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HORIZONTAL-GRADIENT ACOUSTICAL RAY-TRACE PROGRAM TRIMAIN

INTRODUCTION

The growth in computer capability over the last 16 years coupled with interest in
underwater acoustics has prompted the creation of several computer programs for acous-
tical ray tracing. For short-range calculation, for which the sound-speed profile can be con-
sidered to be the same throughout the given domain and the bottom topography can be
considered flat, computation time is conserved by using a single profile program which
takes advantage of the periodic form of the ray trajectories, such as the program RTRACE
[1]. For long-range acoustical ray tracing, for which the bottom profile as well as the hori-
zontal velocity structure is quite varied, a more general program [2-4] is required. One
example of this is the program TRIMAIN, the principal features of which are as follows:
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®  Acoustic velocity gradients in the sound speed field are accounted for by reading
in sound-speed profiles as a function of range and depth. Sound-speed profiles
may be introduced at any point in range, and there is no limit to the number
which may be used, although each new profile slows the program. A maximum
of 50 input and intemally generated points are allowed per profile. The sound-
speed profiles are assumed to be piecewise linear functions of depth and range.
An excellent source of sound-speed-profile data is the NODC tapes [5].

T,

& A variable bottom may be read in as a piecewise linear function of depth, with
a maximum of 250 pcints as the end points of the linear pieces.

¢  The range-and-depti; plane is divided into triangular regions whose vertexes are all
initially at ranges equal to the ranges of the endpoints of the linear bottom segments.

The rays are assumed to be parabolic in each triangle, and it is their intersections
with the triangle boundaries that are calculated.

T M: TR eobi T e NS ! “
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Al %i’ e  All the rays are advanced at one time to a given range, rather than tracing one
5 ray at a time all the way to the end of the track.
£ ®  Four types of intensity calculation are available: type I random phase summa-
:" tion, type I coherent phase summation, type II (average over depth), and type
III (average over convergence zone). Unmodified ray theory is used throughout.
f (Caustics will be discussed later.)
;

[ The volume attenuation in the medium is assumed to follow a modified Marsh-
Schulkin formula.
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®  Bottom-loss values (in dB), may be entered as a function of grazing angle, one
value per degree, or the Marine Geophysical Survey (MGS) bottom-loss values may
be used by specifying the class and the range to which that value is to be used.
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® A bottom-phase-shift table may be entered for coherent phase calculation if
known; it is read in as a value in radians, one value per degree.
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Note: Manuscript sabmitted September 17, 1974.
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®  The sea surface is represented as a flat, specularly reflecting boundary with a
constant user-specified reflection coefficient and a constant phase shift of 180°.

® A source beam pattern may be read in at 1-degree intervals.
Several output options are available:

A printplot of intensity vs range,

A printout of intensity vs range values,

A printplot of the ray trajectories vs range,

A Calcomp plot of ray trajectories vs range,

Ray depth distribution at specified ranges,

A Calcomp plot of the input sound-speed profiles,

A printplot of the input, or of the input and interpolated, sound-speed profiles,
An eigenray printout if intensity calculations are performed,

Punched cards for intensity values or eigenrays.

Up to ten output control cards may be specified.

The calculated results from TRIMAIN have been compared with experimental results,
(Appendix B), and good agreement exists between the two.

The time required to run the program depends on a number of factors, such as the
number of rays, the number of range increments, and the output requested. A sample
case using 81 rays, 200 range increments, one receiver, and two profiles took 7 minutes
and 48 seconds.

The core requirement for the program and system routines is 43,503 decimal loca-
tions. Also, some sort of deferred printout equipment is required, such as a drum, or the
data may be written on tapes and the tapes printed.

The original development [6] of this computer code was due to Mr. Edward L.
Wright, who is now at Harvard Observaiory, Cambridge, Massachusetts. The author has
added a number of features which were not in the original program and has revised cer-
tain sections. The funciton of each subroutine will be outlined in this report for the con-
venience of those individuals who might be interested in modifying the program.

BASIC EQUATIONS

The basic differential equations which are solved in TRIMAIN for ray position and
time are:

1
n(7) = c(—.r.) (1)
(d/ds)T = n(7) , (2)
(d/ds) [n(T)(d/ds)F] = Vn(T). (3)

Eq. (1) states that the index of refraction as a function of range is equal to the reciprocal

of the sound speed as a function of range. Eq. (2) is the equation for the ray time, where
T is time and ds is arc length. Eq. (3) is the Lagrangian equation, where ¥ is the Lagran-

gian; it gives the ray path and accounts for the refraction.

2
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We will now devclop an equation for velocity fit. 1f we have the triangle

r
2 ' 3

g

1

where depth is in the 2 = 1 or z direction and range is in the 2 -~ 3 or r direction, then
the following equations hold:

53 = Glry =) Gty - 2y, 4)
‘% “
i_'—l = G,(rg ""1) & Gz(zz _zl)v (5)
G 4
L-L4Gr-r)+6,c-2), (6)
2 &

where G, is the gradient in the r direction and G, is the gradient in the z direction. Eg.

