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A CALCULATOR PROGRAM
POR MIXING MERCATOR AND GREAT
CIRCLE SAILINGS

John G. Ulrich
Defense Mapping Agency Hydrographic/Topographic Center

BIOGRAPHICAL SKETCH

The author graddated from Kings Point in 1951, sailed as 2nd and 3rd .
Mate from 1951 to 1955, and served in the U.S. Navy as m@tcv from 1955 to -
1957. He was employed by the U.S. Naval Oceanographic Office from 1964 to !
1972, the Defense Mapping Agency Hydrographic Center from 1972 to 1978, and

presently is a Marine Information Specialist in the Navigation Publications '

Division, Defense Mapping Agency Hydrographic/Topographic Center.
ABSTRACT

The Navigation Department, Defense Mapping Agency Hydrosraphic/'répo- ?
graphic Center (DMAHTC) has developed a calculator pr?gram, self-contained !
on' éne magnetiec card, which automatically determines course, distance, and
total run in Mercator and Great Circle Sailings. -This program will list ‘
Great Circle positions every 10° of longitude and then print course and l
distance of each leg. Labels designating latitudes and longitudes, and .
program sectic;ns are also shown. The entire program is controlled by six '

label keys and can be shifted between Mercator and Great Circle at will. It

.

is prepared on a programmable TI-59 with Marine Navigation Module software -

and printer capability. The program is in use at DMAHTC for compiling °

distance tables, and navigational publications and answering public o

inquiries.

The following data are incorporated in this article: General '

Information, Mercator Computation, Great Circle Computation, Great Circle
Positions, Groat Cirele Course Computation, Program Data, and Special
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A CALCULATOR PROGRAM

POR MIXING MERCATOR AND

GREAT CIRCLE SAILINGS

Introduction

The program was developed in the Navigation Department of

the Defense Mapping Agency Hydrographic/Topographic Center for
computing distances and Great Circle tracks. It is suitable
for programmable calculators with Marine Navigation Module
software and printer capability, and will provide Mercator har-
bor ansiéoastal courses-;ﬁd distances; Great Circle positions,
courses, and distances; and total runs from dock to dock. It

can be used for any individual sequence or with any combina-

General Information

The overall program was designed on a TI-59 calculator*
(See Fig. 1{ with parts of Program 11 (Mercator) and Program 26
(Great Circle), either downloaded and adjusted, or ordered
directly from theluarine Navigation Module. With it, the user
has the convenience and accuracy of using the module without
pressing numerous keys and wighout reloading repetitive posi-
tions. When éﬁing the module directly, opetators have fre-

quently reloaded such positions incorrectly and have also over-

*Any mention herein of a commercial product does not constitute

endorsement by the U.S. Government.
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run the calculator's computations before it was ready for addi-
tional,;nfoimation. With the designed program, after the iﬁi-
tial entering of the first position, the calculator
'is controlled by' one or tw6 basic label keys ﬁet’ program
section, making it considerably easier to call the correct
sequence. All latitudes are parked on the T-register key and
all longitudes are situated in the display before initiqﬁion
of the Sailing sequence. There are 461 locations in the
program. Initial programing requires about 1 ﬁou:; however,
once on a magnetic card, loading requires only 10 to 15
séconds.

All positions are keyed: degrees, decimal (.), minutes,

. and secondS . . - o e .l

Thus, 39°02'N is 39.02
39°02'11"N is 39.0211
39°N is 39 (decimal inferred)
N and W are + (inferred)
S a;d E are ~ (+/-key)
Thus, 39.02 +/- displays. as -39.02

Mercator

Label keys A' and A are used in the Mercator sequence. A'

is used for initiation and only used once; all further posi-~ '

tions go directly to A. The last position is repeated for con-

tinuity of the program; this is an automatic A' return. The

Mercator sequence is normally run in degrees and hinutes;

seconds may be added if more accuracy is desired.
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Example:
1st 40°42'N 2nd 40°33'N.
_ bogit 74°02'W

. 3rd

Posit 74°02'W.

40°30°'N " 4th 40°27'N.
Posit 73°58'W Posit  73°43'W.

Key as follows:
1st 40.42 Press x 3 t
Posit 74.02 in display Press 2nd A
40.4200 LAT1 (PRINTED)
74.0200 LOL '

40.33 Press x s t

74.02 in display Press A -

40.3300 LAT2
74.0200 LO2
180.00 CO
9.00 MI (PRINTED)
9.00 TOT
40.3300

74.0200

Luoivew of firat 1.0 - oo F
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3rad 40.30 Press x $ t
Posit 73.58 in display Press A

I

40.3000 LAT2 ER
73.5800 LO2 E é
134.62 co (PRINTED) E i ?
o 4.27 MI . | E :
13.27 TOT |

40.3000 LAT1

73.5800 LO1 ;

4th 40.27 Press x $ t

Posit 73.43 in display Press A

40.2700 LAT2
73.4300 LO2

. - 104.73 CO
11.80 MI (PRINTED) ‘
| 25.07 TOT !
g  40.2700 raT1 .
: fﬁff | 73.4300 LOl1 ! E .
§ 3
’ Course and distance are therefore given for each leg andi é‘

total distance is maintained throughout.

