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PREFACE

This is the sccond of a two-v Mlume set of reports describing a modular underwater
acoustics ray-tracing and transmission-loss prediction system called GRASS (Germinating
Ray-Acoustics Simulation System). This system is called “‘germinating™ because, although
it is presently operational, it could grow into a more powerful system.

The first volume (cited on the inside front cover) is intended for the reader who is
interested in gaining an overview of the system. It includes the theory hehind each of the
seven system modules, some ‘of the guiding philosophy and techniques used in their imple-
mentation, qualitative comparisons with other ray-tracing and nermal-mode approaches,
the results of some sample test cases, and some recommendations for improvement.

This, the second, volume is intended for those who wish to use the system, or to
compare it quantitatively with other ray acoustic systems. It describes in detail how to
use the programs, and it contains a sample test case. The input data for this test case
were obtained from experimental measurement. In addition, experimental transmission
loss measurements were obtained and are given so that direct comparison can be made
between computed and measured values.
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GRASS: A DIGITAL-COMPUTER RAY-TRACING
AND TRANSMISSION-LOSS-PREDICTION SYSTEM
VOLUME 2 -- USER’S MANUAL

1. INTRODUCTION

GRASS (Germinating Ray-Acoustics Simulation System) is a set of digital-computer
programs for underwater acoustics ray-tracing and transmission-loss prediction. The logical
relationship between these programs is shown in Fig. 1. GRASS is documented in two
volumes, or reports. This, the second, volume is a user’s manual. It describes in detail
the input and output of each program. A sample test case is included. The input data
for this test case is based upon actual experimental measurerents. This particular test
case was chosen because it is small and because, in addition to the environmental input,
transmission-loss measurements are available. Hence a comparison between calculated and
experimental transmission-loss values is possible. This test case does not however demonstrate
the full power of GRASS. For example it does no. illustrate how the system can extrapolate
and interpolate between shallow and deep sound-speed profiles. Representative output
from each of the programs for this test case is included. Appendix A of this report contains
a set of conversion factors which are useful in preparing input data.

2. CONVERSION OF SALINITY, TEMPERATURE, AND
DEPTH (STD) DATA TO SOUND-SPEED PROFILES

2.1 Program Summary

Title of program: DTSTQV

Computer: CDC 3800. Installation: NRL
Operating system: Drum Scope 2.1
Programming language: Fortran 63

High-speed store revaired: 7679 (decimal) words, exclusive of
system routines.

Number of bits in a word: 48
Is program overlaid? No
Number of magnetic tapes required: none

Other peripherals used: disk for storage of DTSTOV, card reader,
printer, and card punch

Number of cards in program deck: 338
Card punching code: BCD

Manuscript submitted August 7,1973.
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NRL REPORT 7642 3

Nature of Physical Problem

Converting STD data to sound-speed profiles.
Method of Solution

Leroy’s equation (Sce Section 2.1.1 of Volume 1.)
Restrictions on Complexity of Problem

The salinity is limited to 20 to 42°,, the temperature is limited to —2 to
34°C, and the depth is limited to 0 to 10,000 m. The maximum number of
profiles has no limit. The maximum number of points per sound-speed profile
is 1000. The first depth of each profile must be 0 meters. All input profile
points must be arranged in increasing order of depth.

Typical Running Time
It took approximately 25 seconds to load the DTSTOV object deck from the

disk and execute the sample problem of Section 2.3.
2.2 Input
2.2.1 Control Cards and Job-Request Forms

The control cards used by the Drum Scope operating system are shown in Fig. 2.
A typical job-request form is shown in Fig. 3.

Line 2 of Fig. 2 is the job card. It provides the system user identification and
estimated-running-time information.

Line 3 is the EQUIP card telling the system logical unit 20 will be used to refer
to the disk.

Line 4 tells the system to load the DISKLOAD program [1] into core and
start executing it.

Lines 5 and 6 contain the data used by the DISKLOAD program. They tell
DISKLOAF where to find the program DTSTOV on the disk and command it to write
DTSTOV onto logical unit 25 (a section of the drum). These cards are described in delail
in Ref. 1.

Lines 7 and 8 are two end-of-file cards required by DISKLOAD.

Lire 9 is a systemn command to load logicai unit 25 (DTSTOV) into core.

Line 10 tells the system to run DTSTOV for a maximum of Z minutes and
3500 printer lines.

The data cards for DTSTOV follow the run card.

G3ITI18SVIOND
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JOB REQUEST FORM

Cumrdl’ér ~

FOR WCC USE ONLY

(EXT) —

{NAME) l

PRIORITY

L SEQ NO

(CHARGE NUMBER)

(ICENTIFICATION)

.

-
MAXIMUM TIME THIS JOB e N
TOAL # 9° PRINT LINES D o
ON RUN CARDS s> 00 LNES
PUNCHED CARD CUTPUT l )_( l
PAPER TAPE OUTPUT. APPROX. length 1.
PLOTTER ODUTFUT: CHART PAPER # -
NUMBER OF PLOTS AP2ROX, LINGTH _
PAPER TAPL INPUT
TAPE LABELS — e
MAGNETIC TAFfFES
LOGICAL L S
UNITw# INPUT QUTPUT SAVE SERIAL NO.
—_— D D D —_—

SEE REVERSE SIDE FOR AODITIONAL INSTRUCTIONS

NOW -NRL -10462 /6006 (5-66)
e B450TT )

Fig. 3 — Sample job ‘~quest form for the DTSTOV program
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2.2.2 Data Cards

The input consists of salinity, temperature, and depth (STD) profiles and their
respective titles, ranges, latitudes, and longitudes. All input data are read off cards. All
data, with the exception of the title cards, are read with a general-purpose input routine [2].
Hence the particular card columns in which the numbers are placed are of no importance.

The data for DTSTOV must be arranged in the following order:

TITLE

NPUNCH

NAREA

RANGE LATD LATM LONGD LONGM )

PROFTITLE repeated for each
D(1) T(1) S(1) STD profile

D(2) T(2) S(2)

D(LAST) T(LAST) S(LAST) —1
-7

The meaning of the above parameters is as follows:
TITLE an 80-column title card identifying the data with up to 80

arbitrary characters.

NPUNCH a parameter which is set to 1 to punch sound-speed cards for VFC;
it is set to O if no sound-speed cards are desired.

NAREA a parameter which is set to O if no pressure calculations desired; it is
set to 1 for areas other than the Black or Baltic seas,* set to 2 for the
Black Sea, and set to 3 for the Baltic Sea.

RANGE the range of the STD profile in nautical miles.
LATD the degrees part of the profile latitude.

LATM the minutes part of the profile latitude.

LONGD the degrees part of the profile longitude.
LONGM the minutes part of the profile longitude.jl
PROFTITLE an 80-column title card identifying the profile.
D@ depth of the ith point in meters.

T() temperature of the ith point in degrees centigrade.
S(i) salinity of the ith point in parts per thousand.
—1 an indicator sigraling the end of the STD profile.
—7 an indicator signaling the end of the data set.

*Owing to the low density of these two bodies of water, the pressure is characterized by special
algorithms {3].
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2.3 Sample Input and Output

Figure 4 shows the data cards for three STD profiles lying along a great-circle track.
These profiles zesulted from actual experimental measurements. We specified pressure
calculations for an area other than the Baltic or Black Sea. The latitudes and longitudes
were chosen randomly.* Figure 5 shows the printed output, which should be self-explanatory.
DMIN and DMAX are the maximum and minimum depths for the profile, TMIN and TMAX
refer to the maximum and minimum temperatures, and SMIN and SMAX refer to salinities.
In addition to the printout a deck of cards is punched by DTSTOV for input into the VFC
program.

SAMPLE TEST CASE
110300300
FIRST PROFILE
0 23.80 35.2Y 31 23480 35429 40 23.80 35429 50 23480 35629

55 23480 35429 61 23480 39629 70 23.80 35429 75 23480 35429
80 23450 35429 B85 23«00 35429 91 2230 35429 122 19440 35425
182 16460 34092 243 16450 34463 365 11410 34433 400 10623 34420
600 6438 34408 800 4e5Y 34420 1000 3480 34435 1500 2473 34457
2000 1499 3460 2500 1e73 34464 3000 1476 34467 3500 1460 34469
N 4000 157 34468 5000 le54 34671 BOOO 150 34470
014051836 30« 06 30 0
SICOND PROFILE
0 23e40 35417 31 23¢40 35417 40 23440 35017 50 23440 35417
55 23640 35.17 61 23440 35417 70 23440 35417 75 23440 35.17
80 23440 35417 85 23410 35¢16 91 22460 35415 122 1960 35401
182 16410 34469 243 13480 24448 365 1030 34022 400 9436 3410
600 Se94 34404 800 4LebB 34422 1000 377 34440 1500 274 34456
2000 2400 34260 23500 1leHO 34e6) 3000 1le76 34467 3500 1463 36469
4000 1460 34468 9000 leb3 34473 8000 1e50 34470
-1
178.15388 30 0 30 O
THIRD PROFILL
0 22430 34485 31 22430 34485 40 22430 34485 50 22430 34485
55 2230 34e85 ‘61 22430 34485 70 2230 34485 75 21480 34082
80 21«10 3448V 85 20450 34477 9l 19490 34475 122 17440 34468
182 14460 34404 243 13.00 34441 365 10480 34423 400 10409 34415
600 6007 34401 800 4436 344l6 1000 3.67 34432 1500 2.68 34454

2000 2400 34459 2500 179 34465 3000 1475 34467 3500 1460 34469
4000 leb7 34469 2000 1455 34471 HO0O 1.50 34470
-1 =7

Fig. 4 — Sample-test-case input data cards for the DTSTOV program

3. INTERPOLATION AND EXTRAPOLATION OF THE
SOUND-SPEED FIELD

3.1 Program Summary

Title of program: VFC

Computer: CDC 3800. Installation: NRL
Operating system: Drum Scope 2.1
Programming language: Fortran 63

~They do not correspond to the actual measurement locations.
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High-speed store required: 20,832 (decimal) words, exclusive of system routines
Number of bits per word: 48

Is program overlaid? No

Number of magnetic tapes required: one

Other peripherals used: disk (for program storage), card reader, printer, and drum
for interimediate scratch storage

Number of cards in program deck: 1237
Card punching code: BCD

etk

Nature of physical problem
Interpolation and extrapolation of the sound-speed field.
Method of Solution

Cubic-spline interpolation in depth; linear interpolation in raﬁge. (See Section
2.1.2 of Volume 1.)

Restrictions on Complexity of Problem

There is no limit to the number of sound-speed profiles. A sound-speed profile
has a maximum of 1000 points (which could be increased by changing a DIMENSION
statement). The bottom has a maximum of 1000 points (which could also be
changed). ’

Typical Running Time

It took approximately 34 seconds to load the VFC object deck from the disk
and execute the sample problem of Section 3.3. Execution aléne took 2 seconds.

3.2 Input
3.2.1 Control Cards and Job-Request Forms

The job-request form for the V¥C program should be filled out as shown in Fig. 3,
with the exception that the punched-card-output box should not be marked. In addition
“Computer 1" should be written under the title “job-request form." (Computer 1 is the
only one of the two CDC 3800 computers at NRL that can access the disk file.) Also
under the words “magnetic tapes,” logical unit 1 should be specified as an output tape
to saved, and the user’s tape number should be included, such as 2594. This tape wiil be
referred to as the “coefficient tape.” The time limit and number of lines of output required
will depend on the particular problem. For most small problems 2 minutes and 3500 lines
are sufficient.

The control cards for the VFC program are shown in Fig. 6. Line 4 of that figure
is the EQUIP card for logical unit 1, the coetficient tape. This output tape contains the
Taylor series coefficients (derivatives) for the sound-speed profiles and the bottom profile.
The other lines in Fig. 6 are explained in Section 2.2.1.

a—
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3.2.2 Data Cards

The following numbers are read by the general-purpose input routinc. The columns

NRL REPORT 7642
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in which the numbers are placed are not important, but the numbers need be entered in

the following order:

TITLE
NMONTH
NDAY
NYEAR
DPTHMX
VMIN
VMAX
ZMINFL
ZMAXFL
DMINFL
DMAXFL
NPRINT1
NPRINT2
NPLOT
NECUR
BRCON
BDCON
BTRANG(1)
BTDPTH(1)
BTRANG(2)

BTRANG(last)
BTDPTH(last)
-1

TEMPDP
DPINC
RCON
DPCON
VELCON
RANGE
LATD

LATM
LONGD
LONGM
TMDO

SAL

PRFTIT
DPTH(1)
VEL(1)
DPTH(2)
VEL(2)
DPTH(last)
VEL(last)

.__.1 -
—7

bottom profile

repeat this section for each
sound-speed profile

GITITSSYTIOND
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The above variables are defined as follows:

TITLE

NMONTH
NDAY
NYEAR
DPTHMX

VMIN

VMAX

ZMINFL

ZMAXFL
DMINFL

DMAXFL
NPRINT1

NPRINT2

NPLOT

NECUR

BRCON

BDCON

J.J. CORNYN

UERERRYY NI

a data title. This title uses an entire 80-column card. The rest of the
numbers must appear after the first card.

an arbitrary month number for identifying the data (1 < NMONTH < 12).
an arbitrary day for identifying the data (1 < NDAY < 31).

an arbitrary year number for identifying the data (60 < NYEAR < 80).

the maximum depth allowed in the data, including bottom depths and
profile depths. DPTHMX must be inputted in meters.

the minimum allowed value of sound-speed in the input profiles. This
value must be inputted in meters per second. It i3 used for checking
the correctness of profiles. If it is exceeded, the program will print an
error message and stop. A typical value is 1400.

the maximum allowed value of sound speed, similar to VMAX. A

" {ypical value is 1600.

a flag for signaling large negative vertical gradients. If a gradient is less
than this value, a warning message will be printed. Normally it is set
to —0.1. ¢

a flag for signating large positive vertical gradients. A warning message
will be printed if it is exceeded. Normally it is set to +0.1.