(6) gives the reciprocal of the sound speed squared at a range r and depth z in the tri-

angle. We will specialize to the case r, = r,, because we will always be getting vertical
profiles.

TRIMAIN INPUT

Following will be a list describing the data deck of the prograi: TRIMAIN, and for
llustration the sample data deck shown in Fig. 1 will be referred to. The Roman num-
bers itemizing the list are the card group numbers at the right in Fig. 1.

I.  Title (columns 1-80). In the restarting case, the word RESTART is placed in
columns 1-7. If a dump is desired if program runs out of time again, DUMP
is placed in columns 9-12,

II. Source Parameters

Variable Columns Remarks or Meaning
Source depth 1.8 In meters. (In Fig. 1 the source depth
is 500 meters.)
Frequency 9-13 In kilohertz (0.05 kHz in Fig. 1)
3
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_ Variable Columns

Attenuation switch

Source level

Beam pattern switch

(to be referred to later

as ITBP)

Down tilt

Surface loss

Bottom-loss switch
Bottom-phase switch (ISCP)

Curved earth (receiver)

Curved bottom points

Plot (Calcomp) profiles

Printplot profiles

Calcomp plot profiles in
kilometers or nautical miles

Plot length

14

1519

20

21.25

26-30
31

32

33

34

35

36

37

38-45

bl Lt ani VUi ek T L At e A Ll o Sl

—

Remarks or Meaning

0 (as in Fig. 1) means no volume attenu-
ation; nonzero means « = 0.0003025/2
+ 44f2/(4100 + f2) dB/km, where [ is
the frequency in kilohertz.

Level in decibels (0.0 in Fig. 1)

0 (as in Fig. 1) means no beam pattern;
nonzero means the beam pattern will be
read in later.

Tilt of the beam-pattern axis in degrees
(0.0 in Fig. 1).

Surface loss in decibels (0.0 in Fig. 1).

1 means an infinite bottom loss, so that
no table will be read in; 0 (as in Fig. 1)
means a loss table will be read in later.

1 means a bottom-phase-shift table will
be read in; 0 (as in Fig. 1) means no
table will be read in.

1 (as in Fig. 1) means a curved earth
correction for the receiver; 0 means no
curve,

1 (as in Fig. 1) means a curved earth cor-
rection for the bottom; 0 means no curve.

2 means input and interpolated profiles
are plotted; 1 (as in Fig. 1) means only
input profiles are plotted; 0 means no
plot.

1 means printplot-input profiles; 0 means i
no plot; 2 (as in Fig. 1) means printplot- *
input and interpolated profiles.

1 means plot nm; 0 (as in Fig. 1) means
km.

Calcomp plot length in inches (24.0
inches in Fig. 1).

e AN
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Variable Columus Remarks or Meaning
Bottom-reflection 46-50 Maximum number of bottom hits al-

termination (NBRS)

Surface-refle-tion 51-55
termination (NSRS)

Loss termination (ALIM) 56-65

Multiple replacement option 66
IA

Multiple replacement option 67
IB

lowed before a ray is terminated; if
blank (as in Fig. 1) or 0, 2600 will be
used.

Maximum number of surface hits allowed
before a ray is terminated; if blank (as
in Fig. 1) or 0, 25600 will be used.

Maximum loss allowed before a ray is
terminated; the input value is a positive
number in dB, such as 200.0; if blank

(as in Fig. 1) or 0, a value of 300.0

will be used. .

If 1A is blank (as in Fig. 1) or 0 and
ITBP = 0, angle cards are read from the
card reader; if IA is blank or 0 and
ITBP = 1, angle fan cards and beam-
pattem cards are read from the card
reader. If JA =1 and ITBP = 0, the
last set of fan cards for which multiple
replacement option LA (in column 71)
is 1 will be used, and if ITBP =1 a
new beam patterm will then be read in.
If 1A = 2, which requires that ITBP =
1, the old beam pattern will be used and
a new set of angles will be read. If IA
= 3, the old angle set and beam-pattern
set is used.

If IB is blank or 0, bottom-loss cards
are read from the card readei, and if
ISCP = 1, phase-shift cards are read.
Bottom classes 0 through 5 are assumed
to have a zero phase shift, so phase-shift
cards are not read for these classes. If
IB = 1, the old bottom-loss set is used,
and a new boitom-phase-shift set is read
in if ISCP = 1. If IB = 2, a new bottom-
loss set will be read in, and it ISCP = 1,
the old bottom-phase-shift set will be
used. If IB = 3 and ISCP = 1, the old
bottom-phase-shift and bottom loss will
be used.
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Variable Columns Remarks or Meaning
: Multiple replacement option 68 If IP is blank or O, a new set of output
: IP control cards will be read in; if IP = 1,

the old set will be used.

