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A FORTRAN COMPUTER PROGRAM FOR COMPUTING THE GREAT CIRCLE
ACOUSTIC PATH IN THE OCEAN FROM A SIGNAL SOURCE TO A HYDROPHONE
SITE AND PLOTTING IT ON A MERCATOR CHART
1.0 IDENTIFICATION

1.1 Title

Great Circle Acoustic Reception Zone from a Signal Source to a Hydrophone
Receiver.

1.2 Identification Name

T3-NRL-FRACZONE.
1.3 Classification Code
T3-Applications and Application-Oriented Programs, Other Physical Sciences.

1.4 NRL Research Computation Center Identification Number

T3004000.
1.5 Entry Points
FRACZONE.

1.6 Programming Language

Language: 3600/3800 Fortran
Routine Type: Main Program
Operating System: DRUM SCOPE 2.0

1.7 Computer and Configuration

CDC 3800.

1.8 Contributor or Programmer

Leon P. LaLumiere, Jr., Code 8174, Environmental Sciences Section, Propagation
Branch, Acoustics Division.

Note: Manuscript submitted March 5, 1975.
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1.9

1.10

1.11

1.12
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Contributing Organization

Naval Research Laboratory (NRL), Washington, D.C. 20375.

Program Availability

1.10.1 Submittal: Program write-up, Fortran source deck, and the
source listing.

1.10.2 On File: Program library of the NRL Research Computation Center.
Verification

This program has been used and tested as discussed in Section 7.

Date

1 November 1974.

2.0 PURPOSE

2.1

2.2

Description of the Routine

FRACZONE computes the bearing and distance from a hydrophone site to a signal
source location, both recorded as latitudes and longitudes, then computes new lati-
tudes and longitudes along the great circle path from the hydrophone site to the signal
source location in small increments, converts these latitudes and longitudes into

X-Y coordinates, and plots the resulting curve on a Mercator projection chart. If the
hydrophone site is within the chart grid, the great circle path starts there and is plotted
up to the signal source location. If the hydrophone site is outside the grid, the great
circle is plotted up to the point where it leaves the grid.

Problem Background

Long-range acoustic propagation in the oceans is affected by the topographic
features of the ocean floor. Signal reception from a source behind a mountain
peak, say along the Mid-Atlantic Ridge, often is effectively blocked by that
topographic feature. Surveys by oceanographic vessels have revealed many of
these features and their locations.

As an example, suppose a hydrophone site is fixed at some point in an ocean.

A ship towing a continuous wave (CW) signal source follows a certain course
while records are kept of the navigation fixes and the times when the projector
is turned on and off. At the listening post records are kept of the times when
signal reception occurs and when reception fades or ceases. When the travel time
of sound from ship to post is taken into account, analysis of the records

reveals regions of the ocean where reception occurs and where it does not occur.



NRL REPORT 7881

If a second listening post is fixed elsewhere and records are kept there, then
by crossfixing, the localization of geographic features is established.

The data for this program include data cards, the first of which contains location
and time determined from analysis indicating start of reception followed by a
second card with location and time indicating loss of reception. In this program
great circle paths are plotted on a chart. A line joins the point where reception
starts to the point where reception ends. The spherical triangle plotted is a zone of
reception. Gaps between successive spherical triangles are zones of no reception.
See Figs. 1 and 2.

3.0 USAGE

3.1

3.2

Calling Sequence or Operational Procedure

Since FRACZONE is a complete program, the insertion of data cards along with
the necessary control cards is the only requirement. The data cards control the
program. :

Arguments, Parameters, and Initial Conditions

The following parameters must be punched on data cards (Section 3.9 gives the
formats):

Card No. 1 = Magnetic tape skipfile card (Fig. 3)

MTSKF = number of files to be skipped on the plotting tape (blank or zero
for none).

Card No. 2 = Title card (Fig. 4)
LT = number of alphanumeric characters to be read
ITITLE (L) = title for the chart to be plotted < 78 characters

Card No. 3 = Chart Parameter card (Fig. 5)

IBC = bathymetric chart number

RS = chart southernmost latitude in whole degrees
RN = chart northernmost latitude in whole degrees
RL = chart westernmost longitude in whole degrees
RR = chart easternmost longitude in whole degrees
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SCALE = chart longitude scale in inches per degree

IBYE = degree increment between tic marks for annotating the chart

JOG = indicator for reading a site card, thusly: = 0 — read a new site
card

= 0— skip reading a new site card

JUG = indicator for reading on/off fixes, thusly: =2 0 — read new on/off
fixes
= () — skip reading new on/off fixes

Card No. 4 = Site Location Card (Fig. 6)

ISITE (NS) = listening post or site number

ALAD (NS) = latitude in degrees of the site

ALAM (NS) = latitude in minutes to the nearest hundredth

ALOD (NS) = longitude in degrees of the site

‘ALOM (NS) = longitude in minutes to the nearest hundredth

Card No. 5, etc = two or multiple of two On/Off Fix cards (Figs. 7, 8, and 9).

ISN (NP) = ship number. ISN (NP) < 0 indicates end of data deck of
On/Off fixes

ISD (NP) = ship day (not used by this program)

1Y (NP) = year

JUDY (NP) = julian day

IT (NP) = time zulu (0000 to 2359)

IFN (NP) = consecutive fix number (not used by this program)
XLAD (NP) = latitude in degrees of the skip fix

XLAM (NP) = latitude in minutes to the nearest hundredth
XLOD (NP) = longitude in degrees of the ship fix

XLOM (NP) = longitude in minutes to the nearest hundredth

IFIXTY (NP) = type of navigation fix (not used by this program)
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IST (NP) = signal transmission indicator, thusly: =1 — signal transmission
= 0 — no signal transmission
ISR (NP) = signal reception indicator, thusly: = 1 — signal reception

= 0 — no signal reception

Card No. 6 = Option Card (Figs. 10 through 14). This may be a bathymetric chart
(B.C.) card or series of B.C. cards using the same site and On/Off fix
data cards or using a different site and different On/Off fix data cards.
It may also be a control card, thusly:

IBC = NEXT — indicates read a new title card thus restarting the read cycle
of card Nos. 2 through 7.

= FINIS — indicates the end of the program execution.

Space Required (Decimal and Octal)

3.3.1 Unique Storage
67535 octal or 28509 decimal locations
3.3.2 Common Blocks

COMMON/1000/ISN(2500), ISD(2500), IY(2500), JUDY(2500), IT(2500),
IFN(2500), SLAT(2500), SLON(2500)

3.3.3 Temporary Storage

Plotting commands for the Calcomp Model 563 are stored on magnetic
tape for off-line plotting.

Messages and Instructions to the Operator

None.

Error Returns, Messages, and Codes

If an end-of-file card is mistakenly read, the following message is printed:
“Data deck improperly organized. Run aborted,” and the execution of the
program ceases.

If the number of sites exceeds 99 or the number of On/Off fixes exceeds 2500,
the following message is printed: “Data storage capacity exceeded. Run aborted,”
and the execution of the program ceases.
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If the computed Y-axis of the chart plot exceeds 29.25 in., the following message
is printed: ‘“Plotter Y-axis limit exceeds 29.25 in. Y-LENGTH = XX.XX.
Run aborted,” and execution of the program ceases.

Informative Messages to the User

The following are listed (Figs. 15, 16, and 17).

® Chart parameters taken from Card No. 3, the title taken from Card No. 2, and
the date on which the data were processed.

® A listing of each On/Off fix actually plotted giving the date, time, latitude,
longitude, bearing from site, bearing from fix, distance, and travel time for
the signal.

® A message stating plotting completed for site number and number of fixes
plotted and the file number on the magnetic tape in which the plotting
commands are stored.

® At the conclusion of the program execution, a message lists the number of
sites used and the total number of On/Off fixes used.

Input

The input consists of data cards containing the parameters listed in Section 3.2
and illustrated in Section 3.9.

Output

The output is given in Section 3.6. All plotting commands are placed on a
magnetic tape for off-line plotting. An end-of-file mark separates each chart plot
and a double end-of-file mark follows the last chart plot on the tape.

Formats

The listing shown in Table 1 is an example of an Input Data Deck. Figures 3
through 14 are examples of the data cards used in FRACZONE.
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Table 1

0
43PROGRAM FRACZONE TEST CASE TO SITE NO. 1234
0606N 29. 35. 60. 50. 2.0 111
1234 25. 30.00 59 45.00

99 01 71 359 0001 1 29 54. 49 30. 50 11
99 01 71 359 0100 2 30 12. 50 12. 50 10
99 01 71 359 0200 3 30 18. 50 18. 50 11
99 01 71 359 0400 4 31 00. 50 54. 50 10
99 01 71 359 0600 5 31 18. 51 12. 50 11
99 01 71 359 0800 6 31 54. 51 54. 50 10
99 01 71 359 1000 7 32 12. 52 06. 50 11
99 01 71 359 1200 8 32 48. 52 48. 50 10
99 01 71 359 1400 9 33 06. 53 00. 50 11
99 01 71 359 1600 10 33 48. 53 42. 50 10
99 01 71 359 1800 11 34 00. 54 00. 50 11
99 01 71 359 2000 12 34 48. 54 18. 50 10
99 01 71 359 2100 13 34 54. 54 24. 50 11
99 01 71 359 2300 14 35 18. 55 06. 50 10
—3

0605N 23. 29. 60. 50. 2.0 1

NEXT

43PROGRAM FRACZONE TEST CASE TO SITE NO. 5678
0606N  29. 35. 60. 50. 2.0 1 1

5678 30. 15.00 65. 30.00
0706N 29. 35. 170. 60. 2.0 1
FINIS

3.10 External Routines and Symbols

SKIPFILE
PLOTS
PLOT
MRGRD2
MERED
XYIIN
DATE
TICTACTO
NAVIGATE
GEODIS
OUTANDIN
LOCATE
NUMBER
GCPATH
JOINER

GATITSSYTIND
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3.13
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JULIAN
SPACEOO
STOPPLOT
MINIF
MAXIF
ALOGIO
SINF
COSF
ACOSF
SQRTF
ATAN2
TANF
ATANF
ASINF
XMODF

Timing

The compile time is 120 seconds; execution time is extremely variable. The
example presented herein required an execution time of approximately 90 sec.

Accuracy

The accuracy is variable, depending on the input data, but is limited by the
accuracy of the plotter: 0.01 in.

Cautions to Users

In this program north latitudes and west longitudes are positive while south
latitudes and east longitudes are negative.

In the computation of a great circle path that enters and leaves the chart very
close to one of the corners of the chart the program will sometimes fall into an
endless loop because of incremental limitations. The solution is to add an

extra degree of latitude or longitude to the chart at the corner where the problem
arises.

For off-line plotting at the RCC plotting tape(s) must be recorded at low density
(200 bits per in.).

Program Deck Structure

Z) JOB card

g EQUIP, 8=** RW, LO, DA card

8
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g FTN card

Program FRACZONE

Subroutines MRGRD2
MERED
XYITN
DATE
TICTACTO
NAVIGATE
GEODIS
OUTANDIN
LOCATE
GCPATH
JOINER
JULIAN
SCOPE card

Z) LOAD card

g RUN card

Data cards

77

88 EOF card

3.15 References — Literature

David Chang, “A Fortran Subroutine for the Great Circle Distance Between Two
Points and Bearings at the Points,” NRL Computer Note 32, Sept. 1, 1969.

David Chang, “A Fortran Subroutine for Locations and Bearings at Given
Distances from a Starting Point along a Great Circle Path,” NRL Computer
Note 33, Sept. 1, 1969.

Edward L. Wright and Janet P. Mason, “GEODIST, A New Fortran Subroutine
in the RCC Program Library,” NRL Computer Note 51, Dec. 31, 1970.

4.0 METHOD OR ALGORITHM
After the program has read cards 1, 2, and 3 the plot package is initialized and the

plot origin is defined. Subroutine MRGRD2 is called. This subroutine in turn calls
subroutines MERED and XYIIN. MERED converts latitudes into meridional parts.

aIT3188Y1 wfl\"gﬂ
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After the longitude is scaled XYIIN converts the scaled latitudes and longitudes into
X-Y coordinates for use in the plotting of the chart. The chart is also annotated and
labeled. Control is then returned to the main program.

The main program then establishes the limits beyond which plotting the great circle
path will not occur. After reading card 4, the site position, it calls TICTACTO.

This subroutine is used throughout the program to determine whether or not a fix is
within the chart grid. If it is the X-Y coordinates of the fix are computed and stored.
If the fix is outside the grid, the bearings from the site to the four corners of the chart
are computed, then tested for the maximum and minimum, and these last are stored.

The On/OIf fixes are then read into an array. At this point the program enters a
long iterative loop that processes each fix, determines if the great circle path between
the site and the fix passes through the chart, and if it does, plots it on the chart.
First the program calls TICTACTO to determine if the fix is inside the chart grid. If
not, it calls NAVIGATE. This subroutine takes the site position and the fix and
computes the forward azimuth from the site and the back azimuth from the fix and
the distance between them. The program tests the forward azimuth against the maxi-
mum and the minimum bearings of the chart grid corners. If this bearing lies between
them the great circle path passes through the grid. Next, the program calls
OUTANDIN, a subroutine that determines where the great circle path enters the chart
grid. After this point has been determined, subroutine GCPATH is called repeatedly.
This subroutine, given the site position, a bearing, and a distance, computes the lati-
tude and longitude at that bearing and distance. The latitude and longitude are
converted to X-Y coordinates. The distance is repeatedly incremented for a series of
fixes along the great circle path and these are continuously plotted. At the same
time a series of tests determine if the great circle path has reached the fix at which
point plotting stops, or if the great circle path has passed outside the grid at which
point plotting stops. After this a series of tests determines if the fix is an On or Off
fix. If Off, a series of tests determines if a straight line joining the two fixes should
be drawn or partially drawn as shown in Fig. 1. If one fix is inside and the other is
outside the grid, a partial line is drawn. The program calls JOINER, a subroutine
that determines where the partial line enters or leaves the chart grid. After this the
do-loop is continued until all data have been processed.