‘a flag for signaling large negative curvatures. If a curvature is less than

this value, a warning message will be printed. Normally it is set to —0.01.
a flag similar to DMINFL. Normally it is set to +0.01.

an output option controller. If it is set to 1, the input profile points
will be printed and printer plotted. If it is set to 0, they will not.
Typically it is set to O to save printer lines and time.

an output option controller. If it is set to 1, the final sound speeds,
gradients, and curvatures will be printed for each corrected profile. If
it is set to 0, they will not. Typically it is set to 0.

an output option controller. If it is set to 1, the final sound-speed
profiles will be printer plotted. The corresponding depths ar.d sound
speeds are printed next to each plotted point. If it is set to 0, no plots
will be generated. Typically it is set-to 1.

a number which should be set to 1 if the user wishes to correct the input
profiles and bottom depths for earth curvature. If not, it should be set
to 0.

a factor for converting input bottom ranges to nautical miles (1 n.mi. =
1852 meters). If bottom ranges are inputted in nautical miles, then
BRCON is set to 1. (A conversion factor table is given by Appendix A.)

a factor for converting input bottom depths to meters. For example, if
bottom depths are inputted in feet, then BRCON is set to 0.3048
(Appendix A).




BTRANG(1)
BTDPTH(1)
BTRANG(2)

BTRANG (fast)
BTDPTH(last)
-1

TEMPDP

DPINC

RCON

DPCON
VELCON

RANGE

LATD
LATM
LONGD
LONGM
TMDO

SAL

PRFTIT
DPTH(1)

NRL REPORT 7642 13

the range of the f(irst bottom point (must be 0).
the depth of the first bottom point.*
the range of the second bottom point.

the range of the last bottom point.t
the depth of the last bottom point.*

an indicator to signal the end of the hottom range-and-depth
pairs.

the depth (in meters) at which the temperature of the ocean remains
constant for increasing depths. TEMPDP is used to distinguish
between deep and shallow profiles. Those profiles whose maximum
depth of observation is less than TEMPDP are considered shallow.

the depth increment (in meters) for extrapolation of deep profiles.
All deep profiles will be extrapolated to depth DPTHMX using
Leroy’s equation. Additional points will be added at intervals of
size DPINC from the maximum depth of the original profile to
depth DPTHMX. If DPINC is 0, the deep profiles will not be
extrapolated.

a multiplicative conversion factor for converting input profile ranges
to nautical miles (1 n.mi. = 1852 meters). For example, if the
input ranges are in meters, then RCON = 0.00053996 (Appendix A).

a multiplicative conversion factor (Appendix A) for converting
input profile depths to meters.

a multiplicative conversion factor (Appendix A) for converting
input profile velocities to meters per second.

the range of the profile. The range of the first profile must be 0.
The range of the last profile must be identical to the range of the
last bottom point. The user must enter at least two profiles, but
these may be identical.

the degrees part of the profile latitude.
the minutes part of the profile latitude.
the degrees part of the profile longitude.
the minutes part of the profile longitude.

the temperature at the maximum depth of observation of the profile
in degrees centigrade.

the salinity at the maximum depth of observation of the profile in
parts per thousand.

an 80-column title card identifying the profile.

the depth of the first profile point. It must be 0.

*All bottom depths must be less than or equal to DPTHMX. As many &s 1000 boltom range-and-depth

pairs are allowed.

+The range of the last bottom point must be identical to the range of the last profile.

SSYIIND.

1
1

HEBEE!




1, J. J. CORNYN
VEL(1) the velocity of the first profile point.
DPTH(last) the depth of the last profile point.
VEL(last) the velocity of the last profile point.
-1 an indicator that signals the end of the profile.
-1 an indicator that signals the end of all the profile data.

Each profile may have up to 1000 points. Profile depths are arbitrary and may
vary from profile to profile. Profile depths must lie between 0 and DPTHMX. Profile
sound speeds (velocities) must lie between VMIN and VMAX.

3.3  Sample Input and Output
Figure 7 shows the data cards for the three-profile test case of Section 2.3.

The input sound-speed-profile deck was generated by DTSTOV. The bottom-profile
data were obtained by experimental measurement from range 0 to approximately 241 km.
The bottom was assumed to be flat from 241 to approximately 330 km, for lack of
available measurements.

Figures 8a through 8f show the resulting VFC printer output. Although the calculated
gradients and curvatures were not printed in this example, the maximum and minimum
values are displayed. To be specific, Fig. 8a shows TSTART (the number of seconds
available for computation before the VFC program will have exceeded its time limit), the
title card for the test case, and the values of certain input parameters. Next the bottom
profile is printed out as shown in Fig. 8b. Figure 8¢ shows a partial printer plot of the
bottom profile and also shows the values of some additional input parameters. Figure 8d
shows the printed information for the first profile. The warning messages were triggered
by the input parameters ZMINFL, ZMAXFL, DMINFL, and DMAXFL. Figures 8e and 8f
show similar output for the second and third profiles respectively. TEND at the bottom
of Fig. 8f is the number of seconds available for computation at the completion of the
VFC run. TDELTA (= TSTART — TEND) is the amount of time in seconds required to
execute the VFC program once it had been loaded from the disk.

4. PROFILE PLOTTING
4.1  Pregram Summary

Title of program: PRFPLT

Computer: CDC 3800. Installation: NRL
Operating system: Drum Scope 2.1
Programming language: Fortran 63

High-speed store required: 11,662 (decimal) words, exclusive of system routines

Number of bits per word: 48

GATAISSYTIOND
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SAMPLE TEST CASE el
5 25 73 BOud 1400 1600 =el o) =+Ul «01 0 0 1 1 ¢53990 1
V000 5340610 30706 5310684 Tatol3 5448400 11lelly 5554407 1l4ed26 H471677
lBe532 5579467 22238 5554007 25¢745H 56H0ezYd 2Yeb51 56654062 316506 972597
334358 5702620 37064 5000695 404770 9566962 42ab24 9632¢70 44e&17 5570452
66¢330 5583e33 486183 5946075 504036 562539 516890 540Te76 5364743 5566487
55¢596 559064 594302 5592e47 634009 953578 68568 556870 724275 5576401
Thel2b 5640002 T9eY8l 5627022 TY¢508 2032470 034394 5623458 BT74100 5559455
GUBOT H54bBe4l Y4e513 5318eld Y0366 H2BTe06 86220 533278 100+073 531084
103779 5660al4 105632 STT77418 107486 5731e46 1096339 5596¢13 1114192 5698456
1134045 5602408 1lue898 569671 1lbe00b 9702620 1206458 56T1ell 122311 5742443
1244164 5672e%4 1204018 54384082 12Teb 11l 2596630 12Ye724 5682408 1314577 5652482
1334430 5096e7) 1392064 9606440 1384990 5171669 14Qeb643 560095 1424696 5702420
1464403 6267430 14Be256 634Ye4b 1206109 5Sb81le42 1538106 5543609 1574522 5305435
16142286 5248466 163082 9638485 164a939 562971 166+78Y 5619490 172348 5179416
1764054 5746409 179760 5786832 l83e4067 579912 1876173 5764038 1924733 5468411
1944586 5394496 1984292 5908e8Y 2004146 6148643 2016999 6102671 207558 5841.19
2096412 553Ve44 2114269 59T78e39 144971 605Ee8l 2166824 6091673 21be678 5936428
2206531 6024407 222384 580940b 220090 5506064 2294797 5662674, 2334903 56643468
237210 560093 240eY16 543UsbY 32Ye93Y03 542bebS =1
2000 200 1 1 1
040000 30 0600 30 0400 145000 3447000
FIR5T PROFILE
00000 153241033 310000 153246126 4040000 153247605
504v000 15329245 5540000 1533.0070 6leU00 153341057
T000V0 153342536 750000 15333358 500000 153246736
8540000 15315010 ¥1.0000 15298128 12420000 152244863
18240000 15149346 2430000 150940515 36540000 149943001
&00+u00U 149646314 60U e0UOC labbe2996 80040000 148145577
1000400VU 148148027 15000000 148549237 200040000 149142346
2500¢00vv 149847060 300uv+GU0QU 15075180 350040000 151545786
4000 ev0ue 152442530 50000000 154240536 60000000 159740981
-1
60e0516 30 0«00 30 0Qe0u 145000 3447000
SECOND PROFILE
0e0OQ0GV 153Vev 71y 310000 1531e4bl2 4040000 153146291
50400G0 1531.7493> 2540000 153148750 £14000C 15319743
7060000 1532.1222 750000 15322044 d0«0000 153242866
8540000 15316040 ¥1+0000 1530e4214 12200Q0 * 152267598
18240000 15134132y 24340000 150646044 36540000 149643301
400ev0U0 149343526 6000000 14835014 80040000 148141306
1000+00uV 1481a7439 15090000 148549631 20000000 149142782
2500000V 14992871 30000000 15075180 350040000 151547089
1“000-0000 152443826 500uveU00QU 154240382 c000+0000 1597.0981
17841539 30 0400 30 0.0V 145000 3447000
THIRD PROFILE
(e P IVI0] 1527.8083 316000 152043176 4040000 152844655
50eU0VU 1526.6298 590000 152647120 6140000 152848106
70euv0vu 1528.958% 750000 15277059 8040000 152549127
85¢VQ0UV 1526443433 Y1«0000 19227745 12260000 151640499
1820000 150842561 24340000 1503.8502 36540000 149841186
40040000 149640652 6000000 1483.979% 3000000 14805540
1000eV00U l48le2161 15000000 1485.6782 20000000 149) 22646
25004000y 1498.9818 30000000 15074745 350040000 151545786
14000-0000 1524.2666 5000.0000 154240963 50000000 159740981
-7

Fig. 7 — Sample-test-case input data cards
for the VFC program
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4.2

4.2.1

4 and

J. J. CORNYN

Is program overlaid? No
Number of magnetic tapes required: one for Calcomp plots; two for Gerber plots

Other peripherals required: disk (for program storage), card reader, printer, and
Calcomp 565 plotter or Gerber plotter

Number of cards in program deck: 485
Card punching code: BCD
Nature of Physical Problem

Generating Calcomp or Gerber plots of the sound-speed, sound-speed-gradient,
and sound-speed-curvature profiles.

Method of Solution
See Section 2.1.3 of Volume 1.
Restrictions on Complexity of Problem
None.
Typical Running Time

It took approximately 49 seconds to load the PRFPLT object deck from the disk
and execute the sample problem of Section 4.3. The plotting took 11 minutes on
a Calcomp 565 plotter.

Input

Control Cards and Job-Request Forms for
Calcomp Plots

The control cards required for obtaining Calcomp plots are shown in Fig. 9. Lines
5 of that figure are EQUIP cards for the Calcomp plotter and the coefficient tape

generated by the VFC program respectively. The other control cards have been explained

earlier.

TSTARIT
SAWFLE
AMONTH
NLAY

NYEAR
CPTEMX
YrMIN

yMAX

2V INFL
2VAXFL
C¥INFL
CrYAXFL
NEQINT
ANFRINT
NELET
AECL&
FACEN
ELNEN

s 98,49800000
TEST CASE
5
25
73
800n,00000000
1400,00000000
1600,00000000
~0,10000000
n.ignungeg
-0,11000000
n,01000000

Fig. 8a — The part of the printer output of the VFC program giv-
ing some input parameters of the sample test case (Fig. 7)

1
>

- Do

n.53994000
1.00900300

PR T T O (R LR LB (O LU LI (I LI TR I )




16 J. J. CORNYN

Is program overlaid? No
Number of magnetic tapes required: one for Calcomp plots; two for Gerber plots

Other peripherals required: disk (for program storage), card reader, printer, and
Calcomp 565 plotter or Gerber plotter

Number of cards in program deck: 485
Card punching code: BCD
Nature of Physical Problem

Generating Calcomp or Gerber plots of the sound-speed, sound-speed-gradient,
and sound-speed-curvature profiles.

Method of Solution
See Section 2.1.3 of Volume 1.
Restrictions on Complexity of Problem
None.
Typical Running Time

It took approximately 49 seconds to load the PRFPLT object deck from the disk
and execute the sample problem of Section 4.3. The plotting took 11 minutes on
a Calcomp 565.plotter.

4.2 Input

4.2.1 Control Cards and Job-Request Forms for
Calcomp Plots

The control cards required for obtaining Calcomp plots are shown in Fig. 9. Lines
4 and 5 of that figure are EQUIP cards for the Calcomp plotter and the coefficient tape

generated by the VFC program respectively. The othér control cards have been explained
earlier.