é Multiple replacement option 69 If ID is blank or O, a new bottom track
! ID will be read, if ID = 1, the old bottom
track will be used.

Multiple replacement option 70 If IS is blank or O, a new set of sound-
IS speed profiles will be read; if IS = 1,
the old set will be read.

Multiple replacement option 71 If LA = 1, the current deck will be
LA used later; if LA is blank or 0, no por-
tion of this deck will be used later.
Thus in the following pages the discus-
sion of the various input sections are
g subject to the provisions of this section.

Restart Option 73-76 If restart capabilitv is desired, the word i
DUMP is placed in columns 73-76.

III. Ray Initialization Cards

A. Fan Cards
1
Variable Columns Remarks
. i
Up-angle limit 1-10  In degrees; the sign convention is + for |

up and - for down. (In Fig. 1 there
are three fan cards, each on a separate
line; the three up-angle limits are 15°
down, 15° up, and 75° up.)

Down-angle limit (DAL) 11-20 DAL = -DAL for input. (In Fig. 1 the
three down-angle limits that pair with
the up-angle limits are 75° down, 15°
down, and 15° up.)

Angular step 21-30 The step input is always positive. (In
Fig. 1 the step is 1° from 75° down to
15° down, %° from 15° down to 15°
up, and 1° from 15° up to 756° up.)

H
;
3
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Variable Columns. emarks

Continuation Switch 31-35 0 means this is the last fan card;
1 means more cards follow.

Source Level 36-40 Decibels added for this fan to the
source level in columns 15-19 on card
II. This is left blank (as in Fig. 1) if
no additionul Leam pattern on the
transmitter is desired.

Phase 41-45 Phase in radians for this fan.

B. Beam Pattern Cards

If the beam pattern switch on card II (column 20) was nonzero, the beam
pattern is read in, 20 values to a card, which is four columns per value,

in decibels below the axial value. The first value is on axis, the next 1°
off, etc. A blank or zero after the axial value ends the readin; the last
nonzero value is extended to all higher angles.

Bottom-Loss Cards

Cards are read with a variable (referred to as RUNTIL) in columns 1-8 in kil-
ometers (in an F38.4 format)

and IClass in columns 9-10 (I2 format). RUNTIL is the last range for IClass.
(In the Fig. 1 example 457.0 6 means class 6 until 4567 km (assuming another
RUNTIL after this which is 0.0). The last RUNTIL must be negative or zero.
The associated class will be used for the rest of the run. The possible values
for IClass are 0-9:

0 zero bottom loss
1-5 MGS bhottom class loss curves
6-9 user supplied tables,

The first time an IClass of 6 (as in Fig. 1), 7, 8, or 9 is read, a bottom-loss table
is read, one value per degree, in decibels, 20 per card (in a 20F4.2 format) until
a blank appears. (In Fig. 1 the table with an IClass of 6 is

1. 2.3.4.5.6.7. 8. 9. 10. blank
[ |
(zero grazing angle) (9 degrees)

When an IClass of 6, 7, 8, or 9 is read in after the first time, the table does not
need to be read in again. In reading in a table the last nonzero value is extended

ot A o e K AR
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to all higher angles. If ISCP # 0 on card I, a phase-shift table will be read
after each loss table (classes 6-9; classes 0-5 have zero phase shift). The phase-
shift table is read in, 20 values per card, 1° per value. The phase shifts are in

3

W

'l nal

3
J,
K

be calculated, whether a ray plot or ray tape will be made, whether ray depth
distributions will be printed, -t..

radians. A zero value terminates read in; the last two nonzero values are used

4 to extrapolate the phase shift to zero. (In Fig. 1 no phase-shift table was %

; read in. The bottom-loss tables in Fig. 1 establish the following: :%

% Grazing Angle Loss Until 457 km Loss After 457 km %

b (degrees) (dB) (dB) |

;}‘ v 0 4 3

. 1 1 5 4

5 2 2 6

3 3 7 u

{ 4 4 8 3

¥ 5 5 9

: 6 6 10 3

¥ 7 7 11 %

b 8 8 12 ]

8 9 9 13 8

5 x 10 10 14 5
b - ? 11 10 14
g 12 10 14 ,;

5

90 5

V. Output Control Cards ?g

E N : Output control cards specify the range and depths at which intensities are to {é

SR

Variable Columns Remarks

R1 1-6 First range in kilometers. ;%

', DR 712 Range step in kilometers. If DR 2

f is negative, the range spacing will be 5

; logarithmic, with constant factor i

f' f=1+abs(DR)/Ri. i?%
K =

i R2 13-18 Last range in kilometers. (In Fig. 1 fﬁ;

the ranges specified are 100, 200, .., 4

It 1000 kilometers on the first group V %

card, 5, 10, 15, ..., 1000 kilometers ]

on the second card, 1, 2, ..., 100 é:;

i

o

9 i
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Variable

IC

ISCP

IT1

IT2
IT3

IPER
LLMR

" JVSR

IRD

IRP

IRT

B. G. ROBERTS

Columns

19-20

21

22

23

24

26

26

27

28

29
30

P v > YN ey AP PP RTINS R TI. Hes o

Remarks

kilometers on the third card, and 0, 1,
2, ..., 1000 kilometers on the fourth
card.)