SOURCE LANGUAGE LISTING

A listing of the program in the Fortran language is reproduced on the following pages.
COMPARISON

As far as known, no comparable program exists.

TEST METHOD AND RESULTS

The input data deck illustrated in Section 3.9 was used in the program to produce the
plots shown in Figs. 1 and 2. In Fig. 2, S is the location of a listening post. In Fig.

10
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1, point C is the fix at which sound reception begins and point D is the fix at which
sound reception ceases. The spherical triangle SCD is a zone of reception. The gap
between triangles SCD and SEF is a zone of no reception. The line BA stops at A and
indicates a fix just outside the grid. Below A, the number 246.7 is the bearing from
the ship fix to the site, while the number 61.9 (above the numeral 52) is the bearing
from the site to the ship fix.

ACKNOWLEDGMENTS

The author thanks his coworkers in the Environmental Sciences Section, Propagation
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PBOGRAM FRACZONE
IDENY NUMBER = T3004000
JITLE = GREAT CIRCLE SPHERICAL TRIANGULAR ACOUSTIC RECEPTION ZONE,
IDENT NAME = T3=NRL=FRACZONE
LANGUAGE = FORTRAN
COMPUTER = CDC=-3800
CONTRIBUTOR = LEON Po LA LUMIERE JRe.y CODE 8174
PROPAGATION BRANCHy ACOUSTICS DIVISION
ORGANIZATION = NRL = NavalL RESEARCH LABORATORY
WASHINGTONs DeC, 20375
DATE = 1 NOVEMBER 1974
PYRPOSE - TO COMPUTE AND PLOT A GREAT CIRCLE SPHERICAL TRIANGLE
DISPLAYING ACOUSTIC RECEPTION ZONES ON A CHART,

##a INPUT DATA DECK ### DATA CARDS May BE LEFT BLANK AS DESIREDs
#8s CARD 1 = MAGNETIC TAPE SKIPFILE OPTION = FORMAT 6

MTSKF = NUMBER OF FILES TO BE SKIPPED ON THE PLOTTING TAPEs IF ANY
#®%s CARD 2 = TITLE CARD = FORMAT 7

LT = NUMBER OF ALPHANUMERIC CHARACTERS IN THE TITLE.

ITITLE(L) = TITLE +LEe 78 CHARACTERS,

#®%s CARD 3 - CHART PARAMETER CARD = FORMAT 3

I8C = BATHYMERIC CHART NUMBER,

RS = CHART SOUTHMOST LATITUDE IN WHOLF DEGREES.
RN = CHART NORTHMOST LATITUDE IN WHOLE DEGREES.
RL = CHART WESTMOST LONGITUDE IN WHOLF DEGREES
RR = CHART EASTMOST LONGITUDE IN WHOLfF DEGREES.

SCALE = CHART LONGITUDE SCALE IN INCHFS PER DEGREE.

IBYE = CHART ANNOTATION INCREMENT IN WHOLE DEGREES.

JOG = OPTION TO READ OR NOT READ A SITE LOCATION CARDs THUSLY =
+GTe 0 =~ READ A NEW SITE LOCATION CARD.
= 0 = SKIP READING A NEW SITE LOCATION CARD.

JUG = OPTION TO READ OR NOT READ A NEW DATA DECK OF ON/OFF FIXES,
.6T, 0 =~ READ A NEW DATA DECK OF oN/OFF FIXES,
= 0 -~ SKIP READING A NEW DATA DECk OF ON/OFF FIXES,

##8s CARD 4 = SITE LOCATION CARD = FORMAT &

ISITE(NS) = SITE NUMBER,

ALAD(NS) = SITE LATITUDE IN WHOLE DEGREES.

ALAM(NS) = SITE LATITUNDE IN MINUTES TO THE NEAREST HUNDREDTH,.

AL OD{NS) = SITE LONGITUDE IN WHOLE DEGREESe

Al OM(NS) = SITE LONGITUDE IN MINUTES TO THE NEAREST HUNDREDTHe.

##s CARD Sy ETCe = TWO OR MULTIPLE OF TWO ON/OFF FIXES = FORMAT §

ISNINP) = SHIP NUMBERe ALSO AN INTEGER OPTION, THUSLY =

oLT. 0 = INDICATES END OF DATa DECK OF ON/OFF FIXES,

= =] = READ NEW SITE LOCATION FOR PLOTTING ON SAME CHART,
£ =2 = READ NEW ON/OFF FIXES FOR PLOTTING ON SAME CHARTs
= «3 = READ NEW CHART PARAMETER CARD FOR NEW CHART,

= «4 = READ NEW TITLE CARD.

= =g = END PROGRaM AFTER PROCESSING ON/OFF FIXES.

1SD (NP) SHIP DAY (NOT USED IN THIS PROGRAM),

IY(NP) = YEAR OF PROJECT.

JUDY (NP) = JULIAN DAY.

IT(NP) = TIME ZULU (0000 TO 2359).

IEN(NP) = CONSECUTIVE FIX NUMBER (NOT USED IN THIS PROGRAM),
XLAD(NP) = FIX LATITUDE IN WHOLE DEGREES

ALAM(NP) = FIX LATITUDE IN MINUTES TOo THE NEAREST HUNDREDTH,
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(NP) = FIX LONGITUDE IN WHOLE DEGREES.
{NP) = FIX LONGITUDE IN MINUTES TO THE NEAREST HUNDREDTH.
)

TY(NP) = TYPE OF FIX (NOT USED IN THIS PROGRAM).
NP) = SIGNAL TRANSMISSION INDICATORs THUSLY =
= 1 = SIGNAL TRANSMISSION,
= 0 - NO SIGNAL TRANSMISSION,
NP) = SIGNAL RECEPTION INDICATOR, THUSLY «
= ] - SIGNAL RECEPTION,
= 0 -~ NO SIGNAL RECEPTION.
CARD 6 = ALPHANUMERIC OPTION, THIS MAY BE ONE OR MORE CHART

PARAMETER CARDS USING THE SAME SITE AND ON/OFF DATA
OR USING A DIFFERENT SITF AND ON/OFF DATA. IT MAY
ALSO BE A CONTROL CARDy THUSLY =

NEXT = READ A NEW TITLE CARD TH1S RESTARTING THE READ CYCLE
OF CARDS 2 THRU 6. :

FINIS = INDICATES END OF PROGRAM EXECUTION,

IN THIS PROGRAM NORTH LATITUDES aND WEST LONGITUDES ARE

POSITIVE WHILE SOUTH LATITUDES AND WEST LONGITUDES ARE

NEGATIVE,

FOLLOWING SURROUTINES ARE REQUIREP BY THIS PROGRAM
MRGRD2 (IBCsRSsRNsRL9yRReSCALEWIBYFsCHYINNNyAMPIyRPISITITLEWLT,
XRe YLENG)

MERED (0sYIMM,YIMO)
XYTIN(NNNyXIROyYIMOSRPI¢sAMPI ¢+ XIR,YIMyXPT,YPT)

DATE (MONTH,IDAYsIYEAR,JUL) USED IN MRGRD

TICTACTO (RSeRNeRLIRReSLAT(J) oSLON{J) sMAPSeIFXsIFY)
NAVIGATE (Y9Z+DSADSOsBRYIBR2TEST)

GEODIS (DSA+ DOSQs DFAe DFQs AZy BAZyy DISTKM,s DEG)
OUTANDIN (RSeRNsRLsRRyALAT(NS) s ALONINS) ¢RSsYsXsDIST)
LOCATE (XPTsYPToXXLoXXReYYLoYYUBXsBY?ISR(J)9CHT9AHT)
GCPATH (DFASDFOsBSs- ISTeleYsXeFRg)

JOINER (RSeyRN9RLIRRSLAT(J) 9SLON(J) oSLAT(K) 9SLON(K) oY sX)
JULIAN (IY(J) s JUDY(J)y IDs IM, LPYR)

NSION ISITE(30), ALAD(30)s ALAM(3p), ALOD(30)y ALOM(30), ALAT{

130)s ALON(30)9s XA{30)s YA(30)y XLAD(25Y0)s XLAM(2500)s XLOD(2500)
2 XLOM(2500)y IFIXTY(2500)s XN(2500)s yN(2500), IST(2500)» ISR(2500

BUF (254)y ITITLE(78)
ON 71000/ ISN(2500)4ISD(2500)s1Y(2500)+JUDY(2500)41T7(2500)41FN

1(2500) sSLAT(2500) »SLON(2500)

NSION MONTH(12)
(MONTH=5H JAN ,5H FEB 45H MAR ¢5H APR #5H MAY ,5H JUN 45H JUL
AUG 95H SEP #5H OCT #5H NOV ¢5H DEC )

AT (1HD)

AT (1H0)

AT (A594F5,093XeF7e44915)

AT (IS5sF5¢0+5X9FS5e2925.005X9F5e2) _

AT (1201301301640 15,150F34F6,24F44F6,2913,25%X971411)

AT (1615)

AT (12478A1)

AT (5Xs78Al1)

AT (5X¢#CHART PARAMETERS#//5X¢#B,Ce NOe = #9A5//5X¢#SOUTHMOST

ILATITUDE = #,F44s3Xs*NORTHMOST LATITUDF = #9F4//5Xe*WESTMOST LONGIT

13
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2UBE & #4F493Xs#EASTMOST LONGITUDE = #,F4//5Xe#SCALE = #4FTe448 INC
3HES / DEGREE #,2X¢*DEGREE INCREMENT.=_~,IZ//SX¢*CHARACTER HEIGHT =
& $,FS¢3//5X¢s#DATA PROCESSED ON #,129A5+12)

10 FORMAT (S5Xy#FOR SITE NOo #sI4e% AND SOUND SPEED = ®4F4,% FEET / SE
ACONDS//78X e DATES 94X o #TIME® 9SX o #SHIP POSTITION® 46X o #SHIPE¢SX e #SITE®,
24X s #DISTANCE# 94 X9 #TRAVEL®/22X o #LATITUNE# 92X 9 & ONGITUDE®# 42X 9 #BEARIN
3G# ,2X s #BEARING# 93X 9 # (NMS) #44 Xy 2#TIME (MIN)®#/)

11 FORMAT (SXeT201Xe1201Xs1293X016a2XoF2 1X0F5e292XoF391XsFS5,293XsF6e
1293X4F64293XeF56005X9F6e197Xy11,411)

12 FORMAT (SXs#PLOTTING COMPLETED FOR SITE NOe #,14¢% NUMBER OF SHIP
1 POSITIONS = #4149//5X08Y=LENGTH = ®4£5,2¢% INCHES#®)

13 FORMAT (/5X.#PLOTTING COMMANDS ARE STORED IN FILE NO, #,13)

14 FORMAT (5X¢#PLOTTING COMPLETED FOR NUMBER OF SITES = #,I2,% AND NU
IMBER OF SHIP POSITIONS = #,14)

15 FORMAT (//5Xy#DATA STORAGE CAPACITY EXCEEDED. RUN ABORTED#)

16 FORMAT (//5Xs3H#e#e#® PLOTTER Y~ AXIS p IMIT EXCEEDS 29¢25 INCHES.
LYTLENGTH = #9F5,2¢% RUN ABORTED #s3Huu#)

17 FORMAT (//5Xs#DATA DECK IMPROPERLY ORGANIZED, RUN ABORTED#)

CALL QB8QERSTP (1000)
SPDKTS=SNDSPD/60764115
XRAD=0.01745329

XRAD IS THE CONSTANT FOR CHANGING ANGULAR DEGREES INTO RADIANS
XG:O [

Y0=1,250

NE=0

NB=0

NM=0

P1=3.1641592653
PINEG==3,141592653
LE=S0

LK=0

1P AGE=1

YNEW:O [

LBYR=1

NE=0

NQ=0
MINUS=40000000000000008
CrT=0+280

ART=0+105
NEXT=45256763606060608
IFINIS=26314531626060608

HiaD A MAGNETIC TAPE SKIPFILE CARD WITH NOe OF FILES TO SKIP,
(CAD 6y MTSKF
IFILE=MTSKF
IF (MTSKF) 20920+18
18 DO 19 M=1sMTSKF
19 CaLlL SKIPFILE (8)
READ A TITLE CARD.

20 READ 7y LTo(ITITLE(I)»I=1yLT)
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IF ( EOF960) 7121

READ A CHART PARAMETER CARD (OR AN ALPHANUMERIC CONTROL CARD).

READ 3, IBCyRSyRNyRLsRRySCALE,IBYE»JOGs JUG
JUg 1 READ NEW SITE CARD,

=
JOG = 0 = SKIP READ NEWw SITE CARD.
JuG = 1 = READ NEW FIX CARDS.