TSTART = 9A,49800000

SAuPFLE TEST CASE

AMONTH o 5

NCAY z 25

AYEAR = 73

CPTEMX = $000,00000000

VMIN = 1400,00000000

VrAX = 1600.000C1000 Fig. 8a — The nart of the printer output of the VFC program giv-
IVMINFL = -n.10000000 ing some input parameters of the sample test case (Fig. 7)
2MAXFL = n,10000000

CMINFL = -0,01000000

CrAXFL = n,N1000000

ANFRINTY = b}

NFRINT? = 0

NPLET = 1

NECLR z 1

ERCEN = nN.,53996000

ELCEN = 1.00000000

GITATSSYTIOND
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LIST 8F ROTTANM POIATS

NOTE---
INELT GOYTEM PUINTS WERE CERRFCYED Faw FAQTM CURYATURE
PRIER TE CHNVEHS]BN T8 HETERS [F NECUR uAS SET T§ 1

RANGE-(A) PgYTaM DFPYMS
1nPyY HETERS FEET FaAYHANS
0,00 3340,10 3342,34 17522.30 2921,22
2.00 5310.84 5313,05 17434.22 290%,21
- 4,00 54408,00 5453,33 17883 .62 2980, 27
6,00 5554,07 585a,49 18229.90 3038,32
4,01 471,27 5474,12 179%9,83% 2993,2¢4
10,01 979,07 18313.98 3042,3:
12,01 3994,07 184229,90 3n3e, 32
14,01 680,29 5882,78 1384424 3107,38
16,03 5849 .82 S4B ,14 2A%398,20 3099,27
17,01 725,97 $728,%4 18794.37 3137,40
18,01 sr02,.2n 5704,75 1A788,32 3119,39
20 01 810,99 SRES, ¢ 19040.5¢ 317%,4)
2,04 8445 ,62 S88A, 14
23,02 %032.70 503%,1v
4,02 537¢,%2 5372,9%
25,02 5583,32 548,78
28,02 948,75 3%49,10
27,02 262%,39 327,47
M, 02 407,74 8410,05
29,02 8546 ,87
340,02 $590,
32.02 592,47 ?
34,02 551%,78 8538 ,18
47,02 S543,70 %%71,13
59,03 $976,901 9578 ,45
40,03 s649,02 5442,52
43,04 627,22 8629,70
- 43,03 5632,70 839,19
* 023,54 5626 ,86
$299,5% Sa41,97
. S4Ad, 40 Led0,76
3318,15 5320,%7
$2A7,04 $209,25
$332,78 333%,01
M 313,05
i 5642 ,45
. 8779, ,a9
: 734,04
. 9%98,%5
: 5701,09
: s48e, 01
5639,%8
$74,7%
£373,83
H 68,04 2745,n2
i 47,04 56753, 40
2 60,04 5441,17
i 69,0 594,95
iV 76,05 SeB8, AL
N 71,05 5655,33
i 12,09 »899,26 18608,2¢
i 13,09 458,99 14585.18
R 75,05 374,80 1894451
H 18,05 SRyS8.99 17040.59
{ 7,05 704,75 14716.32
i /9,05 820,28 2387¢2.0%
< 80,05 28776.26
i 1930484
. 14103 84
t 17413,19
1 17227.05%
: 17851.88
i 17821.94
i 627,18 1P448,08
5101,26 1499885
STa8, 44 14840, 44
768,93 1%992.55
SRQ1,70 19034, %8
3760,9¢ 1%950,51
17947 41
L7707, 44
' 19394.97 .
B 20101, ¢4
H 20031.54
19172,
1414 8e
138673, 4%
12837.37
1093y 4
1540499
19773, 29
19310 . 8%
1955882
14832,27
1492419
12410.04
130,99 5438,8% 17851.5%
178,15 418,43 Saay,47 178%1.%% 29752t
PINIKUM DEPIM 8 QRITL» » 5181,2040(nETFRS)
FAXIMUM DEpTw pf baller o 8332,6227(METEus)
AL MBER OF BTTER .-uufs .- 88
BAXJHLN MANGE OF wATTEY PBINTS « 178,1%191(8v}

Fig. 8b — The part of the printer output of the VFC program giving
the bottom-profile listing
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¢ FRIATRD PL'Y’ §F RUTIAr PPIVTS, RANGES “AY NQT sk ED,aLLY SPACED

RANE LEetn
.94 2342, 34
2,605 3s1v.0
4.9 2436,33
LR 2936, 49
Fanl 474,12

10,8 3%e3,11

12,80 9998 ,4¥
id.01 302,70
18,01 260%,14
17.05 47iK,%4
a1 3yc4, 7
£9.71 38035

3381,9/
349478
232n,37
2299,2%
$33%,01
$313.09
3662.63
979,80
734,08
$S3A .59
5701.09
S604.61
Se9

~
.

3794, 7>
273,68
3748, 02

b el
3401,17

TEwenP
trInC

BANAYAYIIYRIPYLRY
34, 2843AyAYOdRYNEEY
CEELTTELLELE LU ]
[EFLELFLFLPLETL]
62039380530 gOYR
2205232003 %Ay
8343348474730y
BNeAEANS R
dag*payignedy
BABREAXIBAJR

(L2 SEREAL LY L]
Brc?2PHPY
$PyAYIINBANNY
FARA3AGRBALIYR
BAYALAYAMAY 4Pl
BAsIRIAINYAU 4P
RAGASUYRIAIAgF Y
BagR5agNgagagh
8929380294 aFuNyA
LLT] v32RdAREY
BAaAEAZNGRPIHR
@3ARIAIRRIIGR
YAGRRIYPRAYDIEY
BagRLAdIZALAIRY
BREVEIYAYAIPAPY
DReP5AIINGR

¢ S264p99RGRYAYE

322829390 yHP
AdgIFPIPURg ReP
HPRa3YAIYYCLIYEY
8998 AgAPAYAYRaf
FEELELLL RS LR LU L L]
ORpRIAYRERIYPY A YIBR
89e2B90yAE G100
9RP8YIYABA40ou" YTl
B3yRpRqAgREng
8398400444

LRI L ELEL L L
@RYREHgPEREAIA
8ApRYRgARAEA
09y8YRg2HRYSE
833RRRYANGYS
83UV NSIIWD
BoyRNAYLNE*Y
9258LAyAy3 R

233 A¢AYREN]
889Uy Ity igPune
PIpPURYRERE"HE
934RIdYEYTY
BR3IB3IAJNYANAG
BRampIGNBaYN

[ELT Ag8uad
BEpRNNa988N
BRkPpRYREe
APEAPNgaYBY®

33¥9gnpRg
SFUNEMYGABRERY
PREEAAYABRYAREEEY
8AURE0508L Ry S4BT
BEAABAEAUBYTEPHED
SBUBRISIPHONPURE Y
3320kPyseAYayn
[LILESEREL R LR EELE 1]
8]¥AGRANAGY
SApPOHARBRY
@HBPEAEIURG
BRyARAgRBaY
ABREASYUIBI9uPd B
BUebRTgREAGRLPUAE"
34uBERIY

2903

4Y]y98

L RLLEN 1

LR EEEPLU LT T
ELELL-LFY

[ L]

B2u3H

8944AYA

LLEREL

¥ByagagRy
“Pe85g9uR
ERELUEELFLT LT )

LEL LIS EELT L]

80 pP YU gIRRYIYR
B3%3H0LARAUSUANSY
LI EEPLET ML L

23¢0.%000%0C0
200,0000m000

trcliy
vELIen

1,00000000
1.700000¢0

.
-

RC9N . 1,000003¢0
.
.

Fig. Bc — The part of th= printer output of the VFC
program giving a printer plot of the bottom profile
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LeS, MAvaL RESEANCH LABQRATORY - ACQUSTICS DIV,

VELECITY FIELL CENSTRLILTIEN PHRAGRAS

INPLT a%0 EXTRAPPLATEL VELACITY PRATILE W[THIUT FARTH FURVATURE £GPAECTIAN
TaIAPLY DATA PEINT

CESEXTRAPALATEL PAINY GPTAINED FRIN LEROYS FQUAYIANM

CAUFLE TEST CaSt

FIRST Puer 1LE

ATt 5725/73

FrefLF 1

RANGE 0,000 (KP)

LATa 38 MG G,00 ™IN LenG s 30 DEG  0.0n ¥IN

*AXIMLY DEPTH §F WISEAVATIAN @F AKIGINAL Data » £000,000/NETFRS
TEFERATUNE AT mNg = 1.5v00 DFGHEES C

SALINITY AT mi# & 34,7000 PPY

CEEP PREILE

Tr1S PRGFILE »AS CPRAECTED FAM EARTH CURVATYSE

FRAF ILF NYMYES 1 ALAPER ef ¥1Se 21 tyPE PREFILE = PRAFILE ®anGF (N A,00%0
VARRING-=POINT  guAS 4 CUBVATURE «0.0424 un]CH LFSS THEN -0.0100
Yuas & GHADlENT *0,196% =10k 1< LELS THAL «f,2000
sARAIAG-PAINT YNAS & CURYATURE 0. A170 uMlCu FTS ThAN -C.0100
SARNING L PRINY  g(eaS & GWADIENY «0,2690mb 0K ]S LLSS TWAN -n 1008
sARMIN AINT  1.MAS 8 GHADIENVY «2%4%ak]fw S LESS Tuat -p,1000

MAQNING--PAINY  (HAS & CHADIENT ~0.1874mw MK [S (ECS Tuav -h.1000
sINIPLe VEL = 3e81,7438
sARIvLM VEL ¢ 1%99,1038
PINIPLY GRAD 8 -y ,2049271
rAXIMLS GHAD ® Y. 037034
FINIPLe CutY C.L42364921
PAYIML™ Cu%v 8 DB.uNpesnsey

CAIATER PLPY EF CINRECTED PHAFILE Ny~BER 1
0.00%0 193¢.303F .
31,0001 193¢.6200 F
4n, 000 19)2.7701 "
3n,0002 1932.9384¢ .
95,0002 1933.0202 -
1,000 1533.1204 L
17,0une 1535.2704 L4
Fals 'L 1533.3%3¢ 4
an,fyny 153¢.092* -
05,0080 1531.5714 -
¥1,0007 152v.034¢ [
147,0012 1522.9134 L]
102,0u26 1934.977¢ 2

43,0047 130v,.3090 e

28%,0105 1499.3859 z

400,012% 1496,7252 L]

€e2.0cP2 1425,439) L]

£00,05°2 14P1,.7434 -

100N, 0704 148,.0351 .

1200,1/44 1476,2642 L]

«con, 3138 1491,7024 .

220N, 4v0) 149v,2997 L}

scun, 2uss 1414, 2274 9

3201,%e07 1%10.4107 L]

4001,2248 1525.209% L]

SCeg,9enp 1%44.2434 .

LILLIL PR 1 1599,103¢

Fig. 8d — The part of the printer output of the VFC program giving
the first corrected sound-speed profile
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L-S, MiviL RESFAGCW LAQYRATRY - ACRUSTICS DIlv,

VELECLTY FIELL CENSTRLCTIHY PHAGRAY

TAPLY aND EXTRAPELATED VELACIY SRAFILE w{THAUT FARYM FUDYATURF CORRECTIOA
1afaPe” 9ATs PEILT

EaENTHAPOLATED PFINY QNTAINED FRA® LERSYS FQuaTien

sAwfLE TEST CasSE

SSCANL PRUTILE

CatE 5,25773

BRAFILE 2

- BANGE 40,0318 (Ae)

LA%s 30 NEG 0,00 Min LENG « 39 NEG Q.00 miw

WA ML DePTu A QRSERVATIAN WF ARIGCINAL DATA o BONM0,LNCPMETFRS
TE“PERATUN: AT PNE & 1,9000 DECAEFS

SALINITY AT 4P » Ja 1000 eeY

ThFP FaUf]LE

THIS PABFILE «dS CORRECTED FAk ERATw CURVATYRE

FRAFILE Ny“REN 2 AUWRED AF PTYSe 2} VySg POGFILE ot PRIFILE RANGETNMID

S AANIAG- <P nY B WaS 3 TURVATYNE 1,026 wuiCu EYCFENS 0.0¢00
“HAS A € . «0,R480 LeiCu LFSHC TWan -0.0100
10M45 & . “0.1832an|CN (S LESH TuaN ~n,1000
11WAS & GWADTENT “0.211%we1Cn 1S LE85 TwAl =", 10D

MANINGerBINT  120AS A CHADTENT “0.2%43mr1TH S LgS5 Tuas -9,1000

MABRIAGAPRINT 1 §uaS 4 ARADTENTY *0.13173a01Cu (& LERS TuaN -h,1048
viNInL= vet 2 1481, 3148 «

vaximet vkl 1 1299,104P

viNimum GRAD 8 -v,2306%632

raimem Swd] o 4.u358340

PIMu[®L CUPY 8-0.047960430

wAXINLY Cutv v 0,0l1202859Y

FRIATER PL&T §F CODAFCYED PAGS ILE VywBER 2

n,0000 1530.6710

31,0001 1511.4808

an, 001 1531.0387

S, 0uN2 1531.805%

a8 0002 1931080

e1,0008 15%1.989"

68,0004 153¢.1397

28, ¢uns 15%2.2224

en,auns 1532.3n9#

5,000 1531.,6244

0y’ 1530,4432 q

23,0012 1572.70e9 e
1072,0026 1514.17¢1 ™
243,0047 15n6,6618 8
348,018 149¢. 4157 "

0:2% 1495.444Y L}

e¢r, 0282 1483 . 0430 'y
200,0502 1485 3160 .
1€00,07%4 1421.0783 -
1200, 1764 d4na, 3120 L]
a€00,3138 L18Gy, Yapn .
4900 4v0y 140v.8750 .
30007958 1508.2274 9
4306, 9607 1510.%01 -
01,2948 1523, 2392 -
JC01.9004 1543.2480
03,0213 159v.1039

AREREREE RN )

an,05%8

Fig. 8e — The part of the printer output of the VFC program giving

the second corrected sound-speed profile
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LeS, NAVAL RESEAGCH LLAJRATPRY - Aceus'lts iy,

MVELECIYY P LELL CANSTRLCTIoN PRAGR

IAPLY AND EXTRAPOLATEL WELACITY nurn.e RITROUT EARTH CURYVATURE CORRECTIEA
t8IAPLUT DaTa PEIV!