Continuation switch. 0 means this is
the last output control card; (as on
the last OCC in Fig. 1) otherwise
more will be read in.

Switch for type I coherent ph:e; 1
means on, and 0 means off.

Switch for type I random phase; 1
means on, and 0 means off. MUST =
1 when ISCP = 1.

Switch for type II; 1 means on, and
0 means off.

Switch for type III; 1 means on, and
0 means off.

Switch for type I eigenrays; 1 means
on, and 0 means off.

1 means Lloyd’s mirror effect is
included.

0 means no intensity-vs-range plot for
this output control card; 1 means a
plot of type I vs range; 2 means a
plot of type II vs range; 3 means a
plot of type III vs range; 4 means
coherent phase vs range. Only one
intensity-vs-range plot can be made.

Switch for ray depth distribution (1
means on, as on the first group V
card in Fig. 1), and 0 means off.

Switch for ray plot.

Switch for ray tape for Calcomp plot.

If any of the switches in columns 21-25 are on, receiver depths are needed. The
first six, in meters, are on the output control card itself, as follows:

10
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|
Variable Columns %
RCD(1) 33-40 3
RCD(2) 41-48 {
RCD(3) 49-56 ]
RCD(4) 37-64
RCD(5) 65-72
RCD(6) 73-80

% AP B el S .

If there are more than six, the next ten depths follow the output control card
on one card, and then, if needed, the 17th through 26th on another card.
Twenty-six is the maximum available. Receiver depths are read until a zero or
blank is found. (In Fig. 1 five receiver depths are specified on each of the
first three cards: 50, 150, 250, 350, and 450 meters.) If none of the switches i
21-25 are on, then no intensities will be calculated, so no receiver depths are

necessary. These and some earlier spiuces are then used for the ray plot, as

follows:

Variable Columns Remarks |
DR 7-12 Becomes the spacing in kilometers
between lines in the ray plot.
R2 13-18 Becomes the end of the ray plot.
RCD(1) 33-40 Becomes the number of rays to be

plotted, 1 < N < 25. This must ne
punched with a decimal point. (On
the tourth group V cerd in Fig. 1,

25 rays are specified to be plotted.)

RCD(2) 41-48 Becomes the maximum depth for
the ray plot, in meters.

All these variables will be set to default values if not specified because of
intensities. The defaults are: 1 kilometer spacing, 15 rays plotted, and the
maximum bottom depth. Even if DR and R2 are set, the defaults for number
of rays and (as in Fig. 1) maximum depth may be used if the columns are left
blank.

A. Ranges and Depths
There are 10 values to a card, with range and deptns in pairs with

respective units in kilometers and meters. The first range must be zero.
A later blank or zero or negative value terminates the input. As many ]

11

wik



e S

VP ey st

B. G. ROBERTS

*

cards as necessary, up to 50 cards for 260 ranges, will be read. Thus R; is in
columns 1-8 of card 1, Dy is in columns 9-16 of card 1, R, is in columns 17-24,
Ds is in columns 25-32, etc. The format for range and depth is 10F8.4.

VII. Sound-Speed Profiles
A. Range and Title

On the first card for each velocity profile, 0 is placed in column 1 if the
curved-earth correction is desired. The range to the profile in kilometers is
in columns 2-8. The title is in columns 9-80.

B. Depth and Velocity

There are 10 values per card after the range-and-title card. The first value
on the card is the depth in meters for this profile. The second value is the
sound speed in meters/per second, at the first depth. As many sound speeds
as depths are read in. A blank or negative value terminates input. The
format for all cards is 10F8.4. (The number of input and internally gen-
erated points in a sound-speed profile cannot exceed 50; the number of
internally generated points can be reduced by reading in profiles with
common depths.)

VIII. Program Termina:ion

An end-of-file card terminates each data set or case. If multiple cases are desired,
the program will go back to the first card, after the end-of-file card. To
terminate the run two end-of-file cards should be placed after the last case.

CONTROL CARDS FOR TRIMAIN

There are several equip cards, which have different functions (Fig. 2). Some of the
cards are used for delayed printout, and some are used to punch cards. When using the
program, one should change his job card to the form 7, JOB (30), charge, ID, time,
rather than the usual form 74 JOB, charge, ID, time. 'Phe change from JOB to JOB (30)
allows 30 additional logical units; without this change the program will abort.