Iy
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Full Printout of Mercator Example
T T .-'-'4-' -*; ~° v-oxynq- = ",-..Wv“h -a, ' o
T oo 40.'4200 .y LFITI =
. .y - ?4‘0200.:- . ‘l—: : -

7420200

e e 40;3000
e L 134:62

T4ra7
e 13027
ce L 3

S o e rea et T LT Sett

e 40 2000
. ¥3.3800 !

40.2700 . LAT2 | ___

?3»4300 T :

Great Circle
Label keys C and C' control the Great Circle sequence; C

is used for the initial departure; C' is used for the arrival

position. The last position of the Mercator sequence is auto-

.
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Example:

Dep:

. e et ————n s ans & e im biee o e

- 8027.00 — e e

R et e - v . Ce e e

matically entered if the user wishes. All Great Circle posi-
tions are run ih the four-digit mode but still entered in the

two-digit degree, decimal (.),minute mode.

New York to Capetown (See Fig. 2)
33°51°'s
18°15'E

40°27'N
73°43'W

Arr:

40.2700 - Still in
73.4300 calcﬁlator memory

Press C

GRT CIRCLE

(PRINTED) - -
7343.00
-33.51

Press x s t

-18.15 in display Press 2nd C

~-3351.00
-1815.00
6751.46
6776.53 TOT
-33.5100 LAT1
-18.1500 Lol

(PRINTED)

ARG A TS MG 70 Al I P il 3Cn D i o0 DMt DT L 4 e g

+
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The figure immediately below the arrival position is the

Great Circle aiéiéhééémiie totai“i;‘thé éiéat cfféie distance
added to the total of any preceding Mercator distances.

At this point the user may either return to Mercator to
his final destination, to another Great Circle, or he may call
for the posjtions on the above Great Circle example.

Great Ciréle Positions

All Great Circle positions are run in even 10° of longi-
tude in ilhe direction the user wishes to proceed. The normal
sequence 1s 6 positions but by pressing SBR twice, the number
of Great Circle positions may.be increased to 13. This may be
done before doing the initial Great Circle work and will show

in the display at the end of the Great Circle sequence.
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If the user has not initiated the 1l3-position sequence
before running the Great Circle, he may do so afterwards, but
before running the Great Circle positions. The number 13 will
again show in the display.

The initial Great Circle position was:

40°27'N. 73°43'W.

Enter even longitude divisable by 10, the next such
meridian in direction of arrival. This must show in the dis-

play. No decimal is required.

Thus: 70 in display Press E

R T
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-4256. 3633 *

~-3000, 0000
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SR - -33,5100  LATL | - —-
-18.1500..  LO1
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The la;t fg:;; positions are beyond the arrival position
but still part of the same Great Circle. As can be seen, the
longi;ude is on toé and the latitude on the bottom. The four
decimal places are for accuracy; .all numbers to the right of
the decimal are decimal minute. Therefore, 3858.7344 is read

as 38°58.73°'N.
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Great Circle Courses

The calculator will recall each of the Great Circle posi-

tions and automatically print out ;he Mercator course and dis-
 tance for each leg. The total distance is reset to 0 for these
calculations and not added to the original totals. These

courses are called by D' (2nd D). No other input is required.

Press 2nd D

Partial Run of Great Circle Courses

i T b - B bk SRR - .

GRT CIRCLE CO

s 40,2700 LAT1 | - I
| 73. 4300 Lol | -
e 38.5344 = LAT2 | - S

APORRIRSE I
L}

o o 70.0000 Lp2. | o

T [ 117.23 e

e = 192,91

T S S 192,91 -~ . L
——————— " 38.5844 . e

- 70. 00003 -
e 34,0341+ . LAT2Y o o e
60,0000  -LO2°)