ESEATWAPOLATEL PO KT CRTAINED FROM LERAYS FRuaTiAN

tavky TFaT CasSE

TRIGE PR ILE

[ate 3/23¢73

FaqF JLF

3
EANGE 178,153y (ue)y

Lavs 3" DEG

rAX[PyS OKPYM 8F JBSFUVATLIAN 6F ARIGINAL DaTa o

0,08 “iv

TewEENATURE 41 wPg o
CALINEYY AY #(% »

TEEr PRGFILE

LONG =

31 D€E% 0,00 Mlv
AQRO,00UAKETERS

1.8500 UFCREFS

Mg, 77G0 PPY

TrHIS POIFILE A5 CPHALCTED FAY EARTH CURVATYURE

FEaFILE VWHRES

3 ALuPED SF oTys

27 TYPE eRAFILE =y

PRAT( € FIANGE (AN

21

;nuu’.---nu ¢ WAS 2 FyURvVATURE A,01%9 aHiCH E¥CFERS 0.0160
/%45 & GRADIENT “0,133anifn 1S LEY Tuav -0.109% )
TuAS & CyWval WE «® 0874 wu!fw €S8 TiaN ~0.0100
84S & GNADIENT “0.3T89uultre IS ESS Tuaw +n,1000 :
auaS 4 CUSYATME Sin216 wwitw LF5S Tuan -2.9100 i
IS A ENIDIENT ~G.3447am1C0 % L3O Twal -4.160p ;
9 uae & muRvATUME A, 0143 wMItM EXCEENS 0.0100 A
10MAS & CHADL “0.2A374m 10w IS LESS TRV -A.1000 i
i0 wa< 2 uBVATURE 0,010 ad!Cu Z¥ZFENS 0,010 i
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Piviwev veL o 1480.7197 :
rapiELY veL @ 12%99,.173r i
wlMime SHAC @ :
vArIoL® GeaD o H
FINIMLT CURY weC, 59441241 i
ranimnye Cyfly & 0.018939090 i
- !
FRIATED PLPT &F CSURECTED PRAFILF NyveFR 1 :.
. !
f
Kl
H
8,0900 152 /,80¢Y :
31,0008 152¢.3251 2 p
an, 000 2825.4731 > 1
28,0372 1975.8410 q :
33,9002 1374,7252 N :
+1.8048 152,825 .
79,8004 1938,974% Ed
+%.0675 192/.734%
4 00° 1533.9314
1524.343% 3
v1.0un? 1972.79e2 b 0
s16.07¢9 2 L
1570.2991 ] '
19°5.93/8 -
1488, 2040 T
1495,1599
eo* 0en2 14ra,1191 e
008, 8912 1490.73%7 .
164,078 147) 444 . :
1231,1784 1ame,gz/7 B 3
2e50,3188 149,.732¢ .
%Qr, ayny 140y .5664 4
U1, 7053 158, 3450 3 :
340, 0n? 1510,4107 bl
ey, 2948 1925.2231 s
2¢0y,9898 1549,3061
9c0s, 0213 1399.1058
u As1G: SECENUS LEFT
vivl he,83400000
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Fig. 8f — The part of the printer cutput of the VFC prosram giving

the thixd corrected sound-speed profile
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The job-request form should be filied out as shown in Fig. 3. In addition the user
should:

1. In the second logical-unit-number space, under magnetic tapes, indicate that logical
unit 1 is an input tape to be saved. This tape is the coefficieni tape generated by the
VFC program; its serial number should be inserted.

2. Indicate type 00 chart paper (no grid lines), the number of plots (three for the
sample test case), and the approximate plot length in inches.

4.2.2 Contrcl Cards and Job-Request Forms for
Gerber Plots

Gerber plots are made on a flat-bed plotter (Gerber Mode! 875 drafting machine)
and generally take a day for completion, whereas Calcomp plots may be obtained in
about the same length of time that it takes to obtain other types of computer output
with comparable central-processor running time. Short jobs are typically processed in
1 hour. The Gerber plots take a longer time because it is necessary first to obtain a
magnetic tape from the CDC 3800 and then submit this tape to a Gerber-plotter operator
at a separate facility within NRL. Gerber plots however are of much higher quality and
vesolution than Calcomp plots. In addition they may be as large as 5 by 8 feet, whereas
Calcomp plots are restricted to the width of the Calcomp plotter drum {10 or 30 inches).
Scale factors may be set into the Gerber plotter console to magnify or reduce the plot size.

The control cards required for obtaining Calcomp plots are shown in Fig. 10. Line 4
is the EQUIP card for the NRL Research Computation Center magnetic tape which contains
the Calcomp-to-Gerber conversion routines. Tape serial number 3803 should always be
used for this tape unless the NRL Research Computation Center indicates otherwise.

Line 6 is an EQUIP card for the magnetic tape which contains the output Gerber plots.
A complete description of the Gerber plotting routines and their usage is given in Refs.
4 and- 5.

The job-request form for obtaining Gerber plots should be filled out as shown in
Fig. 3. In addition the user should:

1. Perform step 1 of Section 4.2.1.

2. Indicate that logical unit 48 is an input tape to be saved and insert its serial
number (3803). This logical unit corresponds to the magnetic tape containing the Gerber-
plotter routines.

3. Indicate that logical unit 18 is an output tape to be saved and insert its serial
number. This tape will contain the output Gerber plots. It must be supplied by the user.
4.2.3 Data Cards

The following numbers are read in by the gencral-purpose input routine. The card

columns in which the numbers are placed are not important, but they need be entered
in the following order:

G3TIISSYTIOND
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DPMAXG the maximum depth to be shown on the graph in meters, such as 2000.

VMING the minimum velocity to be shown on the graph in meters per second,
such as 1470.

VMAXG  the maximum sound speed to be shown on.the graph in meters per
second, such as 1610.

ZMING the minimum vertical gradient to be shown on the graph, such as —0.5.
ZMAXG k the maximum vertical gradient to be shown on the graph, such as 0.5.
DMING the minimum vertical curvature to be shown on the graph, such as —0.06.
DMAXG  the maximum vertical curvature to be shown on the graph,such as +0.06.

NPLOT the number of the profile to be plotted. The first profile on the
coefficient tape is 1, the second is 2, etc.

The following three title lines must appear on separate cards

TITPRO1 the first line of an §0-character alphanumeric title,

TITPRO2 the second line of an 80-character alphanumeric title,
TITPRO3 the third line of an 80-character alphanumeric title.

The numbers VMAXG, VMING, ZMAXG, ZMING, DMING, and DMAXG may be
determined by examining the maximum and minimum values of sound speed, vertical
gradients, and curvatures as printed by the VFC program. Also DPMAXG can be less
than the maximum observed depth of a profile. If the sound speed or its derivatives
exceed the limits given for the depth interval (0, DPMAXG), a warning message will be
printed.

The titles TITPRO1, TITPRO2, and TITPRO3 will be written on the graph for
profile NPLOT. The entries NPLOT, TITPRO1, TITPRO2, and TITPROS3 are repeated

for each profile to be plotted. The entry —1 for NPLOT indicates the end of the data
set.

4.3 Sample Input and OQutput

Figure 11 shows the data cards for generating Calcomp plots of the three profiles
in the semple test case. Figure 12 is the resulting printer output. Figures 13a, 13b, and

2000 1470 1610 =45 o5 —¢06 406
1

SAMPLE TEST CASE

PROFILE NOe 1

RANGE =0+ NM

. - 2
Fig. 11 — Sample-test-case input data cards for the PRFPLT SAMPLE TEST CASE
program for obtaining the Calcomp-plot output PROFILE NOe 2
RANGE = 60409 NM

3

S\MPLE TEST CASE
PROFILE NOe 3
RANGE = 173415 NN
-1

o

=

J

-
i

d31315§§
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----PREGRAM PRFPLT =v--

SAMPLE TES1 CASE
VAX[MUM GRAPH CEPTH (r) s 2000,0000

FINIMUM GRAPH VELUECITY (F/S) = 1470,
VAX[MUM GRAPH VELECITY (M/S) = 1610,
¥INJMUM GRAPH GRADLIENT (1/5) = -0,
VAXIMUM GRAPH GRApDIENT (1/S) = 0,

VINJMUM GRAPH CURVATURE (1/S/M) =
PAXIHUM GrAPH CURVATURE (1/S/M)s
FLABT PR3FILE NG, 1

SAMFLE TEST CASE

FRBFILE NB, 1

PROF [LE 1
NUHBER ©F PEINTS = 27
RANGE (NM) = 20,0000
yFIN CATA 3 1481,7436
YMAX DATA = 1533,353¢8
IVIN UATA = -0.2845
I¥AX CATA = 0.0379
CYIN DATA = -0,0424
CFAX LATA = 0.0084
FLAT PREFLE AE, 2

SAMPLE TEST CASE
FROFILE NB, 2

PRAF [LE 2
NUMBER OF PFINTS = 27
RANGE (NM) =z 40,0518
VPIN DATA = 1481,3144
yrAX DATA = 1532.3058
IFIN CATA = -0,2383
IvAX DATA = 0.035%6
CFIN DATA = -Uv.0480
CMAX DATA = 0.012¢
FLAT PREFJLE AG, 3

SAMFLE TEST CASE
FRAFILE NB, 3

PRAF [LE 3
NUNBER 9F PRINTS =2 27
RANGE (NM) & 174,1539
VMIN LATA = 1480,7397
YMAX LATA = 1528.,9753
21N CATA = “0.3492
2FAX DATA = 0.0491
[MIN CATA = -0.0594
CMAX LATA « 0.n189
+--<PLATTING COMPLF™ =-=--

Fig. 12 — Printer output from the PRFPLT program
for the sample test case

no0o
10¢C0
5000
5000
-0.0400
n,060¢0
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'13c ure the plots. In this example, we plotted only the first 2000 meters of each profile
in order to show more clearly how the system interpolates between points in the surfsce

duct.

If the full 8000 meters were displayed, the lower 50 percent of the sound-speed

profile would appear linear.

5.1

5.2

CONTOURING AND GENERATING THREE-DIMENSIONAL
ISOMETRIC PLOTS OF THE SOUND-SPEED FIEID

Program Summary

Title of program: CTOUR

Computer: CDC 3800. Installation: NRL

Operating system: Drum Scope 2.1

Programming language: Fortran 63

High-speed store required: 27,452 (decimal) words, exclusive of system routines
Number of bits in a word: 48

Is program overlaid? No

Number of magnetic tapes required: one for Calcomp plots; two for Gerber plots

Other peripherals required: disk (for program storage), card reader, printer, and
Calcomp 565 plotter or Gesber plotter

Number of cards in program deck: 1017
Card punching code: BCD
Nature of Physical Problem
Generating Calcomp or Gerber contour plots of the sound-speed field.
Method of Solution
See Section 2.1.4 of Volume 1.
Restrictions on Complexity of Problem

A maximum of 50 contour levels may be displayed. The range-and-depth grid
used in plotting may have at most 101 times 101 points.

Typical Running Time

It took approximately 1 minute 12 seconds to load the CTOUR object deck from
the disk and execute the sample problem of Section 5.3. The plotting took 17
minutes on a Calcomp 565 plotter.

Input

5.2.1 Control Cards and Job Request Forms for Calcomp Plots

The control cards required for obtaining Calcomp plots are shown in Fig. 14.

Line 4 is an EQUIP card for the Calcomp plotter. The other control cards have been
explained earlier.
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The job-request form for obtaining Calcomp plots should be filled out as shown in
Fig. 3. In addition the user should:

1. Indicate type 00 chart paper is to be used, indicate that two plots will be generated,
and insert the estimated plot length in inches (for the sample test case insert 48 inches}.

2. In the second logical-unit-number space, irdicate that logical unii 1 is an input
tape to be saved. The serial number of the tape generated by the VFC program should
be inserted. .

5.2.2 Contrel Cards and Job-Request Forms
for Gerber Plots

The control cards required for obtaining Calcomp plots are shown in Fig. 15.

The job request form for obtaining Gerber plots should be filled out as shown in
Fig. 3. In addition the user should:

1. Perforin step 2 of Section 5.2.1

2. In the third logical-unit-number space, indicate that logical unit 48 is an input
tape to be saved. This tape contains the Gerber-plotter routines. Its serial number,
assigned by the Research Computation Center, is 3803.

3. In the fourth logical-unit-number space, indicate that logical unit 18 is an output
tape to be saved. This tape contains the output Gerber plots. This tape and its serial
number must be supplied by the user.

5.2.3 Data Carda

The data are read in by the general-purpose input routine. The input parameters
may be placed anywhere on the cards without regard to format provided they are punched
in the following order: ’

NTAPE the logical unit on which the coefficient tape is mounted (1 to 49).
RNGINIT the initial range of the contour plot (0 to 10,000 n.mi.).

RDELTA the range spacing of the grid (0 to 10,000 n.mi.), such as RNGMAX/100.
RNGMAX the maximum range of the grid (0 to 10,000 n.mi.).

DPINIT the initial depth of the grid in meters, such as 0.

DPDELTA the depth spacing of the grid in meters, such as DPMAX/100.

DPMAX the maximum depth of the grid in meters.