If the output is not desired from a certain unit, it may be omitted by using the BY
statement. Thus if one wanted to omit the output from logical unit 35, then one should
have 79 EQUIP, 35=BY, where BY means bypass. The PR designation on an equip card
means that unit will be printed. A PU designation means that logical unit will punch
cards. The function for each card is as follows:

79 DEMAND, 50000B - This card is required for the restart option.

79 EQUIP, 3=PL - This card forces plotting of profiles ./ the program aborts,
if the plot is requested.

12

n0 s




NRL REPORT 7827

: 4 PRINTING 06706773 AT 4132946 N LPOO
S e S a GnE | vay. DEMAND 1S 540008 CVERSION 006  11/24/72
SEQUENCE hL“éER 606660 STARTED AT TIME 132724 DATED 06/06/73
JBB(30),819016¢4,0148GR,10
DEMAND.SQCUNE
COMMENT,TE1S JEBR PROUUCES LELAYED PRINTAUTS
EQUIP, 13T, W], w0, (TEST CASE,1,1,999) DA
EQUIP, 2P
EQUIP,1%52¥ 1 ,LE,(TEST,1,1,999),CA
EQUIP,163M1,L8,00,DA
EQUIP,203¥1,k1,RQ, (TRIFAIN,C1,01,999)
EQUIP,35=EY
EQUIP,3813EY
EQuliP,37s3FR
EQUIP, 38s3FK
EQUIF, $93FR
% EGUIP,413FR
" EQUIP,423FR
f EQUIP,453EY
f EQUIP,463EY
EAVIP,473EY
EQUIP,4R3EY
EQUIP,492EY
8. ¢oeB|NARY [F(Koos
BANK, (0), LUMrP
84N, 20
RUN,10,10C0N

e e o ai R 7
5 : 5 P e

gy
SRS

3

ey g 33
e ae e
?

g
TN e

I

a4 7m
3

G

Fig. 2 — Example of control cards; this is the front page from the sample run

, 79 EQUIP, 35=BY(PU) - This will punch the bottom track and receiver depths if set
4 equal to PU. Format 10F8.3.

]

79 EQUIP, 36=BY(PU)

This will punch intensity values in 16F5.1 format, for each
range point. Eacb type of intensity will be punched for each ’
receiver.

79 EQUIP, 37=PR This produces a ray depth distribution if requested.

’
.
s i i R N A

t 79 EQUIP, 38=PR - This produces a printplot of intensity vs range if requested on
an output control card.
79 EQUIP, 39=PR - This prints the intensity values for the types specified. 3
? 79 EQUIP, 41=PR - This prints the Type I eigenrays when they are requested.
79 EQUIP, 42=PR - This produces the printplot of the ray trajectories when
requested.

79 EQUIP, 45=BY(PU) - If this is set equal to PU, it will punch type I coherent
intensity values for the contouring program. If should be set
up for 19 receivers.

13
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79 EQUIP, 46=BY(PU) - If this is set equal to PU, it will punch type I random intensity
values for the contouring program. It should be set up for
19 receivers.

79 EQUIP, 47=BY(PU) - If this is set equal to PU, it will punch type II intensity values
for the contouring program. It should be set up for 19 receivers.

79 EQUIP, 48=BY(PU) - If this is set equal to PU, it will punch type Il intensity values
for the contouring program. It should be set up for 19 receivers.

79 EQUIP, 49=BY(PU) - This punches type | eigenrays; it punches everything that is
printed in the eigenray printout.

'3 EQUIP, 1=MT HIL,WQ,** DA--OUTPUT TAPE FOR CALCOMP PLOT OF RAY PATHS

The equip cards may be left in the deck if a certain option is not desired; there will
be no output from that unit unless a write operation is performed in the program.

SUBROUTINES

The main, or rxecutive, program TRIMAIN is used chiefly for selecting options and
calling the proper +ubroutine to compute the desired quantities. The subroutines are
shown in Fig. 3. and these will be discussed on the succeeding pages. All of the output con-
trol cards (group V). title cards (group I), and source depths, frequency, etc. (group II)
are read in by the main program. A listing of TRIMAIN and the subroutines is found
in Appendix A. A comparison of calculated and experimental values is found in Appendix
B.

Subroutine INITRAYS

The subroutine INITRAYS (whose cards are identified in the right margin in Appendix
A by INIT 1, INIT 2, ..., INIT 81) reads in the angle cards and the heam-pattern cards
and sets up the initial values of each ray’s tangent of the angle, depth, phase, and signal
level. (card group numbers will be listed in the section). Information from card group I1
from the main program is passed in the common block /PATTERN/ (INIT 3, Appendix A),
which contains the source depth, beam-pattern switch, degrees of down tilt, and source
level (in decibels). INITRAYS then reads in card group 1II, comprising the fan cards and
the beam pattern cards. Rays are started from the lowest angle of each fan to the top.
If the 1w angle of a fan equals the highest angle of the previous fan, a continuous ray
group results. Otherwise a buffer ray with zero signal strength separates the fans, and type
I intensity calculations will not interpolate over the gap.

