(HH MMSS)
At, (HH.MMSS)
SMG {knots)

DISPLAY




DISPLAY

 STEP PROCEDURE 55 ENTER |

. PLANNING WITH CURRENT

© SAILING

To find the speed and true

¢ course to steer through the : L

* water for a leg, insert the 2 i

¢ following between steps 10

and 11 {or 19 and 20}. :

22a © Enter drift and . Dr{knots) i 2nd] 1€
. 5t{DDD.dd)  {2nd] [C']

CMG (DDD.dd} * [2nd] [ D' ]

Prev. Dr {knots)
Prev. $t (DDD.dd}
C, (DDD.dd)

22b set of current,

23a Enter CMG to find true course
¢ to steer

| and required speed. iR/8] S (knots)

NOTES: 1. To correct an erroneous entry, simply reenter. Data not causing immediate computation may
be entered in any order providing both parts of a step are performed in sequence.

2. Steps 22 and 23 may be performed any time after SMG has been entered or calculated.

3. If any value to be entered is zero, enter zero.

EXAMPLE: How long will it take to make good a distance of 115 nautical miles at a speed of

27 knots?

ENTER PRESS DISPLAY COMMENTS
[2nd] {Pgm] 02 Select Program
{2nd] [Deg} Seject Degree Mode
[2nd] [A'] 0. Initialize

29t [c] 0. SMG

1151 [D] 0. Dist

[B] 5.133818182% At (HH.MMSS)

§ Printed if PC-100A is connected.
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ENTER

17.32%
15t
25t

19t
13t

ENTER

g2t
25t
10.35

137
11.3

PRESS

[2nd] [Pgm]} 02
[2nd] [Deg]
[2nd] [A']
A}

[C]

[D1}

[E]

{2nd] [E']
[BI1I[B]
[C]

[D]

[E]

[2nd] [E']
[R/S]
[R/S]
{B1I[B]

PRESS

[2nd] [Pgm] 02
[2nd] [Deg]
[2nd] [A']
[A]

[D]

[2nd] { E']
[B](8B]
[cllc]
(D]

[2nd] [E']
[R/S]

[R/S]
[BIiB]
[clic]

t Printed if PC-100A is connected.

DISPLAY

0.
17.53333333
0.
0.
19.12t
19.12t
1.4t
0.
0.
19.53031579%
19.530315791
38.t
2.210315797
0.41031579%

EXAMPLE: Departing at 8:20, you wish to complete the first leg (25 nautical miles) at 10:35
and the second (13 nautical miles} at 11:30. Determine the total time and distance and the
speed to make good for each leg.

DISPLAY

0.
8.333333333
0.

10,3461

2151

111111911t
0.

11.3F

38.f

3.1t

0.551

14.18181818%

13
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EXAMPLE: Planning to make good a speed of 15 knots on the first leg {25 nautical miles)
and 19 on the second (13 nautical miles), you intend to depart at 17:32. Find the ETA and
time for each leg as well as the total time and distance.

COMMENTS

Select Program
Select Degree Mode
[nitialize

ETD

SMG

Dist

ETA

ATA {(HH.MMSS)
At; {HH.MMSS)
SMG

Dist

ETA

ATA (HH.MMSS)
D

At (HH.MMSS)
Aty (HH.MMSS)

COMMENTS

Select Program
Select Degree Mode
Initialize

ETD,

Disty

ATA;

Aty (HH.MMSS)
SMG

Distz

ATA,

tD

At {HH.MMSS)
Aty (HH MMSS)
SMG




NG-02

EXAMPLE: The true course to make good for the first leg above is 213°. You know the
current to set 175° at 2 knots. Find the necessary speed and course through the water.

ENTER ' PRESS DISPLAY COMMENTS

[2nd] [Pgm] 02 Select Program
[2nd] {Deg!} Select Degree Mode
{2nd] [A'] 0. initialize
g2t [A] 8.333333333 ETD
251 [D] 0. Dist
10.35 [2nd] [ E'] 10.346T ATA
2t i2nd] [C'1] o Dr
175t [2nd] [C'] 0. 5t
213 [2nd] [D'] 220.36822371 CMG-C,
{DDD.dd)
[R/S] 9.61426492171 S

Register Contents

Roo Ros Rio Ris Ry Used
Ryy ETD Ros Dr Ry R;s R, Used
Re, Dist Rp; St R:z SMG Riq

Ros tD Ros Ria Ris

Roa Ros Ris Aty Ris At

t Printed if PC-100A is connected.

*Previous entries will be displayed if corrections are made or another problem has been run.
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NG-03

DISTANCE SHORT OF, BEYOND, OR TO HORIZON

There are five distances which may be found by this program. Each distance is displayed in
nautical miles and may be converted to feet If desired. The possible computations are:

D, = the distance to apparent horizon for a given height of the eye,

D, = the distance of visibility of an object of known height at a given
height of the eye,

D, = the distance to an object of known height, the base of which is
obscured by the horizon when the vertical angle between the top
of the object and the apparent horizon is measured by a sextant,

Dy = the distance to an object when the vertical angle between its waterline
and the apparent horizon {depression angle) has been measured by a
sextant, and

D = the distance to an object of known height when the vertical angte
between its waterline and top (subtended angle) is measured with a
sextant.

The sextant altitude is corrected for eye height and index error by the program.

The height of an object (in feet) may also be found provided its subtended angle and distance
(in feet} from the observation point are known by the observer.

The equations used for computation are:

D, = 1.144 VEYE, D, = 1.144 (VEYE +VH),
_\/ tanHo \? H—EYE __tanHo o - EYE
b 0.000246) 0.74736  0.000246 ®  tan (Hs+ IC + (0.97 VEYE/60)
D = H/tan (Hs + IC}, and H = D tan {Hs + IC).

The variables used above are:
H = object height,
EYE = eye height,

Ho = Hs + IC — (0.97~/EYE/G0),
Hs = sextant altitude, and
IC = index correction. -

REMARK: A small vertical sextant altitude (Hs < 10"} between object and horizon may yield
unreliable results due to atmospheric conditions.

15




In the figure above, Hs, is used to find D, Hs; corresponds to D and Hs; determines Dy. Dy

and D, do not require sextant measurements.
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NG-03

| STEP,

13
14
15
16

17
18
19
20

21
22
23

feet and compute object

height in feet.

PROCEDURE ENTER PRESS DISPLAY
Select program [2nd] [Pgm] 03
Select degree mode, [2nd] [Degl
Find Dy, ‘
Enter eye height. EYE (ft.) [A] EYE (1)
Display Dy, in nau. mi., [cl D,, (nau. mi.)
in feet {optional). [R/S] D, {ft.)
Find D,
Enter eye height. EYE {ft.) - [A] EYE (ft.)
Enter object height. H (ft.) ' [2nd] [A'] H (ft.)
Display D, in nau. mi., (2nd] [C'] D, (nau. mi.)
in feet (optional). D, (ft)
Find Dy,
Enter eye height. EYE {ft.} Al EYE {ft.}
Enter object height. H {ft.} [2nd] [A') H {ft.)
Enter sextant altitude above Hs (DDMM.m) ¢ [B] Hs {DD.dd)}
horizon.
Enter index correction. IC (M.m) [2nd] [ B'] IC {.dd)
Display By, in nau. mi., D] Dy, {nau. mi.)
in feet loptional}. [R/8] D, (ft.}
Find Dy
Enter eye height. EYE {ft.) [A] EYE {ft.}
Enter depression angle Hs (DDMM.m} | [B1 Hs (DD.dd}
Enter index correction. IC {M.m) [2nd] [B'] IC {.dd)
Display D in nau. mi., [2nd] [D'1] Dy (nau. mi.)

- in feet {optional). [R/S] D (ft.)

. Find D.

. Enter object height. H {ft.) [2nd] [ A’} H (ft.)

. Enter subtended angle, Hs (DDMM.m} | [B] Hs {DD.dd)

. Enter index correction, IC (M.m) [2nd] [B'] IC {.dd)
Display D in nau. mi., - [E] D {nau. mi.)
in feet {optional). [R/S] D {ft.}

Find object height.

Enter subtended angle Hs (DDMM.m) § [B] Hs (DD.dd)
Enter index correction, IC (M.m) [2nd] [B'] IC {.dd)
Enter distance to object in D (ft.} [2nd] [E'] H {ft.)

17




NG-03

NOTES: 1.

To convert nautical miles to feet at any time; press [ C ], enter quantity to be converted, and
press [R/S] to display quantity in feet.

2. Data may be entered in any order provided immediate computation is not involved.

3. Any entry error may be corrected by keying in the proper value and pressing the appropriate

user defined key.

EXAMPLE: You know that a fighthouse, the base of which is hidden by the horizon, stands
280 feet above sea level. The sextant reading is 23.4" above the horizon at an eye height of
29 feet. The index correction required by the sextant is 1.2". What is the distance to the light-
house? to the horizon? Compute the visibility of the lighthouse for the above eye height.

ENTER

22t
280t
23.4

1.2

PRESS DISPLAY COMMENTS
[2nd] [Pgm] 03 Select Program
i2nd] [Deg] Select Degree Mode
[A] 22. EYE
[2nd] [A'] 280. H
[B] 0.397 Hs
[2nd] [B'] 0.02t ic
[D] 6.4129087451 Dy, {nau. mi.)

[cl 5.3658356297 Dp, (nau. mi.)
{2nd] [ C'] 24.50861704% D, (nau. mi.)

EXAMPLE: The sextant altitude subtended by the base and top of a 53 foot light tower is

56.2' and the depression angle is 19.8'. Your eye height is 22 feet and your sextant requires
an index correction of —1.8'. Determine the distance to the tower by finding both D and D,
using only the required information.

ENTER

53t
56.2
1.8

227
19.8

PRESS DISPLAY COMMENTS
[2nd] [Pgm] 03 Select Program
[2nd] [Deg] Select Degree Mode
[2nd] [A'] 53. H
[B] 93666666671 Hs
[+/—] [2nd] [B'] —0.03t IC
[E] 0.5511734098T D (nau. mi.)
[R/S] 3348.99577971 D (ft.)

[A] 22. EYE

[B] 0.33% Hs

[2nd] {D'1* 55197976961 Dy (nau. mi.)
[R/S] 3353.8953177 Dy (ft.}

t Printed if PC-100A is connected,
*1t is not necessary to reenter 1C.
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distance.
ENTER PRESS DISPLAY
[2nd] [Pgm] 03
. [2nd] [Deg]
- 56.2 [B] .9366666667
. 1.8 [+/=1 [2nd] [B'] —0.03"
g 3349 [2nd] [ E'] 53.00006681

Register Contents

Reo IC Ros Rio Ris Used
Ro1 EYE Ros Ri, Ris
Ro. H Ror Ri2 Ris
Ros Hs Ros Ria Ris
Ro4 Ros Ria Rie

t Printed if PC-100A is connected.
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EXAMPLE: Determine the height of the light tower in the last example using D for the

COMMENTS

Select Program
Select Degree Mode
Hs

Ic

B->H (ft}




NG-04

VELOCITY NEEDED TC CHANGE RELATIVE POSITION

The speed and course necessary for a {maneuvering) vessel to change its position relative to a
second {guide)} vessel may be obtained from this program. The pilot must supply the speed and
course of the guide vessel, the initial and desired distances and bearings from the guide vessel
to the maneuvering vessel, and the time interval in which the maneuver is to be completed.

The required information is derived from the vector equation

—_— =

— — >
Vi, = (P2 — P VAL +

where:
4 __)‘ - 3 - - -
Vv, (V,,) = the guide {maneuvering) vessel velocity vector with magnitude
oo Sy (8, and direction C, (C,,.},
P, (P, ) = the position vector with magnitude D, (D,)} and direction

Bt‘l (Bt2 )'

S, = the speed of the guide vessel through the water,
S,, = the required speed of the maneuvering vessel,
g = the true course of the guide vessel,
C.m = the true course to be held by the maneuvering vessel,
B, = the initial distance between vessels,
D, = the desired distance between vessels,
B,, = the initial true bearing from guide vessel to maneuvering vessel,

B,, = the desired true bearing, and

At = the time allowed for the maneuver.

REMARK: If reiative bearings are entered, they must be converted to true bearings by the
formula: B, = B, + C,. The program will make this conversion on command only.
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NG-04

PISPLAY

PROCEDURE ENTER PRESS
Select program. ' [2nd] [Pgm] 04
Select degree mode. | [2nd] [Deg]
Enter speed of guide vessel Sq {(knots} Al Prev. S, (knots)
and its true course. Cig {DDD.dd} [A] Prav. Cig (bDD.dd)
Enter initial distance and D, (nau. mi.} Bl Prev. Dy {nau. mi.)
bearing between vessels, B, (PDD.dd) [B] Prev. By (DDD.dd)
IF B, 1S RELATIVE [2nd] [B'] B,, {DDD.dd)
convert to true bearing.
Enter desired distance and B, {nau. mi.) [C] Prev. Dy {nau. mi.)
bearing between vesseis B, {DDD.dd) [C1] Prev. B, {DDD.dd)
IF B, IS RELATIVE [2nd] [C'] B, {DDD.dd)
convert to true bearing.
Enter allowed time, At {HH.MMSS) L [ D] At {HH.hh)
Compute required speed and [E] 8, (knots}
true course of maneuvering Ciyy (DDD.dd)

vessel,

| [R/s]

s
3]

1. The data for Steps 3, 4, and 6 may be entered or corrected by reentry in any order {part b must
follow a}. In making a correction, both parts of the step must be performed in sequence even if
oy one value was entered incorrectly.

2. If the value of any data is zero, enter zero.
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NG-04

EXAMPLE: The guide vessel is proceding along a true course of 215° at a speed of 12 knots.
You wish to change your position from 15 nautica! miles due west of the guide (270° true} to
17 miles dead ahead (0° relative) in 1 hour and 30 minutes. What course and speed should you

maintain?
ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm} 04 Select Program
[2nd] [Degl Salect Degree Mode
121 [A] 0. S
2151 (Al 0.* Cig
15t B8] 0." Dy
270t [B] 0.* By1
171 (cl 0.* D2
ot [cl 0.* By2
[2nd] €] 2161 By = B
1.3t [D] 1.5 At
[E] 19.410704287 S
[R/S] 190.0384179% Cym(DDD.dd)
Register Contents
Roo Ros Rio Ris Ryo Used
Ror B: Ros R Ris R,, Used
Ro2 Ds Ro+ Ri2 Ri7 Sg R, Used
Ros B2 Ros Ris Ris Ctg
Ros D Ros Rua At Rio

* | another example has been calculated or if corrections are made, the previous entry will be displayed.
t Printed if PC-100A is connected.
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NG-05
VELOCITY, VMG, AND CURRENT VECTORS

Given any two of the following;
1. drift {Dr) and set (St) of the current,
2. speed (S} and magnetéc course (Cyy) steered through the water, and
3. speed (SMG) and course (CMG) made good;

calculation of the remaining pair of values is made possible by this program.

The velocity made good vector s the vector sum of the velocity and current vectors. The
unknown values are derived from this equation.

s N N

- —
VMG =V + Cr A
where:

_—
VMG has magnitude SMG
and direction CMG,

—
V has magnitude 5
and direction C,, and

—
Cr has magnitude Dr and
direction St.

REMARK:

If the result is the zero vector, the display will flash.
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NG-05

_Sotia State Software

STEP PROCEDURE ENTER PRESS DISPLAY
1 “Select program [2nd] [Pgm] 05 o
2 Salect degree mode. [2nd] {Deg]
3 Enter magnetic variation (+W, —E}. | V {DD.dd) I2nd} [ A"} V {DD.dd)
Find SMG and CMG
4a | Enter vessel speed and S {knots} [A] Prev, S {knots)
4b magnetic course. C., (DDD.dd) [Al Prev. C., {DDD.dd)
ba Enter drift and Dr {knots} [B] Prev. Dr {knots}
5b | set of current. St (DDD.dd} [B] Prev. 3t {DDD._dd}
6 Compute. [E] 0.
7a Display SMG icl SMG {knots)
7b and CMG. [R/S] CMG (DDD.dd)
Find drift and set,
8a | Enter vessel speed and S {knots) [A] Prev. S {(knots)
8b | magnetic course. C., (DDD.ad} tiA] Prev. C,, (DDD.dd)
9a : Enter speed and SMG {knots) {Cc] Prev. SMG (knots)
9b © course made good. CMG (DDDdd) i [ C ] Prev. CMG (DDD.dd}
10 Compute, [E] 0.
t1a | Display drift and [B] Dr (knots)
11b % set of current. [R/S] 5t {(DDD.dd)
Find speed and C,.
12a § Enter drift and Dr (knots) iBl Prev. Dr {knots})
12b ¢ set of current. St {DDD.dd) [B] Prev. 5t (DDD.dd)
13a ! Enter speed and SMG {knots) 1 [C] Prev. SMG {knots}
t3b § course made good, . CMG {DDD.dd); [C] Prev. CMG {DDD.dd)
14 Compute. '[E] 0.
18a | Display speed and [A] 5 {knots)
16b § magnetic course. [R/S] C., {DDD.dd)
NOTES: 1. Major data entry steps (i.e., 4 and 5, not 4a and 4b) may be performed in any order

2. Data may be corrected any time previous to computation by reentry; however, both parts of the
step {a and b} must be performed in their proper sequence regardless of whether one or both of

the entered values is to be changed.
3. Printer usage is optional.
4, If the value of any data is zero, enter zero,
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ENTER

13.751
gt
100t
471

7ot

PRESS

[2nd] [Pgm] 05

[2nd] [Deg]

Register Contents

[2nd] [A']

fA)

(Al

[C]

fcl

[E]

fB]

[R/S]
ROS R!D
R(}ﬁ Dr Ril
RO'f St Rlz
HOS Rm
RDQ R34

SMG
CMG

DISPLAY
13.75
0-*
0.*
0.*
0.*
0.
2.4326132021
293.64543661
Rls
Rig V
Ris S
Ris Cm
Rig

25

R., Used

NG-05

EXAMPLE: Steering a magnetic course of 100° at a speed of 6 knots through the water, your
CMG is 070° and your speed over the bottom is 4 knots. Knowing that the magnetic variation
is 13.75°W, find the drift and set of the current.

COMMENTS

Select Program
Select Degree Mode
v

S

Cm

SMG

CMG

Compute

Dr

St {DDD.dd)

*Previous entries will be displayed if corrections are made or if another example has been run,
t Printed if PC-100A is connected.




NG-06

COURSE TO STEER AND SMG (PLANNING)

Given the desired course to make good (CMG), the vessel speed through the water (S), the
drift (Dr} and set (St} of the current, and the magnetic variation (V) and deviation {De}, this
program will compute the compass course to steer and the resulting speed made good.

An additional function of this program is the calculation of the time required to sail a specified
distance.

The primary equations used by the program are

C, = CMG —sin' [{Dr/S} sin (St — CMG}]
and
SMG = S cos (C; — CMG) + Drcos (St — CMG).

REMARKS:
1. The drift must be less than the vessel speed.

2. The magnetic deviation may be disregarded in determining the course to steer.
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NG-06

STEP PROCEDURE ENTER PRESS | DISPLAY
1 Select progrém. h ‘ [2nd] [Pgm] 06
2 Select degree mode. [Znd] [Degl
3 Enter magnetic variation V {DD.dd) [2nd] [A'] V {DD.dd}
(+W, —E}.
4 Enter vessel speed, S {knots) [Al . S {knots)
5 Enter coursa to make good. .\ CMG (DDD.dd) ! [B] ~ CMG (DDD.dd)
6a © Enter drift and Dr (knots) [C] Prev. Dr (knots)
6b ! set of current. St (DDD.dd} ic] Prev, St (DDD.dd}
7a & Calculate magnetic course ' D1 Cr, {DDD.dd)
7b | and correct to compass course . De{D.dd} {R/S] C. (DDD.dd}
if desired (De; +W, —E). i
8 Compute resulting speed [E} SMG (knots)
made good, :
9 | Enter distance to find cruise . Dist{nau.mi.} . [2nd] [D'] At {HH.MMSS)
1 time.
10 | Enter starting time to find tg (HH.MMSS) | [2nd] [ E'] i ETA (HH.MMSS) |
| arrival time, : | .

NOTES: 1. Data entries not causing immediate calculation may be entered in any order {6b must follow 8a).

2. Data may be corrected by reentering. If either Dr or St is incorrect, both must be reentered in the
proper order. 1f {R/S] is pressed after entering a wrong value for De, press [ D | and reenter; if
not, press [CE] and reenter.

. Enter time in GMT unless the starting and destination points are in the same time zone.
. Al time entries are based on the 24-hour clock.
. Use of printing unit is optional.

@ oA W

If the value of any data is zero, enter zero.

Register Contents

Roo Ros Rie Rys Cm R,o Used
Ro1 Rog Dr R Rig V

Roa Res St Rys SMG R.» §

Roa Ros R:s CMG Rys C;

Roa Ros Ria Rig
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NG-06

EXAMPLE: At a speed of 8 knots through t
030° through a current havin
course to steer and the resulting
times if you make good a distanc

and the deviation is 4°E.

ENTER

13.756T
gt

3ot
157
g0t

at
12,67

23.17%

*#If another problem has been calculated or if cor

g a set of 080°
SMG. Starting at 23:17, w
e of 12.5 nautical miles. The magneti

PRESS

[2nd] [Pgm] 06
{2nd] [Deq]
[2nd] [A']
Al

[B]

[ci

[cl

(Dl

[+/-1 [R/S]
[E]

[2nd] [D']

[2nd] [E']

t Printed if PC-100A is connected.
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DISPLAY

13.7%

0.*
35.491853461
31.491853461

8.88122921%
1.2426866197

41268661891

he water, you desire to make good a course of
and a drift of 1.5 knots. Determine the compass
hat will be the run and arrival

¢ variation is 13.75°W

COMMENTS

Select Program
Select Degree Mode
vV

S

CMG

Dr

St

Cp, (DDD.dd}

De > C, {DDD.dd)
SMG

Dist > At
(HH.MMSS)

1, > ETA
{HH.MMSS)

vections are made, previous entries will be displayed.




NG-07

DISTANCE OFF ONE OBJECT AND TIME OF NEAREST APPROACH

Given two observations of a single object, this program is designed to compute the distance
made good {DMG)} between observations, the distance off the object at the second observation
point {D,), the distance of nearest approach to the object {D, ), and the time of nearest
approach (t,). The list of additional data that must be supplied includes the vessel speed through
the water {S), the compass course {C,), the drift (Dr) and set (St) of the current, and the magnetic
variation (V).