NPR5 a number set to 1 if grid velocities arc to be printed and sel to 0 if not.
XG5 the length of the abscissa axis of the contour plot (5 to 200 inches).
YG5 the length of the ordinate axis of the contour plot (5 to 9 inches).
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NCL the number of contour levels to be plotted (—50 to 50). If NCL is less
than 0, —NCL levels will be automatically selected at equal intervals of
velocity. If NCL is greater than O, NCL levels will be specified by the user.

CL(I) NCL contour levels, where I = 1 through NCL. If NCL is less than 0, these
values should not be inputted.

Since the range-and-depth grid is restricted to at most 101 times 101 points, the input

parameters are restricted such that

RNGMAX — RNGINIT

<
Integer ( RDELTA ) +1<101

and

DPMAX — DPINIT
DPDELTA

Integer ) +1 < 101.

The following are cautions to the user:

@ Check to be certain that the input parameters fall within their appropriate limits.

@ If the grid size is chosen too coarsely, some of the detail present in the velocity
field may be lost or misinterpreted. The user might consider contouring his field in two
phases. The first phase would give a rough but overall view of the velocity field from
the ocean surface to the bottom. The second phase would show the detailed structure
generally present near the surface.

@ The user must not attempt to contour regions of the velocity field that fall beyond

the bounds of the profiles contained on the coefficient tape.

6.3 Sample Input and Output

The data card required for generating the printer output shown in Figs. 16a and 16b

and the Calcomp plots shown in Figs. 17 and 18 is
10.1.75175 0 10 1000 0.17.5 8 —30

The numbers on this card are explained in Section 5.2.3.

Figure 16a is a listing of the input parameters. Figure 16b contains the title of the
test case, the number of range points (NRPTS), the number of depth points (NDPTS)
which make up the grid, the grid depths in meters, and a partial listing of the range
points. NUMBER is the number of a range point, and RANGE is its corresponding range
in nautical miles. For brevity the printout for range numbers 10 through 97 have been
omitted from Fig. 16b.

In this example, we chose to plot only the upper 1000 meters of the sound-speed
field. Thirty contour levels were requested. Figure 18 is an isometric plot of the sound-
speed field of Fig. 17. The lower-left-hand corner of Fig. 18 corresponds to range 0 and
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NTAPE = 1 . ¢
RAGINIT = 0.00000060
RLELTA = 1.75000000
‘FNQMAX 2 175,00000000
CPINIT = 0,00000000 Fig. 16a — The part of the printer output of the CTOUR
CPRELTA = 10,00000000 program listing the input parameters
CPMAX z 1000,00000000
APRS = 0
xGY 3 17,50000000
YGs s 8,00000000
ANCL s -30

depth 0. The upper-right-hand corner corresponds to a range of 175 nautical miles and
a depth of 1000 meters.

6. RAY TRACING AND INTENSITY CALCULATIONS

6.1 Program Summary

Title of program: SERPENT

Computer: CDC 3800. Installation: NRL

Operating system: Drum Scope 2.1

Programming language: Fortran 63 and COMPASS (for one small routine)
High-speed store required: 36,784 (decimal) words exclusive of system routines
Number of bits‘in a word: 48

Is program overlaid? No

Number of magnetic tapes required: one for profile input, plus one if a transmission-
loss-tape output is desired, plus one if a ray-statistics tape is desired

Other peripherals used: disk (for storage of SERPENT object deck), card reader,
printer, and drum for intermediate storage

Number of cards in program deck: 38C2
Card punching code: BCD
Nature of Physical Problem

Ray tracing and intensity calculations.
Method of Solution

See Section 3 of Volume 1.
Restrictions on Complexity of Problem

Two-dimensional, multiple sound-speed profiles. Linear segmented bottom.
Monochromatic source. Maximum of 1500 rays per trace. Coherent and random
intensities (Type 1) and statistical intensities (Type 1I). Maximum of 250 receiver
depths per trace. Specular reflection of rays {rom the surface and the bottom.
Geometrical acoustics, with no diffraction or caustic corrections.
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SAMFLS
ARPTS
ANLPYS

GRIL CEPTHS

0,0000
50,0000
100,0000
150,0000
200,0000
2%0,0000
$00,0000
350,0000
400,0000
450,0000
00,0000
5%50,0000
600,0000
650,0000
700,0000
750,0000
400,0000
450,0000
90,0000
950,0000
1000,0000
NVMBER
RANGE
AUMBER
RANGE
AUMBER
FANGE
AUMEER
RANGE
AUMBER
RANGE
NUMBER
FANGE
AUMBER
RANGE
AUMBER
FANGE
ANUMBER
FANGE
R,

TESY CASE
101
101

10,0000

60,0000
110,0000
160,0000
210,0000
260,0000
310,0000
360,0000
410,0000
460,0000
510,0000
560,0000
610,0000
660,0000
710,0000
760,0000
810,0000
860,0000
910,0000
960,0000

i
2

0,00000000
1.75000000

’ 3,50000000
5.250008000
7,00000000
8,75000000
10,50000000
12,25600000
14,00000000

20,0000

70,0000
120.0000
170,0000
220,0000
270,0000
320,0000
370,0000
420,0000
470,0000
520,0000
570,0000
620,0000
670.,0000
720,0000
770,0000
820,0000
870,0000
920,0000
970,0000

30,0000

80,0000
130,0000
180,0000
230,0000
280,0000
330,0000
380,000
430,0000
480,0000
$30,0000
580,0000
630,06000
680,0000
730,0000
780,£000
830,0000
880,0000
930,0000
980,0000

——— T

NUMBER
RANGE
NUMBER
RANGE
AUMBER
RAMGE

Fig. 16b — The part of the printer output of the CTOUR program
listing the grid depths and ranges

99

171.50000000

100

173.25000000

101

175.00000000

40,0000

90,0000
140,0000
190,0000
240,0000
290,0000
34,0000
390,0000
440,0000
490,0000
540,0000
590,000
640,0000
690,0000
740,0000
790,0000
840,0000
890,0000
940,0000
990,0000
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Typical Running Time

It took approximately 75 seconds to load the SERPENT object program from
the disk and execute the sample ray-tracing problem of Section 6.3.1. Of this,
39 seconds were spent in loading and 36 seconds in execution.

Loading and executing the sample transmission-lass problem of Section 6.3.2
took approximately 218 seconds. Of this time, 158 seconds were actually spent
in execution and 60 seconds were spent in loading. The transmission-loss calculation
can be specded up if the transmissionloss values are not printed. For example,
running the sample problem of Section 6.3.2 without printing, but still generating,
a transmission-loss tape took 149 seconds for exeéution, a saving of 9 seconds.

The running time for any problem depends to a large extent on the outputs
desired, the complexity of ocean environment, the number of rays traced, the
source angles of the rays, the ray tuning parameters used, and the speed of the
computer on which the program is run.

6.2 Input
6.2.1 Control Cards and Job-Request Forms

The control cards required to obtain a ray magnetic tape are shown in Fig. 19.
Line 4 shows the EQUIP card for the coefficient magnet@tape. This card is always
required. Line 5 shows the EQUIP curd for the ray tape.” This card is required if one
wishes to generate Gerber or Calcomp ray plots. Otherwise it is optional. Line 6 shows
the EQUIP card for the transmission-loss tape. This card is required if the user wishes
to generate transmission-loss plots using LOSSPLOT. Otherwise, it is optional.

The standard practice in running SERPENT is to trage 30 or 40 rays through the
sound-speed field and generate a Calcomp ray plot. This; in effect, checks all of the
input data and assures the user that SERPENT is capable of handling the problem. It
also enables the user to estimate by extrapolation the amount of time that will be required
to trace the rays for intensity calculations. In addition it tells the user which rays are
important to his problem and which rays can be ignored in the calculation. As mentioned
in Section 3.1.3.3 of Volume 1, the ray-depth distribution plots can give considerable
insight into the number of rays required to solve a particular problem. No intensities
are calculated in this run. They could be, but so few rays are traced that the results would

* be virtually meaningless. Hence for this run, the ray-tape EQUIP card is used but the

transmission-loss EQUIP card is not. Next the program is run to calculate intensities
(transmission losses). This requires increasing the number of rays traced to the order of
several hundred. The previous run established which rays may and may not be important.
For example it may have established that only those rays between approximately —10
and 10 degrees are important, because rays at steeper angles experience so many bottom.
and surface hits that their contribution to the intensity at a distaat receiver is surely
negligible. To trace these rays would be a waste of computer time and money. If this were
the case, the user might trace only the rays between —10 and 10 degrees with 0.1-degree
increments. The user would not generate a ray tape at this time, beczuse writing a tape
requires additional computer time and also it is likely that more than one magnetic tape
would be required to hold all of the generated ray statistics. Only a transmission-loss
tape would be generated.




UNCLASSIFIED

R
1
3

a
weiford INAJHIS oY) 0] Spiwd |0ijuc) — 61 '3y
BEEN _:FM:_. | i “ !
ERANRENRNANSNENNNNANEE munn B
t ' ! NEIE N, -
R REENEN _ | AL 2102
AENANENERANE | EEERIELER NG
T | uB o s[E[ T 2
aE EERE | w BENER) :
1 -
o A _ _ BGEEEERENEEE 3
3 T I _ _ Pl o R v
= # 4 1 1 T “
. i RN RRRSE GELT T ENEEES
& A " _ : | [ ] )
5 L __ _ __ __ BEEERE 3
& __ w | ﬂ.,ano._a::oZ._,owmcpmwﬂv elebslx I
_ P Jobadd IR DR NN ED N R R IR M C B b
__ ! f_:_zi::o_f«.mzumwau_un,,mH ¢
| \ ' i 3lq={alz|*]eT b
BN | _ e X XXX R XX ¢ )
#*_ | | ._ w4 o]y uuw__ﬁrmou q
] 1 1
Sann__Sta:.oqﬂlnq«v_ﬁT- 2..:n:nmnvnnnun_n__%&2:ommu-:::«“o«o:_:22::S:__E gl¢ H i
1 YHdIY =1 0 YHdIY = 2
3NO = | o¥3Zz =0

INIWILVLS NY¥1d0d

[SX=-% 4
=>ow

Ch e o et e e e e e et gt N A A e @t




40 d. J. CORNYN

T'o obtain both ray-statistics and transmission-loss tapes, the job-rcq&ést form should
be filled out as shown in Fig. 3. In addition the user should:

1. In the first logical-unit-number space, write *DF.” This indicates to the computer
operators that the disk file will be used. The binary objcct deck for SERPENT is stored
on the disk.

2. In the second logical-unit-number space, indicate that logical unit 1 is an input
tape to be saved. This logical unit corresponds to the coefficient tape generated by the
VFC program. Its serial number should be indicated.

3. In the third logical-unit-number space, indicate the logical-unit number of the
ray-statistics tape (if one is desired). This number should be the value of the input
parameter NRAYTAPE described in Section 6.2.2. The user should also indicate that it
is an output tape to be saved and specify its serial number. If however the input parameter
NRAYTAPE is set to 0, a ray tape will not be generated and the above information per-
taining to the logical unit of the ray tape should be omitted, together with the EQUIP
card corresponding to the ray tape. In Fig. 19 we assumed NRAYTAPE was set to 2.

4. In the fourth logical-unit-number space, indicate the logical-unit number of the
transmission-loss tape (if one is desired). This number should be the value of the input
parameter NINTAP described in Section 6.2.2. If a transmission-loss tape is not desired,
the above logical unit number information should be omitted, together with the EQUIP
card corresponding to the transmission-loss tape. In Fig. 19 we assumed NINTAP was
set to 3.

6.2.2 Data Cards

The data cards are read in by the general-purpose input routine. With the exception
of title cards, the input parameters may be placed anywhere on these cards or on any
card without regard to format, provided they are arranged in the proper order as defined
by the flowchart given in Fig. 20 and the parameter definitions that follow in this section.

. For example, one begins by punching title card 1 using a full 80-column card.
Following this, one punches the second title card. Next, one punches the depth-conversion
factor DPCON, the initial depth of the source in the units specified by DPCON
(DPINIT), the frequency FREQ, and the number of ray groups. These numbers do not
have to be in any particular column or even on the same card. The only restrictions are
that the numbers be entered in corect order and be separated by at least one blank. Next
the parameters ANGINC and ANGINIT are punched for the first ray fan. If however one
sets ANGINC to 0, then the parameter ANGFIN is not punched. If ANGINC is not 0,
then ANGFIN must be punched (Fig. 20). This process is repeated until NGRPS fans
have been defined. Next one punches the parameters AXIALINT, BEAMTILT, etc. The
rounded blocks in the flowchart are decisions. The rectangular blocks indicate parameters
to be punched.