JuG = 0 = SKIP READ NEW FIX CARDS,

IF ( EOF+60) 71422

IF (IBCoEQ.IFINIS) GO TO 68
CALL PLOTS (IBUF+<5448,29)
CALL PLOT (XO9YOy=3)

CALL MRGRD2 (IBC+RSyRNyRLIRR9SCALEIBYE9CHT9NNNyAMPTIGRPIZITITLESLT
19¥09XRsYLENG)

IE (YLENG«GT«29,25) GO TO 69

YTEST=YLENG=YO

XIRO=RL#XRAD

YIMM=RS#XRAD

CALL MERED (09YIMMyYIMO)

THE FOLLOWING SETS THE LIMITS OF THE GREAT CIRCLE PLOT,.
RIn=RlL#xX<AD

YMM=RS#XRAD

CALL MERED (09YMMyYIM) ]

CALL XYIIN (NNN¢XIROyYIMOSRPIJAMPIsXIRsYIMIXPTYPT)
XXL=XPT

YYL=YPT

XIR=RR®XRAD

YMM=RN#XRAD

CALL MERED (0sYMMsYIM)

CALL XYIIN (NNNeXIROsYIMOIRPIsAMPIoXIReYIMIXPTIYPT)
XXR=XPT

Y¥U=YPT

IF (NNN) 24,424,223

XIR0=(360¢+RL) #XRAD

NEG=NNN

NNN=0

CONTINUE

MARK=MAPS=L AST=LK=LOCK=0

CALL DATE (MyIDyKYosJY)

PRINT 9y IBCIRSyRNIRLIRRISCALESIBYEsCHToIDIMONTH (M) 9KY
PBINT 2

PRINT By (ITITLE(I)I=1,4LT)

PRINT 1

1 (JOG) 25433425

NS=NS+]

READ A SITE POSITION CARD.

READ 4y ISITE(NS)4sALAD(NS) g ALAM(NS) ¢ ALOD(NS) 3 ALOM(NS)
IF ( EOFs60) T1+26

IF (NS.GT«99) GO TO 70

ALAM(NS) =ABSF (ALAM(NS))

ALOM(NS) =ABSF (ALOM(NS))
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KOY=ALAD(NS) s AND « MINUS

I1E (KOY.EQ.MINUS) 27428

AL AT(NS)=ALAD (NS) =ALAM(NS) /760,

GO T0 29

ALAT(NS)=ALAD(NS) ¢+ALAM(NS) /60,
KEY=ALOD (NS) ¢ AND«MINUS

IF (KEY.EQ.MINUS) 30,31

ALON(NS) =ALOD(NS)=ALOM(NS) /60,

GO To 32

ALON (NS)=ALOD (NS) +ALOM(NS) /60,

DEA=ALAT (NS)

DFO==ALON(NS)

MARK = 5 = INDICATES THE SITE LIES INSIDE THE CHART GRID.
CALL TICTACTO (RSsRNyRLeRR¢ALAT(NS) sALON(NS) yMARKs1ISXsISYsNEG)
IF (MARK=5) 35,434,435

XIR=ALON{(NS)#XRAD

IF ((NEG.GT.O).AND.(ALON(NS).LT.O.)) XIR=(360,+ALON(NS) ) *XRAD
YMM=ALAT (NS) #XRAD

CALL MERED (0oYMMyYIM)

CALL XYIIN (NNNyXIROsYIMOsRPI+AMPI ¢+ XIRsYIMtXPTYPT)
XA (NS) =XPT

YA (NS)=YPT

CALL PLOT (XPTsYPT3)

XW==RL

XE==RR

IE ‘MARK.EQ.S) GO TO 38

CALL NAVIGATE (DFAsDFOsRSsXWsA1+BAZsDY)

CALL NAVIGATE (DFAsDFOsRNsXWsA29BAZeDD)

CALL NAVIGATE (DFAsDFOyRNsXEsA3+BAZ9D3)

CALL NAVIGATE (DFAsDFOsRSIXEsA49BAZeDS)

A3=A3+360.

A4sAG+360.

BZ2=MAX1F(A19A24A3,A4)

Bl=MINIF(AlsA24A3sA4)

TEMP=MIN1F (D1+D24D39D4)

CONTINUE

PRINT 8y (ITITLE(L)sL=1sLT)
PRINT 2

PBINT 109 ISITE(NS) +SNDSPD
NF=0

IF (JUG.EQe1) NP=0

IF (JUG) 39443,39
N@=Np+]

NP=NP+]

1€ (NP«GT«2500) GO TO 70

READ TWO OR MORE ON/OFF FIX CARDS (LAST CARD IS A CONTROL CARD)e
READ Sy ISN(NP),ISD(NP)4IY(NP)JUDY(NP),IT{NP),IFN(NP) 4XLAD(NP)3XL
1AM(NP) 9 XLOD (NP) ¢ XLOM(NP) s IFIXTY (NP) o IGT(NPI s ISR (NP)

IST(NP) IS IN COLUMN 70. ISR(NP) IS IN COLUMN 71,
IST(NP) = 1 = TRANSMISSION
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ISTI(NP) = 0 = NO TRANSMISSION
ISR(NP) = 1 =~ RECEPTION
ISR(NP) = 0 = NO RECEPTION

IF ( EOF+60) Tie4l

IF (ISN(NP)) 42440940

NB=NP

NRz=NP=}

Do LOOP FOR PLOTTING A GREAT CIRCLE BETWEEN TWO POINTS

DO 66 J=NQyNP

Ks =1

XLAM(J) =ABSF (XLAM(J))

XLOM (J) =ABSF (XLOM{J))
LUCK=LOCK
LOCK=XLOD(J) s AND.MINUS

1F (LOCK.EQ.MINUS) 44445
SLON(J)=XLOD (J) =XLOM(J) /760,
GO To 46

SLON(J) =XLOD (J) +XLOM(J) /60,
LLASXLAD (J) « ANDMINUS

IE (LLAJEQ.MINUS) 47448
SLAT (J)=XLAD (J) =XLAM(J) /604
GO Ton 49
SLAT(J) =ALAD (J) ¢ XLAM(J) /60
DSA=SLAT(J)

D50==SLON(J)

LAST=MAPS

DIST=TEMP

IE (4ARK.EQe5) DIST=0.0
DELVIS=1,5

FOR cOMPOSITE OR WHOLE OCEAN CHARTS SET DELDIS = 15.0
FOR Re Ce SIZE CHARTS SET DELDIS = 1,5

IF (SCALE.LT.1,0) DELDIS=15,0

DELP=DELDIS#2.2

JUMP=1

KIcK=0 )

FAZ 1S THE BEARING FROM THE SHIP TO THE SITE,
847 1S THE BEARING FROM THE SITE TO THE SHIP,
CALL GEODIS (DSA+DSOsOFAWDFOIFAZ4BAZ,DISTKMyDEG)

MAPS = § = INDICATES THE FIX LIES INSIDE THE CH RT GRID.
CALL TICTACTO (RSsRNsRLIRRySLAT(J) 9SLON(J) 9MAPSIFXs IFYsNEG)

CALL NAVIGATE (DFAsDFO4DSAyDSO9sBSyBAYDTEST)
BS IS THE BEARING FROM THE SITE TO THE SHIP FIX.

IF BoTH FIXES ARE OUTSIDE THE GRID CHECK IF PATH PASSES THRU THE

GRID, IF NOT SKIP.

IF ((MAPSeNE+5) ¢ANDe {MARKeNE+5)) 50457

IF (MARK.EQ,B) BS=BS+360,

IF ((BS4LTeB1l).ORs(BSeGT.B2)) 66451

IF ((MARKOEQ.B).AND.(BSQGE036°¢O)) BS:BS‘360.°
KIcK=1

LEAP=1

YMM=SLAT (J) #XRAD
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XIR=SLON(J) #XRAD

CALL MERED (0sYMMyYIM)

CALL XYIIN (NNNoXIRO,YIMOsRPIoAMPIoXIRsYIMIXPT¢YPT)
STORAGE OF PLOTTING DATA FOR LATER USAGE IN OTHER PLOTS.
AN(J)=XPT

YN(J)=YPT

THIS VERSION PLOTS A GREAT CIRCLE UP §0 THE FIX ONLY

IF (MARK=5) 52,5352

THE GREAT CIRCLE PATH ENTERS THE CHART GRID AT THIS POINT,

CALL OUTANDIN (RS,RNyRLyRRyALAT(NS) 4 ALON(NS) 4BS¢YyX,DIST)
IF (DIST.GE.DTEST) GO TO 66

XIR=X#XRAD

YMM=Y#XRAD

CALL MERED (0sYMMyYIM)

CALL XYIIN (NNNyXIRO,YIMOsRPIAMPIoXTIRyYIMIXPTyYPT)

CALL LOCATE (XPTyYPTsXXLsXXRsYYLsYYUyRX9BY9ISR(J) ¢CHT9AHT)
CALL NUMBER (BXsBYeAHT4B.Z904094HF541)

CALL NUMBER (BXyBYsAHTsBAZs0e094HFS41)

CALL PLOT (XPT,YPTs3)

IF (MARK.NE.5) GO TO 54

CALL PLOT (XA(NS)9YA(NS),3)

THE GREAT CIRCLE PATH 1S COMPUTED FROM STATEMENT S4 TO 59,

DIST=DIST+DELDIS

IF (DIST.GT.DTEST) GO TO 61 ]

CALL GCPATH (DFAsDFOsBSeDISTe19YeZeFB)

XE~Z

IF ((YeLToRS) eORe (YeGToRN) aOR 4 (XeGToRL) «ORe (XosLToRR)) 58455
XIR=X#XRAD

YMM=Y#XRAD

CALL MERED (092YMMyYIM) o

CALL XYIIN (NNNeXIROsYIMOsRPIZAMPIoXIReYIMIXPTYPT)
CALL PLOT (XPT,YPTy2) ,

CALL NAVIGATE (Y+Z+DSAsDSOsBR19BR2+TEST)

IF (TEST.LEJDELP) 56+54

DIST=DIST-DELDIS

GO Tn (57957+61) s JUMP

DELP=DELP#0,1

DELDIS=DELDIS*0.1

JUMP=JUMP+1

GO Tn 54

THE GREAT CIRCLE PATH LEAVES THE CHART GRID AT THIS POINT,

DIST=DIST=DELDIS

GO TO (59¢60)y LEAP

DELDIS=DELDIS*0.1

DELP=DELP#*0,1

LEAP=2

60 Tn 54 ,
CALg GCPATH (DFAsDFO¢BSyDISTs1sYsZeFB)
XFe
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XIRax#XRAD

YMM=Y#XRAD

CALL MERED (09YMMyYIM)

CALL XYIIN (NNNyXIROsYIMOIRPIsAMPI9XIRsYIMIXPTeYPT)

CALL PLOT (XPTsYPTe2)

CALL PLOT (XPT,YPT43) )

CALL LOCATE (XPToYPToXXLeXXReYYL9YYUsRXeBYsISR(J)sCHTsAHT)
CALL NUMBER (BXsBYsAHT FAZs0s0s46HFS41)

CALL NUMBER (BXyBYsAHT9FAZ90s094HFS0])

CALL PLOT (XPT,4YPTs3)

CuUNTINUE 3

IF ((MAPSeEQeS) s ANDe (LAST+EQe0) « AND& (TSR(J) eEQel)) GO TO 64

’ IF ((MAPS.EQ.S)QANDO(LAST.EQ.S)) GO TO 64

62

63

64

IF ((MAPSeEQe5) s ANDs (LASTSNE5) e ANDe (ISR(J) eEQe1)) GO TO 64
IE ((MAPSeEQeS) e ANDo (LASTGNE.S) ANDe (TSR{JIeERe0)) GO TO 63
IF ((MAPSaNE«5) ¢ ANDe (LAST4EQ45) e ANDW (TSR{J)eERW1)) GO TO 65
IF ((MAPSeNE+S) e AND o (LASTWEQe5) s ANDe (TSR(J) eEQe0)) 52465

THE LAST FIX IS OUTSIDE THE GRID BUT THE PREVIOUS FIX IS INSIDEe

CALL JOINER (RSyRNyRL9RRySLAT(K) ¢SLON(K) s SLAT (J) ¢SLON(J) 9YsX)
XIR=X#XRAD

YMM=Y#XRAD

CALL MERED (0sYMMyYIM)

CALL XYIIN (NNNyXIROyYIMO9RPI¢AMPI9XIRsYIMeXPT,YPT)

CALL PLOT (XPTyYPTs3)

CALL PLOT (XPTyYPT»2)

CALL PLOT (XN(K)sYN(K)2)

CALL PLOT (XN(K) 9 YN(K)¢3)

G0 To 65

THE LAST FIX IS INSIDE THE GRID BUT THE PREVIOUS FIX IS OUTSIDEe

CALL JOINER (RS,RNyRLyRR,SLAT(J), SLON(J).SLAT(K),SLON(K).Y.X)
XIR=X*XRAD

YMM=Y#XRAD

CALL MERED (0sYMMyYIM) _

CALL XYIIN (NNNyXIROsYIMOsRPIoAMPIsXIRsYIMIXPTsYPT)

CALL PLOT (XPTyYPTs3)

CALL PLOT (XPT,YPT»2)

CALL PLOT (XN{(J) s YN(J)42)

CALL PLOT (XN(J)sYN(J)¢3)

G0 To 65

THE CURRENT FIX LIES WITHIN THE CHART GRID.
CALL PLOT (XN(J)4sYN(J)42)

CALL PLOT (XN(J)sYN(J)43)

IF (KeEQe0) GO TO 65

IF (ISR(K)«NEesl) GO TO 65

THE PREVIOUS FIX LIES WITHIN THE CHART GRID,

CALL PLOT (XN(K) s YN(K)2)
CALL PLOT (XN(K)sYN{K)3)
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65 NF=NF+] A 441
A 442

IF (KICK.EQ.0) GO TO 66 ‘ A 443
CALL JULTIAN (1Y{J)»JUDY(J)2IDsIMILPYR) A 444
DIST=DISTKM/1.8=2 A 445
TRAVEL=DIST/SPDKTS/60. . A 446
PBINT 11 IDoIMvIY(J{vIT(J)oXLAD(J)vXLAM(JloXLOD(J)9XL0M(J).FAZ§BA A 447
31ZsDISTHyTRAVELIST(J) o ISR(J) A 448
LK=LK*+] A 440