The veiogity made good vector is the vector sum of the vessel velocity and current vectors
(VMG = V + Cr)

where:
—_-+ - - -
VMG has magnitude SMG and direction CMG,
?/ has magnitude S and direction C,, and

Cr has magnitude Dr and direction St. d -

The required variables are derived
from the input and the above, then:

DMG = SMG X Aft,

sin (B;; — a)

P2 = DMG sin (B,, — B,y),
D, = D, sin (B,, — a),
At, = D, cos {B,, — a)/SMG,
and
t, =t, +AL,.

Additional variables used in the above equations are:

At=1t, —t,,
t,,t, = times of observations,
o = CMG — C, and,
B

B,, = relative bearings to the object measured clockwise from the bow at t, and t,.

rir—r2
REMARIS:
1. #B,—-B, = +180°, an incorrect answer will flash in the display register.

2. If the value of any data (other than De) is zero, enter zero.
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NG-07

STEP PROCEDURE . ENTER | PRESS DISPLAY
1 . Select program. [2nd] [Pgm] 07
2 | Select degree mode. [2nd] [Deg] ‘
3 I Enter magnetic variation (+W, —E). , V (DD.dd} - [2nd] [ Al V {DD.dd)
d4a  Enter vessel speed . S (knots) [A] S {knots)
4b . and compass course. G, (DDD.dd} | [A] C. {DDD.dd)
4c ¢ Enter magnetic deviation if | De ({D.dd) - [R/8] De (D.dd)
- desired (+W, —E). ;
ba : Enter drift and ~ Dr (knots) ' [2nd] [B]] Prev. Dr {knots)
5b | set of current. | St(DDD.dd}) | [2nd] [ B ] Prev. St (DDD.dd)
6 - Enter first relative bearing. B,, (DDD.dd) . [B] . Prev. B,, (DDD.dd) |
7 Enter first time. |t {HH.MMSS)  [C1 ty — prev tg
8 | Enter second relative bearing. -~ B,, (DDD.dd} © [B] Prev. B,, {DDD.dd)
9 Enter second time. .tz {HH.MMSS) [cC] At (HH.hR)
10a : Compute distance made good [ D] DMG {nau, mi.}
between observations.
10b @ and distance off object at 1,. - [R/8] 3 D, {nau. mi.)
11 Display distance of nearest [2nd] [D'] { B,, (nau. mi.)
approach. . ‘
12a i Display time before nearest - [E] := At,, (HH.MMSS)
approach. ]
12b | Display time of nearest approach. [ - [R/S] | 1,, (HH.MMSS) .

NOTES: All time entries are based on the 24-hour clock.
. All times entered should be in the same zone {or GMT).
. 1f 1, is displayed as a negative value, add 24 to obtain the correct result. If t, = 24, subtract 24,

. In entering data, Step 8(9) must follow Step 6(7}.

SRR

Data may be corrected by reentry; hawever, if either of By or B2 {or t; or t;} is to be changed,
both must be reentered in the proper sequence. Also, if De must be corrected, both S and Ce
must be reentered as well.

6. If At, is disptayed as a negative value, then t, has already been passed.
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NG-07

EXAMPLE: At a speed of 6 knots, you are steering a compass course of 045°, The set of
the current is 110° and the drift is 1 knot. At 13:00 the relative bearing to a lighthouse is
024° and at 13:10 it bears 060°. The magnetic variation is 13.75°W and the magnetic devia-
tion is 3°E. Determine the DMG between observations, the distance off the lighthouse at
13:10, the distance of nearest approach, the time between 13:10 and the nearest approach
and the time of nearest approach.

ENTER

13.757
gt

a5t
at

1t
1ol
241
131
sot
13.1t

Register Contents

PRESS DISPLAY

[2nd] [Pgm] 07
[2nd] [Deg]

[2nd] [A'] 13.75

[A] 6.

[A] 45,

[+/-] [R/S] -3.

[2nd] [B'] 0*

[2nd] [B'] 0

[B] 0.*

[C] 0.*

[B] 0.*

[c] . 1666666667

D] 1.05348416%

[R/S] 46930488117

[2nd] [D'] .365642480271

{E] 02475573267

[R/S] 13.12375573%
Riﬁ RIS D2 RQD DMG
Ry, Ry V Rz Used
R, SMG Ry7 S Rz @
Ris Ris G Ras Dn
Rie At Ry t Raa ty

COMMENTS

Select Program
Selact Degree Mode
v

S

Ce

De

Dr

St

Brs

t

BrZ

1, > At (HH.hh)
DMG

D,

Dy

At {(HH.MMSS)
1,, (HH.MMSS)

R,s  Used

*If corrections are made or if another example has been run, previous entries will be displayed.
t Printed if PC-100A is connected.
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NG-08

DMG, SMG, CMG FROM TWO OBJECTS

The objective of this program is the evaluation of the distance (DMG), speed (SMG), and course
made good {CMG) during the time interval between two observations. At each observation, the
compass bearings to both object one (B, Be,) and object two (B,,, Be,} are to be taken.

The magnetic variation (V) as well as the distance (D) and true bearing {B,) from object one

to object two are required for computation.

Compass bearings are converted to true bearings (B, = B, —V— De) by the program, then the
distances off objects one {D,} and two {D,) are given by the equations

sin (B, — B,,) sin (B, — B,,)
— ______2_.. = R SE—
, =SD— and D, =D-————*
sin {By, — By} sin {B,, —B,}

Distances D) and D are found similarly.

The distance and course made good are derived from the result of the vector equation
— —

N
P=P, — P

N Object 2

b /]\N A

Object 1 CMG

Second Observation Point

S

where:
-‘"). - - -
P, has magnitude D, and direction By,
_)
p!  has magnitude D/ and direction B{,, and

3 has magnitude DMG and direction CMG.

The speed made good is found by dividing the course made good by the time between
observations.

REMARK: The magnetic deviation may be omitted in program calculations.
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© STEP

6. If either boaring is G00°,

enter C.

33

PROCEDURE ENTER PRESS DISPLAY
1 Select program. [2nd] [Pgm] 08
2 Select degree mode. {2nd] [Deg]
3a : Enter magnetic variation V {DD,dd) [Znd] [A'] V {DD.dd)
(+W, —E).
3b & Enter magnetic deviation if De {D.dd) [R/S1 De {D.dd)
¢ desired (+W, —E).
4a | Enter distance and D {nau. mi.) [A] Prev. D (nau. mi.)
4b © true course from object 1 B, {DDD.dd) [A] Prev, B, (DDD.dd)
to object 2.
5 Enter first bearing
to object 1, B, (DDD.dd) | [B] Prev. By, (DDD.dd}
6 to object 2. Be, (DDD.dd) | [2nd] [8'] 0.
7 Enter first time. 1 (HH.MMSS) @ [C ] t; — prev. ty
8a Display first distance
t0 object 1, iD] D: (nau. mi.}
8b to object 2, iR/S] D3 {nau. mi.)
9 Enter second bearing
to object 1, B, (DDD.dd} ¢ [B] B,, (DDD.dd)
10 to object 2. Be, (DDD.dd) | [2nd] [B'] 0.
1" Enter second time to find ty (HH.MMSS) | [ C ] At (HH.hh)
- time interval.
12a ¢ Display second distance ; ,
1o object 1, (D] Dy {nau. mi.}
12h to object 2, . [R/8] D, {nau. mi.)
13 Compute distance made good [E] DMG (nau. mi.)
between observations.
14a : Display speed and [2nd] [E'] SMG (knots)
14b | course made good ER/S] CMG (DDD. dd}
NOTES: 1. A!I tlme entries shouid be based on the 24-hour cloek and in the same time zone {or GMT) '
2. If midnight falls between the two observations, add 24 to 1, before entering.
3. In entering data, Step 3 must be performed first, Step 9{10} must follow Step 5(6).
4. Data may be corrected by reentry; however, both parts of a step {a and b} must be performed
in sequence even if only one value is to be changed. This also applies to Steps 5 and 9 {6 and 10).
5. Steps 8 and 12 are optional.
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EXAMPLE: Steering a compass course of 092°, you sight a lighthouse bearing 172° (compass)
at 12:00. At the same time a buoy bears 089° (compass). Fifteen minutes later the lighthouse
is at 274° (compass) and the bearing of the buoy is 338° (compass). You know that the true
bearing from the lighthouse to the buoy is 047° and that the distance between them is

1.2 nautical miles. Given a magnetic variation of 13.75°W and a deviation of 3°E, determine
the distance, speed and course made good during the above time interval.

ENTER PRESS DISPLAY COMMENTS
[2nd] Pgm] 08 Select Program
[2nd] [Deg] Select Degree Mode
13.757 [2nd] [ A"} 13.75 W
at [+/-1 [R/S] —3. De
1.2t [A] 0.* D
a7v [A] 0.* By
1721 [B] 0. Bei
got [2nd] [ B'] 0.* Bes
121 [c] 12.* ty
D] 62720208577 DY
[R/S] 1.1023310617T D,
2741 [B] 161.25 Biy
338t [2nd] [B'] 0. Bia
12,157 [Ci 0.25 ty > At
Dl 1.313814708T D
[R/S] 78947071461 Db
[E] 16691217267 DMG
{2nd] [E'] 6.2764869057 SMG
[R/S] 106.2655663% DMG {DDD.dd)

Register Contents

Roo Ros Rio Ris V+De Ra Used R.s By
Ro: By, Res D, D1 Ry Ris R.; Used

Roz Bi) Re» D,, D;' Riz SMG Riz Dy R;» Used

Ros Bi, Ros R,s CMG R,s Biy R.; Used

Ros Roo Ris At Ris t R,a D

*Display will differ if cotrections are made or a previous problem has been run.
t Printed if PC-100A is connected.
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COURSE MADE GOOD FROM THREE BEARINGS

This program will calculate the course made good (CMG) on the basis of three separate
bearings on a single object. Data that must be supplied includes the magnetic variation (V)
and the three compass bearings in conjunction with their corresponding times of

observation,

The procedure outlined below is used to determine the course made good.

First,
{ty —ty}sin (By; — By}
(t, — t;) sin (B, — B, )

N =

is evaluated.
Then, (x, y} is converted to the polar representation {r, #) where

x=cos B, — N cosB_, and y =sin B, — Nsin B_,.
Now, CMG =0 —V — De (0° < CMG < 360°).

The additional variables used in the above equations are:
t1 23 = the times of the observations and

B.; »3 = the compass bearings of the object at the observation times.

REMARKS:
1. The vessel speed and course through the water must remain constant between the first
and third observations for correct results,

2. The magnetic deviation may be disregarded.
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PROCEDURE DISPLAY
: Seiect program. _

2 Select degree mode. ! [2nd] [Deg]

3a . Enter magnetic variation V {DD.dd) | [2nd] (A1l v (DD.dd)

3 (E.I—rY:’e'r rEa)énetic deviation if De (D.dd} [R/S] De (D.dd)

desired (+W, —EJ.

4 Enter first time. t; (HH.MMSS}: [B] t; (HH.hh)

5 Enter first compass bearing, , (DDD.dd) . [2nd] | B'] B, {DDD.dd)

6 _ Enter second time. t, (HH.MMSS) @ [C] to {HH.hh)

7 | Enter second compass bearing. B, (DDD.dd) | [2nd] (el B, (PDD.dd)

8 Enter third time. t3 (HH.MMSS) : [D] 3 {(HH.hh}

9 Enter third compass bearing. B, (DDD.dd} [2nd] [D'] B, (DDD.dd} g
10 | Compute true course made good : [ E ] CMG {DDD.dd)
NOTES: 1. Data may he entered or corrected in any order (3b must follow Sd)

2. If De is to be corrected, V must be reentered first.

3. All times are entered on a 24-hour basis and must be in the same time zone {or GMT}.
4. Printer may be used with this program.

Register Contents

Roo Ros Rio Ris V+De Rie N
Ror Bey Ros Rii Ris ts R.e Used
Ro2 Bc2 Ro7 Riz Ry

Ros Bes Ros Ris CMG Ris

Roa Ras Ria 1y Ris t3
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St e ey

EXAMPLE: At 8:00 you sight a lighthouse bearing 031° (compass). At 8:19 the same light-
house bears 016° (compass} and at 8:34 the bearing is 341°. Given that the magnetic variation
is 13.75°W and the magnetic deviation is 3°E, determine your course made good between 8:00
and 8:34. Your speed and course through the water have remained constant during this time
interval.

Lighthouse N

c

ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm] 09 Select Program
[2nd] [Deg] Select Degree Mode
13.75% [2nd] [A"] 13.75 Y
at [+/~1 [R/S] —-3. De
gt [B] 8. t
a1t [2nd] [ 8] 31. Bei
8.19t1 [c] 8.316666667 1;
161 [2nd] [ C'] 16. Bea
8.347 [D] 8.566666667 ts
3417 [2nd] [D'] 341. Bes
[E] 39.74111409t CMG {DDD.dd)

t Printed if PC-T00A is connected.
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DEAD RECKONING
As is indicated by the title, this program determines the dead reckoning position after being given

the starting position {Lg, Ag) and time {tg ), the true course (CMG) and speed {SMG) made good,
and the time of dead reckoning (tpg ).

Log = (At X SMG X cos CMG)/60 + L.

Ag — (At X SMG X sin CMG)/60 cos Ls if CMG = 90°, 270°,
hor 180 (46° + Lpr/2)
ta °
Ag —— (tan CMG} In L — elsewhere.
T tan (46° + Lg/2)

In the above equations,

Lgpr = the latitudes of the starting and dead reckoning positions
(Northern latitudes are considered positive and southern
latitudes are given negative values.), and

Aspr = the longitudes of the starting and dead reckoning positions.
{(Western latitudes are assigned positive values and eastern
latitudes are considered to be negative.)
REMARKS:

1. This routine cannot follow a meridian over a pole and loses accuracy when within
0.5° of a pole.

2. Speed and course made good must remain constant for individual legs.
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STEP ! PROCEDURE ( PRESS DISPLAY ;
1 Select program [2nd] [Pgm] 10
2 Select degree mode. [2nd] [Dey]
3 Enter starting time. tg (HH.MMSS) :[2nd] [ A1 tg (HH.hh)
4z Enter starting latitude {+N, —S) Lg (DDDMM.m). [ A | Prev. Lg {DDD.dd)
4b § and longitude (+W, —E), Ag (DDBMM.m} [ A ] Prev. Ag (DDD.dd}
Ba Enter speed and SMG {knots) D] Prev. SMG {knots)
5b 1§ true course made good. CMG{(PDD.dd) i[ D] Prev. CMG {DDD.dd) ¢
6 Enter dead reckoning time. tpg (HH.MMSS) £ [2nd] [ E'] tpg (HH.hh)
7a § Display latitude and 1E] . Lpr {DDDMM.m)
7b ¢ longitude of dead reckoning : [R/S] ApR (DDDMM.m)
position,

To find new dead reckoning
position, go to step 6. {If

: SMG or CMG has changed

. perform step 8 and return

. to step 5.}

8 [2nd] [D'] 00

NOTES: 1. Data entries and correction by reentry may be performed in any order (part b must follow
part a). In correcting data, both parts of Steps 4 and 5 must be performed even if only
one entry is 1o be altered.

2. Al] time entries are based on the 24-hour ciock and should be in the same time zone {or GMT).
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EXAMPLE: At 23:10 your position is 22°17.3" N, 176°21.7° €. You sail a true course of
120° at a speed of 20 knots until 5:25 the next day. At this time you alter your course to
150° and increase your speed to 22 knots. Find your dead reckoning positions at 5:25 and
14:25. '
ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm! 10 Select Program
[2nd! [Degl Select Degree Mode
23.1% [2nd] [A'] 23,16666667 ts
2217.3% [A] 0.* Lg
17621.71 [+/-1 [A] 0.* As
20% [D] 0.* SMG
1201 [D] 0.* cMG
5.251 [2nd] [E'] 5.416666667 tor
[E] 2114.81 Lpg (DDDMM.m)
[R/S] —17818.266867 Apg (DDDMM.m)
[2nd} D] 0.* Update
22t [D] 20.* SMG
1507 [D] 120.% CMG
14,251 [2nd] [E'] 14.41666667 tpn
[E] 1823.3338397 L.pg {DDDMM.m)
[R/S) 17956.,489787 Apr (DDDMM.m)
Register Contents
Roo Ros R1o Rgs DMG Rzo §
Ror Ts Ros Ris Ris R:1 bor E
Rog Ls R07 R;g Rj'-,r SMG R22 }\DR ‘
ROS ?\S ROB RIS Rjg CMG R25 Used
Roa Rog Ria Ris Ipr

*Preyious entries will be displayed if another problem has been computed or if corrections are made.
tPrinted if PC-100A is connected.
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RHUMBLINE (MERCATOR) NAVIGATION

Given the position coordinates of the starting and destination points specified by the navigator,
this program is designed to compute the rhumbline course from the start to the destination. The
routine will also give the distance between the two points along the rhumbline and keep track
of the cumulative distance if more than one leg is computed. Another computation possible is
the speed over the bottom {SMG} necessary to complete the voyage in a time interval (At}
established by the navigator.

7 {As — Ap) tan (45° + L, /2)
tan CMG = |
an CMG 180 /“ ltan (45° + Lg/2)

60 | (\p ~— Ag) cos Lg | i Ly = Lg,

Dist =
60 | Ly — Lg)/cos CMG | elsewhere.

In the equations used above,

Lg p = the latitudes of the starting and destination positions
(Northern latitudes are taken to be positive while
southern latitudes are assigned negative values.}, and

Ag p = the longitudes of the starting and destination positions.
{Western longitudes are given positive values and
eastern longitudes are considered to be negative.)

REMARKS:
1. A rhumbline course should not pass through a pole.
2. This routine looses accuracy near the poles.

3. Accuracy diminishes for legs less than 2 or 3 miles long.
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PROCEDURE

ENTER

PRESS

DISPLAY

Select program.
Select degree mode.
Initialize.

Enter starting latitude (+N, —S)
and longitude {(+W, —E}.

Enter destination latitude
{+N, —S)
and longitude {(+W, —E).

Compute.

Display distance.

Display true course to make good,
Display total distance.

Enter time interval and display
speed to make good.

Perform this step to use the
destination as a new starting

Lg (DDDMM.m)
A {DDDMM.m)

L.p (DDDMM.m)
Ap (DDDMM.m}

At {HH.MMSS)

" [2nd] [Pgm] 11

[2nd] [Degl
[2nd] [A']

iA]
1%.9

[B]

[B]
[cl
D]
[E]
{2nd] [D']
[2nd] [E']

{[2nd} [8'}

:

0.

Prev, L.g (DDD.dd}
Prev. Ag {DDD.dd)

Prev. L {DDD.dd)

Prev. Ap (DDD.dd)
0.

D (nau. mi.}

CMG {DDD.dd}
tD (nau. mi,}

SMG {knots)

Q.

© position and go to step 5.

1. Major data entry steps (4 and B, not 4a and 4b) may be performed or corrected by reentry in

gither order; however, both parts of a step must be performed even if only one of the values
entered by that step is to be corrected (Step 10 must follow ).

2. Step 10 may be performed in succession for any number of time intervals.
3. Use of the print cradle is optional.

4. This program may not be run in engineering mode.
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EXAMPLE: You wish to sail from 33°20.3'N, 171°00.0'W to 32°25.0°N, 178°13.9°W and
then to 29°00.0°'N, 176°12.7°E. Find the distance and course for each leg, as well as the
total distance of the voyage. Compute the speeds required to complete each leg in 16 hours;

: ?a s m%x‘s(!»‘ R

in 20 hours.

PRESS

ENTER DISPLAY COMMENTS
[2nd] [Pgm] 11 Select Program
f2nd] [Deg] Select Degree Mode
[2nd]l [A'] 0. Initialize

3320.3t [A] 0.* Ls

171007 (Al 0.* As

32251 iBl 0.* Lp
17813.9% Bl 0.* Ap
fc] 0. Compute
D] 368.56860031 D {nau. mi.)
[E] 261.370760371 CMG (dec. deq.)
167 [20d] [E'] 23.035536897 At —> SMG {knots)
20t [2nd] [ E'] 18.428429517 At = SMG (knots)
[2nd] [B'] 0. Update
20007 [B] 32.41666667 " Liy
1761271 +-11B1 178.2316667* Ao
o 0. Compute
[D] 352.35164677 D {nau. mi.)
[E] 234.4223928t CMG (dec. deg.)
[2nd] (D] 720.9202371 tD {nau. mi.)
167 [2nd] [E'] 22.021977921 At— SMG (knots)
20t [2nd] [ E'] 17.617582341 At— SMG (knots)
Register Contents

Rop Used Ros Rio Ris; D R2o

Ro1 2s —Ap  Ros Rq1 Ris Ra:

Rog LS Ro';t RI2 Rl'}' R22 7\D

Ros 7\8 Roa F{13 Ris CMG Rz&

Raas Reo Ris Ry tD

*Display will differ if corrections are made or if a previous example has been run.

t Printed if PC-100A is connected. -
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CHART INITIALIZATION {LAT/LON}

The constants listed below are necessary inputs to the short range LAT/LON programs des-
scribed in the pages following this program. The function of this routine is to store these
constants in the proper registers for use in the LAT/LON programs. These constants depend
on location, and once the constants for a particular area have been entered, they may be
recorded on a blank card. Thereafter, the navigator need only load the data card, select this
program, and press { E ] to properly store the constants.

The constants are:

V = magnetic variation, the difference between true and
magnetic north in decimal (DDD.ddd) degrees (Western
variation is taken to be positive and eastern is assigned
a negative value.),

L, = nautical miles in a given interval of latitude {e.g., nautical
miles per degree times number of degrees),

\,, = nautical miles in a given interval of longitude,

L, , = latitudes of objects 1 and 2 on a map (Northern latitudes

are given positive values while southern latitudes are
considered to be negative.), and

At o = longitudes of objects 1 and 2 on a map. {Western longitudes
are assigned positive values and eastern longitudes are taken
to be negative.)

Accurate values for L, and X\, are provided by tables found in Bowditch and elsewhere.
These quantities vary, however one minute of latitude is approximately equal to one nautical
mile (1° = 60 nautical miles) and one minute of longitude may be estimated by taking the
cosine of the latitude and expressing the result in nautical miles. if the navigator does not have
access to the appropriate tables, he may enter the midpoint of the latitude interval he wishes to
use and press [2nd] [ C' 1. The calculator will then store the constants described above
using latitude and longitude intervals of one minute. (The calculator simply enters an average
value and does not restrict the user to computation within the above intervals.)

REMARK: The intervals used for determining L, and A, must be equivalent (in degrees, not
actual distance).
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PROCEDURE |

. Select program.
. Select degree mode.