Although the explanation of the input parameters corresponding to the flowchart

is quite long, in most cases, all of the inputl parameters can be punched on four or five
IBM cards (as can be seen from Fig. 21, for example). The input parameters are:

.-
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Raupeat
shis
section
NGRAPS
times

Repeat

NRGRPS
times

DISTANG(Y)
DISTRNG(2)

DOPCON .
DPINIY
FREQ
NGRPS

AXIALINT
BEAMTILY
NSEAM

NBEAM = 07

BEAMANG(1)
BEAMWGT{T)
BEAMANG(2)
BEAMWGTY(2)

IEAM:M(MEAN
BEAMWGTINSFAM)

NRGRPS
ACON

AGING
RGI

RGINC = 07
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Yot

Rapest
NBTABL
RGF times

—O%
NOPRINY
NRAYTAPE
NDIST

Coma )

NDIST = -1}

oIsr

L

Yo

NOEPTHDS
NTIMEDS

NINTREG
RCON
REGRANG(1)
INTARRAY{1,1)

INTARRAY(1,2)
INTARRAY(1,3)
REGRNG(2
INTARRAY(2,1)
INTARRAY(Z,2}
INTARRAY(2,3}
REGRNGI(I)

INTARRAVININTREG.3)

L

LowesT
DPCON
DEPTH(1
DEPTH(2)

DE'MIEM!W

NTYPEBOT - 17

[

ANGLE {greater than O But tens than 90}
Lo in dB o1 ANGLE

RCON
BTABRG(1)
BTABN{t}
BTABRG(2)
BTASN(2}

-t

a

NBTHTMX
SURFATY
NSFHTMX
DELMAX
DELMIN
VFAEPS
DELSINMX

Fig. 20 — Flowchart showing the data inpﬁt to

the SERPENT program

41

GITITSSYIOND




42

Title card 1

Title card 2
DPCON
DPINIT
FREQ
NGRPS

ANGINC

ANGINIT

ANGFIN

GRPPHASE
AXIALINT

BEAMTILT

NBEAM

J. J. CORNYN

L)

an 80-character title to identify the run. It requires the entire first
card.

a title similar to title card 1.

the factor for converting DPINIT to meters (Appendix A).
the depth of the ray source.

the frequency of the source in hertz.

the number of ray fans. A ray fan is -efined as a group of rays all

of which have the same phase at the - e and all of which are
separated by the same angular incre: - .ut. For each ray fan the user
must specify the parameters ANGINC, ANGINIT, ANGFIN (if ANGINC
is not 0), and GRPPHASE. Ray fans must not overlap. (The program
can handle a maximum of 1500 rays.)

the angular increment between adjacent rays of the same fan (in
degrees). If ANGINC is set to 0, the fan will consist of only one ray;
its source angle is ANGINIT, and the parameter ANGFIN must not be
entered. ANGINC is always positive.

the minimum angle of the fan (in degrees). By convention rays
directed above the horizon (up) have negative angles, while those
directed below the hcrizon have positive angles. The horizontal ray

is the O-degree ray. The program requires —90 < ANGINIT < ANGFIN
< 90.

the maximum or final angle of the fan in degrees. This parameter is
not entered if ANGINC is 0.

the phase of all ray angles in the above fan at the source in degrees.
All angles in a fan are assumed to have the same phase at the source.
Typically this parameter is set to 0.

the axial intensity of a beam 1 yard from the source in ergs/s cm?2.
If only transmission losses, rather than absolute intensities, are required,
this parameter may be set to 1.

the angular tilt of the main beam lobe in degrees. A down tilt will

be positive, and an up tilt will be negative. If the tilt angle is unknown,
set BEAMTILT to 0. For convenierce the following beam pattern is
entered relative to a O degree tilt angle.

the number of points in the beam pattern. If the beam pattern is
unknown, or if an omnidirectional beam pattern is to be assumed, set
NBEAM to 0. In this case the program will automatically calculate
the weighting factors for each ray assuming an omnidirectional source,
and the beam parameters BEAMANG and BEAMWGT must not be
entered. The program requires 0 < NBEAM < 50.

IR
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BEAMANG (I)
BEAMWGT (1)

NRGRPS

RCON
RGINC

RGI

RGF

NOPRINT

NRAYTAPE

NDIST

NDEPTHDS
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the angle of the Ith point in the beam pattern.

the fraction of AXIALINT of a beam angle BEAMANG (1).

The program automatically shifts the beam pattern so that the
O-degree angle of the unshifted beam pattern corresponds to the
angle BEAMTILT. The program requires 0 < BEAMWGT (I <1.

the number of output range groups. When the rays are traced,

they will be iterated up to each of the output ranges. Each ouiput
range group is a set of equally spaced output ranges. The program
has an upper limit of 1000 output ranges. When the rays are traced
through the field, they are iterated up to each of the output ranges.
‘To determine the ray statistics or perform intensity calculations at
a particular range, the user must define it as an output range. The
exact location of an output range is arbitrarily specified by the user.
(For each of the NRGRPS output range groups the user must
specify the parameters RGINC, RGI, and RGF (if RGINC is not 0).
The output range groups may not overlap.)

a factor for converting RGINC, RGI, and RGF to nautical miles.

the range increment for this output range group. If there is only
one output range in this group, RGINC is set to 0 and RGF is not
specified.

the initial range for this output group. The program requires RGI
to be less than RGF.

the final range for this output group. If RGINC is set to 0, do not
input RGF.

a parameter set to 1 for the ray-statistics printout: ray depth,

sine, travel time, phase, number of bottom and surface hits, number
of turning points, etc. This printout will occur at each output
range. The resulting printout can be quite voluminous and time
consuming for large numbers of rays. NOPRINT is set to O if these
statistics are not desired.

a parameter set to 0 if construction of a ray tape is not desired.

If it is set to a positive integer, a ray tape is constructed on logical
unit NRAYTAPE. Values allowed are 1 to 59. NRAYTAPE may
refer to a drum scratch unit or a magnetic tape. If it refers to a
drum, the EQUIP cards must be appropriately defined. NRAYTAPE
is the logical unit number of the ray tape as shown on the job-
request form. Typically it is set to 2.

a parameter set to —1 if a ray distribution plot is desired for all
of the output ranges. If it is set to a positive integer, NDIST ray
distribution plots are made for the raages DISTRNG M, I1=1
through NDIST (these ranges must correspond to output ranges).

a parameter set to 1 if ray depths are desired on the distribution
plots. If it is set to 0, ray depths a¥e not plotted.

G3131SSVIOND
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NTIMEDS

NINTENS

NINTAP

NVOLUME

VOLATT
NINTREG

RCON

REGRNG ()
INTARRAY (I,1)

INTARRAY (1,2)

INTARRAY (1,3)

LOWEST

DPCON
DEPTH (1)
DEPTH (2)
DEPTH (LOWEST)

J. J. CORNYN

a parameter set to 1 if ray travel times are desired on the
distribution plots. If it is set to 0, ray travel times are not

. plotted.

a parameter set to 0 if intensity calculations are not desired.
When it is set to 1 the intensities are calculated but not

printed out. Presumably they will be written on the transmission-
loss tape. When it is set to 2 the intensities are calculated and
printed out at the output ranges.

a parameter set to a positive integer if a transmission-loss tape
is desired on logical unit NINTAP (values between 1 and 59).
NINTAP may refer to a drum (logical units 50 to 59) or to a
magnetic tape (units 1 to 49). Typically NINTAP is set to 3.
If it is set to O, a transmission-loss tape is not constructed.

a parameter set to O if the volume attenuation is zero in the
intensity calculations. It is set to 1 if the volume attenuation
will be entered as the next parameter. If it is 2, Thorp’s
equation is used to obtain the volume attenuation for frequency
FREQ; this option should be used only if FREQ is greater

than 1000.

the volume-attenuation coefficient in dB per kilometer.

the number of range intervals over which different types of
intensity calculations will be made. The maximum is 6.

the factor for converting REGRNG (I) to nautical miles
(Appendix A).

the maximum range for the Ith range interval.

a parameter set to 1 if random (Type I) intensities are desired
in the Ith range interval and set to O if they are not desired.

a parameter set to 1 if coherent (Type I) intensities are desired
in the Ith range interval and set to O if they are not desired.

a parameter set to 1 if statistical (Type II) intensities are
desired in the Ith range interval and set to 0 if they are not
desired.

the number of receiver depths. A maximum of 250 is allowed.
The receivers are assumed to be at the output ranges. Each
output range has the same number of receivers, and these are
located at the same depths. If a receiver depth is below the

" bottom, it will be ignored in the intensity calculations.

the factor for converting DEPTH (I) to meters (Appendix A).
the first receiver depth.
the second receiver depth.

the deepest receiver depth.
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a parameter set to 1 if no bottom loss is assumed in the intensity
calculations and set to 2 if bottom-loss tables will be read in.

the number of bottom loss tables to be read in. The maximum is 5.
the grazing angle with respect to the bottom (in degrees).

the loss (in d8) for a ray incident to the bottom at ANGLE degrees.
ANGLE and LOSS are entered for each point of the bottom-loss
curve.

the factor for converting BTARNG (K) to nautical miles.

a bottom-table range. Bottom table number BTABN (K) will be used
for ranges greater than BTARNG (K-1) and less than or equal to
BTARNG (K). BTARNG(O) = 0.

a bottom-table number corresponding to the Kth bottom range. K
may be as large as 100. To indicate the end of the bottom-table
range data, —1 is inserted after the last bottom-table number.

the maximum number of bottom hits a ray is allowed to have before
it is terminated, suh as 10.

thé surface-attenuation coefficient. The ratio of the intensity of a
ray after str'kin¢ the surface to its intensity before striking the
surface. If there is no surface loss, SURFATT is 1.

the maximum number of surface hite a ray is allowed to experience
before being terminated.

a parameter explained in Section 3.1.4.2 of Volume 1 which is typically
set to 1000.

a parameter explained in Section 3.1.4.2 of Volume 1 which is typically
set to 20.

a parameter explained in Section 3.1.4.2 of Volume 1 which is typically
set to 0.5.

a parameter explained in Section 3.1.4.2 of Volume 1 which is typically
set to 0.02.

6.3 Sample Input and Output

6.3.1 Ray Tracing

Figure 21 shows the data cards required for tracing 13 rays thrcugh the sound-speed
field of the sample test case discussed earlier. We chose to irace the rays to only 130
nautical miles, because experimental transmission-loss values and bottom-profile data for
greater ranges were not available. In this example the source is located at 50G feet anc a
frequency of 100 Hz was chosen. Because intensity calculations were not required in
this run, the bottom-loss data and receiver-location information were not required The
ray angles at the source (—30 to 30 degrees in 5-degree steps) were chosen as an illustra-
tion. Figures 22a through 22e show the resulting printer output.
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SAMPLE TEST CASE

RAY TRACE RUN

¢3048 50U 1C0 1 5 =30 3001 0¢ 215001000 13012 30 100 130
1101 1001 100 1000 20 «5 402

Fig. 21 — Sample-testcase input data cards for
the SERPENT-program ray-trace run

Figure 22a is a descriptive listing of the input parameters. At the bottom of the
figure is some summary information extracted from the input coefficient tape.

Figure 22b describes each of the rays at the source range (0 nautical miles). All of
the rays begin at the same depth but leave the source at different angles. Figure 22b
also shows a ray-depth distribution plot (plot of ray depth versus initial angle at the
source).

Figure 22c¢ shows similar ray-statistics information at 50 nautical miles. In the first
line the bottom depth at 50 nautical miles and the amount of computztiion time left
before SERPENT will expire its allotted time limit are printed. Included in the top
portion in this figure are the ray depths, the sine of the ray angle< with respect to the

“horizon, the ray-travel times, the number of turning points (NTP), the number of surface

-hits (NSH), the number of bottom hits (NBH), and the phoec of each ray up to a distance
of 50 nautical miles. Following this information is a listing of bottom- anci surface-hit
information for each of the rays. This information includes all surface and bottom hits

- which occurred since the last printout range (0 nautical miles in this case).

Figure 22d shows the ray-statistics information for the 100-nautical-mile printout
range. Figure 22e gives similar information for the 130-nautical-mile range. At the bottom
of Figs. 22d and 22e some ray-depth and time-distribution plots are shown. When both
time and depth are plotted on the same distribution plot (as in this example), the symbol
S refers to the surface (0 meters) and also the maximum travel time. The symboi B refers
to ihe bottom depth at the output range and also the minimum travel time. Each line
in the plot corresponds to an angle indicated at the far left side of the plot. For example,
the plot in Fig. 22e shows that the ray which left the source at 10 degrees is almost at

“the surface (39.1 m) at 130 nautical miles. Its travel time to 130 nautical miles is 161.4882
seconds. This is the minimum travel time for all of the rays traced.