121.48  cO. -

e . 565.03  .MI ) B
. . 757.94 . TOT.
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278 02,02~ 23 23 363-u94 s -
E?BM 19~D’ .32¢wx32-x:tﬁ - 369 - sziEQ
230 37 6LGTO 1 EE 2 BEw . 370 033303
231*ﬂLO~E'~’~—tq'w~ '-326c*36 PGM - 371 - ?5%@?5
282- -0t 1". - 26 26 372 32'X T : :
283 -44.-SUM-- . “re- -328-118 E .- 373- - 613GTO .. 1
284 17< 17 S 339 122 IMY. 374 15? E -z ?
235 “01--1t - 330+ 83 DIMS - 373 36§STF -1 |
236 - 44 SUM 231 S5 < 376 0404 ..
287 23 23 33201 1 377 32-¥:T )
283 97 D1sZ2 332 00 0 373 94 +/-
229 08 03 334 00 D 379 61 GTO..
290 02 02 235 95 = 3380 1S. E
291 395 95 336 T2 5T= 381 76 LBL
292 51 RT0 337 17 17 332 10FE®
293 03 032 338 43 RCL 333 43 RCL
294 20 20 33% 01 01 384 30 30
293 22 IWNY 240 32 HIT 383 32 X:T
296 86 STF 341 43 RCL 388 43 RCL
297 04 04 342 12 12 387. 29 : 29
293 22 INVY 393 77 GE . 388 61::GTO
299 36 STF 344 03 03 - 389- 16 A"
300" 03 023 . 345 .52 5S2. 390 ?6.LBL .
301 98 ADVY . . 346«18? IFF--- 391- 19 Dp°* ‘
302 - 938 ADY L3247 .04 04““‘ - 392 . 98- ADYV B
303 958 FIX 348403 03 393 98°ADY ° -
304 02 02 - C 349~652 523%3 ‘394~~14v1D .
305 71 SBR. . :;. 350785 STR:x . . 395..°58. FIX_ .-
306 43 RCL 351"03 03+~ 3967 04 . O4- T
307 03 3 N 352, - B 397. 71 SBR;ﬁ:“
208 03 23 - 383 ° 01 L~ 398 43:RCL 7
20% 03 3 ‘ 354'?00 (s I 399 0r -t
310 -92 2 - 358 87 IFF 400 05::S
211 03 3 356 03 03 401 03* 3
312 06 6. 357 03 03 402 02. 2.
213 69 OP .358’;60 60 : 403 ¢€9'0P ’
R14 04 04 . 3_5_2__‘_;?1'3{;‘_5\ 404 - 04 ..04
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FROM COPY FURNISHED TO DDC
Program Data :

[

403 82 OP  © (77T 7T 4240 81 GTDTT [T T 443 1D E*

406 05 05 425 04 D04 .. 444 92 RTH _ - .k

407 43 RCL 426 29 29 445 76 LBL -~

408 27 27 427 71 SBER- 446 44 sSuUM

409 42 STO 423 44 sumM - { . 447 61 GTO

410 28 28 e 929 01 1. | .. 443 00: 00

411 00 O | - 430. 44 sSUM .- .- 449 03 03

412 42.8T0 ..} (wi. 431,17 1227 | 7. 450..92 RTN

413 27227 | s4i- 432401t . 45176 LBL ‘£

414 .73 RC# . .- 433,44 SUM.. G 452037 198BR

415 -17-°17 - .| D 434 23 23 453.- 86. STF ~'&.

416 .32 RT---4. = . 435..97 DSz .- 454-~-0f= 01 %

417 73 RC# 436 09 09 455 14:: D

418 -23:-23 - . 437 04 04 45692 RTN - 3.

419 :92°DS82 438 14 14 457 76 LBL - '

420:-08:-08 -t - 439 43 RCL : - 458 -'61 GTO . .71

421 04 D4 440 23 23 : 453 36 STF . 1

42227 27 © 441 42 5TO 460 02" 02

423 11 A 442 27 27 461 92 RTN .4 |

Special Considerations * i

1. The run-stop (R/S) key will stop the program if held down
for a few seconds. ?

2. Fifty-four memories are used in the program. The memories ]

used for the totals (TOT) are memory 27 and memory 28. If
an incorrect position is entered on A or C' the R/S Kkey

should be pressed before the computations are run to save

a o e e mee . —— - ——— y ————

the total memory. The calculator can then be restarter as

necessary at A or C'. i
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The Great Circle positions (GCP's) run on Label E are

‘based on the Great Circle memories and, when required,

should be run immediately after the Great Circle sequence.

Label D may be pressed at any time between sequences to

check the number of GCP's calculator is set to run.

e = e e bea—————

If an incorrect longitude is entered on E, press R/S until ,f

piogram stops, then press D, enter the correct longitude,

and press E.

The automatic sequence of Mercator for the Great Circle
courses may be made to automatically follow the GCP's by
pressing SBR GTO before pressing E. The user may then

disregard the calculator for several minutes.

The GCP's run on E will cross the 180° meridian with no

adjustment, provided 180 is printed in the sequence.

The normal six (6) GCP run can be reset at location 252 to

any number between 2 and 9.

The 10° differential on the GCP run can be reset at loca-

tion 353. It must be in a two digit form such as 05, 10,

_.or 20, ° s

o ient ooy sebeboe, bl b G




¥10. If the user wishes to stop the program run on E (GCP's),

to Great Circle or Mercator. This is not necessary if the

GCP's are run to completion.

1l. wWhen sequencing Great Circles, it is necessary to recall
the last position (arrival) for the new departure. As

above, press E' then C, etc.

12. If a full run on D' (GC CO's) is not anticipated, run D'
last, after the final Mercator runs, so as not to lose the
primary' total memory. If all GC courses are run the

memories will- automatically transfer.

13. when the user intends to start an entirely new Mercator
and/or Great Circle sequence, w}thout reloading, the CM's

key sheuld be pressed to clear the total memories.

14. The program automatically changes decimal minutes in the

Great Circle sequences to seconds of arc in the Mercator

sequence, and seconds to decimal minutes in the reverse.

E' (2nd E) will recall the last position for re-entering '

aad it
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