¢ Enter magnetic variation

¢ {(+W, —E).

| Enter tatitude {(+N,—S} and

- longitude {+W, —E) of object 1.
- Enter latitude (+N, —8)} and

- longitude (+W, —E} of object 2,
. EITHER

- Enter nautical miles in
- latitude interval,
¢ in longitude interval,

' OR

| Entet average latitude
- (+N, -5}

Load the constants.

. Record the constants
. on a blank card for future
. use.

¢ Feed card into card slot,

PRESS

DISPLAY

ENTER
© [2nd] [Pgm] 12

[2nd] [Deg]
V (DD.dd) {2nd] [A'] V {DD.dd)
L, (DDD.MMSS). { B | - Prev. L, (DDD.dd) |
2, (DDDMMSS) [B] - Prev. \; (DDD.dd)
L;{DDD.MMSS); [2nd] [ B ] ' Prev. L, {DDD.dd)
A2 (DDD.MMSS): [2nd] [ B'] ~ Prev. %, {DDD.dd}
Ly, {nau. mi.) [ c1 Prev. L, {nau. mi.)
Ay, (nau, mi.) { C1l % Prev. A, (nau, mi.)
L{DDD.MMSS) t[2nd] [c'! L

1E) o
4 [2nd] [Writel 4.

4

1. Major data steps (4 and 5, not 4a and 4b) may be entered or corrected in any order; however,
both parts of the step must be performed in correcting data even if only one value is to be

changed.

2. Printer usage is optional with this program.

3. If the preper data has already been stored on a magnetic card, simply clear the calculator’s
display, feed the card into the card slot, and press [2nd] [Pgm] [ 11 {2] [E].
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EXAMPLE: According to your chart, a beacon is located at 41°04°15'N, 71°51'27"W and a

lighthouse is at 41°06'03"N, 71°46’
equals 59.964 nautical miles, and 1°

ENTER

13,76
41.0415
71.5127
41.0603
71.4617

59.964"*
454317

You may now record this dataon a blank magneti

PRESS

17''W. You see from your tables that at 41°, 1° of latitude

of longitude equals 45.431 nautical miles. The magnetic
variation is 13.75°. Enter this data and then prepare a customized card.

[2nd] [Pgm] 12
[2nd] [Degl
[2nd] [A']

Bl
[B!

f2nd] [B']
[2nd} [B'1]

[C]
icl
LE]

and feeding the card into the card slot.

Register Contents

ROS
Ros
RD’J‘
ROB
Roo

Am

Ly
L9

Ria

Ris

Ris
Ris

DISPLAY

13.75
0.*
0 *
0."
0 »*
*

0.
0 *
G.

Rao
RZl
Ra2
R?.B

COMMENTS

Select Program
Select Degree Mode
Y

L

A

Ly

Az

Lm

Am

Load ConstantsT T

¢ card by entering 4, pressing {2nd] {Write],

*1f an example has already been run or an entry is corrected, the previous entry is displayed
**|f you do not have access to these values, enter 41 and press {2nd] [ c'].
+Printed if PC-100A is connected.

+1Constants are printed when print cradle is used.
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RUNNING FIX FROM ONE OBJECT {LAT/LON)

Given two observations of a single object, the vessel speed through the water, the compass course,
and the drift and set of the current, this program will determine the fix at the time of the second

observation. {The CHART INITIALIZATION program must be used to enter the quantities V,
Lm, Am,and L, and X; or L, and ,.)

];he \@Jocity made good vector is the vector sum of the velocity and current vectors (VMG =
V + Cr)

where:
———
VMG has magnitude SMG and direction CMG,
V has magnitude S and direction C,, and

Cr has magnitude Dr and direction St.
The distance made good is found as the product of the speed made good and the time interval
between observations, then the distance off the object at the second observation is found by the
equation:
D = DMG sin {CMG — B, /sin (B,, — B, ).
B,, » = the true bearings of the object from the observation points.

The latitude {L} and longitude (A} of the fix are now found as

L = L; + (D/60) cos (B,, ~ 180°)

and
A =2; — (D/60) sin (B, — 180°} (L, /A, ) i={1,2).
Ly (A ) = nautical miles in some interval of latitude (longitude).
REMARKS:
1. [If the navigator desires to omit the magnetic deviation, he must enter zero when it is

called for,
2. There should be at least 10° of separation between the bearings for accurate resuits.
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PROCEDURE

Select program.
2 | Select degree mode.

2 i Enter magnetic deviation of Pe {B) {D.dd)
compass used to find

: bearings {+W, —E}.

A3 Enter vessel speed, S {knots)
ah b compass course, and C, (DDD.dd}
4c | magnetic deviation of the De (D.dd)
‘ vessel’s compass {(+W, —E}L
Ba Enter drift and Dr {knots)
bb | set of current. St (DDD.dd)
6  Enter first compass bearing B., {(DDD.dd}
 to object.
7 . Enter first time. t; (HH.MMSS)
8 | Enter second bearing. B, {DDD.dd)
9 ! Enter second time. © t, (HH.MMSS)

10 | using object 1.

i If using object 2.

11 . Compute fix (L = +N, —5;
Pa =W, ~E).

For two new cbservations,
' go to step 6.

. To enter a new secend

. observation and use the

| previous second abservation
- as the first observation, go

* 1o step 8.

' To enter & new second

' observation without altering
the first observation, perform

| step 12 and go to step 8.

12

. Save first observation.

NOTES: 1.

customized card.

4. 1f the value of any entry is zero, enter zero.
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PRESS

{2nd] [Pgm] 13
[2nd] [Degl
[2nd} [A']

fgtz.md]

In entering or correcting data by reentry, minor st
sequence even if only one value is to be entered or reentere
pany and follow Step 6(7} and Step 3 must precede G and 8.

(Al

iy
RIS

r

1
]

; [B
l2nd] [B
{ B 1

el
iB]
el
ID]
{2ndl {D']

LE]
RIS]

eps (a, b, and c) must be performed in
d. Also, Step 8(9), must accom-

2. The option provided in Step 10 is designed to ailow use of either object recorded on a

3. All time entries are on a 24-hour basis and should be in the same time zone {or GMT).

DISPLAY

De (B} + V (DD.dd)

S {knots}
C.{DDD.dd)
De + V {DD.dd)

prev. Dr {knots)
prev. St (DDD.dd)

prev. By, (DDD.dd}

1, — prev. tp {HH.hh)i‘fg
prev. By, (DDD.dd)}
At {HH.kh)
9.

11.

L. {DD.MMSS}
A {DD.MMSS}

B,, (DDD.dd)
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EXAMPLE: At a speed of 6 knots through the water, you are steering a compass course of
317°. The current is estimated to set 220° at a drift of 0.4 knots. A lighthouse bears 345°
{compass) at 8:00 and 100° at 8:17. The magnetic deviation of the hand-held compass you
used to determine these bearings is 1.5°W. The magnetic variation is 13.75°W and the devia-
tion of the ship’s compass is 2°W. You know the coordinates of the lighthouse to be
41°08'27"'N, 71°35'45"W. Also, at latitude 41°N, one degree of latitude is approximately
59.964 nautical miles and the same interval of Jongitude is about 45.431 nautical miles.
Determine your fix at the time of the second ohservation.

ENTER PRESS DISPLAY COMMENTS
{2nd] [Pgm} 12 Select Program 12
{2nd] [Deg) Select Degree Mode
13.75 [2nd] [A'] 13.75 Y
41.0827 [B] 0.* L;
71.3545 [B] 0.* A
59.964 [Ci 0.* Lm
45.431 [c] 0.* Am
[E] 0. Load ConstantstT
[Znd] [Pgm] 13 Select Program 13
157 [2nd] [A'] 15.25 De (B} = De (B}+V
6t [A] 6. S
317t [A] 317. Ce
2t [R/S] 16.75 De~>De+V
4T [2nd} [ B'] 0.* Dr
220t [2nd] [ B'] 0.* St
345t [B] 0.* Be:
gt fc] 8.* T
100t IB] 0.* Bea
8.17T [C] .2833333333 At {HH.hR)
[D] 9.1 obij. 1
[E] 41082144011 L. {DD.MMSS}
[R/S] 71.370486441 X (DD.MMSS)
Register Contents
ROO Ros ?\m R]_o LQ RlS V + De Rzﬁ USEd
Ros Bt1 Ros Dr Ri:i X, Ris V R,; Used
Rog tg RO'? St ng qu S Rzg Pointer
R,y T Ry L1 R,, R, C: Rz9 Pointer
Ros Lm Roo A4 Ria At Rip 1,

*Display will differ if a previous problem has been run or corrections are made.
tPrinted if PC-100A is connected
TtConstants are printed when print cradie is used.
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FIX FROM TWO OBJECTS (LAT/LON)

By taking simultaneous bearings (Beyz ) of two objects, this program may be used to compute the

position of the vessel at the time of the observations {the CHART INITIALIZATION program
must be used for entering V, Ly, Ay, L2, 22y bmo and A )

Calculation is begun by converting (x, v) to polar coordinates (r, 8) where x and y have been
evaluated as:

x=L, — L,

and

V'_‘—?\m (?\2 —"‘K1)/Lm

where:
Ll .r }\1 (I—?.v RZ)
L (Am)

I

{atitude and longitude of object 1 (2}, and

number of nautical miles in a given interval
of latitude {longitude).

The true bearing (B,") from object 1 to object 2 is equal to § and the distance (D) between
the two is 60r.

After the observed compass bearings are converted to true bearings {B, = B, — De — V), the
distance off object 1 is given by the formula:

D, =D sin {B,’ — B, }/sin (B, — By).
Then, the latitude (L} and longitude (\) of the fix are computed from the equations:

L=L, —{D,/60) cos By,

and

A= ?\1 + (01/60) (Lm/7\m) Sin Btl'

REMARK: If the navigator wishes to disregard the magnetic deviatioh‘, zero must be entered into
the calculator,

Register Contents

Roo Ros Am Rio Lo R, De+V Ry Used
Ro: Bis Ros Rii A2 Ris V Ris L
Roz Bta Ro+ Riz Rig Rz A
Ros Ros Li Ris Ris

Roa Lm Roo A1 - Ris Rio
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PROCEDURE DISPLAY
Select program. ;
2 & Select degree mode. - [2nd] [Deg]
3 Enter magnetic deviation of De {D.dd) [2nd] [A"] De +V
compass used to take
. bearings {+W, —E}.
4a Enter compass bearing
to object 1, B, (DDD.dd) © [B1 prev. B,, (DDD.dd)
4b to object 2. B., (BDD.dd) | [B] prev. By, (DDD.dd)
¢ B} Compute fix {L =+N, —S; - L {DDD.MMSS)
A=W, —E). i A (DDD.MMSS)

1.
2

Data must be entered in the above order.

Data may be corrected by reentry; however, both bearings must be reentered even if only one

is incorrect.

. Printing unit may be used with this program.

if the value of any data is zero, enter zero.

EXAMPLE: Simultaneous compass bearings of a lighthouse and a flag tower are 301° and 006°,
respectively. You know the position of the lighthouse to be 41°08'58"'N, 72°14'25"W and the
flag tower is located at 41°09'48"'N, 72°13'26"'W. The magnetic variation is 13.75°W and the
deviation is 4°E for the compass used to find the bearings. Also, at 41°N, one degree of latitude
is about 59.964 nautical miles and 45.431 nautical miles is the approximate size of an equivalent
interval of longitude. Determine the position of your vessel.

ENTER PRESS DISPLAY COMMENTS
{2nd] [Pgm} 12 Select Pragram 12
[2nd] [Deg] Select Degree Mode
13.75 [2nd] [ A" ] 13.75 v
41.0858 [B] 0.* L
72.1425 [B] 0.* A
41.0948 [2nd] [B'] 0.* Lo
72.1326 {2nd] [B'] 0.* Mo
59.964 icl 0.* Ly
45 431 [cl 0.* Am
[E] 0. Load Constantst
[2nd] [Pgm] 14 Select Program 14
4 [+/—] [2nd] [A"] 9,751 De— De + V
301t iB] 0.* Bey
6T [B] 0.* Be,
[E] 41.083885451 L {DD.MMSS)
[R/S] 72.1320018271 A (DD.MMSS)

*Eatlier entries wili be displayed if a previous problem has been run or corrections are mads.
tPrinted if PC-100A is connected.
ttConstants are printed when print cradle is used.
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CELESTIAL NAVIGATION

CELESTIAL NAVIGATION

The celestial programs are intended to conform to acceptable standards of accuracy for practi-
cal navigation at sea. For example, the SEXTANT CORRECTION program can be considered

accurate to within plus or minus 0.1 nautical mile. This standard conforms to the accuracy of
the altitude correction tables found in The Nautical Almanac.

However, the major error factor in celestial navigation is the accuracy of the observation which
is related to the prevailing conditions and skill of the navigator. In general, celestial fixes yield
results that should not be considered more accurate than plus of minus 2 miles.

The navigator can use these programs for all normal sailing latitudes. However, above 70°N or
pelow 70°5 the navigator is considered to be in the polar regions where conditions require
specialized navigation skills.

Position coordinates are entered and displayed in the degree-minute-decimai minute format
while celestial data may appear using either the above O the degree—minute—second form.
Placement of the decimal point is explained in the user instructions. See page g for conver
sion instructions.

The Process of Celestial Navigation

Celestial navigation pegins with a dead reckoning position (Program NG-10) would be useful
here) which is the navigator’s best estimate of his iatitude and longitude pbased on courses
steered, speed, and time. The navigator then observes a celestial body with his sextant, noting
the exact Greenwich time and date of the ohservation.

The process then requires the navigator to correct the sextant angle for various errors and addi-
fional information extracted from The Nautical Almanac which is published jointly each year by
the U.S. Naval Observatory in Washington, D.C. and Her Majesty's Nautical Almanac Office in
London. This publication is for sale in the U.S. by the Superintendent of Documents, U.s.
Government Printing Office, Washington, D.C., 20402.

The above information is entered into the calculator and used 10 solve a complex problem
referred to as the celestial triangle. The results of a single observation will enable the navigator
to start at his DR estimate and construct @ single line of position. The navigator then Knows
he is somewhere along that line. By taking two of more observations the navigator is able to
construct lines of position for each, the intersection of which provides a reasonably accurate
fix.
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CELESTIAL NAVIGATION

Using the Sextant

The sextant is an instrument used for measuring angles. In celestial navigation the sextant
measures the angle hetween the horizon and the celestial body.

Assuming the navigator has d properly adjusted instrument, the basic procedure for observing
celestial bodies is to:

1. Aim the sextant in the direction of
the body to be observed.

2. Adjust the instrument so that the
body appears to rest just on the
edge of the horizon {figure 1).

3.  When observing the sun or moon,
the procedure requires the navigator
to bring either the upper or lower
edge (Iimb) of the body into tan-
gency with the horizon {figure 1).

4. At the instant of tangency, the
navigator should record the GMT
time/date and apply any known
watch error to obtain correct
GMT.

5.  Record the sextant reading in degrees, minutes, and decimal minutes.

FIGURE 1.

Celestial Timekeeping

The development of the microelectronic quartz crystal watch has greatly simplified celestial
timekeeping. With such accurate instruments, it is now possible for the navigator to carry on
his wrist, not only a very accurate timepiece, but a timepiece that he can set to keep accurate
time and date for any specific place on the earth.

Modern celestial navigation requires that the navigator know the Greenwich, England date and
time of his observations. Time should be accurate to the nearest second as an error of
2 seconds will mean that your position will be in doubt by 1/2 mile.

The Texas instruments quartz crystal watch is ninety times more accurate than most electronic
tuning fork watches and immensely more accurate than even the best of the expensive,
jeweled movement chronometers of a few years ago. With a quartz crystal watch set to the
local date and time of the Greenwich meridian, the navigator can use his watch anywhere in
the world to time his celestial sights.

Greenwich time is called either Greenwich Mean Time (GMT) or Coordinated Universal Time.
This time system uses six digits to record hours, minutes, and seconds. The first two digits
record the hours (0—23}, the second two the minutes (0—59), and the last two record the
seconds {0—59). Thus, for 6:04:12 p.m., you would add the 12 hours that elapsed before noon
and record the time as 18 hours 04 minutes and 12 seconds GMT. Be careful in handiing
minutes and seconds when yo'iJ record a watch time with a one digit expression. The reason
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__ortant is the program requires the GMT minutes and seconds to be entered as a
5 i5 imP ression- There is quite a difference between 0.412 (41 minutes 20 seconds) and

. mal (%’;pm;nutes and 12 seconds).

thi
wing table, adapted from Bowditch, H.O. Publication No. 9, can be used to convert
The follone) time 10 Greenwich. {in the U.S. when converting from zone time to Greenwich,
1003! (zoea ou are in is keeping daylight savings time, you subtract one hour from the hours
f he afu|d add according to the table.)
Wwo

yo!
TABLE FOR CONVERSION OF ZONE TIME TO GMT

WEST LONGITUDE EAST LONG!TUDE
YOUR LONG!TUDE 1S FROM ZONE TIME FROM ZONE TIME
W TO GMT ADD TO GMT SUBTRACT
Gr
0° 71/20 0 0
7% 22%° + 1hr. — thr.
2% 37%° + 2 hrs. — 2hrs.
371/;' 52%° + 3 hrs. — 3hrs.
521/;’ 67%° + & hrs. — 4 hrs.
674 82%° + 5 hrs. — 5 hrs.
821/20 971%° + 6 hrs. — B hrs.
g7% 112%° + 7 hrs. — 7 hrs.
112% 127%° + 8 hrs. — 8hrs.
§27‘/20 142%° + 9hrs. — 9hrs.
1421/2" 157%° +10 hrs. —10 hrs.
1571/;’ 172%° +11 hrs. —11 hrs.
172% 180° +12 hrs. —12 hrs.

ve in gan Francisco, California and plan to sail to Hawaii. You are not on daylight savings
\’Ol:3 ad want to know how many hours you should add or subtract from your local time to
tim
obtai“ GMT.

{ongitude of San Francisco: 122° 25" West.

Hours added or subtracted
according to the table: +8 hours.

that you have the time function of the watch set to Greenwich, you have 1o make sure the

i:jiate gn your watch is correct for Greenwich.

epend|ng

tGreenW§Ch, England.
a
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CELESTIAL NAVIGATION

A time diagram is a sketch which indicates the relationship of time to longitude and helps the
navigator set the Greenwich date on his timepiece.

The distance on the earth that the sun covers in 1 hour as it moves from east to west is equal to
16 degrees of longitude. In a 24 hour day, the sun moves all the way around the world covering
360° of longitude. Thus, you can determine how many hours (as the sun flies} you are ahead of
or behind Greenwich by dividing your local longitude by 15°. If you are east of Greenwich, the
sun will obviously reach you first, and you are time wise ahead of Greenwich; if you are west of
Greenwich, the sun reaches you later and you are in a time zone later than Greenwich.

To graphically show these relationships, you draw a diagram like figure 2. The circle represents
the path the sun makes around the world in a day. Note that the circie, like a clock, is divided
into equal 24 hour time increments. G, located at the top of the circle, represents the Greenwich
meridian. The arrows WSE at the top indicate east and west longitudes. When the sun is overhead
at G, it is noon at Greenwich. Little g, located at the bottom of the circle, represents the place in
the sun’s daily travels when midnight at Greenwich occurs. Obviously, when the sun passes little
g, a new day starts at Greenwich, England.

in this diagram, M represents your own time-longitude relationship to Greenwich. To locate the
position of M, mark off how many hours ahead, or behind, Greenwich you are. For example, if
you were in San Francisco where the sun is overhead 8 hours after it passes Greenwich, you
would mark the location of M as shown in figure 2.

When the sun is overhead at M, it is noon in San Francisco at the longitude where you are.
Now, on the other side of the world from M, you mark a little m to indicate where the sun will

be when it is midnight at San Francisca. When the sun flies past m on that side of the world, the
new day starts for you at M.

FIGURE 2.
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CELESTIAL NAVIGATION

To continue with our example, let's assume it is 10:00 a.m. California time, and the date in
San Francisco when you want to set your watch to Greenwich is March 1. Remember, the sun
always moves in a westerly direction, and it must still travel 2 more hours (on the 24 hour

clock} before it will be noon at M. Figure 2 shows how to draw the sun’s position in the
diagram.

In this case, the completed time diagram shows that the Greenwich date is the same as the San

Francisco date. The date at Greenwich will not change until the sun moves all the way around
10 g.

Figures 3 and 4 illustrate the other two possibilities.

~
FIGURE 3. FIGURE 4.
TIME DIAGRAIM WITH GREENWICH TIME DIAGRAM WITH LOCAL DATE
ONE DAY AHEAD OF LOCAL DATE.

ONE DAY AHEAD OF GREENWLCH DATE.

As you study the diagrams you will see:

1. When the sun is anywhere on the diagram except between m and g, the date is the

same where you are as it is at Greenwich {i.e., M and G occupy the same portion
of the circle as the sun).

2. |f the sun is between ™M and g and is moving towards m (figure 3}, then the date at
Greenwich is one day more than the local date.

3. If thesunis betweén g and m and is moving towards g {figure 4), then the local
date is one day more than the date at Greenwich.
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CELESTIAL NAVIGATION

Accuracy

Navigators use the very accurate time signals from Radio Station WWV, Fort Collins, Colorado
(broadcast continuously on 2.5, 5, 10, 15, and 25 megaheriz} to set their watches and obtain
any subsequent watch error.

Watch error is simply the few seconds difference between your watch and the reference time

given by the station. To obtain the correct time, you subtract errors that are fast and add errors
that are slow on GMT.
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TABLE 1.
1975 JUNE 24, 25, 26 (TUES., WED., TH

Twilight
Naut, _ Civil

f a ] i o 1 i L

25.7 1355 445 93 S20 219 38 564 N
256t 10 128 93 20 18.1 38 563 68
24 411 94 20 143 40 56.3 66
39 09.5 94 20 10.3 48 56.3 64
53 379 94 26 063 a2 56.3
68 065 9.5 20 02.1 43 56.3

G A Dec.