IF (LKeLTeLC) GO TO 66 A 450
PBINT 1 A 451
PRINT 8y (ITITLE(L) sL=1sLT) A 452
PRINT 2 A 453
PBINT 109 ISITE(NS) ¢SNDSPD A 454
LK=0 A 455

66 CONTINUE A 456
A 457

PBINT 1} A 458
PBINT By (ITITLE(L)oL=1sLT) A 459
PBINT 2 A 460
NT=Np=NQ+1 A 461
NM=NM+NT A 462
PBINT 12y ISITE(NS)NF4YLENG ) A 463

IF ((ISN(NB) sEQe=1) «OR, (ISN(NB) +EQe=2)) GO TO 67 A 464
IFILE=IFILE+] A 465
PRINT 13y IFILE A 466
67 PBINT 1} A 467
A 468

ISN(NB) = =1 = READ NEW SITE INFO FOR PLOTTING ON SAME CHART A 469
ISN(NB) = =2 = READ NEW SHIP INFO FOR PLOTTING ON SAME CHARTY A 470
ISN(NB) = =3 = USE SAME SITE INFO FOR PLOTTING ON NEW CHART A 4T
ISN(NB) = =4 = READ NEW TITLE, SITE INFO FOR PLOTTING NEW CHART A 472
ISN(NB) = =9 = END OF DATA TO BE PROCESSED A 473

A 476

IF (ISN(NB) 4EQ,=1) GO TO 25 A 475

IF (ISN(NB) ¢EQ.=2) GO TO 40 A 476
XNEW=XR¢6e0 A AT7
CALL PLOT (XNEWsYNEWs=3) A 478
CALL SPACEOO A 479
LK=0 A 480

IE (ISN(NB),EQ,=3) GO TO 21 A 48B)

IF (ISN(NB) .EQ.=4) GO TO 20 A 482

A 483

68 XNEW=XR+¢15, A 484
CALL PLOT (XNEW4YNEW,3) A 485
CALL SPACEo0O A 486
CALL STOPPLOT A 487
PBINT 149 NSeNM A 488
SToP A 489

A 490

69 PRINT 164 YLENG A 49)
CALL SKIPFILE (60) A 49?2
SToP A 493

A 494

70 PRINT 15 A 495

20
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CALL SKIPFILE (60)

SToP

PBINT 17

CALL SKIPFILE (60)
SToP

END

SUBROUTINE MRGRD2 (I1BCeRSyRNyRE¢RWoSCALE yIBYEyXHT9NNNyAMPI4RPIZITIT
1LEZLT9YOsXRe YLENG)
MODIFIED FOR CDC 3800 RY LEON LA LUMIERE = CODE B178 = 17 NOV 1971
MBGRD2 HAS BEEN MODIFIED ESPECIALLY FOR PROGRAM BEAMPATH 8 DEC 72
PLOTS A MERCATOR GRID WITH LONGITUDE ANNOTATED ALONG BOTTOM
AND LATITUDE ALONG RIGHT SIDE
INPUT e .
. IRC'SNooo'BoC. NUMBER AND DIRECTION (CAN BF LEFT BLANK)
RS9RNe ¢ s SOUTHERN AND NORTHERN LATITUDE LIMITS
REYRWee o LEFT SIDE AND RIGHT SIDE LONGITUDE LIMITS
ABOVE SHOULD HAVE NEGATIVES FOR EAST AND SOUTH
SCALE s+ INCHES PER DEGREE
IBYEeee TICK MARK SPACING IN DEGREES
XHTe ¢ oHEIGHT OF LAT-LONG PLOTTED VALUES
ITITLE«e+CHART CAPTION TO THE LEFT nF CHART (CAN BE LEFT BLANK)
LTeeeNUMBER OF ALPHANUMERIC CHARACTERS IN CAPTION ,LE. 7B
Y0a.seY=AXIS ORIGIN IN INCHES (PREFERABLY 1425 INCHES)
OUTPUT s e
NNN,, o EQUALS ONE IF DATELINE CROSSED
AMPI,e¢eLATITUDE SCALE (MERIDIANAL PARTS PER INCH)
RPI+seLONGITUDE SCALE (RADIANS PER INCH)
XR. e s RIGHTMOST LLONGITUDE X=COORDINATE IN INCHES
YLENGo oo LATITUDE LENGTH (Y=AXIS) IN INCHES ,LE. 29.25
DIMENSION RAD(4) oL (4)sX(361)9Y(18L) s ITITLE4TR)
DIMENSION MONTH(12)
DATA (MONTH = S5H JAN +5H FEB 45H MAR ,5H APR 4S5H MAY 45H JUN 48H J
1UL s5H AUG 4SH SEP 45H OCT 45H NOV 454 DEC )
XRAD=0,01745329%J8C=60606060606060608
RAD (1) =RS
RAD(2) =RN
RAD (3) =RE
RAD (4) =RW
DO 1 I=1y4
L{1)=RaAD(I)
RAD (1) =RAD(T)#*XRAD
DETERMINATION OF MEREDIANAL PARTS FOR BOUNDARY LIMITS
LATOL=1ABS(L(2)=L(1)}+)
CALL MERED (0sRAD(1)4YS)
CALL MERED (0sRAD(2)9YN)
ODETERMINATION OF INTERNATIONAL DATELINE CROSSING
KAzL (3)=L(4)
IF (<A«GTe0) GO TO 2
16L0=Ka+301
NNN=]
GO Y0 3
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IDLO0=KA+1

NNN=q

DETERMINATION OF MERIDIANAL PARTS PER INCH FOR Y=AXIS
A-PI=60,/SCALE

DETERMINATION OF RADIANS PER INCH FOR X=-AXIS
RP1=XRAD/SCALE

YLENG=(YN=YS) /AMPI+YO

IF (YLENG«GT«29.25) GO TO 12
INITIALIZATION OF PLOTTING

CALL PLOT (0e90003) ;
PLOTS Be Ce CHART NUMBER AT LOWER LEFTy IF DESIRED
IF(IRC4EQeJRC) GO TO 13
XIBC==XHT®#6,0

CALL SYMBOL (XIBCy0esXHT,IBC490e¢5)
CALL PLOT (0430493}

PLOTS BOTTOM OF GRIDs ANNOTATING LONGITUDE
K=0

Y¥==XHT#3.0

DO 5 I=1,1DL0sIBYE

LONG=L(3)=1+1

IF (LONG.GT,=-180) GO TO 4
LONG=LONG+360

FAC=1~]

KsK+y

X(K)=FAC#SCALE

CALL SYMBOL (X(K)90e9XHT93490e9~=1)
XX=X(K)=XHT#15,/7.

CALL NUMBER (XXoYYeXHT9LONG9O,92HI4)
CONTINUE

AEX(K) +XHT#6,0

XR=X (K}

N=K

K=o

DU 6 I=19LATDL,IBYE

K=K+1

LAT=L (1) ¢1=]

ALAT=LAT

XLAT=XLAT#*XRAD

CALL MERED (0sXLATsYPT)
Y{K)=(YPT=YS)/AMP]

CONTINUE

YY=Y (1)~ (XHT/2,)

LATT=L(])

CALL NUMBER (AsYYoXHToLATT90492HII)
00 10 J=29K

LATT=L(1)*(IBYE®(J=1))
Y¥=Y(J)=(XHT/2,)

XX=J

Ju=Js2410

JK:XX/ZQ“IOQ

IF (JJJNEeJK) GO TO 8

CALL NUMBER (AsYY9sXHToLATT90e9s2HII)
Do 7 I=1sN

JJz=N=1+]

CALL SYMBOL (X(JJ) oY (J)eXHT9390e9=1)

22
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GO To 10

D0 9 I=1N

CALL SYMBOL (X(I)seY{J)sXHT9s390e0=1)
CALL NUMBER (AyYYsXHToLATT90e92HI3)
CUNTINUE

XXz=XHT®#T7e5

YY=Y(1)

IF (LT +EQ. 0) GO TO 14

DG 11 I=1elLT

CALL SYMBOL (XXeYYeXHToITITLE(Y) 990es1)
Y¥=YY’XHT“40/70*105

XX=0,08YY==Y0 + 0.1

CALL SYMBOL (XXsYYs0e1l409103HNAVAL RESEARCH | ABORATORY =~ ACOUSTICS
1 DIVISION = PROPAGATION BRANCH =~ ENVIRONMENTAL SCIENCES SECTION -

2!0.0'103) ’
TNE FOLLLOWING CALLS CAN ONLY BE USED oN THE CDC 3800 AT NRL
CALL DATE (M,IDyIYysJY)
XX=XX*06140%4e/To®1le5%103
XINC=O-140*4./7.*1.5

CALL NUMBER (XXsYY30414091D90,092HI2)
XX=XX*XINC®2, ,

CALL SYMBOL (XX9YYe0el409MONTH(M) 9040,5)
XX=XX+XINCu5,

CALL NUMBER (XX9YY90e140+41Y900042HI2)

CALL PLOT (0s90493) '

RETURN

EnD

SUBROUTINE MERED (NA+XRLDyXMP)

coanesSUgROUTINE MERED(IIT)

0000

XRLD = INPUT LATITUDE IN RADIANS
XMP = QUTPUT LATITUDE IN MERIDIANAL PARTS
IGNORE VARIABLE NA IN THIS VERSION AS SPHEROID ASSUMED
CONSTANT .
SINL=SIN(XRLD)
XF((((000213*SINLHSINL) ¢4,0525) #SINL*SINL) #23,268932) #SINL
xnp=‘SINL’lo)/(1.‘SINL)
XMP=ALOG]10 (XMP)
XMP=(3957¢852234%#XMP) =X
RETURN
END

SUBROUTINE XYIIN(NNN¢XIRDsYIMOSRPIsAMPIsXIR9YIMeXPTyYPT)

CewestCONVERTS LAT=LONG INTO X=Y COORDINATES IN INCH~S

OO0

IPUTe s
NNNes o o EQUALS ONE IF DATELINE CROSSED
XIROyYIMOso oORIGIN(LOWNER LEFT) OF cHART IN RADIANS OF
LONGITUDE AND MERIDIANAL PARTS OF LATITUDE
RP14¢sLONGITUDE SCALE IN RADIANS PFR INCH
AMPI.eoLATITUDE SCALE IN MERIDIANAL PARTS PER INCH
X1Re oo LONGITUDE IN RADIANS
BUTPUT...
XPToYPToeolAT~LONG IN CHART INCHES
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DATA(TWOPI=6.283184)

IF (NNNJEQe0O) GO TO 10

IF (XIRsLE«XIRO) GO TO 20
XPT=(XIRO=XIR) /RPI

GO Tn 30
XRT=(TWOPI+XIRO=-X1R)/RPI
YPT=(YIM=YIMO) /AMPI
HETURN

END

SUBROUTINE JULIAN (IYeJUDY,sIDsIMyLPYR)

ONVERTS JULTIAN DATE INTO UAYs MONTHy YEAR FOR ANNOTATION IN TANTRK
IY = YEARs JUDY = JULIAN DAYs ID = CALENDER DAYs IM = CALENDER MON
OMPLTIHENTS OF BO8 FEDEN =~ CODE B174 - 17 NOV 1971

MODIFIED BY LEON LA LUMIERE - CODE 8178 = 17 NOV 1971

DIMENSION JJ(13)y AA({12)
T¥PE INTEGER AA

DATA ((JJ(I)y I = 1y 13)
1273s 304y 334¢ 365)

DATA ((AA(DI)y 1 = 1y 12)
LL=1Y

MM=JuLY

IF (LLeLTeD) GO TO 10

IF (LL+EQe)) GO TO 1

IF (MOD(LLyd) eEQe0) GO TO 4

IE (UM LEe0sORsMMeTe365) GO TO 4

DY 3 K=2,13

IF (MM LE«JJ(K)) GO TO &

CnNTINUE

LBYR=2

IE (MM LE«0OR,MMsGTo366) GO TO 10

IE (MM.LE«59) GO TO 2

IF (MMJ,EQ.60) GO TO S

MM=MM=- )

GO To 2

11=29

K=3

GO0 To 7

11=MM=JJ(K=1)

IF (LLeEQe0O) GO TO 8

IF (MOD(LL+4)eNE.O) GO TO 8

IF (MOD(LL14) eEQe04AND MMLELS9) GO TO 8
MM=MM+1

IF (LL.GE«10) GO TO 8

ID=171

JU=AA(K=1)

RETURN

CONTINUE

GO Y0 9

0+ 319 59, 909 120y 151y 181y 2124 243,

le 29 39 4, 59 69 7y 8y 9y 10, 11y 12)

FORMAT (1Xy®YEAR = #41241X9#JULIAN DAY = #913,1X,#ARE BAD DATES®)
END
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SHUBROUTINE JOINER (RSeRNeRLyRR9FLAToFLONsSLAT¢SLONYX)

CuUMPUTES THE LATITUDE Y .ND LONGITUDE X AT WHICH A SHIP PATH
BETWEEN TWO NAVIGATION FIXES ENTERS nrR LEAVES A CHART GRID.

FLAT AND FLON ARE THE LATITUDE AND LONGITUDE OF THE FIX INSIDE THE
GHRID,

SLAT AND SLON ARE THE LATITUDE AND LONGITUDE OF THE FIX OUTSIDE
THE GRID.