Subroutine BRLTRD

The subroutine BRLTRD reads in the bottom-loss cards (group 1V) and sets up the
first loss table. On entry, dummy parameter RB is equated to ISCP (card group II), is

14
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C2TIONS

g

Plots the Lines
AYP
TRIMAIN RO of the Printer Plot

(Executive Progrom)

: Ray Depth
: RANERIS Distribution

& Determines Reads the
e Pockmg LWOROSIZE | [ miTRavs | SRR 0 —— P
of the Ray Infensity Values

History
Reads the
I BRLTRD
: Bottom-Loss Cards IVSRP Piot Intensity
LOT

Versus Range

d Reads the Bottom-
NEWPROF | Bathometry and - Writes
Sound-Speed Profiles RAYTAPE Ray Tape

Sets Up Tn- - Calculates
g, @NECT angular Regions INTENSTY Intensity

; ]
Advances the Rays Calcomp of
‘-ADVANCE to ¢ New Position PROFPLOT Input Profiles

VELCALC | Computes the Profile Calcomp of Input and
of an Arbitrary Range PROFPLIT | |nterpolated Profiles

Computes Turnover and
CHANNEL Turnunder Depths RECCVERY | Restart Optwon

BYEBYE Replaces Stop Statement

(SYSTEM ROUTINES)

Fig. 3 — Function of each subroutine of the program TRIMAIN

T

either 1.0 or 0., and determines whether phase-shift tables will be read. On exit, RB is
set to the range in kilometers until which the first loss table is to be used. The term
ENTRY NWBRLT (as in BLRD 146) resets the loss table and RB. TRIMAIN will call

f. NWBRLT whenever the rays pass RB. For example, if there are two loss tables, one for
0 to 100 km and the second for 100 km to the end of the run, BRLTRD will read in
both tables, set BRLT and BPST in the common block /MIRRORS/ (BLRD 3, Appendix
A) and set RB to 100. Later a call to NWBRLT sets BRLT and BPST to the second
table of values, and RB to 1.E30 (i.e.,, 1030 km > end of run). Subroutine BRLTRD
includes the Marine Geophysical Survey (MGS) classes 0 through 5, plus user classes 6

15
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through 9 stored in array BR, or user loss and phase classes 6 and 7, stored in arrays BR
and BP. If a class 0 through 5 is specified, bottom phase classes do not have to be read
in. A maximum of four user classes are available without phase shifts, and two classes
are available with phase shifts. If classes 0 through 5 are used, a maximum of 50 cards
is allowed.

Subroutine NEWPROF

Subroutine NEWPROF reads the bottom ranges, bottom depths (group VI), and the
first two sound-speed profiles (group VII) on the first call. It then interpolates a profile
for the first bottom point. Succeeding calls generate a new interpolated profile for each
bottom point, unless this would pass the last read-in profile. In that case, a bottom point
is interpolated to the profile range, and the profile is returned. A new profile is then read
in. Thus the basic action of NEWPROF is to move R2 (range to the current profile), N2
(number of points in the current profile), Z2 (depth array), and V2 (sound-speed array)
to R1 (range to the previous profile), N1 (number of points in the previous profile), Z1
(depth urray for the previous profile), and V1 (sound-speed array for the previous profile)
and set new values for R2, N2, Z2, and V2. It returns the maximum bottom depth in
ZMAX. The printed output of NEWPROF is illustrated in Figs. 4a and 4b.

16
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INPUT PROFILE 8T maNGE 0,000 A= PLOGY PROFILE 41 RanCE 9,0 KW,
SEPTR (91 vELBC[TYIOMQ 1470 148 1490 1900 1910 192¢ 19% T 1399 1940 1370

€.0086 1932,0000 v
20,0006 1532,0000 v
50.9000 1549,2000 v
100.0606 3329,0400 v
190,0006 3937,0400 v
200,008 1916,0000 v
300,00665 3919,0000 v
400.00C0 1921,0000 v
600.90¢CC 19067,0000 v
8,0.00¢0 1903,0000 v