G5
06 a2 350 97 619 57.8 44 56.2
07 g7 037 96 19 534 45 562
1 08299 27.0 254 1111 323 98 19 489 a5 56.2
U 091314 268 - 2531126 011 98 19 444 AT 56.2
101 329 267 253 | 140 299 9.9 19 39.7 48 561
g 111344 26.6 252 | 154 588 99 19 349 49 56.1
D 1271359 26.4 N23 25.2 | 169 27.7 10.0 519 308 590 56.1
A 13t 14 263 252 | 183 56.7 jo1 19 250 51 56,1
¥ 14 29 26.2 251 (198 25.8 101 19 199 5.1 56.0
15| 44 26.0 °- 251 1212 549 102 19 148 53 56.0
161 59 259 25.0 1227 24,1 102 19 045 5.4 56.0
241 533 103 19 041 54 56.0

74 2538 25.0
89 25.6 N23 24.9

256 22.6 104 518 58.7 54 56.0
270 52.0 0.5 18 53.1 5.8 55.9

19] 104 255 249

201119 25.4 248 | 285 21.5 105 i 47.5 58 55.9

211134 252 °- 248 1299 510 105 18 417 58 559
314 205 107 18 359 5.9 55.9

149 25.1 247
164 250 24.7
179 24.8 N23
194 247

209 24.6 245
224 244 - 245
239 243 4.4
254 242 244

107 18 30.0 b0 5538
7518 280 b1 558
b 109 18179 62 558
12 195 109 18 11T 63 55.8
26 494 110 18 054 83 55.8
21 194 110 17531 63 55.7
¢ 494 111 17 526 65 55.7
70 19.5 11.2 57 461 66 557

Twilight

061269 24,0 N23 243
W 071} 284 23.9 2431 84 49.7 112 17 39.5 &7 55.7
£ 08 99 19.9 113 17 328 648 55.6 Civit Nautl.
o 09 113 50.2 114 17 260 &8 55.6
N 10 128 20.6 114 17 192 6.9 55.6
€ 11 142 510 115 17 123 1.0 55.6
5 12} 359 23.2 N23 157 215 1ib 5§17 053 711 55.6
o 131 14 231 239|171 52,1 116 16 58.2 7.2 55.5
A 141 29 230 239 | 186 227 17 16 510 72 55.5
¥ 15 44 228 - 23,8 1200 534 11.8 16 438 7.3 555
16] 59 22.7 2371215 242 11.8 16 365 14 55.5
171 74 22.6 2371229 55.0 11.9 16 291 715 55.5
744 259 129 516 216 T5 554

18] 89 224 N23 236

194104 223 23.5 | 258 569 120 1614l 76 55.4

201119 22.2 23,5 1273 279 121 18 065 14 554

211134 223 - 234 | 287 5%.0 122 15 589 7.8 55.4
302 30.2 122 15 511 7.8 55.3

149 21.9 233

123 15433 19553

164 21.8 233
179 21.7 N23 23.2 . §15 354 7.9 55.3
194 215 311346 4.1 124 15 27.5 8.0 55.3
g2] 209 21.4 231 0 355 125 15 195 8.1 553
03224 203 - 2201 15070 125 15 114 81 552
pab 239 211 229! 29 385 12.7 15 033 82 55.2
051 254 21.0 229 44 10.2 126 14 551 83 §5.2
06| 269 20.9 N23 22. 5g 418 128 514 468 83 55.2
071284 207 27| 73 136 128 4 385 84 552
T 08 2. g7 454 129 14 30.1 84 55.1
H 0 51102 173 129 14 217 85 531
v 10 116 49.2 130 14 13.2 85 55.1
R 1 131 21.2 13.0 14 047 87 551
145 53.2 131 §13 560 86 55.1

160 253 13.2 13 474 87 55.1

D 13

A 14 174 57.5 133 13 387 98 55.0

¥y 15 189 29.8 13.2 13 29.9 B8 55.0
16 204 02.0 134 13 211 89 550
17 718 34.4 1338 13 122 9.0 55.0

233 068 1357513 03.2 9.0 55.0
247 39.3 135 12 542 9.0 54.9
262 11.8 136 12 45.2 %1 54.9
276 44.4 136 1?7 361 91 54.9
12 27.0 92 54.9
12 178 92 54.9

89 193 N23 L8
104 19.2 21.8
119 190 217

134 189 - 216
149 188 215 {291 17.0 137

g2 20
02 33 | 02 39




CELESTIAL NAVIGATION

TABLE 2

1975 JUNE 24, 25, 26 (TUES., WED,, THURS.)

ARIES | VENUS ~4.0| MARS +0.8 | JUPITER —1.9 |SATURN +0.3 STARS
G.MT
G.MA, G.HA, Dec. G.HA, Dec. G.H.A, Cec. G.HA. Dec. Neme 3.HA. Dec.
d b . ’ 13 v a ’ o ) 0] v o 1] a ' ° v © Fl ° - ° '
24001271 31.7 | 131 254 N17 11.8 | 247 52.7 N B 04.6 [ 252 08.2 N 6 54.0 | 160 115 N21 55.3 | Acomar 315 40.2 540 24.0
01| 286 341146 256 10.9 | 262 535 053 267 02.3 54,1175 13.6 55.3 JAchernar 335 48.1 %57 z1.3
02] 301 36.6 161 259 10.0 [ 277 54.2 06.0 (282 04.4 543|190 15.8 55.2 tAcrux 173 41.1 562 58.2
03|316 39.1 {176 261 -« 09.1 292 55.0 -- 066|297 066 -- 544205 179 -+ 552 |Adhara 255 353 528 56.4
04]331 415 (191 26.4 08.3 | 307 55.8 87.3 312 087 545|220 20.0 55.2 |Aldebaran 291 22.4 N1 27.4
05] 344 44.0 [ 206 264 07.4 | 322 56.6 07.9 (327 108 54.7 | 235 22.7 55.1
06! 1465|221 26.9 N17 065|337 57,3 N 8 08.6 | 342 12.9 N 6 54.8 | 250 24.3 N21 55.1 | Alioth 166 45.5 N5& 05.8
07] 16 489|236 27.1 05.6 | 352 58.1 09.3 [ 357 15.0 549 | 265 26.4 55.¢ | Alkaid 153 21.1 N49 26.3

08) 31514 (251 27.4 D481 7 589 09.9] 12 17.2 55.0 | 280 28,5 55.0 |Al Na'ir 28 19.1 547 045
091 46 539|266 277 - 039 22596 -- 106 | 27 193 -- 552|295 307 -- 550 |Alnilam 276 156 S 1 13.1
10| 61 56.3 [ 281 27.9 03.0| 38 804 112 42 214 553 1310 32.8 54.9 |Alphard 218 243 5§ B 33.3
11| 76 58.8 /296 28.2 02.1| 53 gL.2 119 | 57 23.5 55.4 1325 349 54.9
12§ 92 012311 28.5N17 01.3 | 4B OL9 N B 3126 | 72 256 N 6 55.6 | 340 37.1 N21 54.8 Alphecca 126 34.8 N2& 479
131107 03.7 | 326 287 17 004 | 83 02.7 13.2 | 87 274 55.7 [ 355 39.2 54.8 |Alpheratz 358 13.0 N28 57.3
14]122 06.2 | 341 29.0 16 595! 98 035 139 {102 299 558 10 413 54,7 | Altair 62 357 N 8 483
15137 086 [356 293 -- 586 /113 04.2 -- 145|117 320 -+ 559 25 434 -- 547 |Ankaa 353 43.8 542 26.0
16/152 111} 11 295 57.7.[128 05.0 15.2 { 132 341 56.1| 40 456 54.7 |Antares 113 00.9 526 22.8
171167 136 26 298 56.9 | 143 05.8 15.8 | 147 36.3 56.2 | 55 47.7 54.6
187182 16.0 | 41 30.I N1& 56.0 (158 06.6 N 8 16.5 | 162 384 N 6 563 | 70 49.8 N71 54.6 |Arcturus 146 215 N19 18.6
191197 185 56 304 §5.1 | 173 07.3 17.2 | 177 405 5651 85520 ° 545 |Atria 108 27.7 568 59.2
201212 210} 71 304 54.2 | 188 08.1 17,8 192 42.6 56.6 | 100 54.1 54.5 {Avior 234 30.2 559 26.1
211227 2341 86 30,9 -- 533203 089 .- 185207 44.7 -~ 567 {115 56.2 - 54.5 |Bellatrix 279 029 N & 196
221242 259|101 312 525|218 09.6 19.1 1222 46.9 56,8 | 130 583 54.4 |Betelgeyse 271 324 N 7 24.1
23| 257 284|116 315 51.6 1233 10.4 19.8 [ 237 49,0 57.0 {146 005 54,4
2500[272 30.8 131 31.7 N16 5¢.7 1 248 11.2 K 8 20.5 ] 252 51.1 N 6 57.1 | 161 02.6 N21 543 Canopus 264 09.3 $52 41.0

01]287 333|146 320 498|263 11.9 211|267 532 57.2 {176 04.7 54.3 |Capella 281 17.¢ N45 584

021302 357 | 161 323 489|278 127 21.8 | 282 55.4 57.3 1191 06.8 54,2 |Deneb 49 50.5 N45 115

031317 38.2 | 176 32.6 -- 481|293 135 -- 224|297 575 -- 57.5 |206 09.0 - 54.2 |Denebola 183 02.7 N14 42.5

(4] 332 40.7 | 191 32.9 47.2 1308 14.3 23.1 (312 59.6 57.6{221 11.1 54.2 |Diphdo 349 245 S18 47.1

05{347 431 206 332 46.3 | 323 15.0 237 1328 017 57.7 {236 13.2 54.1

< P Am e -y

06{ 2456221 33.5N16 454|338 15.8 N B 24.4 [ 343 03.9 N 6 57.9 [ 251 154 N21 54.1 |Dubhe 194 267 N61 53.2
w 071 17 4811236 338 445 353 166  25.0 358 060 580|266 175  54.0 |Elnath 278 49.0 N28 352
g 08] 32505|251 341 436, B173 257 13081 581281 3196  54.0 |Elanin 90 58.8 N51 29.6
p 09 47530266 343 .. 4271 23181 - 264 28 102 -~ 582296 217 -~ 53.9 |Enif 34 148 N 9 458
n 10} 62555281 346 419 38189 270 43124 584311 239 53.9 [Fomolhaut 15 552 529 44.9
g 11 775791296 349 410| 53196 277 | 58 145 585|326 260 539
s 12| 930041311 35216 40.1 | 68 204N 8 283 73 166 N 6 586 | 341 28.1 N21 53.8 |Gaerux 172 32.6 556 58.9
p 13/108 029326 355 392} 83212  290| 88187 587 |35 302 538 |Gienah 176 214 517 245
A 1411230531341 358 3837 98 220 296103 209 589 | 11 324 537 |Hadar 149 280 S60 156
v 13)138 0781356 361 -+ 374 1113 227 .- 303 [11B 23.0 -~ 590/ 26 345 .- 53.7 iHomal 328 331 N23 20.8
161153 10.2 | 11364 3651128 235 309|133 251 591 41 36,6  53.6 [Kous Aust. 84 211 534 73.8
17 168 127 | 26 36.7 357 143 243 316 [148 272 59.2| 56 388 536
181183 15.2 | 41 37.1 N16 34.8 | 158 25.0 N 8 32.3 | 163 29.4 N 6 59.4 | 71 40.9 N21 5.6 |Kochab 137 1B.0 N74 156
191198 1767 56374 33913173258 329|178 315 55.5| 86 430  53.5 |Morkeb 14 066 N15 04.4
201213 2011 71377 330 /188 266  33.6|193 336 596101 451 535 |Menkar 314 451 N 3 59.7
211228 226 | 86380 - 321(203 27.3 -+ 342|208 358 -+ 59.7 {116 473 -- 534 iMenkent 148 410 53 15.2
221243 2501101 383 312 (218 281 349|223 379 6599|131 494 534 |Miaplocidus 221 464 S69 373
231258 275|116 38.6 303|233 289 355|238 40.0 7 00.0|146 515 53.3
26001273 30.0 1133 38.9 N16 29.4 [238 29.7 N 8 36.2 | 253 42.L N 7 00.1 | 161 53.6 N21 53.3 | Mirfak 309 215 N49 46.3
011288 32.4 1146 39.2 285263 304 368268 483 002|176 558  53.3 |Nunki 76 332 526 19.6
021303 349 (161 39.6 277278 312 375283 464 004|191 579 532 |Peacock 54 034 $56 48,6
031318 37.4 (176 39.5 -~ 268|293 320 -- 381298 485 -- 005|207 00.0 - 532 |Pollux 244 02.8 N28 051

04333 39.8 | 191 40.2 25.9 (308 327 388 | 313 50.7 00.6 | 222 02.1 53.1 {Procyon 245 298 N 5 17.2
05| 348 423 | 206 405 250|323 335 39.4 | 328 52.8 00.7 { 237 043 531
06] 2447221 40.8 N16 24.1 [338 343 N B 40.1 {343 54.9 N 7 00.9 | 252 06.4 N21 53.1 Rasalhague 96 32.5 N12 34.7
07 18 472|236 412 232 1353 351 40.7 {358 57.0 01.0 {267 $8.5  '53.0 |Regulus 208 139 N12 05.2
08] 331 497|251 415 223 81358 4141 13 59.2 01.1 | 282 10.7 534 |Riget 281 39.7 S § 138
09} 4B 521 266 418 -- 214 23 366 - 420 29 013 -- 012|297 128 -- 52.9 |Rigil Kent. 140 30.2 S60 44.3
10[ 63 546|281 421 2051 38 374 427} 44 034 61,4 312 149 52.9 [Sabik 102 44.9 §15 4L7
11| 78571296 425 19.6 | 53 381 433 59 (5.6 01.5 | 327 17.0 52.8
93 595|311 428 N16 187 | 68 38.9 N 8 440 74 07.7 N 7 016 |342 19.2 K21 52.8 [Schedar 350 131 N56 24.0
13] 109 02.0 | 326 43.1 178 83 39.7 4461 89 09.8 017 {357 21.3 52,8 |Shaula 97 00.1 537 05.2
141124 045|341 435 169 | 98 40.4 4531104 12.0 015} 12 234 52.7 {Sirius 258 59.2 $16 410
151139 069 1356 438 - 160|113 412 - 460|119 141 - 020 27 255 -+ 527 [Spica 159 012 S11 021
16}154 09.4 | 11 441 151 | 128 42,0 46.6 | 134 16,2 021 42 277 52.6 |Suhail 223 13.7 543 20.3
17)169 119 26 44.5 14.3 | 143 42.8 47.3 {149 18.4 02.2] 57 29.8 52.6
181184 143 | 41 44.8 N16 134|158 43.5 N 8 47.9 1164 20.5N 7 023 | 72 319 N21 52.5 |Vega 80 57.8 N38 45.7
191199 168 | 56 45.2 1251173 44.3 48.6 | 179 22.6 025 87 340 525 |Zuben'ubi 137 367 515 565
201214 1921 71 455 11.6 188 45.1 4921194 248 02.6]102 36.2 52.5 SHA Wi P

211229 217 86 459 .- 107|203 458 -- 498 (209 269 -+ 02.7 }117 383 - 524 o, el Foks.

<XPOCADC I —
o
N

-]

221244 242|101 46.2 09.8 1218 466 50.5 1224 29.0 02.8 | 132 40.4 52.4 |Venus 219 609 15 14

23] 259 26.6; 116 465 0891233 474 511239 31.2 03.0 1147 425 52.3 |Mars 335 404 7 27

b m Jupiter 340 203 7 08

Mar.Poss. 54901 ¥ 03 d o9 v o8 d e7] v z1 d 01| » 21 d o0|Satem 248 318 13 14
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CELESTIAL NAV\GAT\ON

TABLE 3

A2 ALTITUDE CORRECTION TABLES 10°—90°——SUN, STARS, PLANETS

oOCT.—MAR. SUN APR.—SEPT. STARS AND PLANETS DiP

pp- Lower Uppet App. Lower Upper APD: cgren e Additiona\ Hr.of Ht o .Ht.;f_i_it

Al Limb Limb | AlL. Limb Limb 1] Alt. 1t. Cort™ Eye o1t " fiye fye Corr®
. o o s 975 m fu | m :
9 34, 508215 939 106202\l 1o s6_ | VENUS 45’ go o 122

945,.,..-951_.,_. 10 08 . _
4-10°9 2:4\ 410°7 2% 1020#52. Jan. 1 June 7

9 56 10213 10 93 | yo.8 —21°0 92| 207 25

10 ¢8 10 15 10 33 51 o, 30 30 gg| 25— 28
pipIoelE +10°9— 209 50 42 o1 —31
10 21 10 27 10 46 32 105 ] 397 30
41142 — 211 +11-0——2o-8 —4'9 _ —3'2 I
10 34 10 40 11 GO June 8 —fuly 21 34 152! See table
4113210 4311207 —48 N —33
10 474—11-4{10-9 (s 54+11.2{20_6 11 14{4'7 5 g 3-6{3_4 119 -
1f ol L 110 11 29 46 o3 3-8 126
1 151—11’.-5—72045 112 113205 | 11 45—#46 4.0f'3'5 13_3¥ m ,
L1160 3 g4 204 45 | Jo¥ 22— hAug. 6 36 20-- 79
11 30 b1 38 1z O1I ° 43 14'3 g
1t 46+u'7#2°'6 L1l 54%_“'5)20'3 18 4 © 404 45 o 149 2 3
4118208 ' 156202 —43 1 o —38 24— 86
12 02, 12 IO 12 35 41 5 47 157 6 9
52 19, 1197204 g L8 T 201 |l 12 5400 o 3% 16 26— 99
4120- 293 . 4118200 5441 59 40 51 28— 93

Aug. 7 —Aug. 15 ;
o 52 g1 17°4

12 377}12'1——20-2.‘ 12 46—%11-9-19-9

1255 ag s o 05 . 15015 13 33 __ ° 105 g5 v 1831 30— 6
1314Jf122 20°% 1324”20 198 W 13 54 39 61 06 58 42 191 3 H9‘
123 200 11— 197 —38 20 | o —43 32100
13 35 13 45 14 16 + o7 61 201
1 6+12'4J19'9' e tyzz—196 N g 0—*3-7 31 6 —44 510 34—7103
35 +12-5!19-8 | 4 74'12.-3——19‘5 44 —3-6 ‘Aug.16~Sept. 10 3—~4-5 36~Io-6
14 18 106197 14 30 4 qpg -39 15 04_3.5 ) ° 66_ 46 22°C} 38108
14 42 el il el s A o6 69 5y 229
15 06 15 19 | 15 57 4407 72 239 4011
15 32+12'8—719-5 15 46 L1266 -192 || 16 26;3-3 12 ) o8 7.5*-‘4'3 249 40—11°1
15 597007 oh 114 s\ 16 562 g pg X9 260 42—
1% 28—%3-0—- 193 6 1228 -190 |l 1o 28 -31 Sept. 11— SeP- 9 8‘2‘5.0 271 44-—137
16 4131 T892 447,— 12'9 - 389 —é 30 3 , 8- —51 g. 4611
594_ P . 17 IS B . e 1 02{ . +O'S 5_7 . 261 8.{12-2
1 2.132 19T g 41370 188 29 6 1 06 38 52,92 B Gl
;é i 41337190 EZE 14—\713-1 - 187 9'2(-5'3 304 ft. ,
134189 32— bt 54 . 2— 1'4
18 42, gqg-18d L 19 OF 4 qge3 i8S 93 55 3s 4— 19
19 21 6ot 19 42 . 99 <. 327 5
20 03_{713 T 20 stI3'4”m4 10°3 3V 339 — 24
20 48'!"13'7" B a1 RS SIe . o o6 31 35T 8- 27
1138 1 136 - 182 23 41 —58 10— 31

21 YR
- 25 130 <38 2 54 See table
G140 - 183 13818

23 22—-‘:- 141 - 18 F 23 51 1139379

2;; 116—‘,—14-2 SaBI zz’é g?)-%-14~o~ 178
26 36+14‘3 S8 g 13+14'I 177
27 52-%-14'47 179 28 g1
'3-14'57-17-8 | 33+14‘3 - 175

29 15 30 00
4146177 1144174

30 4 | 31 35
N 26T 147~ 3761 20-&14-5-47-3
34 20 rgb s 335 20 146 172
26 20—2714-9—7174 ?:_’5 27 4147 T
f150-173 | 37 148170

38 36 39 5C
4-15° 1172 i %*i4-9—'x6~9

41 08 | 42 31
335 ERTE TRk | 1—1—15-0——:6-3
9—{-'15-3 -17°0 !‘ 1% :J; 41511677
5152166

47 10
154169
50 46 -%-15'5-7-16-8 | 52 44%— 153~ 165

5549 /';9*!—15'67-16-7 567; Oi 1154264
64 z’)+15-7—— 166 | ¢ 51 4155183
30 4 158165 7 37 4.15-6 162
70 12 459164 E R
76 26—%'16‘07-16'3 \ 79 43 4158360

83 OS5 g1 _\8632_ 15
9000—1161 lbzl‘goook‘[sg 159

App. Alt. = Apparent altitude = Sextant altitude corrected for index exro
For daylight observations of Venus, 8¢¢ page 260
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TIME OF SUNRISE/SUNSET/TWILIGHT

The navigator observes planets and stars during that part of the day when the bodies and the
horizon are both visible, These periods of time occurring right around the time the sun rises

or sets are called twilight. Because it is important for the navigator to be on deck and ready to
observe celestial bodies during this time and because the times of these events are constantly
changing, he needs a reasonably accurate way to predict their-occurence,

Given a reasonably accurate dead reckoning (DR) track, these programs should enable the navi-
gator to predict the times of sunrise, sunset, and a.m. and p.m. twilight within several minutes.
If the DR track is in doubt, the navigator should plan to be on deck ready to observe celestial
bodies several minutes earlier than the programs might otherwise indicate.

When using this program, the navigator should use his DR position to estimate where he expects
to be about the time of the desired event. Then, consulting the appropriate daily page of the
Almanac, he should take the following data from the twilight/sunrise (sunset) tables:

1. The tabulated latitude {whole degrees) which is at or above the projected DR
latitude.

2. The tabulated latitude (whole degrees) which is below the projected DR latitude.

in other words, the two tabulated latitudes should bracket the DR latitude where the navigator
expects to be when the desired event occurs. While in this table, the navigator should also take
out the times (GMT) corresponding to the desired event for the two tabulated latitudes. The
navigator shouid use the twilight/sunrise data from the top half of the page if he desires an
a.m. event, and the sunset/twilight data from the bottom half if he desires a p.m. event. The
navigator should also note that the twilight/sunrise and sunset/twilight data is given once for
the 3-day period covered by each daily page.

After completing the program for the GMT of one a.m. or p.m. event, the navigator can obtain
the GMT for the other a.m. or P.m. event by simply taking out the times listed for the other
event and entering them in steps 7 and 8.