PBOGRAMMER « LEON LA LUMIERE = CODE R174 = 12 FEB 1974

DIMENSION Y(1)y X(1)s FB(1)

X2 = «S|LON
CALL NAVIGATE (Y1eX1eY2eX29FAZ9BAZsD)

DIST = DIST + DELDIS

CALL GCPATH (Y19X19FAZ4DISTeleYsXsFB)

X = «X

IF ((YeLTeRS)eORe(YeGToRN) ¢ORe {XeGTeRL)eORe (X LT4RR} )2y 1}
GO Tn (3,4) JUMP

pIST = DIST = DELDIS

DELDIS = DELDIS # 0.1

JUMP = 2

GO To 1

DIST = DIST ~ DELDIS

CALL GCPATH (Y1 9X19FAZyDISTeleYsX9FB)
X = =X

RETURN

END

SUBROUTINE NAVIGATE (LATT1sLONG]sLATT29LONG2,AZIMUTHsBACKAZ,
¢DISTANCE)

CMPUTES THE FORWARD AND BACK AZIMUTHS BETWEEN TWO FIXES.
LATT) AND LONG1 ARE THE INITIAL LATITUDE AND LONGITUDE.

LATT2 AND LONG2 ARE THE FINAL LATITUDE AND LONGITUDE.

AZIMUTH IS THE BEARING AT THE FIRST FIX TO THE SECOND FIX,.
BACKAZ IS THE BEARING AT THE SECOND FYX TO THE FIRST FIX.
DISTANCE IS THE DISTANCE BETWEEN THE FIXES IN NAUTICAL MILES,.
PROGRAMMER = LEON LA LUMIERE = CODE 8744 = 31 JAN 1970

TYPE REAL LATT1s LONGls LATT2y LONG2, NORM12SQs NORM1PSQs NORM129
INORM1P

DATA (RADIUS = 3437.746771)

CONVERT =3,4141592653/180,

ALPHAl =LATT1%CONVERT

BETA1 = LONGI#CONVERT

ALPHAZ =LATT2#CONVERT

25
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BETA2 = LONG2#CONVERT

X1l = COS(ALPHAl)#COS{RETAl)

Y1 COS(ALPHA1) #SIN(BETAL)

zZ1 SIN(ALPRAY)

xe COS(ALPHAD)®#COS(BETA2)

Ya COS(ALPHAR) #SIN(BETA2)

22 = SIN(ALPHAD)

PEOOUCT=(Y1#Z22-218Y2)%Y] ¢ (X1#Z2=Z1#x2)%( X))
NORMI2SQ=(Y1#72=-Z1%Y2) #82¢ (X1 #Z2=Z10X2) #e2+ (X 1#Y2=Y]8X2) 022
NORM1IPSQ={Y))#ans ( X)) aaD

NORM)12 = SQRT(NORM12SQ)

NORMIP = SQRT(NORM1PSQ)

DELTA = ACOS(PRODUCT/ (NORM12#NORM1P)})

ABOTR = v1#X2 & Y1#Y2 & Z1%722 .

AMAGSQ = (X1)#(X1) + (Y1)#(Y]1l) + (Z1y=(Z1)
BMAGSQ = (X2)#(X2) + (Y2)#(Y2) ¢ (Z2)#(22)
A#AG = SQRT (AMAGSQ)

BMAG = SQRT(BMAGSQ)

PHI = ACOS{ADOTB/ (AMAG#*BMAG))

DISTANCE = RADIUS # PHY

INAB = X1#Y2 = Y1#X2

IF (ZNAB) 949910

DELTA = 360,%CONVERT = DELTA

AZIMUTH = DELTA/CONVERT

IF (AZIMUTH JEQ, 360+) AZIMUTH = 0,0
PROVUCT=(Y2#Z21=Z2%#Y))%Y2 » (X2#Z]1=Z28X1)%#X2 ) )
NORM12SQ=(Y2#Z1=228Y]1) #122¢ (X2%Z1=728X]1) #82¢ (XD4Y]=Y2#X]) 88D
NORMIPSQ=(Y2) #aae (X2) #8p

NORM12 = SQRT(NORM12S0)

NORMIP = SQRT(NORM1PSQ)

DELTA = ACOS(PRODUCT/ {NORM]2#NORM1P))
ZNAB=X2uYl=Y2HX]

IF (ZNAB) 1lsl1412

DELTA = 360.¥CONVERT = DELTA

BACKAZ = DELTA/CONVERT

IF (RACKAZ LEQ, 360e.) BACKAZ = 0,0

RETURN

END

SUBROUTINE LOCATE (TXsTYsXXLaXXRsYYLoYYUsBX9BYsISReCHT9AHT)

GIVEN A SET OF X=Y COORDINATES THIS ALGORITHM DETERMINES WHERE AN
A~NOTATION OUTSIDE THE GRID SHOULD BE PLACED WITH RESPECT TO THE
STARTING POINT OF A PLOTTED CURVE, IN_THIS CASEy BEARINGS,
PROGRAMMER = LEON LA LUMIERE = CODE 8174 =~ 5 DEC 1972

TX IS THE X=COORDINATE OF THE POINT,

T¥ IS THE Y=-COORDINATE OF THE POINT,

XXL 1S THE WESTMOST LONGITUDE X=COORDINATEs

XXR 1S THE EASTMOST LONGITUDE X=COORDTNATE.

YYL IS THE SOUTHMOST LATITUDE Y-COORDINATE.

Y¥U 1S THE NORTHMOST LATITUDE Y~COORDTNATE.

BX IS THE STARTING X«COORDINATE OF THE ANNOTATION,
BY IS THE STARTING Y-COORDINATE OF THg ANNOTATION,
ISR NETERMINES THE OFFSET OF THE STARTING POINT,

26
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CHT IS THE GRID CHARACTER HEIGHT, }
AHT IS THE ANNOTATION CHARACTER HEIGHT.

XXL)

TX] = (XXR = TX)/(XXR =

TX2 = (TX = XXL)/Z(XXR = XXL)
TY1 = (YYU = TY)/Z(YYU = YYL)
T¥2 = (TY = YYL)/Z(YYU = YYL)
IF (TX1 = TX2) 1sle2

INDEXX = 1

GO 7o 3

INDEXX = 2

IE (TY]l = TY2) 44495

INDEXY = 1

GO To 6

INDEXY = 2

IF (INDEXX = INDEXY) 74899

TRE POINT IS IN THE LOWER RIGHT QUADRANT.
IF (TX] = TY2) 10910911

BY = TY = AHT # 0.5

IF (ISR) 22422421

BX = XXR ¢ CHT # 0.7

G0 To 20

BX = XXR ¢ CHT # Qo7 * AHT ® 364/7s
G0 To 20

BX = TX = AHT & 64/7. # 333

IE (ISR) 24424423

BY = YYL = CHT # 047 = AHT

6o To 20

B¥ = YYL = CHT & 047 = AHT # 2,2
G0 To 20

THE POINT IS IN THE UPPER LEFT QUADRANT,
IF (TX2 = TY1) 12412913

BY = TY = AHT # 0.5

IE (ISR) 26426425

BX = XXL = CHT # 07 = AHT # 364/7.
60 To 2¢

BX = XXLL = CHT # Qo7 = AHT # T2¢/7e
GO To 20

BX = TX = AHT # 64/Ts # 3,33

IE (ISR) 28428,27

BY = YYU * CHT # 0,7

GO To 20

BY = YYU ¢ CHT # 047 ¢ AHT # 2,2

GO To 20

TNE POINT IS IN THE UPPER RIGHT QUADRANT,
IE (INDEXX « 1) 14¢149)5

IE (TX1 = TY1) 16916417

BY = TY = AHT # 045

IF (ISR) 30,430,429

BX = XXR ¢ CHT # 0,7

GO To 20

BX = XXR ¢ CHT # (04,7 ¢ AHT ®# 36,/7.
GO To 20

BX 2 TX = AHT # 6¢/7¢ * 3,33

IF (1SR) 32432,31
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BY = YYU ¢ CHT # 0.7

GO To 20

BY = YYU ¢ CHT # 0.7 ¢ ARY & 2,2

GO To 20

TRE POINT IS IN THE LOWER LEFT QUADRANT.
IF (TX2 = TY2) 184181919

BY = TY = AHT # 045

IF (ISR) 34934,33

BX = XXL = CHT ® 047 = AHT # 364/7s
GO To 20

BX = XXL = CHT & 0¢7 = ART # 724/7.
GO To 20

BX =2 TX = AHT & 64/7¢ # 3,33

IF (ISR) 36936435

BY = YYL = CHT # 07 = AHT

GO To 20

BY = YYL = CHT # 0.7 = AWRT # 2,2
RETURN

END

SURROUTINE TICTACTO (RSeRNsRLeRReYeXy TGRID*INX s INY»NNN)

GIVEN A POINT DEFINED BY A LATITUDE AND A LONGITUDE LOCATE THE
POINT WITH RESPECT TO A CHART GRID.

NBRTH LATITUDES AND WEST LONGITUDES ARE GIVEN IN POSITIVE DEGREES.
SOUTH LATITUDES AND EAST LONGITUDES ARE GIVEN IN NEGATIVE DEGREES.

RS = SOUTHMOST LATITUDE.
RN = NORTHMOST LATITUDE.
RL = WESTMOST LONGITUDE.
RR = EASTMOST LONGITUDE.

Y = LATITUDE OF THE POINT.

X = LONGITUDE OF THE POINT,

IGRID = GRID NUMBER (1 THRU 9)

INX = COLUMN INDEX

INY = ROW INDEX

PROGRAMMER « LEON LA LUMIERE = CODE B174 = 27 DEC 1972

TRE POINT IS INITIALLY ASSUMED TO LIE WITHIN THE GRID.
WEST = RL

EAST = RR
TEST = X
J6RID = 5 SINX = 2 SINY = 2

THE. FOLLOWING TESTS DETERMINE IF THE POINT IS OUTSIDE THE GRID.
IE SOy WHERE IT 1S

IF (Y =~ RS) 19 24 2

THE POINT IS BELOW THE GRID,

IGRID = IGRID + 3 SINY = 3

60 TO &

IE (Y = RN) 4y 49 3

THE POINT IS AROVE THE GRID,

IGRID = IGRID -~ 3 SINY = )

IF (NNN oGT. 0) WEST = 360. ¢ WEST

IF ((NNN «GTe 0) oANDe (TEST +LT. 000)) TEST = 360, ¢ TEST
IR (TEST = WEST) 69 69 S

THE POINT 1S LEFT OF THE GRID,
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5 IGRID = IGRID =~ 1 SINX = 1 T 35
GO To 8 T 36

6 IF (TEST = EAST) 7+ 8¢ 8 T 37
TRE POINT IS RIGHT OF THE GRID. T 38

7 IGRID = IGRID + 1} SINX = 3 T 39

8 RETURN T 40
END T 41
SHBROUTINE OUTANDIN (RSyRNsRLeRRyALAT ALONIBS,YsXeDIST) u 1
COMPUTES THE LATITUDE Y AND THE LONGITUDE X AT wHICH A GREAT u 2
CIRCLE PATH ENTERS A CHART GRID, _ U 3
PBOGRAMMER « LEON LA LUMIERE ~ CODE 8174 = 6 FEB 1974 Uu

U 5

DIMENSION Y(1)y X(1)s FB(1) U 6

u 7

SLAT = ALAT u 8
SLON = «ALON U 9
DIST = 0,0 U 10
DELDIS = 15, U 11
JUMP = 1 u 12

u 13

1 DIST = DIST « DELDIS U 14
CALL GCPATH (SLATsSLONsBSsDISTel1sYeXysFB) U 15

X = =X U 16

IF ((YoGEeRS) e ANDo (Yo LELRN) ¢AND4 (XoeLE,RL) «AND, (X, GE4RR)) 2y 1 u 17

2 GO TO (39 39 4) JUMP U 18
3 DIST = DIST = pELDIS u 19
DELDIS = DELDIS # 0.1 U 20
JUMP = JUMP + U 21

GO To 1 U 22

& RETURN v 23
END U 24
SUBROUTINE GEODIS (EPLAT.EPLONsSTLAT,STLON'AZBAZyDISTHDEG) 00000100
INPUT ) 00000200
EPLAT AND EPLON=INITIAL LATITUDE AND LONGITUDE POSITIVE FOR NORTH AND EAST
STLAT AND STLON=END POINT (IN DEGREES) NEGATIVE FOR SOUTH AND WEST
OUTPUT 00000%00
SUBROUTINE GENERATES THE FOLLOWINGS AZ=INITIAL AZIMUTH (DEG) BAZ=BACK AZIMUTH
(DEG) pIST=RANGE IN KILOMETERS DEG= RANGE IN DEGREES 00000700
CAMMON/GEODISTC/AL+BLID2RWPI2 00000800
TYPE REAL L1RyL2RsKLsKKsL 00000900
DATA (AL=6378206.4)0¢ (BL=5356583,8)4 (D2R=4017453292519), 00001000
1(P12=26,28318530716) 00001100
BOA=RL/AL 00001200
F=1+0-B0A 00001300
P1R=FEPLAT#*D2R 060001400
PEZR=STLAT®#D2R 00001500
LIR=EPLON®D2R 00001600
L2R=STLON®D?R 00001700
DLR=L2ZR=L1R 00001800
TIR=ATAN(BOA#TANF (P1R)) 00001900
T2R=ATAN(BOA®TANF (P2R)) 00002000

29
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TM=(T1R+T2R) /2,0
UTM=(T2R=TIR) /7240
STM=SIN(TM)
CTM=CO0S(TM)
SOTM=SIN(DTM)
COTM=COS(DTM)
KL=STM#CDTM
KK=SHTMeCTM™
SOLMR=SIN(DLR/2,0)
L#SDTMeSDTM+SDLMR*SDLMR# (COTM#CDTM=STM#STM)
CU=1.0-2.0*L
DL=22ASIN(SQRT (L))
SO=SIN(DL)