1000 00€C 1497,0900 v

1799.90¢0 1501,00500 v

1509.00C0 1909,0000 v

1790.002¢ 1519,0480 v

2000,08C 1910,9000 v

3600.00¢0 3939,000, v
4000.90C0 1953,0000

%“ INPUT PROPLE AT RANGE 107,600 X» SECOND PROZILE aY PaneR (07,0 W,

06PTM (b)) vELOC|TYIEND 1470 1480 1499 1908 1548 is%e 1939 {160 19% 1900 m

1927,0000
¢ 1937,0000
1927,0000

1913,0000 v
3911,99000

Elichis oot s
v

08ed 1901,
1500.00C6 3909,0000 v
v 1730.00¢0 1%19%,0008 s
i 2000,9060 19168,0000 ]
1 3000.08%0 1949,0000 v
4000.0080 1933,0000

INTERPE ATED PPAF]LE 4° ManO§ ']

i g

oEPTM (P} vELOCITYIGND 1470 1480 1490 1540 1510 i 1990 1940 15% 1960 197

0,0000 1341,0000 .
20.,90€0 1932,0060 .
90.00¢2 1%9d¢,0120 .
~ 100.00¢0 3%49.03239 .
3 190.2010 1%917,0997 .
200.9833 191n,087 .
380.0074
400.9033¢
91,9000

INTERPR aTRN PRATI L At ManGE 17000 »

Ghisce, S ot

4 EPTH (w) vELICTYIONG 1690 148g L] 1500 1510 1520 19% (3 L1 19% 1966 197

0.008¢ 1339,040) .
29,0000 1931,9401 »
90,0006 139¢0,0284 .
100.00C0 1%29,0430 .

1900010 1917,00%? .
200,008 1916,007¢ .
00,0078 3%39,0712 (]
400.71260 1911,°9¢9 .
430,003 31%¢7,1410 .

900.9%¢¢ 190Y,.108) ]

L000,00C0 1097,247) ]

INTERPO ATR" PROFILE a4t PanGE 29300 n

aay

Fig. 4a — Output of NEWPROF. The first two input profiles are
. those of the sample case given in Fig. 1.
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100

12%0.1330
1990.1/40
17%0.2400

i

1
2000.9120 1910,470%
2900.903¢0 1947.000¢

INTERPOLATRD GROTILE 4 RaNGE

pErtn (v)

0.0800 1928,8010
20,00¢6 1939,3%01
90.06C2 1937,992Y

100.08080 1930,02)3

190.9
200,40

0 1517, 999
1 1916.007%

308.0872 1933,0712
400,028 1911,0049

608.0200 1907,16
€20,0984 1903,18
1000.07¢9 3497,3

1299.1220 1%01,29489
1950.1760 1909,3993
L190.2409 1919, 0403
«000.3439 31910,4703
3008.7340 1939,7228
4000.0000 1933,0923

INTERPOLATED PROFILE At AaniE

0EPTH (9)

0.00¢8
206.00¢0
99,0082
100,000
19¢.001¢
200,600
o0

1800.0703
1290.12:8
1990.17¢¢
1790.20¢3
2080, 3139
3000,7809
4001,29%0
4290,0000

INTERPOLATES PROFILE a4t RansE

DEPTH (»)

0.90¢0
20.00¢0
30.00¢2
100,0088
130,0010
200,000
300,003
400,012¢
40¢,0203
000.09¢2
1000.0/09
1290.127¢
1%00,17¢0
1790,2483
2000, 1)
2100.00¢00

INTERPOLATED PROFILE 2T RaNGE

oEPTH (»)

0,00t0
20,0000
1]

00
10,0000
190,001

-
-

1000.0709
12%0.12i0
1%00.17¢¢
17%0.2403
2000.312¢
2100.0000

veLeCLITr1e4A]

1919,9193
1910.1477
1359,1348
1506,901)
1904,9500
1504,8033
1904,0436
1901,2448
1902,2:93
1%01.2200
1498,0092
1502,0048
1909, 1993
1519,0438
1910,0093
1908,139%
19%4,3077
1997,9933

vELOC[Tvi44)

1090,5430
1409,8004
1400,6764
10:0.2020

v
1900,7000
1964,7002
1900,3%93
1914,547¢
1310,3e9;
1%31.003¢

vELOC]TY1480

1684,9400
1609, 409
140%,4927
14846,947

0 1487,302¢

1480,5203
1460 ,8024
1491,702%
14v5,0713
1496,3003
1501,0078
1909.1579
1909.3%%3
1934,4%0)
1910,4424
1921,1009

Fig. 4b — Additional portion of the output of NEWPROF shown in Fig. 4a
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Subroutine CONNECT

Subroutine CONNECT uses R1, N1, Z1, V1, R2, N2, Z2, and V2 from NEWPROF
and connects the points into triangular (A) regions. The coefficients of the triangles go
into the common block /TRIANG/ (CONN 3, Appendix A). The variables in TRIANG
are the following:

AP, BP coefficients of the A boundary in the prime frame, which is
centered at RZERO and ZZERO and rotated by an angle 9,

AL, BL coefficients of the lower A boundary in the ocean frame.