6.3.2 Transmission-Loss Calculations

Figure 23 shows the data cards required for transmission-loss calculations. In this
example 61 rays were traced at source angles between —30 and 30 degrees in 1-degree
steps. Again the source was at 500 feet and a frequency of 100 Hz was considered.
Doubling the number of rays, by changing the step size to 0.5 degree, did not significantly
change the transmission-loss values. The receiver depth was assumed to be 2500 feet.
Statistical (Type II) transmission loss was calculated at the receiver depth every nautical
mile from 0 to 130 nautical miles. Two bottom-loss curves were used, based on MGS
bottom-loss tables. A type 4 bottom was used from 0 to 20 nautical miles. A type §
bottom was used from 20 to 130 nautical miles. No beam patterns were considered. A
transmission-loss tape was generated. The volume attenuation was assumed to be z.-0,
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Fig. 22a — The part of the printout of the SERPENT -program ray-
trace run giving the sample-test-case input parameters and some

coefficient-tape information
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Fig. 22¢ — The part of the printout of the SERPENT-program ray-trace run giving the ray
statistics at 50 nautical miles from the source

G3141SSYTOND




50

J. J. CORNYN

LLLTY]
RANGE (4ny 100.699¢

RANGE (xw) ll’ acee

P N PR S PRY TP

BATTym NEPTN (METEAS) 5745.500) COMPLYATION TIKE LEFT (SEC) 90,7010

ANG, WS, AMGLE (DEGI  DERTM «n) TINE (SECY MTP KK  NOW PHaSE (DEG)

13 =38.00¢60 kY 335,914 ) L] 1) 2 973

2 *25,0000 13%,%047 ] . ]

3 «29.0000 [} . 5 34%5,8302

4 “1%,0000 ] s ] 283,217%

s ~10,0000 3 L] [] 6,3934

. b4 ¢ ¢ 4073

7 7 . [] 71%

. 124, t?)b ¢ L [] 7248

. 3 1 [ 121 A124
10 417,1474 [ . ] 322, Jllc

1 ] . [

12 25,0000 0 L} []
13 30,0000 -0, sy 1!5 157 [} ] ? 26,6333

.
ThE SURFACE ARD -BQTTOR MITS wMICW ACCURED SIN(CE TWE LAST PAINTAUT BANGE ANE LISTFD GFLAM,
ryPE ANGLE Aune® PANGE (WM) CEPYA (mETERS)

SUKFACE ®17 1 N 0.9800 SINE BF INCIDENT anGiE «0,38%0
sorrEr Wit 1 7.4 3751.7014 STME #F 1YCIDEXY ANGLE 0.3300 PATTR” SesF
SURFaCk »iT 2 20,7749 [1] SINE OF THCIDENY anGLE af, 4018
wetrge Wit 2 87,4421 $761,20314 SIAF #F JNCIDENT anGLf 0.3448 RATTRY S AsF
SATTEr uit 3 8401.0014 SINF OF INCIDFNT aNGLE 0.1401 [LIAT IR 1N 10
SUNFACE *1T 3 9.0000 SIME OF 1NCITENT ANGLE af.283¢
#RITEy wiY . 311,234 SINE #F [XCI0€N™ ANGLF ¢.2087 BATTRN S ank
NATTEr Wit 10 $292,3432 SENF AF IGCIOFNT ANCLE 0.2095 BRTTH" K roF
SURFACE »1T 1 9,0000 SInE INCIMEXT 4%GLE «0,4513

SURFALE »IT 12 a.p000 SIVE OF INCINENT ANGLE 30.32%2

SURFACE »1V 13 0.0000 SINE OF JRCIDEMT avGLE
[TIALLCTLS 13 8747,9230 SINE OF |XCIDENT ayCLE WATYEY SLRPE

ALk 1Y c 00n SIuE OF INTIDEST anGLE

BETTEE Wl SINE oF [“CICENT angif WATTE" S APE
SuRFack rit SIME 6F INCITENT AuGLE

»e I"ﬁl 384
SUNFACt PIY
s8ivEr W)Y
SURFACE #1317
WRTYEP M1Y
SuRFACE FIT
[ 1A ({3} 84
SURFACE PIY
WRITEr W1Y
PRIYEE wlY
SUNFACE »1T

SURFACE #1t
8T Tdr iy
Sumfack »17
SuRFack o1t
SURTACK #1Y
SUKFaCE w37
SURFACE #IT
Sunract r1t
BAITEr Wit
SunFalk #17Y
woIvgr iy
SURFALE rit
veivtge uly
SUkFaCk o1t
woiter ult
SuNFack 1t
setTr wiY
SunFack 1Y
NOITLr wiY
SunFact »11
nlTer WY
¥aTTIEr MY
SuRFaCt r1t
86150 wiY
SuRFaCk #11
SuRFaCk 11
alTer wiy
SUKFACE 11
neTTLY WY
SURFACE »11
[{ AR AT

KANGE (WW) [LIT]
EETV0n DEPTN ('ﬁ?tlS)l
VIME LEFT {SECONDS) «

SINF BF IVCIDENT ansi§ NRTTE" SLEPF

9.0008 SieE AF INCINEVT anGLE
SINE #F L¥CIBFST antiE wntvtgw < Apc
Siuk #F INCIDEVY avgLE 50,4340
Sin® of [SCICEYT avoLE c.e131 WATTEY S epF
SINE 8F INTINESY 4GLE 0. 3644
SINE OF IVCIDENT ANGLE 6.374% BATTE™ SLasF
SINE BF INCICEYT avGLE 0, 4712
138 sl»r P INCLSENT anGLE 0.443¢ FATVE™ S erF
9914,1623 SINF PF TVCIDENT anGLE 0.2127 waTTE® S aPE
0.00Q08 SINE BF INCINEVT AnGLE at. 4902
004,300 SINE AF 14CIDFRT avdLE 4.4558 GarTeY spAee
0.0000 SINE BF INCITECT SWGLE 2t 2448
g.oe0% SINE BF INCIDEVT aNGLE e0.219)
S19z.420 SINE PF INCIDEN® anGLE 9.1203 BaTVE SLAPF
G.0008 € OF [NCIDENT anGLE 90,2097

INTIDEVY anGLE
INCIDEVT ANGLE
INCIRENT ANGLE
INTINENT ANGLE

8 INCI3ENY
SINE AF 1VCI0ENT AnG.E
SINE 8F INTINEVY I\C'!

BATTS® Spanc

SINF PF JSCIOSNT aNILE $aTTes SLheF
[} L] SIVE BF INZIDENT av
8490, 4300 SINB SF 1SCIZENT AnELE UETTEY SLASF
8.0040 SIvE @F INCIJENT ANGLE
!0!0.2‘0? SINE AF INCIOFNY angLE 0,4377 BATTRe SLARE
SInG WF INCINESY ANGLE 50,4274
SUAE oF [YCIDFNY anaLE 0,4000 URTTE™ S o0
KIvk &7 INTIDENY AMGLE a2,3332
SINE AF INCIDENY 4NCLE 8.9173 MRTTE® SLAPE
$1%€ 67 INCICENTY ANGLE ad.ase1
SINE oF JNCIOENY SnGLE 0.4400 PATYEY ¢ BaF
SINE OF TLCIDFAY ANGLE 8.2770 IRTTY" SLapF
SIvE 8F INCIDEYT avGLE af. 3138
SINE OF ICIDENT aneLF 0.2343 WrTYEY S APE
SINE 4F INCIDESY AGGLE 0,2712
SIVE §F LNTITEVT anGLE 20,4293
SINE *F I~CIDENT anaLE 0,308 WNTTEe Sy APE
SIvE @F IMFINENT ANGLE L0.3520
SINE 27 I¥CIDFNT ANGLE . 1N ENTTE" SLeRE
0,0000 RIvE BF INCINENT AMGLE Wb, 80y
9,128 751,010 SINE aF |SCICENT sNGLF p.4%8¢ seTrgv g o

voseeetenassdAY DISTRIBLIION PLATeescossccescncacsces

9793.9084
L1

38
Piwfnun TRAVEL TIME (SFCANDS) o 124.1043
PANINUN YHAYEL TINE (SECONDS] o 130,3377
To WELATIVE TRAVEL TIME,fav[Nidyv TRAVFL TIME,S& WAXINUN TRIyEL TINE
DeRAY DLPTH, JeWATION DESTW,Ss SUATACE
NUNDERS INBICATE RECEIVER DEPTMS

ANGLE (DEGREES)
-3¢8,0000
=2%.0800
=20.9000
-13,4000
-10,00¢00

3,000
0,9060
32,0000

10,0000

12,0000

v, 8000

25,9000

3y,0000

MANVARABRBBRW

t ]

LK)

wesess

ssssecssaae 08568300000aus0s sttt astsntotsssscnenraltossccsonnas

~2.46824-002

~2.4e824-CP2
4,99277472

2,480%8-002
~1.879720-502

=2, 488244002
4,73135-002
*4,42062-002
1.006%1-002
4,74115-007
*8.82042-0"2

1.931%8-001
“1.24371-011

1,52584-00

2.9P040-072

4.74125-002
=7.93343-002

081-0P3

2.37089-022
~$,42042-312
=7.93385-072

-9,34343-CP8
7.90228-C03

3.35893-0%2

4,7432%-0r2
~5,420¢2-0%2

1.008%2.92

merTtiemT anTm

Fig. 22d — The part of the printout of the SERPENT-program ray-trace run giving the ray

statistics at 100 nautical miles from the source
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SAMPLE TEST CASE

TRANSMISSION LOSS RUN

«3048 500 160 1 1 -3030 01 001110130000230 11130

0 011 #3048 2500 2 2 0 2 11 2 2G %25 30 7475 40 9e75 55 12 90 12
Oe %o 50 4o Ta5 562 10 7 15 1048 1Te5 1247 20 1362 ¢5 14 90 14

1 20 1 130 2 -1 100 1 100 1000 20 «5 02

Fig. 23 — Sample-test-case input data cards for the
SERPENT-program transmission-loss run

because it is so small at this frequency. The rays were allowed to experience a maximum
of 100 surface or bottom hits before being terminated. DELMAX, DELMIN, VFAEPS
and DELSINMX were set to values which, in the past, have led to reasonable calculations,

" namely, 1000, 20, 0.5, and 0.02 respectively.

Figures 24a and 24b show sections of the resulting printer output. For this casé we
chose to print out the transmission-loss values. As a result, the program ran slower than
it would have had they not been printed. The initial conditions for angles 12 through
49 and the intensities corresponding to ranges 7 through 127 nautical miles are not shown
in Fig. 24b.

The printout shown in Fig. 24b indicates that when the rays had reached a range of
2 nautical miles, there were 238.5510 seconds left before the program would exceed the
allotted time. It also indicates that there is only one receiver at a depth of 762 meters.

‘A statistical (Type II) intensity calculation was carried out for this receiver, and 61 rays

were included in the statistical computation. The resulting intensity (INT) was approximately
1.07 X 107 ergs/s cm2. This corresponds to a measured sound level (MSL) of —69.6921
dB or a transmission loss (TLOSS) of 69.6921 dB. The corresponding transmission anomaly .
is —2.4586 dB. Similar information is printed for each of the printout ranges.-

The bottom of Fig. 24b indicates that the program (RT 200 alias SERPENT) had
247.8 seconds (TSTART) available for computation when it began execution and had
89.7 seconds left when it finished execution. The elapsed execution time TDEL =
(TSTART — TEND) was 158 seconds.

7. GENERATING RAY DIAGRAMS
7.1 Program Summary

Title of program: RAPLOT

Computer: CDC 3800. Installation: NRL

Operating system: Drum Scope 2.1

Programming Janguage: Fortran 63

High-speed store required: 12,118 (decimal) worda exclusive of system routines.
Number of bits in a word: 48

Is program overlaid? No
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Number of magnetic tapes required: one for the ray-statistics tape plus one if
Gerber plots are requested.

What other peripherals are required: disk (for program storage), card reader,
printer, and Gerber plotter or Calcomp 565 plotter.

Number of cards in program deck: 573
Card punching code: BCD
Nature of Physical Problem
To generate plots of ray depth versus range.
Method of Solution
See Section 3.2 of Volume 1.
Restrictions on Complexity of Problem
The length of the ordinate (depth) axis is fixed at 9 inches.
Typical Running Time

It took approximately 47 seconds to load the RAPLOT object deck from the
disk and execute the sample problem of Section 7.3.

72 Input

7.2.1 Control Cards and Job-Request Forms
for Calcomp Plots

The control cards required for obtaining Calcomp ray plots are shown in Fig. 25.
The format for these cards was discussed earlier.

The job-request form should be filled out ar shown in Fig. 3. In addition the
user should:

1. Indicate that type 00 chart paper will be used and the approximate length of
the plot (30 inches for the sample test case). The number of plots should equal the input
parameter NPLOTS described in Section 7.2.3.

9. Indicate in the second logical-unit-number box that logical unit 1 is an input tape
to be saved. This logical unit corresponds to the ray-statistics tape generated by SERPENT.
Its serial number should be inserted in the appropriate space.

7.2.92 Control Carcs and Job-Request Forms
for Gerber Plots
The control cards required for obtaining Gerber ray plots are shown in Fig. 26.

The job-request form should be filled out as shown in Fig. 3. In addition the
user should:
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1. Perform step 2 of Section 7.2.1.

9. Indicatc in the third logical-unit-number box that logical unit 48 is an input
tape to be saved and specify 3803 as its serial number. This tape contains the Gerber
plotter routines. ‘

3. Indicate in the fourth logical-unit-number box that logical unit 18 is an output
tape to be saved and insert its serial number. This tape will contain the output Gerber
plots for plotting at an off-line facility.

7.2.3 Data Cards

The following numbers are read in by the general-pu-pose input routine, with the
exceptions of the parameters PLTIT, XTIT, and YTIT, which require full 80-column cards.
The numbers should be entered in the following order:

NPLOTS the total number of separate ray‘ plots to be generated. This is the only
number allowed on the first data card.

PLTIT a plot title (the entire second data card). This title will be written on
the top of the ray plot.

XTIT an abscissa-axis title, such as RANGE (NM). This title uses the entire
third data card.
YTIT an ordinate-axis title, such as DEPTH (METERS). This title uses the

entire fourth data card.

XLNGTH length of the abscissa axis in inches. (The length of the ordinate is fixed
at 9 inches.)

XMPIN the number of meters per inch along the abscissz axis.

XUPIN the number of graph units per inch along the abscissa axis. This parameter
sets up the scale for the abscissa axis and allows the user to illustrate
his ray diagrams in whichever units he chooses: nautical miles, kiloyards,
ete.

YMPIN the number of meters per inch along the ordinate axis.

YUPIN the number of graph units per inch along the ordinate axis.

NGRPS the number of ray groups. If NGRPS is 0, all of the rays on the ray
tape will be plotted. :

The following two parameters will be entered for each of the NGRPS ray groups. If
NGRPS is O these parameters are not entered.

INIT the initial ray angle number for the group. The angle numbers referred
to here are the angle numbers printed by SERPENT (Fig. 22b, first
column). If a group has only one ray, INIT should be set to minus
the ray angle number and the parameter FIN omitted.