TsDL/SD
U=2.0"KL#KL/(1,0~L)
V=2 08KK#¥KK/L
DE4a0%T#T

XFUev

Es=2,0%CD

Y#U=V

Axr=0O#E

FFe4=F&F /64,0

00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
00004100
00004200

DIST=ALESD# (T=(F/4e0)# (THX=Y)+FFO4® (X8 (A+(T=(AE)/2.0)8X)+Y#(=240%00004300

DeESRY) «D#X#Y)) /100040
DEG = DIST/111,195

00004400
00004500

TOLPM=TANF ( (DLR+ (= ((E® (440=X)4240#Y) 0 (F/2¢0)#T+FF64#(32,0#T+(Av2000004500

0uT)#X=2e0#{De240)%#Y))/4e0)#TANF(DLR)))/2+0)
HAPBR=ATAN2 (SDTMy (CTM®TDLPM) )
HAMBR=ATAN2 (CDTMe (STM*TDLPM))
AlM2=P12+HAMBR=HAPBR
A2M1=PI2~-HAMBR-HAPBR
IF((ALIM2.6E40e0) s ANDe (AIM2.LT4PI2)) 5,2
IF(AIM2,GE4PI2) 344

AlM2=A1M2~P12

GO To 1

AlME=A1M2+PI2

GU To 1 _

IF((AZM]1 eGEe0e0) s ANDe (AZM1 oL ToP12)) 9,6
IF(AZMI.GEQPIZ) 7’8

AZM1l=A2M1=P12

GO0 To 5

AZMl=AZM]1+P12

G0 To 5

AZ=A1M2/D2R

BAZ=A2M1/02R

RETURN

END

SYBROUTINE GCPATH(PASpPOSvBSoDISToNvFINLATOFINLONQFINBER)
IDENT NUMBER « T0002000

TITLE « GREAT CIRCLE »ATH FROM A POINT

I0ENT NAME = TO=-NRL=GCPATH

LANGUAGE = FORTRAN

COMPUTER = CDC-3800

30

00004700
00004800
00004900
00005000
00005100
00005200
00005300
00005400
00005500
00005600
00005700
00005800
00005900
00006000
00006100
00006200
00006300
00006400
00006500
00006600
00006700

GCP 10
Gep 20
GCp 30
GCP 40
GCP 50
GCP 60
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c CONTRIBUTOR = DAVID CHANGs CODE 8170, PROPAGATION BRANCH, 6CP 70
c ACOUSTICS DIVISION Gep B0
c ORGANIZATION = NRL = NAVAL RESEARCH LABORATORY = GCP 90
c WASHINGTONs D.Ce 20390 GCP 100
c DATE = 22 JULY 1969 GCP 110
c PURPOSE ~ GIVEN A GREAT CIRCLE PATH SpECIFIED BY AN INITIAL GCP 120
c POINT AND BEARINGy THIS SUBROUTINE FINDS THE LOCATIONS AND GCP 130
¢ BEARINGS OF POINTS AT A GIVEN ARRAY OF DISTANCES IN NAUTICAL GCP 140
c MILES ALONG THAT PATH. GCP 150
c GCP 160
c THE EARTH IS A SPHERE WITH CIRCUMFERENCE 214600+ MILES GCP 170
c GCP 180
c ALL ANGLES ARE IN FLOATING POINT DEGREES. 6CP 190
c LATITUDES +GEe 90+ ARE AT THE NORTH POLE GCP 200
c LATITUDES sLEe=90e ARE AT THE SOUTH PolE GCP 210
c ALL LONGITUDES MUST BE BETWEEN =180. (180 W) AND +180ne (180 E)e GCP 220
c ALL REARINGS NOT AT POLES ARE BETWEEN 0. AND 360+ DEGREES, GCP 230
c MEASURED CLOCKWISE FROM DUE NORTH, GCP 240
c ALL BEARINGS AT THE POLES ARE LONGITURE LINES, GCP 250
c FOR DISTANCES (LEs 0o OR oGE, CIRCUMFERENCE, THE FINAL POINT IS GCP 250
c THE INITIAL POINT. GCP 270
c GCP 280
c PAS = INITIAL LATITUDE GCP 290
c POS = INITIAL LONGITUDE GCP 300
c BS = INITIAL BEARING GCP 310
c 0lsT = ARRAY OF N DESIRED DISTANCES IN NAUTICAL MILES 6CP 320
c N = DIMENSION OF FOUR ARRAYS GCP 330
c FINLAT = ARRAY OF FINAL LATITUDES GCP 340
c FINLON = ARRAY OF FINAL LONGITUEDS GCP 350
c FINBER = ARRAY OF FINAL BEARINGS GCP 360
Cc 6CP 370
DIMENSION DIST(N)sFINLAT(N) sFINLON(N) 4FINBER(N) GCP 380
DATA(DTOR=17724357506504518) GCP 390
DATA(RTOD=20067122734064628) GCP 4n0
DATA(RADEARTH=20146555576261378) GCP 410
DATA(AMI|LPDEG=60,) GCpP 420
IF(PAS ,GE. 90,) GO TO 101 GCP 430
IF (PAS LEe«=90,) GO TO 151 GCP 440
C INITIAL POINT NOT AT POLES. ‘ GCP 450
IF (BS. EQeD,) GO TO 201 GCP 460
IF(BSe EQe180e¢) GO TO 251 GCP 470
¢ GREAT CIRCLE USED DOES NOT PASS THROUGH pOLES GCP 480
DUMMY=BS#DTOR GCP 490
CB8S=c0S (DUMMY) GCP 500
LEFT=0 GCP 510
IF(BSeGTe180e) LEFT=1 6CP §20
DUMMY=PAS#DTOR GCP 530
CS=SIN(DUMMY) GCP 540
$8=C0S (DUMMY) GCP 550
Do 60 I=1lsN GCP 560
DA=DIST(I)/AMILPDEG GCP 570
IF (DANE.1BO,) GO TO 20 GCP SAR0
FINLAT(1)==PAS GCP 590
FINLON(I)=P0S+180. GCP 600
IE(FINLON(I) eGTe1804) FINLON(I)=FINLON(I)}=360 GCP 610

31



20

30

40
50
60
101

c

105

1¥1

115

120

151
c

155

L.P. LaLUMIERE, Jr.

FINBER(1)=180+=BS

IF(LEFT) FINBER(I)=FINBER(I)+360,
GO Yo 60

IF(DAGLTe3606 oANDe DAGGTe0s) GO T0 30
FINLAT(I)=PAS

FINLON(TI)=POS

FINBER(I)=8S

GU TO 60

D#DIST(1)/RADEARTH

Cb=CoS (D) :

S0=SIN(D)

CE=CsS*CD+SS#SD#CRS

PAF=ASIN(CF)

Sk=C0oS (PAF)

CBF=(CF&CD=CS) /SF/SD
CAP=(CD~CS*#CF) /SS/SF
BR=ACOS(CBF)#RTOD

Av0sACOS (CAP)#RTOD

IF(SDeLTe0s) APO=3604=APO
IE(LEFT) GO TO 40

DUMMY=POS+APO

IF (DUMMYGTo 180e) DUMMY=DUMMY=360¢
GO Yo so

DUMMY=POS=APO

IF (DUMMYosLTe=1804) DUMMY=DUMMY*360.
BE=360Q-8F

FINLON(I)=DUMMY

FINBER(1)=BF

FINLAT(I)=PAF*RTOD

CONTINUE

RETURN

DU 120 1I=1,4N

INITIAL POINT AT NORTH POLE

D=DIST(1)/AMILPDEG

IR(D=180.) 10551154111

FINLAT(I)=904=D

FINLON(I)=BS

FINBER(I)=180.

GO To 120

FINLAT(I)=D=270,

FINLON(I)=BS+18n. _

IF (FINLON(T)4GT41804) FINLON(I)=FINLON(I)=360.
FINBER(I)=0,

60 To )20

FINLAT(I)==90.

FINBER(I)=BS+180,

IF(FINSER(I)«6T.180s) FINBER(I)=FINBER(I)=360.
FINLON(I)=FINBER(])

CUNTINUE

RETURN

DO 170 I=1,N

INITIAL POINT AT SOUTH POLE

D=DIST(1)/AMILPDEG
IR(D-1B0,) 155,1654161
FINLAT(1)=0-90,

32

GCP
Gep
GCP
GCP
6CP
GCP
Gep
GCP
GCP
GCP
GCP
GCP
GCP
GCp
GCP
GCP
GCp
GCP
GCP
clo)
6CP
GCP
cTofy
GCP
GCP
Gep
GCP
GeCP
Gep
GCP
GCp
6CP
GCP
Gep
6Ccp
GCP
GCp
GCP
GCP
6CP
GCP
GCP
GCP
GCP
GCP
GCP
GCP
GCP
GCP
GCP
6CP
sCcP
GCp
GCP
6CP

620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
B20
830
840
A30
860
B70
880
890
900
910
920
930
940
950
960
970
9180
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1140



161

165

170

NRL REPORT 7881

FINLON(I)=8S

FINBER(I)=0,

G0 To 170

FINLAT(1)=270e=D

FANLON(])=3S+1ig0,

IF(FINLON(I)oaGTe180s) FINLON(I)=FINLON(I)=360.
FINBER(1)=18

GO To 170

FINLAT(I)= Q0.

FINBER(I)=BS+180,

IF (FINBER(1)«GT,1804) FINBER{(I)=FINBER(I)=360.
FINLON(I)=FINBER(I)

CONTINUE

RETURN

DapP=yl 4~PAS

01
C GREAI CIRCLE PASSES THROUGH NORTH POLEy aAND THEN SOUTH POLE

203

205

208

209
211

221

230
251

DEP=180.+0ONP

DO 230 I=14N

D=pIST(I)/AMILPDEG

1€ (D=ONP} 21142034208

FINLAT(1)=90,

FINBER(I)=P0OS+180. _
IF(FINBER(I).GT.180¢) FINBER(I)=FINBER(I)=360.
FINLON(I)=FINBER(I)

GV To 230

FINLAT(I)==90

FINLON(I)=FINRER(I)=P0OS

GO To 230

IF (D-DSP) 22192059209

DFD=260,

FINLAT(I)=PAS+D

FINLON(I)=POS

FINBER{I)=0.

GU To 230

FINLAT(I)=180+=PAS=D

FINLON(I)=P0S+180,.

IF(FINLON(TI) «GT41804) FINLON(I)=FINLON(I}=360.
FINBER(I)=180¢

CONTINUE

KETURN

Dsp=900 &PAS

¢ GREAT CIRCLE PASSES THROUGH' SOUTH POLEs AND THEN NORTH POLE

253

255

258

DNP=180,+DSP

DO 280 IS14N

D=DIST (1) /AMILPDEG

IF (D-DSP) 261,253,258

FINLAT(I)==90.

FINBER(I)=POS+180, _
IF (FINBEP (1) 4GT4180+) FINBER(I)=FINBER(I) =360
FINLON (1) =FINBER(I)

60 To 280

FINLAT(I)= 90e
FINLON(I)=FINBER(1)=POS

60 To 280

1F (D-DNP) 27142553259
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GCP
GCP
GCrP
GCP
GCP
GCP
GCp
GCP
GCP
GCP
GCp
GCP
GCP
GCP
GCp
Ger
GCP
GCe
GCP
GCP
GCP
GCp
6CP
GCP
GCP
GC>
GCP
GCP
6CP
GCP
GCp
6CP
6cP
GCP
GCP
GCP
6CP
GCpP
GCP
GCcP
GCP
GCP
GCP
GCP
GCP
GCP
GCP
GCpP
GCP
GCP
GCP
GCP
GCP
GCP
GCP

1170
1180
1150
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1319
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710

AITITSSYTIOND



259 D=D

«360,

261 FINLAT(I)=PAS=D

FINLON(]I)=POS

FINBER(I)=180,.

GU Tn =80

271 FINLAT(1)=D=180.=PAS
FINLON(1)=P0S+180.

IF(FINLON(T) 4GT,180.)
FINBER(I)=0.

280 CuN
RET
END
SAVEARIT
VAR
BANK1ST
LOCN
JULDAY
UNITS
TENS
DATE

TINUE
URN

IDENT
ENTRY
REM
RgM
REM
REM
REM
REM
ReM
REM
REM
ReM
REM
REM
REM
REM
REM
RgM
REM
ReM
REM
REM
REM
ReM
ReM
B8SsS
BSS
8sS
B8sS
BsS
BsS
BSS

“uUnJp

0sTa
RxT
STA
S1V
SiL
S1U
SIL
Stu
SIL
LDA

DATE
DATE

&P N

L2

(#) SAVEARIT
DyA
=SLOCND
NDXs 1
NDXs2
NDX+1s3
NDX+1l44
NDX+2¢5
NDX¢« 246
DATE

L.P. LaLLUMIERE, Jr.

FINLON(I)=FINLON(I)=360.

IDENTIFICATION NO, M1002R00
TITLE SYSTEM DATE REQUEST
INFORMATION
IDENTIFICATION NAME M]1=NRL=DATE
LANGUAGE COMPASS
COMPUTER CDC=3800
CONTRIBUTOR JOHN He HOUSTON
CODE Tnl7JH
ORGANIZATION MATHEMATICS AND
INFORMATION SCIENCES
DIVISION
RESEARCH COMPUTATION
CENTER
CODE 7817JH
DATE 17 JANUARY 1969
PURPOSE IHIS ROUTINE GIVES THE USER
THE SYSTEM DATE REQUEST
INFORMATION IN INTEGER FORM,
FORTRAN CALLING SEQUENCE
CALL DATE(MONTH,IDAYsIYEAR,JUL)
MONTHs IDAY, IYEARAND JUL ARE
OUTPUT PARAMETERS IN INTEGER
FORM.