This program is designed to be used by itself or in conjunction with the PLANET LOCATION
program. When used with this program, the DR latitude, longitude and GMT are stored auto-
matically and, therefore, need not be reentered. To use these programs together as a system,
the navigator first calculates the GMT for either a.m. or p.m. twilight and then uses the planet
location program to identify the approximate azimuth (true direction) and altitude {sextant
reading).
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NG-15
The pro]ected fime is calcuiated by the following gquation:

L, —L -L
GMT = [0568(1 DR) +0337( EF‘)+0024}( _ )+ + Dpa/18):
- L2

The variables used in the above equation are:
ApRr dead reckoning jongitude,

lor © dead reckoning latitude,

1 = tabular value of latitude at or above Lo+

L
|, = tabular value of latitude below LpRr+
f, = time of event at L., and
t

, = Time of event at Ls-
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PROCEDURE

[2nd] [Pgm] 15 |

Se:rect program.
g[an} [Degl i

Select degree mode.

¢ Enter dead reckoning latitude
{+N, —S).
Enter dead reckoning longitude

Lpg (DDMM.m)

LW, —E). ApR (DDDMM.m) |
. Enter tabulated latitude at or
above Lpg (+N, —S}. L, (DD) rc] .7
Enter tabulated latitude
pelow Lpg (N, —S). L, (DD) Y
Enter tabulated time for L, . ty (HH.MM) IE)

. Enter tabulated time for L. t; (HH.MM) 2nd] [A]
Compute time of event at DR

position

;§f2nd] 8"

1, Data may be corrected b\u/...)féentry;; .'
2. Steps 7—9 may be repeated as necessary.
3. If GMT 2 24, subtract 24 for the proper result,

4. Printer usage is opticnal.
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NG-15

EXAMPLE: Determine the GMT of a.m. civil twilight and sunrise for June 24, 1875 assuming

a dead reckoning position of 34° 40'N, 71° 15 W.

From table 1:

L, = 35°N, ty {sunrise} = A:47, 1, (a.m. civil twilight
L, = 30°N, 1, {sunrise} = 5:00, t, (a.m. civil twilight
ENTER PRESS DISPLAY
[2nd] [Pgm] 15
(2nd} [Degl
34407 [Al 34.66666667
711671 (sl 71.25
251 el 35,
agf [D} 30.
4.47% [E] 4.783333333
5t [(2nd} [ A"} 5.
(2nd] 1B} 0.334622567
4,17t [E1 4.283333333
4.33% [2nd]l TA'] 4.55
{2nd} [B'] 9.041073927

Register Co ntents

Roo GMT Ros T2 R, Used Ris
R, LoR Rys MDR Rt Ris
Roz L1 Ro7 MS Riz2 Riys
Ros b2 Ros Used Ris Ris
Ros © Ros Ysed Ria Rig

1 Printed if PC-100A is connected.
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y = 417,
) = 4:33.

CONMENTS

Lpr

DR

Ly

L

1 {suntise}

L {sunrise)

GMT (HH.MMSSs)

1y leivil twilight}
1, (civil wwilight)
aMT (HH.MMSSS}




NG-16

PLANET LOCATION

The four navigational planets (Venus, Mars, Jupiter, and Saturn) are very helpful to the navi-
gator when they are visible during either a.m. or p.m. twilight. The planets generally appear
among the brighter objects in the sky emitting a warm, brilliant, steady light that distinguishes
them from-stars which emit a bluish, twinkling light.

The planet location program is important for three reasons:
1. It tells the navigator which planets he will have available {i.e., above the horizon).
2. It enables the navigator to distinguish the navigational planets from stars.

3. It tells the navigator approximately where to look, and how to initially adjust his
sextant to find the planets.

This program is designed to be used by itself or in conjunction with the TIME OF SUNSET/
SUNRISE/TWILIGHT program. When used with NG-15, the navigator does not need to
reenter the coordinates and time of his dead reckoning position.

The Greenwich hour angle {GHA) of the desired planet should be extracted for the whole
hours of GMT for a.m. or p.m. twilight of the day of observation. Information on how to
extract data for planets from the Nautical Almanac is found on pages 79-80. Usually, the
navigator of slower yachts will obtain sufficient accuracy if he uses the GMT of the previous
day’s a.m. or p.m. twilight for his entry. The increments {minutes and seconds) of the previous
day’s GMT are entered in step 5. However, the navigator of faster vessels, particularly those
steaming on east-west courses, would be advised to use NG-15 to obtain a more accurate
estimate of GMT. Navigators on vessels of this type should aiso estimate the location of the
planets every day. Since the location of the planets changes relatively slowly, particularly for
smaller vessels such as yachts under sail, navigators on these vessels need only predict the
location of planets every several days.

The skipper of a yacht may want to estimate the location of the planets for the duration of a
voyage. The best way to do this is to obtain planet location data for the mid-week of each
expected week of a voyage. The navigator, of course, will have to project his vessel’s progress
(when sailing the great circle route, program NG-26 may be of use here) and assume a DR
position for the mid-week of each week of the trip. As long as the vessel’s actual progress is
within several hundred miles of the planning DR, the planet data will be sufficiently accurate
to help the navigator locate the bodies.

The outputs of this program are the approximate altitude {sextant angle} and the azimuth or
true direction of the planet. With this data, the navigator can pre-set his sextant to the
indicated altitude, and sweep the horizon at twilight in the general azimuth (true) direction
indicated to easily find the planet,

The print eradle can be useful, particularly when forecasting the positions of the planets for an
extended trip.
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The calculations performed by this program are:

LHA = GHA — Xpr ¥ 7 15) MS,

Dec’ = Dec + {d X MS),

HC = sin™* [sin {Log) S0 {Dec} + coOS {Lpg! €OS (Dec'} cos (LHAM,
sin (Dec’} — sin (Lpg) sin {He) l

|
n = co8 cos {Hc) cos (Lpr)

In the above equations:
Lor = 1atitude of dead reckoning position,

= {ongitude of dead reckoning position,

and seconds of GMT at DR position,
tables,

ApR
MS = minutes
p,d= corrections taken from

GHA = Greenwich hour angle,
| HA = local hour angle,

declination of planet,

Dec =
He = estimated altitude, and
Zn = estimated azimuth.
REMARKS
1. M the navigalor obtains @ negative altitude, that means that the particular planet
il not be available for use.

at that time is below the visible horizon and obviousty wi
yessel’s compass to locate planets should be aware of any

2. The navigator using 2
d/or deviation in these instruments.

significant yariation an
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data may be corrected by reentry.

2. If data for more than one planet for same time and DR

the work for the first planet, repeat Steps 6 through 10.

3. Use of printer is optional.

Register Contents

Roo GMT Rys Used Rio
Ros I—DR R(m ADR Riy LHA
Ro: d - MS R,, MS R,; Dec
Roz Used Ros Ris
Rosa He Roo Ris

67

STEP PROCEDURE ENTER PRESS DISPLAY
P program,- S S ——— o] Troml 76 e T
2 Select degree mode. [2nd] [Deg]

3 Enter latitude of dead reckoning
. position {+N, —5§). Lpg (DDMM.m) TA] Lo
4 Enter longitude of dead reckoning |
position (+W, —E), hpg (DDDMM.m):[ B ] bR
b Enter minutes and seconds of :
'~ estimated GMT at DR position. MS (.MMSS ) { Cl MS {.hh)
6 Enter v correction. v (M.m) D] in’Icerf’negjiate
7 Enter GHA of desired planet at caloutation
 twilight, GHA(DDDMM.m):[ E ] sin LHA
Enter d correction. d (M.m) {2nd] [A'] MS {.hh)
Enter declination of desired
planet {+N, —S) and compute Dec (DDMM.m)  [2nd} [B'] Hc (DDMM.m)
| estimated altitude, ;
10 Compute estimated azimuth. ;“:[an] fe'l Zn (DDD.ddd)
1. If GHA is en‘(éa;ed- incorrectly, press [INV] [VZﬁd]w[St Flg] [0 | Vand r.ée.nfét:.r Remammg -

position is desired, after completing




NG-16

EXAMPLE: Having used NG1-1610 find the GMT of a.m. civil

DR position of 34° a0' N, 71° 15" W, determine which planets Wi
py finding the approxnmate altitude {Hc) and azim

The following data must first pe extracted from table

GHA

Jupiter

Saturn

N (decreasing)

R TAREAITTT

' (1ncreasing}
& 552N (increasing!

21° 55.0' N (decreasing)

ENTER

3440*1
7115* 1
_04107392*T

at
age27. 77
ot
1703.97

8t
226961
Vil
810.61

9.7
2719.31
At
655.2%

217
29530.7"
of
2155.0%

*Does NO need

o entered if me

Note that the GMT of twilight must

PRESS

[Znd] {Pgm] 16

[2nd] [Deg}
[Al
Bl
[ci

(D}

(el
[+/-1 {an] pA'l

{2nd] (el
[2nd] [C 1

1Dl
1E]
[2nd] LA
[2nd] 1B
[2nd] 1c

i
1
1

D]
[E]
[2nd] LA
[Znd] (g
[2nd} 1C

[

)

(D}
{E]

|2nd] U\ 1.

[2nd] (gl
[2nd] {c'i

tPrinted if PC-100A is connected.

Dec

2. {See page 80 fo

rwilight on June 24, 1975 at a
ill be visible at the above ifime
uth {Zn) of each. '

t instructions.}

DISPLAY

34.66666667
71.25
.0696497778

1.045004916
-.27 99423094
0696497778
—3600. 5909471

19.319492‘BT

1.04567533

-—.7338601916

.0696497778

3920.457025*
110.0753272’r

1.0471 84409

68047981 57

.0696497778

4149.353708T
11497 ge342t

1.047184409

r-.7’109081?.61

.0696497778

—1855. 47725561
44, 20402805T

mory registers were left und;sturbed following calcula

be catcutated last.

COMMENTS

Lpr

MpR
MS

Venus

v

GHA

d - MS

Dec -+ He (DDMM. m}
Zn (DDD.dd}

Mars

v

GHA

g MS

Dec— He (DDMM.m}
in {DDD.dd]

Jupiter

v

GHA

d— M5

Dec —~ He {DDMM. m)
Zn (DDD. da}

Saturit

v

GHA

o~ MS

Dec—> He lDDMN\.m)
Zn lDDD.dd)

tion by NG-15.
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STAR IDENTIFICATION

One of the more troublesome areas of celestial navigation involves proper identification of
stars once they have been observed during a.m. or p.m. twilight.

As a practical matter, there will usually only be a limited number of stars observable each
morning or evening. As a rule, these tend to be the most significant or major stars. The editors
of the Nautical Almanac have alphabetically listed 57 selected navigational stars at the right
hand of the stars-planets section of the daily pages. The A/manac also contains similar data for
173 other stars in the back of the book.

When working with the start identification program, the navigator should foilow this procedure:
Observe a star with the sextant.

2. Record the GMT date/time, DR latitude and longitude, GMT minutes/seconds, the
GHA of Aries {for the whole hours of GMT), and the uncorrected sextant reading
{Hs} on a standard sight reduction workform.

3. The approximate azimuth {true compass direction) of the star should also be
recorded by using a hand bearing compass. The reading should be corrected for
local variation.

4. The data from the worksheet is then entered into the calculator as indicated.
The program calculates the approximate SHA of the star you observed. To find
out which star you have observed, consult the SHA-declination values (table 2)
listed for the 67 selected stars on the appropriate daily page to find a star whose
tabulated SHA and declination closely matches the approximate values. If a
match cannot be found from the stars listed on the daily pages, consult the more
detailed listing at the back of the Almanac.

5. Record the tabulated Declination and SHA on the workform and proceed with the
normal sextant correction and star sight reduction programs.

The following formulas are used in computing the program outputs:
LHA = Xgg — 15.042 (MS) — GHA 7,
Dec = sin™ [sin (Lpg) sin {Hs) * cos {Lyg) cos {Hs) cos {Zn)],

sin (Hs} — sin {Lya ) sin (Dec)
cos {Lpg) cos (Dec)

SHA = cos™! ( ) + LHA.
The variables in the above equations are defined as:
Lpr = latitude of dead reckoning position,
Apg = longitude of dead reckoning position,
Hs = sextant altitude,

Zn = ohserved azimuth,
GHA T = Greenwich hour angle of Aires,
LHA = local hour angle, and

MS = minutes and seconds of GMT at DR position.
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PROCEDURE

Select program.
Select degree mode.

Enter latitude of dead reckoning
position {+N, —Sh

¢ Enter longitude of dead reckoning
1 position (+w, —E}.

o

[=2]

Enter sextant reading.
7 | Enter observed azimuth.

: Enter Greenwich nous angle
of Aries.
9 ¢ Enter minutes and seconds of

. GMT at DR position.

10 Compule estimated declination
(+N, —S).

Compute sidereal hour angle

. of star.

1. ¥ Znis entered incorrect

L Hs {DDMM.m} el
. Zn (DDD)

. GHA (DDDMM.m) [ E]

. WS (MMSSS

ly, press IINV] [2nd] [5t Flg] {0} and reenter. Remaining
data may be corrected by reentry.
2. The print cradie may be used with this program.

%Eanl {Degl
ondl {D']

Lpg (DD.dd)

Apg (DD.dd)
Hs (DD.dd)

[ Dl Zn

Agq (DDMM.m) 1B]

GHA T (DDD.dd}

@

[2nd} [A'] MS {.hh}

Dec (DDMM.m)

(2nd] 18]

{2nd] (€] SHA (DDDMMLM)
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EXAMPLE: At 9:19:21 GMT on June 24, 1975 you observed a star from a DR position of
34° 40' N, 71° 15' W. The uncorrected sextant altitude was 41° 25’ and the approximate azi-
muth {true direction) of the star was 290°. Identify the star. {The GHA of Aries may be
found in table 2.}

ENTER " PRESS DISPLAY COMMENTS
[2nd} [Pgm] 17 Select Program
i2nd] [Deg] Select Degree Mode
2nd] [D'] 0. Initialize

34407 [A] 34.66666667 Lo

7115t (B 71.25 A\oR

41251 [c] 41.41666667 Hs

200t [D] 290 Zn
4653.91 [E] 46.,89833333 GHA T

1921t [2nd] [A"] 0.3225 MS
{2nd] [ B'] 3567.65950921 Dec {DDMM.m)
[2nd] [C'] 8001.874919% SHA (DDMM.m)

Vega, with a SHA of 80° 57.8' and a declination of 38° 45.7' N is closest to the above
approximation. (See table 2.)

Register Contents

Roo Ros Dec Rio Ris
Ro: Lbr Res ADR Ri: Ris
Ro, Hs Ror Used R, Ry,
Ros Zn Res MS Ris Ris
Roa GHA T Rgye -LHA Ria Ris

T Printed if PC-100A is connected.
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SEXTANT CORRECTION

After the navigator has observed a celestial body and recorded the time and sextant reading,
the reading must be corrected and adjusted for @ number of factors. This program is designed
to apply these corrections and adjustments to the reading in computing the observed altitude
(Ho) which is then stored in the calculator and may be used later with a sight reduction program
or NG-25.

The sextant correction workform may be used 10 organize the data for entry into the calcu-
lator. First, you fiil out the general information at the top of the workform. This indicates
the name or kind of body you observed, the date (Greenwich), the upper or lower limb if the
body was the sun of moon, and the watch time, corrected for watch errors to produce GMT.

The form’s input data is organized according to its chronological entry into the program. The
step reference numbers at the left of the workform correspond to the step-procedure instruc-
tions of the program.

The workform is organized 10 help the navigator handle the decimal point when entering data.
There is also space at the bottom of the form to record the program output, your corrected
sextant reading {Ho).

To record the input data, you begin by entering the sextant reading (Hs) from the instrument.

The uncorrectible instrument error of your particular sextant for that reading will be noted on
the certificate, usually found inside the lid of the sextant case.

The index correction, which can be positive of negative, adjusts the reading for the fact that
the index mirror and horizon glass may not be parallel. You find the index error by:

1. Setting the instrument to Zero.
9. Looking at the horizon o determine if it appears as a single or broken line.

3. Adjusting the gextant to form a single horizon line if the “zero setting” produced
a broken line.

4. Noting how many minutes/tenths must he added or subtracted to return the setting
to zero.

The additional sextant corrections for Venus and Mars are given in the middle column of
page A-2, Altitude Corrections for Sun, Stars and Planets of the Nautical Almanac. You will
find these corrections on the inside cover at the front of each year's Almanac. Table 3,

reprinted from the 1975 Nautical Almanac, shows how this table is organized.

The Semi-Diameter {SD) of the sun of moon is found on the right hand side of the white
(daily) pages of. the Nautical Almanac. The information will be found at the hottom of the
page. One entry is given for the sun for the three-day period covered by each page, and three
entries, one for each day, are given for the moon. Table 2 is an extract of the 1975 Almanac
for June 24, 25 and 26 which shows that the SD for the sun for any of those three days is
15.8'. The SD for the moon for June 24 is 15.3', for June 25, 15.1" and for June 26, 15.0".
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The height of the navigator’s eye above the water at the time of observation is recorded in
feet. This information will be entered into the calculator to correct the sextant reading for the
fact that the observer's eye was above sea level.

The horizontal barallax (HP) adjusts the reading for the special characteristics of the moon. HP
is given in the daily pages of the A/manac for each whole hour of GMT of the moon as
illustrated by table 1,

Non-Standard Conditions

Extreme conditions are defined as very high (above 90°F) or very low (below 30°F) tempera-
ture; very high (above 30.5 inches) or very low (below 29.5 inches} barometric pressure,

Since such conditions affect the sextant reading, the sextant correction program can adjust
the reading for these extremes.

If you find your observations involve extreme temperatures or barometric conditions, enter the
air temperature {in degrees Fahrenheit) and barometric pressure {in inches) in steps 12 and 13.
If conditions are standard, ignore these steps and proceed with the program,

Very low altitude sightings (e.g., below 10°} are considered by many navigators as inherently
unreliable. I, however, you are forced to use a low altitude sight, it is a good idea to use the
prevailing temperature and barometric pressure components of the program even if conditions
appear normal as low altitude sights are more sensitive to variations of pressure and
temperature.

Once you have taken a sight, recorded the data, and completed the sextant correction pro-
gram according to the instructions, the corrected sextant reading {Ho) will be automatically
stored in your calculator’s data memory. The navigator should jot down the corrected sextant
reading Ho (DD.MMSSO0 in the program output space on the workform in case Ho must be
entered manually due to a data entry error in the sight reduction program which required
clearing the calculator memories. You are then ready to proceed with the appropriate sun,
moon, star, planet sight or noon sight reduction program.
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The following formula is used to determine the observed altitude:

Ho=Hs+IE+lC—D+SD—~—Rm+T'—-P'+HP{cos(ha—Rm)].

The variables are defined as:

Ho = observed altitude,
Hs = sextant reading,
|E = instrument error,

iC = index correction,
= dip = 0.01617 v height of eye in feet,

SD = semi-diameter of sun or moon,
frm = mean refraction = {0.00117 + 0.0154/tan ha if ha = 8°,
0.0236 + 0.0119/tan ha if ha < 8°,
T' = air temperature correction = Rm [1 — 510/{460 + T)],

temperature of air, °F,

* P' = barometric pressure correction = Rm {1 — P/29.83),

]

barometric pressure,
ha = Hs + IE + IC — D + SD, and

HP = horizontal parallax.

REMARK

This program may be used to compute and store up to six sights for use in programs NG-19
through 22.
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10

1

12
13
14

15

NOTES:

PROCED
Select program.
Select degree mode.

PRESS

NG-18

DISPLAY

[20d] [Pgm] 18
[2nd] [Deg]

1101,

n

Hs {DD.dd)

IE (.dd)
. 1C }.dd)
- 3,9 (.dd)

d, 9 {.dd)

*SD {.dd)
| Rm {.dd)

HP [cos (ha - RM) f:

| Ho (DD.MMSSs)
% sight no.

Initialize. {Perform 4-15 for [2nd] [E']
each sight.}
Enter sextant reading. i Hs [A]

¢ (DDMM.m)

. Enter instrument error. IE {(MM.m) [A]
Enter index correction. IC {MM.m) [A]
Enter additional correction for 4,9 fA]
Venus or Mars, o (MM.m}
Perform this step only if you [B]
observed the lower {imb of the
sun of moon.
Enter semi-diameter of thesun | SD {MM.m) icl
or moon.
Enter height of eye above ¢ EYE(ft) ID]
water,
Enter horizontal parallax ¢ HP {MM.m) [E]
{moon only}.
Enter air temperature. T(°F) [2nd] [ A']
Enter barometric pressure. P {inches} {2nd] [ B']
Compute observed altitude. ‘ [2nd] [ C']
Store Ho. - [2nd] [D']
1. 1§ [ B ] is erroneously pressed, correct by pressing [INV] [2nd] {St fig
2. 1¥ [2nd] [ D’ ] is pressed at the wrong time, press [INV] [2nd] [St flgl [G] 127 [INV]

(SUME (01001 [17 [INV] [SUM] [ 0] {31 and return to Step 4. {If the error is made
on the first sight, simply initialize and begin again.}

3. Program space will not allow simple corrections, therefore, for any data entry ertor, press

[INV] [2nd] [Stflg] (0] Q] {STOl [0 [ 4] and return to Step 4. Do not initialize
the program again as the altitudes will then be improperly stored.

observed altitudes when stacking.

. The print cradle may be used with this program.

Register Contents

ROU
RO 1
RO?.
Ras
Ros

Pointer  Rgs Rie Ho, Ris

Ros Ris Ris Ho;
Rm Roq » Riz HO’_’. Rl’?
Sight no, Ry Hoy Ris Ris Hos
Used Ros Rixa Ho, Ris
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R,, Pointer
R, Pointer

. Do not initialize the program hetween sights as this will cause improper storage of the
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SEXTANT CORR

ECTICN WORKFORM FO
{For Use With Sextant

R SU
Correction Program NG-

N, MOON, STAR AND PLANET S

18)

SIGHT #__——— ——— WATCHTIME  —————
Hrs,
goODY DATE WATCH ERROR
{Greenwich) (— fast +slow)
LiMB  Upper Lower GMT

Program Step
Reference
4 Sextant Reading
{Hs)
5 Instrument Error
{+ or =]
6 Index Correction
{+or —)
7 Additional Correction for
Venus/Mars
9 Semi-Diameter {sp) of
Sun or Moon
10 Height of Eve Above Water
11 Horizontal Paraliax (HP}
{Moon)
*12 Temperature of Air
{°F)
*13 Barometric Pressure
14 Program Qutput — Automatically
Stored for Later Use (Corrected
Sextant Reading — [Hol}
*(For Non-Standard Conditions Only)
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—_—

Hrs.