FIN the final ray angle number for the group.
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The preceding parameters with the exception of NPLOTS, namely PLTIT, XTIT, ..., FIN,
are repeated for each plot to be generated. Thus the user can plot different sets of ray
angles on separate plots. The user should also note that

XLNGTH X XMPIN = total illustrated length of plot in meters,

XLNGTH X XUPIN = total illustrated length of plot in units given in XTIT,
and h

XMPIN/XUPIN = number of meters per graph unit.

For example, if the user desires to generate a plot showing 10 nautical miles per inch and
{ having a total length of 30 inches, he would set XTIT = RANGE (NM), XMPIN = 18520,
; XLNGTH = 30, and XUPIN = 10.

‘7.3 Sample Input and Output

Figure 27 shows the data cards required for generating the printer output shown in
Fig. 28 and the Calcomp plot shown in Fig. 29. In this example we chose to plot all of
the traced rays, rather than select out specific rays, for a distance of 130 nautical
miles. Since the depth axis has a length of 9 inches and the maximum bottom depth in
this example is 6332.6 meters, we set YMPIN to 704 (9 X 704 = 6336). Since all of the
rays were traced, NGRPS was set to 0.

B e e o RN R )

g

Jrrae

1 .
SAMPLE TEST CASEsl3 RAYS FROs =30 TO 30 ULLORECS iN 5 ucoRee STEPS
RANGE (NAUTICAL MILeS)

OEPTH (METERS)

13 1852C 1o 704 704 0

Fig. 27 — Sample-test-case input data cards for the RAPLOT program
for obtaining the Calcomp-plot output

®

GENERATING TRANSMISSION-LOSS PLOTS

8.1 Program Summary

' Title of program: LOSSPLOT

Computer: CDC 3800. Installation: NRL

Operating System: Drum Scope 2.1

§ Programming language: Fortran 63

High-speed store required: 19,543 (decimal) words exclusive of system routines
Number of bits per word: 48

Is program overlaid? No
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gram for the sample test case. Some o1 the
bottom depths are omitted for brevity.
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Number of magnetic tapes required: one for transmission-loss-data input, plus one
if Gerber plots are desired.

Other peripherals used: disk (for program storage), card reader, prmter, and Gerber
plotter or Calcomp 565 plotter.

Number of cards in program deck: 617
Card punching code: BCD
Nature of Physical Problem

To generate plots of transmission-loss versus range. Calculated, experimental, and/or
reference curves may be plotted on the same graph.

Method of Solution
See Section 3.3 of Volume 1.
Restrictions on Complexity of Problem

The maximum height of a graph is 10 inches. A maximum of ten receiver depths
may be shown on a single graph.

Typical Running Time

It took approximately 42 seconds to load LOSSPLOT from the disk and execute
the sample problem of Section 8.3. Plotting took 6 minutes.

82 Input

8.2.1 Control Cards and Job-Request Forms for
Calcomp Plots

The control cards required for nbtaining Calcomp plots are shown in Fig. 30.

The job-request form should be filled out as shown in Fig. 3. In addition, the
user should:

1. In the second logical-unit space, insert the value of the input parameter NINTAP
(described in Sections 6.2.2 and 8.2.3). This logical unit corresponds to the transmission-
loss tape generated by SERPENT. It should be designated as an input tape to be saved.
The EQUIP card on line § of Fig. 30 assumes NINTA? was set to 1. If NINTAP is set
to 0, the user should omit the EQUIP card and the above specification.

2. Indicate that type 00 chart paper will be used for plotting and that only one
plot will be generated. Also indicate the length of the plot in inches. This length depends
on the input parameter NXAXIS described in Section 8.2.3.

8.2.2 Control Cards and Job-Request Forms for
Gerber Plots

The control cards required for obtaining Gerber transmission-loss plots are shown
in Fig. 31.
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The job-request form should be filled out as shown in Fig. 3. In addition, the user

should:

1. Perform step 1 of Section 8.2.1.

2. In the third logical-unit-number space, indicate that logical unit 48 is an input tape
to be saved and that its number is 3803. This tape contains the Gerber plotter routines.

3. 415 the fourth logiéal-unit-number space, indicate that logical unit 18 is an output
tape to be saved and specify its serial number. This tape will contain the output Gerber
plots for plotting at an off-line facility.

8.2.3 Data Cards

The data input should be in the following order:

TITLE1

TITLE2

TITLE3

XTIT

YTIT

a title having up to 80 characters. This title is written on the plot. TITLE1
is punched on the first data card.

another title having up to 80 characters. TITLE2 is punched on the second .

data card. It is written on the plot under TITLEL.
another title having 80 characters. It is punched on the third data card.

a title such as RANGE (NM) for the abscissa axis. XTIT is written on the
plot next to the abscissa axis, and it should be punched on the third data
card.

a title similar to XTIT but for the ordinate axis, such as TRANSMISSION
LOSS (DB).

The following parameters are read by the general-purpose input routine. They should

he separated

SIZE
XTIT1

YTIT1
TITS1
XTIT2
YTIT2
TITS2
XTIT3
YTIT3
TITS3

by at least one blank.
the symbol size in inches for the titles on the abscissa and ordinate axes,
such as 0.14.

the abscissa location of TITLE1 in inches relative to the lower-left-hand
corner of the plot, such as 3.

the relative location of the ordinate of TITLEI, such as 2.
the size in inches of symbols in TITLEL, such as 0.14.

a location similar to XTIT1 but for TITLEZ2, such as 3.

a location similar to YTIT1 but for TITLE2, such as 1.5.
the size in inches of symbols in TITLEZ2, such as 0.14.

a location similar to XTIT1 but for TITLE3, such as 3.

a location similar to YTIT1 but for TITLE3, such as 1.
the size in inches of symbols in TITLES3, such as 0.14.
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RPIL

RPF
RMPU

DBTOP
DBBOT
NXAXIS
NYAXIS

NREF

LINERF

MARKRF

REFSIZ
RCON

REF(I)
DBREF(D)

J.J.CORNYN . :

the range of the beginning of graph in the units shown on the
final plot, such as 0.

the range shown at the end of the plot, such as 130 nautical miles.

the number of meters per graph unit. For example, if the graph shows
nautical miles, 1852 should be used.

the least loss in dB to be shown on the graph, such as 70. This
corresponds to the top of the graph.

the greatest loss in dB to be shown on the graph, such as 130. This
corresponds to the bottom of the graph.

the length of the abscissa axis in inches. This must be an integer, such
as 13.

the length of the ordinate axis in inches. This must be an integer, such

as 10. The maximum length is 10 inches.

a parameter set to 1 if a reference (or experimental) data curve will be
entered for comparison with the predicted values. I£ NREF is set to 0,

no curve will be entered, in which case the parameters LINERF, MARKRF.
REFSIZ, RCON, REF(1), and DBREF(I) and the end-of-data indicator —1
should not be entered.

a parameter set to 1 if lines will be drawn between reference curve
points designated by symbols, set to O if lines will be drawn between
reference curve points but no symbols will 5 used to designate the
points, and set to —1 if only symbols wili be drawn at the reference
points and no lines will be drawn.

symbol reference numbers for reference curve points. These correspond
to standard Calcomp integer codes (Fig. 32). These numbers must lie
between O and 31. If no symbols are used, MARKRF is set to —1.

the symbol size for the reference curve. If REFSIZ is set to -1, no
symbol will be used.

the factor for converting the input ranges REF(I) to nautical miles
(Appendix A).

range of the Ith reference point.

dB loss of the Ith reference poi?t.

LN
REF(I) and DBREF(]) are repeated for each poir,;&of the reference curve. A value —1

for REF(]) indicates the end of the Yeference curve data.

NINTAP

NCURVES

logical-unit number of the input loss tape. Typically NINTAP is set to
1. If only the reference curve is to be plotté_d, however, NINTAP
should be set to 0 and the following parameters should not be entered.

the total number of receiver depths to be plotted on one graph. A
maximum of ten receiver depths may be shown on one graph.

The following parameters should be repeated NCURVES times.
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Fig. 32 — Characters available in the CDC-3800 plotting routines. The
small x is a reference point and is not plotted. Upon completion of the
characters having integer codes 16 through 31 the pen is not at the ref-
erence point
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NRNUM(I) the receiver number associated with the Ith curve. TheSe numbers
correspond the receiver numbers shown in the SERPENT printout.

NTYPE(I) an indicator of the type of transmission loss to be used for the Ith
curve: 1 for random (Type I), 2 for coherent (Type I), and 3 for
statistical (Type 1I).

Next the following two parameters are entered.

TYPSIZ the symbol size in inches for the transmission-loss curves predicted by
SERPENT, such as 0.07.
LTYPE an indicator of the method of connecting points of the predicted curves:

1 for lines between symbols, 0 for lines but no symbols, and —1 for just
symbols and no lines.

8.3 Sample Input and Output

Figure 33 shows the data cards required to generate the printer output of Fig. 34
and the Calcomp plot shown in Fig. 35. The input includes the experimental transmission-
loss measurements. Figure 35 shows a comparison between GRASS's calculated values
and the experimental measurements. The exact location at which the bottom changed
from type 4 to type 5 was not known. It was reported to be at a distance less than
40 nautical miles, but this is only a very rough estimate. We chose to use 20 nautical
miles, because this distance gave better agreement between experimental and calculated
values of transmission loss than 30 or 40 nautical miles. We expect that the relatively
large differences occurring between 40 and 50 nautical miles are due to not knowing the
bottom-loss curves very well.
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SAMPLE TEST CASE= EXPERIMENTAL ANU CALCULATED TRANSMISSION LOSSES
AN X DENOTES AN EXPERIMENTAL VALUE

A SQUARE DENOTES A CALCULATED VALUE

RANGE (NM)

TRANSMISSION LOSS (LB)

014 3 2 ol&4 3 145 o1l4 3 1 elb

0 130 1852 70 130 13

10 1 =) & +07 449374

275 80063 4025 B2e2Y 5¢75 82412 7625 63013 BeT5 80463

10625 Blet88 11675 83037 L3e25% 856 14075 8537 1625 82462

17675 B6e5 2105 B6eT5 238 BueBT 2ueS5 %7475 26 88e25

275 BT 29 86 3045 89e5 32 91el2 3345 8887

33 HBe25 35609 87475 40 B6a62 4105 Ube37 43 9le88

Gred Y0eT5 46 9Lled 479 Y2e2H 502 Y2eY 52 9le7d

53e5 BT062 SBeT9 Y1612 60625 S0 61675 Y2 63025 Y365

68062 BUBeTY T0el2 Y4e38 Tleb2 BBa62 T3e13 Y6 Theb2 Y4el2

T6e25 9537 TTeT5 Y737 19425 97437 H2e25 9937 8B3e75 98437
85025 95412 B64T5 Y6488 88425 28e 8975 97487 91425 GL0l3

94625 Y8 99675 Y6e88 YTel5 9665 Y8eTH Y8413 100625 Y8e5

10179 9945 103025 YBeb2 L0GeTH 9BeAT 106025 9875 10775 98675
109025 96al12 112425 9069 11379 9568/ 115645 95062 11075 68487
118625 91e88 119675 9Teb 12125 93062 122075 92e 124425 9125
125075 9lel2 127¢25 8965 128687 97el2 130637 95e 131687 92487
133e37 98e87 13487 9337 136637 Yhesb 13787 10bel2 139437 108487
140687 111612 142437 113412 143687 112462 146« 114437 149¢ 110475
15005 11065 1520 109062.15365 112425 155 1115 15665 112412
158¢ 111075 15945 1115 161 11037 16325 1075 164475 105675
16625 101e87 167675 9975 169025 Y6012 172425 9837 17375 96
17925 93013 176675 936429 178425 Y3e9 162450 Y512 184 96612
187 93425 1bbeb 9ZeD 1Y0 Y2462 19Yled Y4el2 193 97.87

194¢5 9345 196 Y512 197e% 9Va38 201 Y5613 2025 93013

204 9BeH 217612 10Bab 218662 102462 220012 102462 221662 101462
223012 102645 224462 98e37 226812 Y648 227062 95487 229412 9545
230662 9537 23345 Y4eb 23665 9665 238Be Y5¢7TH 23945 Y7462

261 97662 24265 9Ue62 244 96062 24505 9475 247 9645

24805 9Be5 251¢75 1lUO12 253425 96al2 254 lb 94487 256425 97
257679 Y062 299425 YTaT5 260675 102625 262425 10%a37

-1

1113 «07 =}

Fig. 33 — Sample-test-case input data cards for the LOSSPLOT program, including
experimental measurements of the transmission loss
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Fig. 34 — Printer output from the LOSSPLOT
program for the sample test case
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Fig. 85 — Calcomp plot from the LOSSPLOT program comparing the experimental and calculated
transmission-loss values for the sample test case
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Appendix A
UNITS AND CONVERSION FACTORS
Most of the GRASS programs perform their calculations using metric units. The

aser may, however, enter his input data in other units by supplying, in addition to
the data, the conversion factors required to transform them to the units used by the

program.
The following table contains the most commonly used conversion factors:
Input Conversion. Factors to Program Units
Units Meters Nautical Miles ]
1 meter 1 0.53996 X 10—3 ]
1 kilometer 1000 0.53996
1 foot 0.3048 - 1.6458 X 1074
| 1 kilofoot 304.8 0.16458
| 1 nautical mile 1852 1
1 fathom | 1.8288 9.8747 X 10™4
x 1 yard 0.9144 0.49374 X 103
f 1 kiloyard 914.4 0.49374

Note: This aspendix was adapted in part from D. Halliday and R. Resnick, Physics for

Students of Engineering and Science, Part 11, Wiley, New York, second edition, 1962,
Appendix H, p. 14. .
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