SAVE A AND Q REGISTERS

SAVE INDEX REGISTERS

UBJp INTO A=-REGISTER

34

GCP 1770
GCP 1730
GCP 1740
GCP 1750
GCP 1760
GCP 1770
GCP 1780
GCP 1790
GCP 1800
GCP 1R10
GCP 1820
GCP 1830
00001600
00001700

00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500



RXT A,B6

ARS 15

RXT A,0B

RXT OH40D

Loa 246

STQ (#)VAR+3
QRS 15
SaYT4Q04E3 BANK1ST+3
QRS 9

StQ VAR+2

QRS 15
SBYTsQ0sE3 BANK1IST+2
RxT D,0B

LDA 146

STA (#)VARe}
ARS 15
SRYTyAOsE3 BANK1ST+)
ARS 9

STA VAR

ARS 15
SBYT4AO9E3 BRANKIST
DATE

ENQ 0

NRL REPORT 7881

TRANSMIT RETURN ADDRESS TO B6
BANK DESIGNATOR OF RETURN
ADDRESS TO 08

LOAD Q@ WITH (RETURN+2)

ADDR« OF FOURTH PARAM TO VAR+3
STORE INDICATOR

ADDR. OF THIRD PARAMETER TO
STORE BANK INDICATOR

LOAD A WITH (RETURN+1)

ADDRes OF 1ST PARAM TO VAR,

# GET DATE IN BCD-=== CALENDAR AND JULIAN

& PROCEED TO CONVERT TO INTEGER

SBYTyA36+4E12 LOCN
SBYT4AlB4EL12 LOCN+1
SBYTyA04E12 LOCN+2

ENI 041
BACKUP LDA LOCNs1

LRS 6

QRS 42

RxT Q,D

MUl =p1lo

ROPy» A¢DsA

STA LOCNy 1

IsK 2,1

SLJ BACKUP

# AT THIS PTe LOCNsLOCN+19LOCN¢2 CONTAIN MONTHsDAY,YEAR IN

MONTH
DAY
YEAR

INTEGER FORM

INTEGER

WHEN DATE REQUEST IS ISSUED BCD CALENDAR DATE 1S RETURNED IN

# A-REGISTERy AND BCD JULIAN DATE IS RETURNED IN Q-REGISTER.

# FORM,
DATE
ENA 0
QLS,EO 30

SBYT9»Q304E6 UNITS
SBYT9Q364E6 TENS

LLS 6

MUI =D10
LnQ TENS
ROPy ¢ AyQoA
MUl =010
LoQ UNITS
ROPy » AyQeA
STA JULDAY
ENT Oe2

DAY 4+EsGey 030206

CONVERSION

INTEGER FORM

35

00003600
00003700
00003800
00003900
00004000
00004100
00004200
00004300
00004400

00004600
00004700
00004800
00004900
00005000
00005100
00005200
00005300
00005400
00005500
00005600
00005800
00005900
00006000
00006100
00006200
00006300

100006400

00006500
00006600
00006700
00006800
00006900
00007000
00007100
00007200
00007300
00007400
00007500
00007600
00007700
00007800
00007500
00008000
00008100
00008200
00008300
00008400
00008500
00008600
00008700
00008800
00008900
00009000
00009100

ITITSSYTIONN



BACK

XMIT

NDX

ENI 1541
¢ STORE BANK INDICATORS AND ADDRESSES IN TRANSMIT INSTRUCTIONS,
LpG BANK1STe2
SAYT+QO09E3 XMITe2el
INI =15,1
LDQ VAR, 2
SAYT4QOsELS XMITe291
ISK 3,2
SLJ BACK
XvIT (£)LLOCNy (5) 0o
AMIT {S)LOCN+ 4 ($) 0ra
XMIT (S)LOCN+2, () #a
XMIT ($) JULDAY, (5) ##
ENnI #8411 )
ENJ LA XY ] RESTORE REGISTERS
EnI *ie3
ENI *%e4
EnI #4845
ENI #04.6
LDA LOCND
RAxXT AsD
DLOA SAVEARIT
SLJ DATE
END

L.P. LaLUMIERE, Jr.
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00009200
00009300
00009400
00009500
0009600
0000877 ¢C
6GOOSRI(
C000S9u0
{es1e004
000161200
0nniIn2o00
00010300
00010400
00010500
00010600
00010700
00010800
00010900
00011000
00011200
00011300
00011100
00011400
00011500
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1234

PROGRAM FRACZONE TEST CASE TO SITE NO.

OG0SN

20%6 B4 2140 22%.6 229,2 2371
077 212.0 2196 2%t 245

+ + : > «
+ / + + +
/
+ / = + + + + +
s¥
+ + + + + + +
+ + + + + + +
+ + + + + + +
60 59 58 57 56 55 5y

NRVAL RESERACH LABORAYORT - RCOUSTICS DIVISION - FPAOPACATION SARANCH - ENVIAONMENTAL SCIENCES SECTION - 1% NOV T4

Figure 2

43,3

24Ba?

52

S0

29

28

27

26

25

24

23

ap ‘HUHAINNTET 'd'1
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Card No. 1 - Magnetic Tape Skipfile Card

0000000000L:000000000000000000000000000000000000000000000000080000000000
910112131 TS16 7192021222324 2526 27202930 313233 34 35 36.37 3839 40 4142 43 44 4545 47 484950 51 5253 54 55,56 57 58 5960 61 6263 GA SSS6ETENGI N NI IR I M TS 76 77 78 19 80
[N R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R RN AR R R AR RN AR R R R RERE R R R B
22222222222222222222222222222222222222222222222222222222222222222222222222222222
33333333333333333333333333333333333333333333333333333333333333333333333333333333
44444444444444444444444444444444444444444444444444444444444444444444444444444444
55555555555555555555555555555555555555555555555555555555555555555555555555555555
66666666666C6656666666666666666666666666656666666666566666666666666665666666666666
111717117 773177707010 0209000111 7017771711710072771127177771177117131171111711711171117111171

5388888088088 83358883882388288823888888888383353%888588883888838388888888883888888838

188L LHOdHY TUN

999999899999999999999999999999999999999999999999999989999999999999939999999999499
2345

1 S 70 910NRBUIBIETWIN2021222324252627282820 31 323334 3536 37 30 3940 41 42 4244 4546 47 484850 51 5253 54 5556 57 53 5360 6162 63 64 656567686370 N1 72 13 M 7576 77 78 79 80

READ 6, MTSKF

6 FORMAT (161I5)
Figure 3

AITITSSYIINN
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3™ som

Card No. 2 - Title Card

ITITLE (L)

LT

AAPRAGRAN FROLZANE TEST COSE TH S1TE M, fR2d
i1 11 i it 1
mitni1 n ] (]
ooo0000006000000QoocLQofRocofgocBocgogoos0000000000000000000000000000000000600000000
12345678 9101121214 151617 181320212223242526 27 282330 31 32 33 34 35 36 37 38 39 40 41 42 4344 4546 47 484950 51 5253 54 55 56 57 58 5960 61626364 656667686970 TH 7273 4 7576 77 78 79 00
EERRRS] ERREI EARARRARARERRY RRRRER AR R R R R AR AR AR R RN R R R R R R R R R AR R R AR RN A RN R R RRRR!
222222222222222222222022220222220°2222222202222222222222222222222222222222222222

30333333333330333330330303353033330333303330333333333333333333333333333333333333

Boaaaaaalaadadadsadsnaadananasanandsanadanassanladsnaaadssdaddatasaaiaasssanaasansssg

5565555555555555005505555550555555550555555555555555555555555555555555555555655
66566B6c66606cc66H66666666666666M66666660666666666666666666666656666666666666566666
T RTIRI1117777771797009911907117717117717777111171111777171731111711177717111717717177
53588888888808888833888883833838233883823088885R83888888888838838888888883888888883
?32!3glsssslsslsssssssssssssssssslsssss99999999599999999999999993999999999999999

78 910N 1213101516 17 181920 21 222324 25 26 27 2829 20 31 32 33 34 35 38 37 38 33 40 47 42 43 44 4548 47 4849 50 51 52 53 54 55 56 57 58 5960 51 62 6364 6566 67EBEITO N T2 73 14 576 77 18 7% 80

READ 7, LT, (ITITLE(L), L

I
[
~
g
=]

7 FORMAT (I2,78Al)

Figure 4

ap ‘HUATNNTeT ‘4T
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Card No. 3 - Chart Parameter Card

SCALE
IBYE
JOG
JUG

oouuuounuonluooo|uooohoolnnmnoouoooonooonnnuuounnnnonunonunooouononuunnon
$ 91011213 W 1516 713192020 222324 2526 27 202830 31 32 33 34 3526 37 30 20 40 1 42 4344 4545 47 484350 51 5253 54 5556 57 5 5860 2 I CSEESTEAMMN NI M TS KT 187900
(ERE RN R R R A R R R R R R R R R AR Rl RRAR] ARARI RRARRARR AR R RN AR R ARRERERERERE]
2222222022222222222222722222202222222222222222222222222222222222222222222222222?
333333333033030333303333033533003333333333333333333333333333333333333333333333333
44444444004444444840000444044444844444484484404448448440444484444444444844424444444
5555055555555M555555550555555555555555555555555555555555555555555555555555555555
cBole665666666666066666666666666666566666666666666666666666666666666666666666666
1171077110100 79090070 1000000087000 7000010072771771717171207707371717117107171171117111171111

t30868688Ms8s3lssssMessaocassssecsasssasasasnsssssssnssssssssssssssssssssasasss

188L LYO4HY TUN

S 99999999999999999998999999999999999999899939999999999993599
1

BUBWT 29303 32333435!33733940414243“‘5“41“49505l §25354 5556 5758 5860 €162 6IC4656ECTERCITO N T2 3 M6 T7 71879 80

READ 3, IBC,RS,RN,RL,RR,SCALE,IBYE,JOG,JUG

3 FORMAT (A5,4F5.0,3X,F7.4,915)

Figure 5
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IIM som

Card No. 4 - Site Position

ALAM (NS)
ALOD (NS)
ATOM(NS)

12345678 9100121316 151617 181920,21222326752627 282030 313233 34 3536 37 38 39 40 4142 4344 4545 47 494950 51 5253 54 5556 7 58 5960 6162 63 4 5666769 NI NI U NI IS 0

] RRRRREARSRRRR RN R R AR RN R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R A R R R R R R R R R R AR R R R DR R R R
22022220222222222222222222222222222222222222222222222222222222222222222222222222

333033333933333830333333033533330§333333333333333333333333333333333333333333331333

44440444 4444444444843408280 044044448844 044408044444440044480404044444004444483444
55555555055555555555550555355550555555555555555555555555555555555555555555555555
6666666666666666666666666666666666666566666666666656666666666666606666566666666668
1111011799710 1770T12117000811101170071717171171177717711171790717111111117111111
s38888828Bsssssaslocassoloscasssfsaass88888880838888088888888888888882838888388888
?g992?9999@359999999ﬂ59l999999999SSPSS993999999999995999999999999999998999998999

34 1lswhunuﬁununmhunuﬂmnnammununxnuwwuuuu«un«nuﬂunuwsnuuunuuuﬁwuuumnnnnnnnnnm

READ 4,ISITE(NS) ,ALAD (NS) ,ALAM(NS) ,ALOD (NS) ,ALOM(NS)

4 FORMAT (I5,F5.0,5X,F5.2,F5.0,5X,F5.2)

Figure 6

ap ‘IUATNATET 31
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Card No. 5, etc. - Navigation Fix Card with On/Off Indicator; in this case ON.

ISN(NP)
ISD(NP)
IY (NP)
JUDY (NP)
IT(NP)
IFN (NP)
XLAD (NP)
XLAM (NP)
XLOD (NP)
XLOM(NP)
IFIXTY (NP)
IST (NP)
ISR(NP)

2593 n2as

opooooooBoRBovcoooolooooocoooBooooonooBo00000000000000000000000000000000000

78 810NI2BWIIEL 81920212223262528 27202830 31323334 3536 37 38 38 40 4 42 4344 4546 47 454950 51 525354 55 56 57 58 5960 61 6263 G465 CGSTGBER VNN NI N TS 7T 879 80

| SRRERRRRRERRR RN RR! RERRERRER] IRRRR RS R RR R R R AR RRRRERRRARREARAY | IRRRRRRRRI

22222222222222022222222222222222222222222222222222222222222222222222222222222222

333333333'33333333333.3'3333.333333333'33333333333333333333333333333331333333333

4444444444444444444444‘444444444444444444444444444444444444444444444444444444444
i

55655555550 555555555555555555555505555555505555555555555555555555555555555555555

65666566666666666666656666666666666666665666666666666666606666666666666666666666

1772170090001 ATIIT00007I000009110001117170771171171171

8388088&}8888838!l!!lll8&88l|88!8888ll|888!&!!88888!88888&!88888888lﬁ88888388888

|l99999!999'9599999999993999999995999999&99ESQ8999999999999999989999@93999399999
"

123456789100 1213UT npnnnmnuﬂunnnmmunu&%uunmunuw«unuuwmussnsnnswnuuuﬁunuwwnnnunmnnnw

READ 5,ISN(NP) ,ISD(NP) ,IY(NP) ,JUDY(NP) ,IT(NP) ,IFN(NP) ,XLAD(NP),
XLAM (NP) , XLOD (NP) ,XLOM(NP) ,IFIXTY (NP) ,IST (NP) ,ISR(NP)

5 FORMAT (I2,%3,13,14,15,I5,F3,F6.2,F4,F6.2,I3,2X,I1,I1)

Figure 7
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Card No. 6, etc. - Navigation Fix Card with On/Off Indicator; in this case OFF.