Program Input Data

Deg.

Deqg.

IGHTS

e
Secs.

Mins.

e ———
Secs.

mins.

e ———
Secs.

Mins.

Mins.

Mins.

Mins.,

Mins.

Mins.

Feet

Mins,

Inches

Mins.

Tenths

Tenths

Tenths

Tenths

Tenths

Tenths

Tenths

Secs.
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EXAMPLE: The sights listed below were taken June 24, 1975. Correct the sextant altitudes
to find the observed altitudes.

GMT Hs Ic IE EYE T(°F) P JLSD HP 4,9
MOON 9:20:05 | 11°07.2" +4" [ +2' | 20 ft. 80° | 295" 1563 | 56.2" | —
MARS 9:23:15 | 42°52.8 +4° | +2° | 20 . 80° | 295" — +.1
KOCHAB 9:19:21 | 26°37.6° +.6 0 | 25 fi 80° | 205" - -
SUN (LL} | 16:47:14 | 78648 | —2 0 27 1. 87° | 295" 15.8 - -
Tabie b.
The data to the right of the double line was taken from tables 1 and 3.
ENTER PRESS DISPLAY COMMENTS
{2ne] [Pgm] 18 Select Program
{2nd] [Deg] Select Degree Mode
[Znd] [ E"] 0. Initialize
Moon
1107.21 [A] 11.12 Hs
AT [A] 0066666667 iIC
21 [ A] 0033333333 IE
15.3} fcl —.0042166667 SD
20t [D] 0818790742 EYE
5.2t [ E ] 0203174389 HP
got* [Znd] [ A" ] 0045488375 T
29, 5t* [2nd] [B' ] .0009058027 P
[2nd] [C' ] 11.384768291 Ho {DD.MMSSs)
[2nd] [ D' ] 1.1 store Ho = sight
no,
HMars
425281 [ A ] 42.88 Hs
Y [ A] 0066666667 Te
2t [A] 0033333333 iE
At [ A1l 0016666667 3
201 [ D] 0177892239 EYE
[2nd] [C"] 42.480562681 Ho {DD.MMSSs)
[2nd] [D'] 2t store Ho — sight
no.
Kochab
2637.61 [ A] 26.62666667 Hs
.61 [A] 0.01 Ic
251 [ D] 0319824143 EYE
[2nd] [C'] 26.312580331 He {DD.MMSSs)
[Znd] ID"] 3.1 store Ho — sight
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ENTER PRESS
7854.87 Al
ot (=1 1AL
iB 1
15.87 icl
yral Ipi
[2nd} [C']
1Znd} (D'l

Note that these sights have been toaded into calculato

*Eyen though the temperature and pressure are within normal

altitude of the maon.
tPrinted if PC-100A is connected.

Entering the Corrected Sextant Reading {Ho)

Some navigators may wish to correct their sextant readings by means of
altitude correction tables found in the
TiOM program is not used, the navigator ma
the SIGHT REDUCTION programs
{following step 3) according 1o the

(followin

DISPLAY

78.91333333
_.0033333333
_.0033333333
0.0043
0041385521
0.050662287
4.1

¢+ memory for use in later p

COMMENTS

Sun

Hs

IC

LL

sD

EYE

Ho (DD MMSSs)

store Ho— sight
no.

rograms.

limits they should be entered due 10 the low

Manually

arithmetic and the

Nautical Almanac. Whenever the SEXTANT CORREC-
his sextant reading and enter Ho for use in

STEP PROCEDURE ENTER
(] Store register counters. 8
9
2 If Hg is in the form Ho (DDMM.m)
DDWiM.m perform
Steps 2-5.
3 1f Hp is in the form Ho (DDMM.SS}
DDMM.SS perform 100
Steps 3-5.
4 If Hy is in the form Hg {DD.MMSS)
DD.MMSS perform
Steps 4-D.
5 Stare He in the register Hy (DD.dd)
indicated helow — per
form this step only
when Hg is in the
form {DD.dd)
Sight No.

;oW N

78

y correct
g step 2) and the NOON gIGHT FIX program
procedure outlined below.

PRESS

(sTol (21101
istol [21 [11

nnvi [2nd] iD.Mm8S1
[+1
=1

{2nd] [D.MS]

(sT0l [nlinl

Register
Ros

10
12

o s o3

14
16

z oW

13

DISPLAY

8.
9.

Ho (DDMM.SS}
Ho {DDMM.SS)
Ho (DD.MMSS)

Ho {DD.dd)

H, (DD.dd)




NG-19, 20, 21, 22

SIGHT REDUCTION

The following programs (NG-19 through NG-22) are designed to be used alone or in conjunc-
tion with the SEXTANT CORRECTION and FIX BY TWO OBSERVATIONS programs. A
common workform is suggested to help the navigator organize his work and provide a record
of the data necessary to check his results.

"“Reducing a sight” is the mathematical process by which an accurately timed celestial observa-
tion is converted into information the navigator can use to construct a line of position on a
plotting sheet or chart.

Each program requires the time of the observation and the dead reckoning position at that
time to be entered. The remaining data must be extracted from the daily pages of the Nautical
Almanac as explained in the following.

Daily Page Information for the Sun

The sun’s Greenwich Hour Angle or GHA (table 1) is tabulated in degrees, minutes, and tenths
for each GMT whole hour of each day. The program requires you to take out the sun's GHA
which corresponds to the GMT whole hours and date of observation.

The sun’s declination {Dec} like GHA is tabulated for each whole hour of each day. The decline-
tion is found just to the right of the GHA, as indicated in table 1. Note that the declination is
given in whole degrees, minutes, and tenths and contains a prefix “N"’ for North and *’S" for
South. Note also that the whole degrees and the prefix are listed intermittently down the
column. Be sure that every declination you extract contains whole degrees and a prefix
notation.

The d correction for the sun is listed once for the 3-day period covered by each page. it is
found at the bottom of the sun column just to the right of the semi-diameter (SD).

REMARKS:

For northern declinations:
The d correction takes on a positive value if the declination increases as the day
progresses and is negative i the declination decreases.

For southern declinations:
When the declination decreases through the day, the ¢ correction is considered to
be positive and is taken as negative if the declination is increasing.

Daily Page information for the Moon

The GHA of the moon (table 1) is taken from the A/manac for the GMT wholie hours and date
of observation, using the same procedure outlined for the sun.

The » correction for each hour of GMT is found in the daily pages of the moon column just to
the right of the GHA. The » correction is always a positive value.

The declination of the moon is“found to the right of the » correction, for each GMT whole

hour and date. It is extracted for the whole hours according to the same instructions given for
the sun.
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The d corrections for the moon are also listed for each GMT whole hour and date and are
assigned positive or negative values according to the procedure established for the sun.

Daily Page Information for the Planets

On the left hand side of each daily page you will find Almanac data for the four navigational
planets: Venus, Mars, Jupiter, and Saturn. Table 2, extracted from the 1975 Almanac, shows
how this information is presented.

The GHA of a planet is given for each whole hour of GMT for each day. It is taken from the
Almanac in the same manner described for the sun and moon.

At the bottom of the GHA column for each planet, you will find the v correction for planets
which is always positive unless otherwise listed.

The declination for each planet is found just to the right of the GHA calumn. The declination,
as for other bodies, is given for each whole hour of GMT for each day.

The d correction for each planet is found at the bottom of the page underneath the declination
column. This correction is given once on each page for each planet and covers the 3-day period
of the page. Again, the sign of the dedlination follows the same pattern established for the sun.

Daily Page Information for the Stars

The information you need for stars is given in the first and the last columns of the left hand
daily pages as shown in table 2. The first column is labeled “ Aries’” and the last column,
appropriately, is labeled ‘‘Stars”.

For each star sight you will need to take out the GHA of Aries for the GMT whole hour and
date of observation. In the calculator program, the GHA of Aries (really an imaginary fixed
point in the sky} will be combined with the value of the star’s sideral hour angle {SHA).

The SHA of each of the 57 selected navigational stars listed in the daily pages is given once
for each 3-day period.

Right next to the SHA column of each star is the declination. Like SHA the declination for

each listed star is given once and is good for the 3-day period covered by gach page. Stars have
no v or d corrections.
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These programs calculate the computed altitude (Hc}, the intercept or altitude difference {a),
and the true azimuth (Zn) according to the following equations:

He = sin™ [sin {Dec') sin (Lyg )} + cos (Dec') cos {Lpg ) cos (LHA),

a = Ho — Hg,

Cos (2) = [sin (Dec’) — sin (Lpg) sin (He)l/[cos (He) cos (Lpr i1,
7 = {Z if sin LHA < 0.
360 — 2 if sin LHA > 0.

The local hour angle {LHA) and corrected declination (Dec’) are found according to individual
program requirements.

REMARKS

1. When stacking sights they must be reduced in the same order used in NG-18 {or in
manual storage}.

2. The print cradle may be used with any of the SIGHT REDUCTION programs.

Error Corrections (NG-19 through NG-22)

Step Data Entered Incorractly Procedure for Correction
3 DR latitude Reenter Step 3,
4 DR longitude Reenter Step 4.
5 minutes and seconds of GMT Reenter Step 5.
6 {omit for sun) ¥ cotrection {or SHA} Repeat Step 5, then reenter Step 6.
7 GHA Press [INV] [2nd] [St Fligl {01,

8a {omit for start)
8b (step 8 for star)

10

11

d correction

declination

81

repeat Steps 5 and 6, then reenter
Step 7.

Repeat Step 5, then reentsr Step 8a.

For stars:
reenter Step 8.

For remaining bodies:
repeat Steps 5 and 8a, then
reenter Step 8b.

Store Hoj (i = 1 — 6} in the register
listed on page 78 and continue. Do
not enter register counters.

If display following Step 7 was
negative, press [2nd] [st flg] [ 0]
and continue. If not, ignore display
and continue.

Press [ 2] [INV] [
[INV] [SUMI [ 2]
[INV] [SUM] [0]
continue

112](0]
11071]
|

SU
[
[ and

vt
1
7



PROCEDURE

lect progranmt.
Select degree mode.

Enter latitude of dead reckoning
. position {+N, —-5).

! Enter longitude of dead reckoning
. position (+w, —E)

5 | Enter minutes and seconds of
. GMTat DR position.

6 (Omit for sun.)

7 . Enter GHAof sun for whole hours
¢ of GMT

| Enterd correction

. Erver declination (+N, =8) of

. sun for whole hours of GMT to

. find computed aptitude.

9 Compute intercept.
.10 . Compute azimuth. ;

Store azimuth.

Register Contents

Roo Ros Used Rig &2
Ro:r Lom Ros MDR Rir ZM
Ry, Dec Res Sight no. Riz 83
Ros LHA Res @1 Ris ZNs
Req HC Roo 2Ny Ria 22

d (M)

. [2nd] [Degl

Lop (DDMMm) (Al

. (DDDMM.m} iBl

MS (MMSS) cl

GHA (DDDMM.m) ¢ D]

[E]

Dec (DDMM.ml  [2ndl [A]
| [2nd] [B']
(2ndl [ C']

Ris ZMg R,, Pointer
Ris s R,, Pointer
Riz Zns
Ris @6
R 2N

82

PRESS DISPLAY

red] (Pgm] 19

2ndl I D'}

Lpg (DD.dd}

App (DD.dd)

intermediate
caiculation

sin LHA
o {.dd)

He (DD.MMSS)
a {nau. mi.}

Zn {DDD.dd)
sight number



SIGHT FIEDUCTION (PLANET)

- +Zn

NG-19, 20, 21, 22

. STOF!E Zn

e

8a
8b :

9
10

Store aznmuth

1 1

NOTE

PROCEDURE

PRESS

DISPLAY ‘

Select program
Select degree mode,

Enter latitude of dead reckoning
position (+N, —5),

Enter longitude of dead reckoning
position {+W, —E),

| Enter minutes and seconds of
- GMT at DR position.

Enter » correction,

Enter GHA (for whole hours of
GMT) for moon or planet.

Enter o correction,

Enter declination {+N, —S} for
whole hours of GMT of moon
or planet to find computed

- altitude.
¢ Compute intercept.
Compute azimuth,

ENTER ‘
| {znd}[Pgm] -
E{an][DegI
Lpr (DDMM.m) if{A] Lpg (DD.dd)
Aor (DDDMM.m) ' [B] Aor (DD.dd)
MS {.MMSS) [C] Intermediate
calculfation
v (MM.m) [D] intermediate
calculation
| GHA {DDDMM.m} / [E ] sin LHA
d (M.m) [2nd] [ A'] d (.dd)
Dec (DDMM.m) 4[2nd} [B'] Hc (DD.MMSS)
[2ndl{ C'1 a (nau. mi.)
(2nd] [ D] Zn (DDD.dd)
;tzndl [ E ]

sight number

1. For the moon, use [2nd] {Pgm] 20; for a pianet use [2nd] [Pgm} 21,

Register Contents

Roo Ros Rio ay
Ro: Lpg Ros Apg Ryt
Ro2 Dec Ros Sight no. R, a;
Ros LHA Rosz a; Ris
Ros Hc Roo Zn; Ris a4

an

Zn;

Zn,

83

R., Pointer
Pointer

RZI




NG-19, 20, 21, 22

Compute intercept.
. Compute azimuth.
. Stote azimuth,

PRESS

DISPLAY

PROCEDURE

Select program.
Salect degree mode.

Enter latitude of dead reckoning
position (+N, —8).

Enter longitude of dead reckoning

position (+W, —E).

- Enter minutes and seconds of
. GMT at DR position.

Enter SHA of star for whole
. hours of GMT.

Enter GHA of Aires for whole

_ hours of GMT,

Enter declination {tN, —5) of
star for whole hours of GMT

. to find computed altitude.

Register Contents

ROG
Ros
RD’Z
Ros
Roa

| Lpg (DDMM.m)
Apg (DDDMM.mM)

MS (.MMSS)

| SHA (DDDMM.m)

GHA T {DDDMM.m}

Dec {(DDMM.m)

’i‘g[cl

0]

(Al

Bl

[2nd] [Pgm] 22
. [2nd]{Degl '

LE]

[2ndl [ A"]

[2nd) [B']
“l2nd]l [C']
i{2m:|] D]

Lpg (DD.dd)
Apg (DDD.dd)

Intermediate
calculation

SHA (DDD.dd)

sin LHA

Hc (DD.MMSS}
a {nau. mi.)

Zn {DDD.dd}
sight no.

Ros Used Rio @2 Rys Zny
Lpr Roe MDR Rix Zm Rie as
Dec Ros Sight no. Ry; a3 Rys Z0s
LHA Ros & Rys Zns Riz @s
He Reo ZNy Ris 84 R0 ZNg

84

R,o Pointer
R,,; Pointer
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SIGHT REDUCTION FORM
{For Use In Connection With Sextant Correction Program And Star Identification Program)™®

SIGHT #

NAME OF STAR

Program Step

Reference Program Inputs
3 DR Latitude {+N, —8) .
Degs. Mins, Tenths
4 DR Longitude (+\W, —E) .
Deags. Mins, Tenths
5 MS {Minutes/Seconds of GMT) .
Mins. Secs.
6 v correction for moon or planet
or SHA of star {omit for sun) .
Degs. Mins. Tenths
7 GHA of observed body (use -
Aires for ali stars) Degs. Mins. Tenths
Ba d correction {omit for star) .
Degs. Mins., Tenths
8b Declination {+N, —8} .
(8 for star) Degs. Mins, Tenths
Program Outputs
7 Check if display was negative D
8b He .
(8 for star) Degs. Mins. “Fenths
g Intercept .
(-i- toward} (g away) Miles Tenths
10 Azimuth — .
Degs. Tenths

*{1f Sextant Correction Program Was Not Used, See Page 78 for Procedure to Manually Enter Hg.)

For Use With Star ldentification Program Only,

Sextant Reading (Hs) - . Azimith -
(Uncorrected) Degs. Mins. Tenths (Approx.) Degs. Times
Estimated SHA _ . Estimated Dec. .

Deygs. Mins. Tenths Degs. Mins. Tenths
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EXAMPLE: Reduce the sights found in the example on page 77. Use a dead reckoning posi-
tion of 34° 25" N, 71° 15" W for the sun and 34° 40" N, 71° 15" W for the remaining.

First, extract the following information from the appropriate tables.

GHA Dec

ol [ 1A s (e
- es | 106N (neressing)
5 5ae | E15ON

23°25.0' N {decreasing)

Table 6.

Now, perform the example on page 77 or enter the corrected sextant readings manually
according to the instructions found on page 78. (Note that the output of NG-18 is in the
form DD.MMSSs, not DDMM.SSs.)

ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm] 20 Select Program
[2nd] [Degl Select Degree Mode
Moon
34401 Al 3466666667 Log
71157 iBl 71.25 \oRr
20057 fci 4.792218056 MS
o8t iDl 0546712963 P
1260117 el 8626480848 GHA
477 [2nd] [A'] 0783333333 d
104441 [+/—] [2nd] [ 8] 11.31225401% Dec > He
{DD.MMSSs)
[2nd] [ C'] 7.4190461641 a
[2nd]l [ D'} 235.07487061 7n (DDD.dd)
{2nd] [ E'] 1.7 stare Zn > sight no.
ENTER PRESS DISPLAY COMMENTS
{znd] [Pgml 21 Gelect Program
Mars
23157 [cl 5.8126 MS
af [D] 0051666667 v
2259.61 [E] —.6748048819 GHA
at [2ndl [A'] 0116666667 d
810.67 [2nd]l 18] 42 584964441 Dec+ Hg
' (DD.MMSSs)
[2nd] [ C') _10.733627287 a
i2nd] [ D'] 114.0768904% Zn (DDD.dd)
{2nd] L E'] 21 store Zn —> sight no.
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ENTER

19211
13718t
4663.01
741567

ENTER

34251
47147
592501
AT

23251

PRESS
{2nd] [Pgm] 22

[c]
ID1]
[E]
i2nd) [A')

PRESS
[2nd] [Pgm] 19

Al
[C]
[D]
{+/-1 [E]
[2nd] [ A']

[2nd] [ B']
[2nd] [ C']
[2nd] [ D' ]

T Printed if PC-106A is connected.

DISPLAY

4,85094825

137.3

0.884586823
26.191962911

12.10290281%
3444711948t
3t

DISPLAY

34.41666667

11.80833333
—.0001745329
—.0016666667

78.695526421

5.1893089421
179.95191157
4.7

NG-19, 20, 21, 22

COMMENTS

Select Program
Kochab

MS

SHA

GHA T

Dec— He
(DD.MMSSs)

a
Zn {DDD . dd)
store Zn — sight no.

COMMENTS

Select Program
Sun

Lor

MS

GHA

d

Dec —+ Hc
{DD.MMSSs)

a

Zn (DDD.dd)
store Zn = sight no.

Note that the latitude and longitude need only be entered for the first sight unless the sights
were taken at different positions. In the above example, only the sun requires such a correction.

These examples are now stored in calculator memory for use in the FIX BY TWO
OBSERVATIONS program.

Piotting Resuits Manually

If you choose, you may plot the results of the SIGHT REDUCTION programs manually to

produce:

1. a single line of position.

2. a fix from simultaneous observations, or

3.  arunning fix.

The following examples are shown as they would be plotted directly on nautical charts. These

same instructions, however, would also apply if you were using a plotting sheet.

Manual plotting is as easy as constructing a line of position {LOP) from visual bearings.

The azimuth {in degrees) is the true bearing or direction of the line you will construct.
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The intercept iS the length {in nautical miles} of the line. If the intercept is positive, the line
is drawn toward the direction of the azimuth. 1£ it is negative, the line is drawn away from the

azimuth.

The dead reckoning {DR) position you used for the sight is the point from which the line will
be constructed.

A fix is the longitude and latitude indicated by the intersection of 2 or more tines of position.

In the following diagrams, the length of the tine drawn for the intercept is found using the
jatitude scale opposite the DR position where one degree is equivalent 10 60 nautical miles.

In figure 1 the solid lines indicate the LOP resulting from a positive intercept, the dotted
{ines represent a negative intercept. Remember, the intercept is from the dead reckoning
position and in the direction of the azimuth for positive values and away from the azimuth
when negative. A perpendicular line drawn at the end of the intercept represents ihe line

of position.

BN

POSITIVE
INTERCEPT

NEGATIVE
INTERCEPT

34°N

3TN |
73°W 72°W 70°W

FIGURE 1.
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Figure 2 shows how a fix may be esti
reduced in the last example. The in
resulting from the appropriate sights.

NG-19, 20, 21, 22

mated from the three simultaneous observations
tersection of any two lines of position represents the fix

sights in which he can place a lot of confidence.
- \ .
LS e
- gé\,
35°N y()g\g
. /
- \
| - X DR 0923
34°N \
— Z
(@]
| o
©\C
| N
33°Nlll!liff1li Lttt lillillllll
73°W 72°wW 71°wW 70°w
FIGURE 2.
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Two different sights of the sun aré combined in figure 3 to produce 2 running fix. The pro-
cedure here simply requires the navigator 10 reconstruct the 10:00 LOP using the 14:00 DR
position. The labeling indicates this is a running rather than simultaneous fix.

.

B 8 o
7y 04/ c}‘% \"9
00 Y
&

Y
25 N

FIX
34°N
33°N

737 W 72°W 70°W

FIGURE 3.
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FIX BY TWO OBSERVATIONS

To obtain a reliable fix from visual bearings, navigators select objects that have adequate angular
separation. This same principal also applies to celestial observations. When selecting celestial
bodies faor observation, the navigator should try to obtain sights from general different
directions. Try to get a star or planet that is astern, another star off the starbeam beam. Look
to port and see if you can find yet another body that is visible before twilight ends.

By searching out bodies from around the compass so to speak the celestial observer, like the
navigator in pilot waters, is taking his bearings by selecting objects that he knows will yield a
more reliable position. Bearings on two objects with adequate angular separation will yieid lines
of position that cross in the form of a fix. The navigator that is able to obtain bearings from
three adequately separated objects will have a fix in which he can place a lot of confidence.

That is why the 3-star fix has been so popular with navigators. When taking sightings for a
3-star fix, the navigator should try to shoot each star twice. Then if he finds an error in one of
the sights, he can work out the second sights to see where the error occurred.

This program may be combined with the SEXTANT CORRECTION and SIGHT REDUCTION
programs to create a system capable of processing data for as many as six sights at one time.

When using this system you must first use the SEXTANT CORRECTION program to correct all
the sextant readings (up to a maximum of 6) that you will be working with. At the top of the
suggested workform, you shouid consecutively number your sights 1 through 6 in the space
provided. Then as you complete the last step {storing the observed altitude), make sure that
the displayed number (1 through 6) agrees with the sight number recorded on the workform.