[aN

~~ ~—~ ~— — ~ Z
—_~ o~ Al —~ a7} o pno~ —~ o~
M~ =4 — TR~ =4 = = [aFRa T
Z z 0y ~— 0y 4 ~ ~ ~ ~ [=] :Z Z
a3 2 28 % 8§ 3F B
s B ¢ B D EH =y S — H K 0w wm
H H M H H H X Y =< oo H H

359 40N

0000020ccBcBNow.00000oRNooooooBo0000000B00000000000005000000000000§000000000
5678310M1213M15161718:92021222324252627202930 313233343533 37393940 414243444548 47 483495051 525354 3556 57 58 560 61626364 656567 CHC2 BN 72734 756 77 18 79 80
(R AR R R RN Rl R R AR R R R R R R R AR R RN AR R R AR R AR AR RERRRERY IRRRRRRRERI
222222222222222222222722222222222222222222222222222222222222222222222222222222222
33333333303333333333333033350333333333[33333333333333333333333333333333333333333
444444404444004044424300040 00040400004 044042400404884804804844444444040440440484848449
55555555550555555/5555:55555555555M55M5555505555555555555555555555555555555555555
66666666666656666666666666666666666656666666666666666666666666666666666666666666
17271710701 7777177707009990 000110701 120700070110 70177100001 97713711171117171171111111117

§38888588885388883888888838aMess288833M3838882888388858838588388888888838883888838

1
.
1

00
23
1

Bl9999999393f99 9999999999999999939999999999999999999999939399999999399
78

1234586 ’mﬂﬂP” : 28303132334 3528 37 303940 41 42 4244 4545 47 434950 51 5253 54 5556 57 58 5960 61 §2 63 G4 656667 EL 69D N2 I M55 T2 7879 80

READ 5,ISN(NP),ISD(NP),IY(NP),JUDY(NP),IT(NP),IFN(NP) ,XLAD(NP),
XLAM (NP) , XLOD (NP) ,XLOM(NP) ,IFIXTY (NP) ,IST(NP) ,ISR(NP)

5 FORMAT (I2,13,1I3,I4,15,15,F3,F6.2,F4,F6.2,13,2X,I1,I1)

Figure 8
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Card No. 7 - Integer Control Card

0000000000 :0000000000000000000000000000000000000000D008000000000000000000
SID1 121314 151837 181920212223 24 25 26 27 2829 30 3132 33 34 3536 37 38 39 40 41 42 4344 4545 47 434550 51 5253545556 57585960 6162 6364656657 58S M NI NN UTSHETI NN
RERRERRERRERRERR R R R R R R R R RN R R R R AR R AR RRR R RN R AR R RN AR AR R ARRERRRRERAR!
22222222222222222222222222222222222222222222222222222222222222222222222222222222
303333333333333333333333333533333333333333333333333333333333333333333233333333333
A44440404004840444000008800040040004444804400440444440004300440444444444004428448
555555555555555555555555555855555555555555555555555555555555555555555555555555555
666566666666666666666666666666666666666666666666666666666666666666666666666666666
77771777771777777770797097107207171711717177117117717117171717171117117117171317771111171717171111717171111

53888885388888888838383830838888883808888883880R33388833835388483888823888883838888838

188L LYOdHY TUN

999999999
123456788

READ 5,ISN(NP),ISD(NP),IY(NP),JUDY(NP),IT(NP),IFN (NP) ,XLAD(NP),
XLAM (NP) ,XLOD (NP) ,XLOM(NP) ,IFIXTY (NP) ,IST (NP) ,ISR(NP)
5 FORMAT (12,%3,13,14,15,15,F3,F6.2,F4,F6.2,13,2X,I1,I1)

Figure 9
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Card No. 8 ~ Alphanumeric Control Card

0000000006, c0000000006000000000000000000000000000000000000000000000000000
91011121314 1516 718 192021222324 2555 77 287830 31 32 33,34 3536 37 3839 40 414243 44 4548 47 484950 51 5253 54 55,56 57 58 5960 61 62 634 G5 CEE7GALAO N 2 I M TSI T NN
(ARRRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R AR R DR R
22222222222222222222222222222222222222222222222222222222222222222222222222222222
33303333333333333333333333353333333333333333333333333333333333333333333333333333
CAAGA084A0444000404A00008000480000000040000A0000400040d8404448400080004084440484444
PE555555555555555555555555555555555555555555555555555555555555555555555555555555
666666666666666666666666666666666666666066566666666666666666666666666666666666666
MTRIT1T177710111010 0117000011071 1101000771717110111701 7115 177771711111711111111711

$3888888388838888888333383333833833888388383882888833323883333838823235838388888838838

99999999999999999999999999999999999999999399989999999999999999999999999999998399
12345

78 9NNRBHSEKTBN022232025262720292031 323330 353537383940 414243444548 47 484950 51 525354 5556 57 58 S9B0 61 626364 656667686370 N T2TAM IS8 77 1879 80

READ 4,ISITE(NS) ,ALAD(NS) ,ALAM(NS) ,ALOD(NS) ,ALOM (NS)

4 FORMAT (I5,F5.0,5X,F5.2,F5.0,5X,F5.2)
Figure 10
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Card No. 9 -~ Chart Parameter Card with JOG and JUG zero or blank

SCALE
IBYE
JOG
JUG

SIWNRBUISIEITIBH2020222324252627282920 31323343538 37 282040 A1 424344 4546 47 43495051 52534556 ST SISISB QI G2 ICASSHEI NG NN DU BRI N MW

| ogo00000000Qco00cHo0000000F000000000000000000000005000000000000000000000000
1
1 RN R R R R R R R R R R R R R R R R R R R Rl AR R R R R R R R R R R R R R R R R R R R R R RN AR RRRRE R R

2222222.2222'2222222222222222.2272222222222222222222222222222222222222222?222222
3333333300333302333033330335333333333333333333333333333333333333333333333333333

188L LHOdHIYH TUN

4444444444248 444444444440442304844444404484480484444844444443444084444444844444844444
555HE555555555555555550555555555555555555555555555555555555555555555555555555555
6B66666666666666606666656666666666566666665666666666:56665566666666666656666666666666
111737712197 010130 0012000000700 072777771777771171171717117117771171170711117117111111111
s3s2s8ssslaasslasssessslessasBocassssosanssasasssasessssansssnsessssssassssssss
9929999.999999999998999999999999999993999999@3999999!399999939999999393999

7 8 9101121314 15165 1718 19 20 21 22 23:24 25 26 27 20 29 30 31 32 33 34 35 35 37 28 39 40 41 42 43 44 4546 47 4349 50'51 52 53 54 5556 57 58 5960 5162 6I£4 65666763690 N 12 T34 IS T6 77 78 19 80

READ 4,ISITE(NS) ,ALAD(NS) ,ALAM(NS) ,ALOD (NS) ,ALOM(NS)

4 FORMAT (I5,F5.0,5X,F5.2,F5.0,5X,F5.2)
Figure 11
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Card No. 10 - Chart Parameter Card with JUG zero or blank

SCALE
IBYE
JOG
JUG

g0000600000Qcco0gooo0000§000000020000000000000000000000000000000000000000

910111273 % 1518 17 18 1920 21 222324 2526 27 282930 31 32 33 34 3536 37 38 30 40 41 42 43 44 45,48 47 434950 51 5253 54 5556 57 58 5960 61626364 S566 676268V NMNI U TS W T NI Y

RRR AR AR R A AR R AR AR R AR R AR ARl AR RN AR AR AR R AR R R R RN R RARRRRRRRARE!
2222222022222222222222222222222222222222222222222222222222222222222222222222222

33333333303303033330333303353303333333333333333333333333333333333333333333333333

AA444 4480088404804 400 000000 0800048848800 00808 0440040040044444024844044248404484441
555505555555505555555505555555555555555555555555555555555555555555555555555555585
6BcBe666c66666666666666666666666666666666666666666666666G6666666666666666566666
177717717710771711112 00207710 0017171010711717791171771711711110717117177311111111171711111111111
888831lBBllllB[SilBﬂBllllllllBlllllﬂll!lBBlll!lBSllllSltSlBl888888838838!8888388
9999999909:9299999999939999999999999999999999999999999999899999999999999999598998

12345670 3NRBNBETNNNARININT 0293031323334 353637303940 41 4243444548 47 40495051 5253 4 5556 5750 59G0 M G2 E3GAMSG6ETCIM VNN BUTI N T AT 20

READ 3, IBC,RS,RN,RL,RR,SCALE,IBYE,JOG,JUG

3 FORMAT (A5,4F5.0,3X,F7.4,9I5)

Figure 12
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Card No. 11 - Chart Parameter Card with JOG zero or blank

SCALE
IBYE
JOG
JUG

5 2 05 39 %

coocccoooooBcoooBooo0000f0000000030000000000000000000000000000000000000800

81011121314 1516 771919 20 21 2223 24 25 26 27 2829 30 3132 33 34 3536 37 30 39 40 4142 43 44 4546 47 484950 51 52 53 54 55 56 57 58 5960 61 626364 656667686370 N 7273 14 1576 77 18 13 80

IREERR R R R RN R R R R R R R R AR R Rl RRARARREE] RRRARRRRARRERRRRRREERRRRRAREAR

22222220222222222222222222222022222222222222222222222222222222222222222222222222
33333333303303033330333393353303333333333333333333333333333333333333333333333333

4444444444 4444444448004080048804000400400000044484440444444844444484440408484444
555505555555505555555505:5555555555555555555555555555555555555555555555555555555
cBcleoc66066666666M66666666666666666566665666666666666666666666666666666666666666
1771117171777 77100007007039000102077777717717100771770771712211773717111711711111111711711117
s2888sssslsssalasealencsloceaclessssssssasssssnsnsssssssss88888888853383038888888
gggsgggglsssssssssssssssssssssssss&9ssssssssssssssssssssssss99999999999993939999

4 S0 1112131 156 17 10 15 20 20 2223 24 25 25 27 28 2930 31 32 33 34 35.35 37 30 39 40 47 42 4344 4548 47 434350 51 5253 54 5556 57 58 54600162 6364 SSCEEICEEI NN RN U B/ N M9 80

READ 3, IBC,RS,RN,RL,RR,SCALE,IBYE,JOG,JUG
3 FORMAT (A5,4F5.0,3X,F7.4,915)

Figure 13
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Card No. 12 - Alphanumeric Control Card

C000QOoO0O0OGO0O0ZO0000LL00000000000000000000000000000060000006000000200000000000000000

1224567 8910N2BHBIETWINDN222324252677 282930 313233 34 3536 37 383040 41 424348 4546 47 494850 51 5253 54 5556 5750 5960 516263 GA G5 6667RICAN N NI UBARTI N W0

IR R R R R R R A R AR R A R R R R AR R AR R R R R R R A R R AR R R R A R R R R R R R R R R R R R R R R R R RRRERRRERAR DR R

22220222222222222222222222222222272222222222222222222222222222222222222222222222

3333333332333333333333333333353333333333333333333333333333333333333333333333333333
AAA440A440404 4444444804480 088004000 00000040040040404440440404008484404444444444
550555555555555555555555555555555555555555555555555555555555565555555555555655555
B66666666666666566666666666666666666666656666666666666656666666665666666666665565656
17771077727772717070302090 0000100011910 1171101910091 117172711071117711171
§35389888835088230888388338823388388880808388888838438838238333288338233385388388888888838
90903999899999999999999995999899999999999999999999999939999999999990999999999999939

1234567 8910NRBUBHTBNBNNINISZI 2293031323334 353637333940 41 4243484545 47 43495051 5253 54 5556 ST S8 SAROSI 62 I CSEETHEBIN NN 2 TIMUTIB T 1980

READ 3, IBC,RS,RN,RL,RR,SCALE,IBYE,JOG,JUG

3 FORMAT (A5,4F5.0,3X,F7.4,91I5)
Figure 14
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(HAR I FARAMETERS

E.Cy NCE, = UGUGN

SOLTHMESY LATITUDE = 29 NERTHMEST LATITUDE 35

WESTMEST LE@NGITUDE = 80 EASTMOST LONGITUDE 50

"

SCALE = 22,0000 INGHES / [EGRFE DEGREE INCREMENT =
CHARACTER HEIGHT = 0,280

CATA PRELESSED OGN Z8 iMAR 75

FREGRAN FRACZONE TEST CASE To SITE NGO, 1234

Figure 15

51
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FREGRAM FRACZUNE TEST CASE Ty SITE NO,

F@R SITE NG,

CAaTE

1z
1z
1z
1c
1c
1c
1c
1lc
1e
1z
b4
12

71
71
71
71
71
/1
71
71
71
71
71
71

TiME

100
200
400
604Q
BUY
1000
1209
140§
1500
1800
2009
2109

1234 AND SQUND sPeED =

SHIP FOSITION

LATITURE

30
30
31
31
31
32
32
33
33
34
34
34

12,00
1€,00
C.OO
1€,00
54,00
12,00
4€,00
€,00
4€ 00
€,00
54,00

LONGITURE

12,80
18,00
54,00
12.00
54,00

6,00
48,010

0,00
42,00

0,00
1,00
24,00

1234

SHIP
BEARING

243,33
242,52
237.10
234,61
229.:19
227,06
221,64
219,61
214,03
212,09
208,41
207,70

Figure 16

4910 FEET / SECOND

SITE
BEARING

58,85
58,09
5,90
50453
45,41
45,586
38,24
36,30
31,03
29,17
25,66
25,00

DISTANCE
(NMS)

58n
578
573
570
564
568
569
576
589
59n
624
627

TRAVEL
TIME (MIN)

12,0
11,9
1.8
11.8
11,6
11,7
11,7
11,9
12,1
12.2
12.9
12,9

10
11
10
11
10
11
10

L

i
10
11
i0
11

Ip CHUIINNTET "d7T
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