The navigator should then proceed with the FIX BY TWO OBSERVATIONS pregram which
computes his fix from any two of the selected sights.

A workform may be used to assist the navigator in recording the data To use this form, the
navigator first draws and labels each sight’s azimuth lines in the circle of our sample

workform. By inspecting the azimuth lines the navigator can determine which combinations are
likely to yield the most accurate fixes. Celestial fixes like fixes resulting from visual bearings
are more accurate if the objects have a significant angular separation. in other words, fixes
resulting from sights whose azimuth lines are very close together will be less accurate than those
produced by azimuth lines that are further apart. In this regard, sights with around 60° of
separation are ideal. Two sights whose azimuths are separated by only a few degress should not
be used since the results would be inherently unreliable. Incidentally, navigators plotting results
by hand on a chart would face the same problem.
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Simplified Data Entries

If the navigator is working out a simultangous (e.g., 3-star) fix in which all the sights were taken
at the same DR position, the DR latitude and longitude is entered only once in the first sight
reduction program. These items, then, are stored in the calculator, used with the other sight
reduction programs and are automatically retained for use with the FIX BY TWO OBSERVA-
TIONS program.

If the navigator working with this system wants 10 compute a running fix based on obser-
vations with different dead reckoning positions, he should make sure he enters the data
from his sights in the order the sights were taken. This ensures that the DR which is retained
for use with NG-23 will be the correct, e.g., the most recent DR.

Assuming the navigator is working out a 3-star fix, and that he has completed and stored the
resulis of two observations of each of the stars in his calculator, he initially records the
longltude—latitude of the first round of observations. |f they closely agree with one another,
he plots his fix. If there is a problem with one of the combinations, the navigator should try
various combinations including pairing the back up observations with various sights from the
first round to see which sight is in error.

Each fix is computed according to the following equations:

AL, — ALy — AN tan Zn, + Aj, 1an Zn,
- - - - - — A— —A}\-l r

L=Llgr —AL + tan Zn
DR b ! [ tan Zn, — tan Zny

AL, —AL; —AM tan Zn; + AXg tan Zn,

A=Apg *
DR {tan Zn, — tan Zny ) €os Lpgr

The variables used in computation are defined as:
Lpr = dead reckoning latitude,

\pr = dead reckoning longitude,

AL; = 3, cos Zn;,
AN = g sin Zny,

a, = intercept of sight i, and
Zn, = observed azimuth of sight i.

(i = 1, 2 denotes either the first or second sight chosen for the fix, not the number of the sight
as it is stacked.}

REMARK

This program cannot compute a fix using a sight with an azimuth of 90° or 270°.
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STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program. [2nd] [Pgm]23 7
2 Select degree mode. [2nd] [Deg]
3 Enter latitude of dead reckoning
position (+N, —S). Lpg (DDMM.m) i [A] Lpp (DD.dd)
4 Enter fongitude of dead reckoning
position {(+W, —E}, . Apr (DDDMM.m} : [ B] A (DDD.dd)
5 Enter number of first sight to be
used. sight no. [C} intermediate
calcuiation
6 Enter number of second sight
to be used and compute longituds
of fix, sight no. [D] A (DDDMM.m)
7 Compute latitude of fix [E] L (DDMM.my}
NOTES: 1. Steps 3 and 4 may be omitted if the DR pbs}tion of the last sight reduction pragram is to be

used.

2. DR latitude and longitude may be corrected by reentry.

w

4. Printer usage is optional.

. Steps b-7 may be repeated as needed.
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Fix By Two Observations Workform

270

Combination

Sight #

0

|\\\u\|m\lmlnnhm’,,,,,m/
!

o/ .
/I”'f ’Ijifll l“\\\\\\\\\

J.'ﬂ/w',,,',““I A
f”””'“l“""m'\

94

I ?, 2
Ir]"l! s,
/:

084

i

Latitude
(DDMM.m)

0

Longitude
{DDDMM.m)




EXAMPLE: Use the sights of the Moon, Mars, an

3-star fix,

NG-23

d Kochab found on page 77 to determine 3

First perform the example on page 86. (Omit the sun sight.)

ENTER

1t
2%

11
3t

71
3t

Summary

The latitude and longitude were entered in the las

here.

[2nd] [Pgm] 23

fcl
[D}
[E]
[c]
D]
[E]
[c]
[D]
[E]

PRESS

Sight Combination

Register Contents

ROO

T Printed if PC-100A is connected.”

Used
ler

Used
Used
Used

Ros
R06
Ros
ROS
Roo

#

1
1
2

Used

ApR
Used
a
Zn,

#

2
3
3

Ziny
a3
Zn,
3y

DISPLAY

4151375195
7127.9358551
344249098721
4.151375195
7132.847011 7
3448.4827287
—4.378914695
7123.5284611
3450.6123691

Latitude

(DOM

M.m}

34°425'N

34°485'N

34°50.6' N

95

ZNy

Zng
a5
Zng

COMMENTS

Select Program
sight no.

sight no, = A
L

sight no.

sight no. > A

L

sight no.

sight no. > A

L

Longitude
{DDDMM.m)

71°27.9'w
71°32.8° W

71°23.5'w

t example and do not need to be reentered
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TIME OF LOCAL APPARENT NOON AND SUN LINES

On days when the sun and the horizon are visible, 1t is possible to ohtain a funning fix by com~
pining an a.m. and p.m. sun line and a fix from observing the sun at 1ocal apparent noon (LAN).
LAN is the GMT of the sun’s passage over your meridian of longitude. By careful observation
and timing of the sun at LAN, the navigator can calculate both jatitude and longitude.

The a.m. and p.m. sun lines In this program refer to those times when, because of the sun’s
travels around the heavens, the most accurate running fixes from morning and afternoon obser-

yations will occur. With the a.m. and p.m. sun lines, however, the navigator can make the
observations several minutes earlier or later than the indicated times without noticeably affect-
ing the accuracy of the resulting lines of position.

When using this program to predict the approximate time for a.m. and p.m. lines and LAN, the
navigator should use as his dead reckoning (DR} iongitude and latitude the position he expects
to be around LAN. The declination, since it changes Very {ittle during a day, should be the
declination for the whole hour nearest LAN. 1f the DR position (particular!y the jongitude) is
uncertain, the navigator should compensate by beginning his LAN observation several minutes
garly. In any case it is a good idea to begin observing LAN a little pefore the indicated time,
since the sun must be observed and timed during its actual meridian passage.

This program requires the navigator to obtain the gquation of time (EQ) for the sun for

12 hours from the bottom of the sun-moon page of the Almanac (table 1) for the appropriate
day. The navigator must also check the time of the sun’s meridian passage {Mer) to see if the
sun on that day arrived at Greenwich a little before or after noon {1200 hours).

Be careful when handling this data 1o remember (a) to copy down any zeroes in the minutes of
seconds; and {b) to place the indicated decimal point in front of the equation of time when it
is entered.
The equations used by this program are:
LAN = (RDRMB) +12 — EQ,
p.m. sun sight = LAN + | Lpr — EQ | /15,

a.m. sun sight = LAN -l Lpr — EQ 1 /15.

In the above:
Llor = jatitude of dead reckoningd position,
Aomr T longitude of dead reckoning position,
EQ = equation of time for sun for 12 hours, and

LAN = local apparent noon.
REMARK

Step 7 is completed only if the meridian passage occurred after 12 hours 00 minutes GMT.
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STEP PROCEDURE ENTER PRESS DISPLAY i
1 Select program, [2nd] [Pgm] 24 ”
2 ¢ Select degree mode. [2nd] [Deg]
3 | Initialize. [2nd} [D'] 0. f
4 Enter latitude of dead reckoning
position (+N, —S). Lpg (DDMM.m} [[A] Log (DD.dd}
b Enter longitude of dead reckoning
position (+W, —E). Apr (DDDMM.m): [B] Apr {PDD.dd)
6 Enter equation of time for sun |
for 12 hours, EQ {.MMSS) [ C] EQ (.ddd)
7 Perform this step only if the
meridian passage at Greenwich
is after 12:00 GMT. [D] *FQ
8 Enter declination (+N, —S) Dec (DDMM.m) [E] Dec (DD.dd)
9 Compute GMT of local apparent , ‘
noon. [2nd] [ A"] LAN {(HH.MMSS)
10 Compute GMT of p.m. sun line. [2nd] [B'] p.m. sight
11 Compute GMT of a.m. sun fine, {2nd] [ C'] a.m, sight
NOTES: 1. 1f[D] s erroneously pressed, correct by pressing again.

2. Data may be corrected by reentry.

3. Printer usage is optional with this program.

4. Outputs are in GMT.
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EXAMPLE: You are expecting to be at 34° 25' N, 71° 15" W around th
noon on June 24, 1975. Find the optimum times to take your a.m. an

approximate time of LAN.

Table 1 indicates that the equatioﬁ of time for the sun for 12 hours
and 14 seconds {.0214). Also note from the table that meridian passag

after 12:00 GMT.

ENTER PRESS

[2nd] [Pgm] 24
[2nd] [Degl

{2nd] [p'l
34251 (al
71157 {81
02147 ici
[D}*
2325.0% {E]
[2nd] [A']
[2nd] [ B']
[2nd} [C']
Register Contents
Roo Lpmr Ros Used Rio Ris
ROl 7\DR ROG Rli Rl&
ROZ EO— R{)'J Ru Rl’?
Ros Dec Ros Ria Ris
Ros LAN Ros Ris Ris

*[ p ] is pressed only when meridian passage at Greenwich follows 12:00 GMT.

1Printed if PC-100A is connected.,
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DISPLAY

0.
34.41666667
71.25
0372222222
_1.t
23.41666667
16.47141
17.31141
16.03147

e time of local apparent
d p.m. sun lines and the

n this date is 2 minutes
e at Greenwich occurs

COMMENTS

Select Program
Salect Degree Mode
Initiatize

Lor

ADR
EQ

Mer {p.m.)

Dec

LAN (HH.MMSS)
p.m. sun line {GMT
a.m. sun line {GMT}



NG-25

NOON SIGHT FIX |

When the navigator obtains an accurately timed sight of the sun as it crosses his local meridian,
he can use this program to calculate, not just a line of position, but a longitude, latitude fix.

As the sun approaches your meridian at local apparent noon (LAN), its rate of climb in the sky
slows down. During meridian passage, the sun appears to hover in the sky for a minute or two
at the same altitude and then slowly begins to descend. Te make sure he has observed LAN,
the navigator should begin observing the sun several minutes before he expects the meridian
passage. By recording his observations every few seconds, the navigator can foliow the sun’s
progress as it gains altitude, reaches the meridian passage, and then starts loosing aititude. The
navigator should select a sight which was obtained when the sun reached its highest altitude. as
his LAN observation.

The noan sight workform will heip you organize the data for entry into the calculator program.
The sun’s equation of time for 12 hours and information with respect to whether the meridian
passage of the sun is before or after 12 hours 00 minutes GMT for that day is found at the
bottom of the sun/moon pages of the A/manac {table 1).

The navigator should be aware that the GMT of local apparent noon observations, uniike all
other sight reduction programs, requires you to enter the whole hours of GMT followed

by a decimal point and the minutes/seconds. The declination and d corrections for the noon
sight are taken from the A/manac the same as for regular sun sights.

The LAN program should be used after the sextant correction program {single sight mode)
NG-18 in order that the observed altitude (Ho} will be stored in calculator memory. If the

SEXTANT CORRECTION program was not used, enter Ho manually after step 3 according to
the instructions on page 78.

This program calculates the observer’s latitude (L) and longitude (A} by using the following
formulas:

A =15 (GMT — 12 + EQ), Dec' = Dec + {d X MS).
taking the signs of Ly and Dec' into consideration:

L = Dec’ — Ho + 90° if Lpg = Dec’,
Dec’ + Ho — 90° if Lpg < Dec'.
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PROCEDURE ENTER . PRESS DISPLAY |
. Select program. 7 _ {2nd] [Pgm] 25 o ;
Select degree mode. l 2nd} [Deg] ;
. Enter GMT of local apparent ¥
noon. LAN (HH.MMSS} ¢ (Al LAN-12
. Enter equation of time for sun i "
f for 12 hours. EOQ { MMSS) 5Bl ! EQ {.ddd)
Eig Perform this step onty if
| meridian passage at Greenwich :
occurs after 12:00 GMT. fcl - EOQ
6 & Compute longitude of
| ohserver. ipl . A\ {DDDMM.m)
7 Enter o correction for sun. d {M.m) [E] d {.ddd)
i Enter dectination of sun ‘
{+N, —S). Dec (DDMM.m)  [2ndl 1 Al Dec {DD.ddd)
. Enter dead reckoning latitude |

| and compute actual latitude.

| L{DDDMM.m)

I

Lor

1. 1f LAN or EQ s entered incorrectly or 1 C 1 is pressed by mistake, correct by immediately

repeating the step. For any other errof begin the program again.

_ Printer usage s optionat.

o op W N

Register Contents

Roo LAN Res Rio
R{]l Roﬁ Rll
Roa Dec Ros Riz
Ros LDR Ros Ho Ria
ROQ R09 R14

_ The order of the steps may not be altered.

. Do not press ICLR] or perform keyboard catculations while running this program.

Do not run this program in engineering mode.

Ris R,o Used
Ris R, Used
Bi7

Ris

Ry
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Program Step
Reference

4
b

8

7**

8

9

10**

on page 78.

LAN FORM — (NG-25)
{For Use In Connection With Sextant Correction Program NG-18)*

GMT of LAN
Hrs Mins. Secs,
Eg. of time for sun at 12 hours
Mins. Secs.
Time of meridian passage of sun i
- Hrs Mins.
(Is meridian passage before or after
12 hours G0 minutes GMT?)
Computed longitude
Cegs. Mins. Tenths
d correction for sun
Mins. Tenths
Declination of sun
Cegs. Mins. Tenths
Observer’s {atitude
Degs. Mins. Tenths

**Outputs: Observet’s longitude and latitude.
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NG-25

EXAMPLE: On J
DR position of 3
requires an in
eye height of

Extract the following information from
EQ = 2 minutes and 14 s
Mer = 12:02,
Dec = 23° 25.0' N (decreasing}, and

une 24, 1975 you ohserve
4°25°'N, 71°15'W. Your se
orrection of _..2'. Determin
27 feet above the water.

d local apparent noo
xtant reading of 78
e the position you

<

econds,

n at 16:47:14 GMT from a
54.8' for a lower fimb shot
took the sight from given an

d=-.1.
ENTER PRESS DISPLAY COMMENTS
[2ndl [Pgml 18% Select Program
[2nd] [Degl Select Degree Mode
{2nd] | E'] 0. initialize
78564 .81 [A] 78.81333333 Hs
2t [+/-1 LAl 0033333333 Ic
(Bl 0033333333 LL
15.81 [cl 0043 sD
271 Dl 00471385521 EYE
[2ndl [ C') 79.050662287 Ho (DD.MMSS)
[2nd] [D'1 1.7 store Ho — sight no.
ENTER PRESS DISPLAY COMMENTS
[2nd] [Pogm] 25 Select Program
16.47147 (Al 4.787222222 LAN
02147 inl 0372222222 EQ
[c] _ 0372222222% Mer (p.m.)
D1 7116.1 2 (DDDMM.m}
AT [+/-11E1 — 0016666667 d
2325.07 {2ndl TA'] 23.41666667 Dec
34251 {2nd] [ B'] 24198181647 L (DDMM.m)

*The sextant altitude may be manuatly corracted and entered following the instructions on page 78.
Remember, Ho = Hoi.
tPrinted if PC-100A is connected.
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GREAT CIRCLE SAILING

When the navigator is planning a long passage, it is advisable to consider the advantages of great
circle sailing. By following a great circle route, rather than a rhumbline, appreciable distance
and time can be saved. Figure 1 illustrates the difference between a great circle {curved) route
and a straight line {or rhumbline) between Norfolk, Virginia, and Bishop Rock, England.

Given your initial and destination latitudes and longitudes this program will calculate the
initial great circle distance and the intermediate points of latitude for any desired meridian
of longitude along your great circle route.

By providing the points of latitude which correspond to intermediate points of longitude, the
program enables the navigator to plot in advance any desired number of coordinates along his
route. By connecting the charted coordinates with rhumblines (figure 1) the navigator is able to
sail a series of convenient rhumbline courses that closely approximate a great circle course. He
is also able to determine, in advance, if the great circle course will take him near any inter-
vening land masses, or into an area where he might encounter a hazard such as pack ice. Only
two intermediate points are plotted in figure 1, however, for courses which lie generally in an
east-west direction standard navigational practice is to compute intermediate latitudes for

every 5 degrees of longitude,

Figure 1
The rhumbline appears to be shorter because of chart distortion. The great circle route, however,

traverses meridians at higher iatitudes where the distance between them are less.
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This program is computed according to the following formulas:
hav D = hav (A4 —7\D) cos (LS) cos (LD) + hav (Lg — LD),
L, = tan‘1{[tan (L) sin (n — Ag) — tan {Lg) sin N — AD)]/sin N, — A )}.
The variables used above are:

D = great circle distance,

Il

starting and destination latitudes,

o
I}

starting and destination longitudes,

\atitude of intermediate point i, and

A= longitude of intermediate point i.

Remarks: This program may not be used if Ly = L, or L, — L, = +180°.
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B | Solid State Software Towrr
_GREAT CIRCLE SAILING -~ - - NG-26

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program. [2nd} [Pgm] 26
2 Select degree mode. [2nd] [Deg]
3 Enter latitude of starting position
{(+N, —S}. Lg (DDMM.m) [A] Lg (DD.dd)
4 Enter longitude of starting position
{+W, —E). Ag (DDDMM.m) [B] Ag (DDD.dd) ,
5 Enter latitude of destination
{+N, —S). Ly (DDMM.m) [C] At (DD.dd)
6 Enter longitude of destination
(+W, —E) to compute great
circle distance. Ap (DDDMM.m) | [ D] Dist {nau. mi.)
7 Enter intermediate longitudes
(+W, —E} to find corresponding
latitudes {(+N, —S), }; (DDDMM.m) [E] L; {(DBMM.m)
NOTES: Data may be corrected by reentry.

1.
2, Step 8 may be repeated as neaded,

3. Use of print cradle with this program is optional,
4,

Use the RHUMBLINE NAVIGATION program to determine courses between intermediate
points.
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EXAMPLE: You are planning a passage from Norfoik, Virginia, latitude 36°51.1'N longitude
76°18.1'W to Bishop Rock England, latitude 49°45.1'N longitude 6°35.1'W. Find the initial
great circle distance and the intermediate points of longitude for b degree intervals of latitude
along your route.

ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm] 26 Select Program
[2nd] [Deg] Select Degree Mode

3651.1T [ Al 36.85166667 Ls
7818.11 [ B1 76.301666687 Ag
494511 [c] —12.9 Lo~ AL

635.11 {D] 3025.968098 Ap—Dist

70001 [ E] 4027.4776867T AL, (DDMM.m)
650071 [ E] 4250.7501671 Ao—Lly

sopot [ E] 4451.610381T Aa—lg

55001 [ E] 4632.2930567 Na~>La

50001 [ E] 4754.7661361 As>Ls

4500t [ E1 4900.6662471 hs~Lg

40001 [ E ] 4951.32321171 Al

35007 [ E] 5027.7490111 Aa~Llg

30007 [ E] 5050.687747% No—Lg

25007 [ E] 5100.5848751 Mol

20007 [ E] 5057.66025% NMa~rhaq

15001 [ E] 5041.8382921 Az>Laa

1000t [ E] 5012.8122817 N3~ lag

Register Contents

Roo L4 Ros Ax Rio Ris
Ro1 As Ros Ai Ris Rie
Roo Lo Ros hav A L Ry, Ris
Ros A2 Ros Ris Ris
Ros AL Ros Ria Ris

T Printed if PC-100A is connected.
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SAILING AND TACTICS

SAILING AND TACTICS

When it is necessary to tack in order to reach the desired destination, the skipper must choose
a tacking angle. Having chosen his tacking angle, the skipper may then use the first two pro-
grams of this section to determine how to reach the mark. The DISTANCE AND BEARING
TO THE MARK program is necessary only when the skipper desires to recompute his course
due to changes in sailing conditions. (See the flow chart diagram on page 116.)

The skipper must have devices on his boat that measure the following quantities:

The boat speed through the water measured with a knotmeter.

2. The wind speed as measured on deck by an anemorneter. (This will be referred to
as the apparent wind speed.)

3. The angle between the direction the bow is pointing and the direction from which
the apparent wind is arriving measured by a windvane. {This angle is always positive
and less than or equal to 180°. It will be referred to as the apparent wind angle.)

The above quantities are used to determine a variable described as the modified wind for use
in program calculations. The modified wind is defined as the true wind vector minus the
current vector, or, the wind relative to a point moving with the current.

All angles are entered and displayed in decimal degrees. Time is found in the hour-minute-
second {HH.MMSS) format.

Heel Angle

Wind, as measured onboard a sailboat by means of an anemometer, is affected by the angle of
heel of the vessel. For example, if the vessel were lying on its side {a heel angle of 90°) and
the wind was coming from the direction of the boat’s side, then the anemometer would
register zero wind speed as the wind would be blowing through its blades without exerting
any pressure on them. If, at the same heel angle, the wind was blowing from the direction of
the bow, the anemometer would register the correct apparent wind speed as it would be
striking the blades in the usual perpendicutar fashion.

The skipper may disregard the heel angle (HA = 0° is assumed by the program); however, if
he chooses to enter this value and AW, is the apparent wind speed indicated by his
anemometer, then the actual apparent wind speed {AW) is calculated as outlined below.
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SAILING AND TACTICS

First, x and y are evaluated as
x = cos W, and y = sin W, cos HA.

Converting (x, v} 10 its polar representation (r, 8), AW, and AW, are calculated by the follow-
ing equations:

AW, = AW, cos 0, AW, = AW sin #/cos HA.

Next, (AW, AW, } is transformed to the polar representation {p, ) and AW is set equal to p
for use in the program calculations.

Given AW and HA, AW,, is found by reversing the above.

Leeway Corrections

The bow of a sailboat does not point exactly in the direction of the boat's progress, but a few
degrees into the wind. This is known as the phenomenon of leeway and may be corrected
according to the angle betwesen the direction of the bow and the direction of actual progress
through the water. No provision is made for this correction in the programs; howevet, the
skipper may make the propsr adjustments according to the following procedure.

For inputs:
1. If on port tack, add the leeway correction to the course steered.
2. Ifon starboard tack, subtract the leeway correction from the course steered.
3. Add the correction to the apparent wind angle.
If the above is performed, then the program outputs will be the actual direction of the boat’s

progress through the water. The skipper should determine the course tO steer as outlined
helow:

1. if on the port tack, subtract the leeway correction from the computed course.

2. 1f on the starboard tack, add the leeway correction 10 the computed course.

The apparent wind angle should be observed as calculated by the program.
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MODIFIED WIND

This program is designed to compute and store values necessary to the operation of the
programs in this section. The current tacking angle {Tk) sailed and the modified wind speed
(MW) are determined when the vessel speed through the water (S}, the apparent wind speed
(AW), and the apparent wind angle (W, °) are entered into the calculator. When the compass
course {C_), the magnetic variation (V), and the magnetic deviation {De) are supplied, the
program will find the modified wind direction (W_ °}. Aside from the computed values dis-
cussed above, the initial distance {D) and true bearing (B,) to the mark and the drift {Dr) and
set (St} of the current may be stored for use in other programs.

MW and Tk are set equal to r and ¢ after (x, y) is converted to its polar representation {r, #)
where X and v are evaluated as

x=AWcos W, —§ and y =AW sin W °,
The true course is computed by: C,=C.,—De—V (0°<C, < 360°).
It the wind is arriving on the port side, then W °=C, —Tk.
tf the wind is arriving on the starboard side, then W, =C, +Tk.

WIND ON PORT 51DE WIND ON STARBOARD SIDE

FIGURE 1
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Ba
bb

Ga
6b

8a
8b

Oa

9b

10a
19b

~ Select program.

| the program uses

| Select degree mode.
' I on port tack.

1% on starboard tack.

| Enter drift and

set of current.

. £nter distance and

true bearing to mark.
Enter speed through water.

Enter apparent wind speed.
and heel angle if desired.
{1f no heel angle is entereéi,

i Enter apparent wind angle to
. find tacking angle

and modified wind speed.
Enter compass course

. to compute direction of modified
. wind.

PROCEDURE __ DISPLAY
. [2nd] [Degl
[A] ~1.0
{E] 1.0
. Enter magnetic variation {+W,—E} .V (DD.dd) [2ndl [A'] vV (DD.d)
Dr {knots) | [2nd} [B'] prev. Dr {knots)
St (DDD.dd) [2nd] [ B'] prev. St {DDD.d}
. D {nau. mi.) [2nd] TE'] prev. D (nau. mi.)
. B, (DDD.dd} | [2nd] [ E'] prev. B, (DDD.d)
S (knots) B i S {knots}
AW (knots) [cl AW {knots)
HA (DD.gd) o [R/S] HA {DD.d}
HA=0".) 1;
- w, (poD.dd) | (D1 Tk {DDD.dd}
;' ' [R/S] MW (knots)
¢, (DDD.dd) | [2nd] D] C, (0DD.d)
. and magnetic deviation (+W,—E)  De {D.dd} ‘: [R/S] W ° (DDD.d}

1. Data may be corrected by reentry pr
sequence even if only one value is 1o

2. | the value of any entry is zero, anter zero.

3. 1f only Tk and MW are desired, Steps 3-6 ma

4. The printing unit may be used with this program.

See SAILING AND TACTICS EXAMPLES.

Register Contents

RDO
RO.’{
Roz
Ros
Roa

Ros Ysed Rio Bt
] Ros Dr Ryt D
AW Re7 St Ris

Ros TK Ris
MW Roe Wi Rig

Ris
Ris V
Riq
Ris
Ris
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SMG, CMG, AND TIME TO LAY-LINE

Given the tack being sailed {(port or starboard) and the course steered on that tack, this
program will compute the course to steer on the opposite tack and the amount of time
to spend on each in order to reach the mark. in either case, the initial tacking angle sailed
(Tk) and the modified wind speed (MW) and direction {W_.°) must first be determined by the
MODIFIED WIND program. The distance (D) and true bearing (B,) to the mark may be
entered through either program. Further calculations that may be obtained from this program
are the speed to make good (SMG) and distance to be sailed on each tack as well as the total
time required to reach the mark.

The following calculations are carried out for each tack as required. The true and compass
courses are found by the equations:

C, = W,” + Tk {for port tack),
Ce = W,° — Tk (for starboard tack),
C.=C, +V + De (0° < C,, C, < 360°).

The velocity made good vector is the sum of the vessel velocity and current vectors. The car-
tesian coordinates of VMG are:

x =5 cos C, + Dr cos St, y = Ssin C;+ Dr sin St,
Converting the above to its polar representation {r, 6);

8 ifo > 0°,

SMG =, ' CMG =
g +360° if o < 0°,

If the initial bearing to the mark lies between CMG, and CMG,, then the distance and time
required for each tack are found by the following equations:

-
!

in {B, — CMG
sin (B, o) t _ Dp/SMGp,

D, =|D
P I sin (CMG, — CMG,)

b
i

sin (B, — CMG,) ‘

D. = D = D,/SMG,.
’ sin (CMGp - CMG,)

3
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START

FIGURE 2

REMARKS:

1. in running the program, if the port tack is taken first (step 8), then t, is the time to
the lay-line and t; is the time needed to reach the mark after changing tacks. If the
starboard tack is taken first, these values are reversed.

2. The skipper may choose 10 disregard the magnetic deviation.

Register Contents

Roo Ros Rio B: Ris CMG; R, Used
Ro1 S Ros Dr Ry, D Rig V R, Used
Roz Ros St Ry SMG, Ry, Used

Ros Ros TK R, CMG, Ris Used

Roa Ros W Ris SMGs Rig
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5a
5b

Ga

Select degree mode.

Enter distance and
true bearing to mark uniess
stored by an earlier program,

Compute true course to steer
on port tack

and enter magnetic daviation
(+W, —E) to find compass

: course.

Compute SMG'J
and CMGp.

Computs true course to steer

. on starboard tack
B6b
- MW, —E} to find compass
. course,

Compute SMG,
! and CMG,.

and enter magnetic deviation

Calculate time and
fength of port tack.

Calculate time and

~ length of starboard tack. :
. Compute total time to the mark.

1. D and B; may be

2. if an erroneous value is entered for De and

again before reentering.

N W

total time to be printed.

D {nau. mi.)
B, (DDD.dd)

De (D.dd)

De (D.dd}

. The printing unit may be used with this program.
. When the print cradie is used, pressing [2nd] |

See SAILING AND TACTICS EXAMPLES.
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[2nd] [ D'}

l2ndl [C']

NG-28

[2nd] [Deg]

[2nd] [E']
[2nd] [ E']

[A]
[R/S]

{B]
iR/s]

[E]
[R/S]

{D]
[R/S]

[2nd] [ B' ]
[R/S]

[R/S]

DISPLAY

prev. D {nau. mi.}
prev. B, (DDD.d)

C;p (DDD.d)
C.p (DDD.d)

Si‘v’]Gp {knots}

CMG,, (DDD.d)
C,, {DDD.d)

C.s (DDD.d}

SIVIGs {knots)
CMG, {DDD.)

Aty {(HH.MMSS)
B, (nau. mi.)

At (HH.MMSS)
D, {nau. mi.)

At (HH.MMSS)

corrected by reentry provided both are resntered in the proper sequence.
{R/S] is pressed, perform part a of the step

. Steps 8 and 9 may be performed in either order. The order 6, 7, 4, 5 is also possible.
. Steps 4b, 5b, 8b, and 9b are optional,
. If the value of any data is zero, enter zero.

C' 1 will cause the time for each tack and the
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DISTANCE AND BEARING TO THE MARK

Regardless of which tack is taken first, this program will yield the distance made good (DMG)
during the time {At) spent on the initial tack. It also computes the distance {D'} and true
bearing {B]) to the mark at the new position. An additional feature of this routine is its
capability to update, or use the calculated position as a new start. The speed (SMG) and
course {CMG) made good for the tack may be entered directly by the user if they are known.
Otherwise, these values must first be found by using the SMG, CMG, AND TIME TO LAY-
LINE program. The original distance (D) and true bearing (B} to the mark are required inputs.
The distance made good is calculated by: DMG = SMG X At.

The distance and course to the mark at the end of the specified time interval are determined
after converting (x, y) to the polar coordinates {r, 8) where

x = DMG cos CMG — D cos B, and y = DMG sin CMG — D sin B,.
G if 6 = 05
Now, D' =r and B, =
o +360° if 6§ <0
S~
~_ *\MW
~_D
~ 5
s
s
~
START ~
~
~
—— ~
—_— ~
—— -— e
) T MARK
e m——
FIGURE 3
Register Contents
Roo Ros Rio B4 R,s CMG; R, Used
Rai Ros Ry D Ris
Rog R()-,‘ Rll SMGp Rl';l Used
Ros Res R,s CMG, R,s Used
Ros Ros Ria SMG,  Ris
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NG-29

STEP PROCEDURE ENTER PRESS DISPLAY
1 Select program. . {2nd] [Pgm] 29
2 Select degree mode, '[2nd] [Deg]
3a | Unless stored by a previous D (nau. mi.) [2nd] [E'] prev. D {nau. mi.)
program, enter initial
distance and , :
3b { bearing to the mark. B, {DDD.dd)  ([2nd] [E’] . prev. B, (DDD.dd) ‘,:
da & Unless computed and stored SMG, (knots} [A] prev. SMG, (knots)
by an earlier program, entsr i
speed.
4b | and course made good for CMG,, (DDD.dd).[ A ] - prev. CMG,, (DDD.dd)
port tack,
ba Unless computed and stored SMG, (knots) [E] prav. SMG, (knots)
by an earlier program, enter
speed .
8b © and course made good for CMG, {DDD.dd}) T E] prev. CMG, {DDD.dd} &
starboard tack.
IF FIRST LEG IS
A PORT TACK:
8 Enter time spent on tack to At (HH.MMSS):IB] DMG,, (nau. mi.)
find distance made good.
7a | Compute new distance and (2nd] [ B'] - D’ (nau. mi.)
7b | true bearing to mark. [R/8] ~ B! (DDD.d)
{F FIRSTLEGIS A i
STARBOARD TACK:
8 Enter time spent on tack to At (HH.MMSS) ([ D] DMG, (nau, mi.}
find distance made good.
8a @ Compute new distance and [2nd] [ D' ] D' {nau. mi.)
9b  true bearing to mark. [R/S] B {DDD.d)
10 Perform this step to use [2nd] [ c'] 0.
computed position as a new :
start. Make necessary changes
in steps 45 and compute.
NOTES: . Data may be corrected by reentry provided both parts of the step are reentered in order.

IS N R

. If any value to be entered is zero, enter zero.
. Step 4(5) is not necessary for Step 8{6).

Bo not clear display after Step 6 or 8.

. Step 7(9) must follow Step 6(8).
. Printer usage is optional with this program.

See SAILING AND TACTICS EXAMPLES.
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SAILING AND TACTIC EXAMPLES

SAILING AND TACTICS EXAMPLES

The following table will be.used to determine the magnetic deviation with respect to the
course being steered for all examples in this section. Remember,
example assumes @ magnetic variation of 13°W.

¢, +C + V. Also, each

The flowchart shown below illustrates how the programs of this section may be used together

as a system.

ENTER CURRENT,
WIND, AND "
COURSE DATA.
{NG-27)

h

COMPUTE COURSES
AND TIMES FOR
APPROPRIATE TACKS.
(NG-28}

COMPUTE DISTANCE
AND BEARING
TO MARK.
{NG-29)

CONDITIONS
CHANGE
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SAILING AND TACTIC EXAMPLES

EXAMPLE: This example demonstrates the combined use of the SAILING AND TACTICS

programs.

You wish to reach a mark which is two nautical miles from your present position at a true
bearing of 305°. The drift of the current is 1.5 knots at 080°. Steering a compass course of
280° on the starboard tack at a speed of 4 knots through the water, the apparent wind speed
is 11 knots at an apparent angle of 032°. Determine the amount of time to spend on the star-
board tack. What course should you steer on the port tack and how long will it take to reach
the mark after switching tacks? What will be the total time required to reach the mark?
Assume that your heel angle is 25°. (Do not turn off the calculator or clear its memories
after completing the above as the stored data will be needed in the remainder of the example.}

ENTER

13t
1.51
8ot
ot
3051
47
117
25t
32t

280t
4**

ENTER

1**1‘

*Display will differ if a previous‘example has been run or corrections are made.
**Found in the table.

PRESS

iZ2nd] [Pgm] 27
[2nd] [Degl
[E]

[2nd] [A']

[2nd] [ B']

{2ndj [ B'}

[2nd] [E"]

[2nd] [ E']

[B]

[C]

iR/S]

D]

IR/S]

[2nd] [ D' ]

[R/S]
PRESS

[2nd] [Pgm]} 28
{E]

[D]

[R/S]

[A]

i+/—1 [R/S]
[B]
[R/S]
[2nd] [D']
[2nd] [B']
f2nd] [ C']

tPrinted i PC-1004 is connected,
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DISPLAY

1
13.
0‘*
0¥
0.*
0.*
4.
11,
25.
47.02948216t
8.1741070407
280.
310.02948221

DISPLAY

263.1
2.5032869561
264.79710997
357.0589643t

9.058864321
4.44124865581
16.64262114%
49010439947
18474154311
1.0748459421

COMMENTS

Select Program
Sefect Degree Mode
Starboard

v

Dr

St

D
B
S
AW

HA

W, > Tk (DDD.d)
M

CCS

De~+W,_° (DDD.d)

1

COMMENTS

Select Program
C,, {DDD.d)
SMG,

CMG, (DDD.d)
Cio (DDD.d)
De—~C,, (DDD.d)
SMG,

CMG, (DDD.d)
At (HH.MMSS)
Atp {(HH.MMSS)
At {HH.MMSS)




SAILING AND TACTIC EXAMPLES

Summary

You should remain on the starboard tack for another 49 minutes and 1 second. Then, while
steering a compass course of 009° to achieve the port tack, you should reach the mark after
18 minutes and 47 seconds of sailing.

After 20 minutes on the starboard tack, you discover that the wind has shifted and will allow
you to steer a course closer to the mark. Steering a compass course of 300°, the apparent
wind angle remains 032°, but the apparent speed is now 14 knots and your speed through the
water is 4.7 knots. The heel angle remains at 25°. Find the new distance and true bearing to
the mark at the above time. When should you change to port tack and how long will it be
before reaching the mark after changing tacks? Also, what will the length of the port tack be?

ENTER PRESS DISPLAY COMMENTS
[ 2nd]} [Pgm] 29 Select Program
2t (D} 83442898531 At-> DMG,
[2nd] [ D] 14652802557 D
{R/s] 326.56699497 B, {DDD.d)
[2nd} [ C' 1 0. update
ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm] 27 Select Program
[E] 1. Starboard
47t [B] 4.7 S
141 [cl 14. AW
25t [R/s] 25. HA
32t [D] 45.493905937 w,” — Tk (DDD.d)
R/S] 10.673694347 MW
3007 [2nd] [ D' ] 300. C,, (DDD.d)
3* [R/s] 329.493905971 De W, ,~ (DDD.d)
ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm] 28 Select Program
[E] 284.% C,; (DDD.d}
[D] 3.385115811 SMG,
[R/S] 294.38325231 CMG, (DDD.d)
[A] 14,987811871 C,p (DDD.d)
4x1 [+/=] [R/SI] 23.987811871 De —+ Cg,, {DDD.d)
[B] 5.5041983051 SMG,,
[R/S] 29.288509621 CMG,, {DDD.d)
[2nd} [ D' 23100872957 At, (HH.MMSS)
[2nd] [ B'] 08323341541 At (HH.MMSS)
[R/s] .78333021721 D,
[2nd] [ C'] 31424214497 At (HH.MMSS)

+Printed if PC-100A is connected.
*Found in the table.
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SAILING AND TACTIC EXAMPLES

Summary

After adjusting your course, you should spend another 23 minutes and 10 seconds on the star-
board tack. At that time you wiil be 0.78 nautical miles from the mark and will reach it after
8 minutes and 32 seconds on the port tack. A compass course of 024° is required for the
port tack. The total time before reaching the mark is 31 minutes and 42 seconds when com-
putation is made.
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UNIT CONVERSIONS

This program provides conversions between various units of length, weight, volume, and tem-
perature as outlined below.

[ A ] converts yards to nautical miles {n. mi. = yds X .0004937365).
[2nd] [ A’ 1 converts nautical miles to vards.

[ B ] converts miles to nautical miles {n. mi. = mi. X .86897624).

[2nd] [ B' 1 converts nautical miles to miles.

[ ¢ 1 converts U.S. gallons to liters (liters = gallons X 3.785411784).
{2nd] [ €' 1 converts liters to U.S. gallons.

[ D] converts pounds to kilograms (kg = Ibs X .45359237).

[2nd] [ D' 1 converts kilograms to pounds.

[ E 1 converts degrees fahrenheit to degrees celsius [°C = 5/9 (°F - 32}].

[2nd] [ E' 1 converts degrees celsius to degrees fahrenheit.

These conversions may be completed without affecting a calculation in progress. No data
registers are used by this program.
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PROCEDURE E DISPLAY
elééf program., o -
Length Conversions: \ _&
2 Yards to nautical miles Yards [A] . Nau. ml.
3 Nautical miles to yards ‘ Nau.mi. | [2nd] [ A'] . Yards
4 Miles to nautical miles Miles . (B © Nau. mi.
5 Nautical miles to miles Naw.mi. | [2nd] [B'1  Miles
Volume Conversions: ‘ ‘ .
B U.S. gatlons to liters ! Gallons fCl Liters
7 ¢ Liters to U.S. galtons Liters . [2nd] [ C'] | Gallons
Weight Conversions: ‘ ‘
8 | Pounds to kilograms Pounds (D] s Ka.
9 . Kilograms to pounds Kag. - [2nd] [D'] Pounds
Temperature Conversions: :
°F to °C °F - LE]
- "Cto°F . °c . 2nd] [E')]

Example:

Perform the following conversions.

Convert .8 miles to nautical miles and then to yards.

ENTER PRESS DISPLAY COMMENTS
[2nd] [Pgm] 30 Select Program
.B [B1] 0.695180992 Mi, ~ n, mi.
[2nd] [ A"] 1408, N. mi. = yds.

Now convert 72°F to °C and 5 pounds to kilograms.

68 [E] 20. F=°C
5 [D] 226796185 lbs. = kgs.
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ONE YEAR LIMITED WARRANTY FOR
CALCULATOR AND/OR LIBRARY MODULE

WARRANTEE: This Texas Instruments Electronic Calculator Warranty extends only to the original
purchaser of the calculator or module.

WARRANTY DURATION: This Texas Instruments Elecironic Calculator and/or Library Module is
warranted to the original purchaser for a period of one (1) year from the original purchase date.

WARRANTY COVERAGE: This Texas Instruments Electronic Cafculator and/or Library Module is
warranted against defective materials and workmanship. THIS WARRANTY_IS VOID IF: (I) THE
CALCULATOR OR MODULE HAS BEEN DAMAGED BY ACCIDENT OR UNREASONABLE USE,
NEGLECT, IMPROPER SERVICE OR OTHER CAUSES NOT ARISING OUT OF DEFECTS IN
MATERIAL OR WORKMANSHIP, (I} THE SERIAL NUMBER HAS BEEN ALTERED OR DEFACED.

WARRANTY PERFORMAMNCE: During the above one (1) year warranty period your defective
calculator or module wili either be repaired or replaced with a reconditioned model of an equivalent quality
(at TI's option) when the calculator or module is returned, postage prepaid and insured, to a Texas
Instruments Service Facility listed below. In the event of replacement with a reconditioned model, the
replacement unit will continue the warranty of the original unit or 30 days, whichever is longer. Other than
the postage and insurance requirement, no charge will be made for such repair, adjustment, and/or
replacement.

WARRANTY DISCLAIMERS: ANY IMPLIED WARRANTIES ARISING OUT OF THIS SALE,
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OR MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE, ARE LIMITED iN DURATION TO THE ABOVE ONE
(1) YEAR. TEXAS INSTRUMENTS SHALL NOT BE LIABLE FOR LOSS OF USE OF THE
CALCULATOR OR OTHER INCIDENTAL OR CONSEQUENTIAL COSTS, EXPENSES OR
DAMAGES INCURRED BY THE PURCHASER.

°

Some states do not allow the exclusion or limitation of implied warranties or consequential damages, so
the above limitations or exclusions may not apply to you.

LEGAL REMEDIES: This warranty gives you specific legal rights, and you may also have other rights |
that vary from state to state.

TEXAS INSTRUMENTS CONSUMER SERVICE FACILITIES

Texas Instruments Service Facility Texas Instruments Service Facility
P.O. Box 2500 41 Shelley Road
Lubbock, Texas 79408 Richmond Hill, Ontario, Canada

Consumers in California and Oregon may contact the following Texas Instruments
offices for additional assistance or information;

Texas instruments Consumer Service Texas Instruments Consumer Service
3186 Airway Drive Bldg. K 10700 Southwest Beaverion Highway
Costa Mesa, California 92626 Park Plaza West, Suite 11

{714) 540-7190 Beaverton, Oregon 97005 (503) 643-6758

IMPORTANT NOTICE REGARDING PROGRAMS AND BOOK MATERIALS

TEXAS INSTRUMENTS MAKES NO WARRANTY, EITHER EXPRESSED OR IMPLIED, INCLUDING
BUT NOT LIMITED TO ANY IMPLIED WARRANTIES OF MERCHANTIBILITY AND FITNESS FOR
PARTICULAR PURPOSE, REGARDING THESE PROGRAMS OR BOOK MATERIALS OR ANY
PROGRAMS DERIVED THEREFROM AND MAKES SUCH MATERIALS AVAILABLE SOLELY ON
AN “AS-1S” BASIS.

IN NO EVENT SHALL TEXAS INSTRUMENTS BE LIABLE TO ANYONE FOR SPECIAL,
COLLATERAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES IN CONNECTION WITH OR
ARISING OUT OF THE PURCHASE OR USE OF THESE BOOK MATERIALS OR PROGRAMS AND
THE SOLE AND EXCLUSIVE LIABILITY TO TEXAS INSTRUMENTS, REGARDLESS OF THE
FORM OF ACTION, SHALL NOT EXCEED THE PURCHASE PRICE OF THIS BOOK. MOREOVER,
TEXAS INSTRUMENTS SHALL NOT BE LIABLE FOR ANY CLAIM OF ANY KIND WHATSOEVER
AGAINST THE USER OF THESE PROGRAMS OR BOOK MATERIALS BY ANY OTHER PARTY,
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