ZZERO, RZERO ocean frame coordinates of the center of the prime frame.

: AA, BB coefficients of 1/c2 in the prime frame, i.e., 1/c2 = AA + BBz’
i SST, CCT sin and cos of 6, the angle between the ocean and the prime
{ frames.
. 1 4
% In the Visting of the subroutine, the following conditions are true:
i' | )
{ g AL + BL*R = equation for boundary of triangle,
; 1
AA + BZ*Z + BR*R =—.
c2
4 A typical network of triangular regions is illustrated in Fig. 5.

R o

Hll

|
I

Fig. 5 — Typical network of triangular regions
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Subroutine WORDSIZE

Subroutine WORDSIZE calculates some machine-dependent quantities. Four numbers
are packed into array NCOUNT by using ITN, which is ITN = 4/1/4 JBIG., where JBIG
is the largest integer, which will fit into one computer word. The four numbers in each
location in NCOUNT are: number of turnovers for this ray, number of bottom reflections,
number of turnunders, and number of surface reflections. ENTRY RAYTAPE writes one
record on the ray tape. The first record will contain the title card. Each record contains:

NRAY (number of ray),
Range (meters),

Bottom depth (meters),
Tan v (up is positive)
Ray depth (meters),

Signal strength (multi- Each one contains NRAY
plicative factor), words. All tan y’s precede
NCOUNT (ray history), all ray depths, etc.

Travel time (seconds),
Phase (radians).

Subroutine ADVANCE

The basic function of subroutine ADVANCE is to advance the rays in the common
block /RAYS/ from RSTART to RMAX. The procedure is as follcws: First the proper
triangle is found, the parabnli~ path is found, and intersections are calculated with the
earliest intersection being used. Then surface and bottom reflections are performed. If
ray is not at RMAX, the new triangle is determined, and a loop is made in the procedure
to the calculation of intersections.

The explanation of various sections is as follows:
TANSUM (ADVA0012, Appendix A) is the tangent sum formula

tan01+tan62_
1-tan 0; *tan 0o

tan (0, +09) =
DELT gives the time increment of a ray in terms of the range increment DR, the two
tangents T and S, and the vertex velocity CMIS = llcg'.

The DO 100 IRAY =1, NRAY (ADVAO0015) (card sequence number) selects each ray
in tumn.

ADVAO0018 checks to see if a ray has been terminated.

ADVA0)19 through ADVA0O23 move the ray variables into local variables.

20
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The DO 20/ =1, NRT! (ADVA0024 through ADVA0030) checks each triengle to see
if the ray is in it. If a ray is on a boundary, it is in the layer it is pointing toward.

CT(cos 8), ST(sin 8), (rotation), and ZO and RO (displa<’ nent) define the primed frame
of reference in which there is no r’ gradient.

ZRP and RRP are the initial primed ray position.

CIS = 1/c2 at the ray.

T ——————

Note: that TGR from TGAM (IRAY) is + for up rays and - fur down rays, whereas
TGRP = DZ'/dr’ is + for down rays and - for up rays.

LA

ALPHA (a) is the path curvature: 3
Z' = ZRP + TGRD*(r’- RRP) + ALPHA*(r- RRP)2 Q
g . i
TA = 24 .—..‘?L_ 5
dr2 i
g
3 The quadratic equation solved in advance is ‘
) |
E ‘ C+Py  ay2=0, i
4 A
8 where y = DRP = change in r’ = RPNEW - RRP. ALPHA (a) is often small and is i
v zero for isovelocity layers. For small a the root
y = (P-/P2 + 4ac ) /2
& is unstable. However, if a is small, the iteration y = (ay2- C)/P converges iast. The
1 i statement DRP = (ALPHA*((ALPHA*DRP**2- C)/P)**2- C)/P is a double application
E > of the above iteration and is used when

,E F =P- /P2 + 40C <P.

When a = 0, special linear path statements are used (ADVA0055 through ADVA0065
and ADAVO0171 through ADVA0174). After statement 40 (ADVA0085), the next
position is selected.

t ONUP is true if a ray is on the upper boundary of a layer, meaning within 1 centi-
meter of the boundary and pointing in. ONLW is true if a ray is on the lower
boundary.

There are four possibilities, in RPNEW, ZPNEW, ZNEW, and RNEW arrays. In gen-
eral, the rule is

RNEW = min(RNEW(k)) such that RNEW(k) > RR).

21
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When a ray is on a boundary however the solution closest tc the ray on that boundary
is thrown out (ADVA0095, ADVA00968, ADVA0099, and ADVA100). Note, as

shown in the following sketch, that a ray can be on both boundaries if it is on a
corner.

1 CM

If RNEW > RMAX, then the ray hits the vertical boundary (following sketch) and one
goes to statement 50.

RAY 4
RNEW

The cards from ADVA0129 to ADVA0163 increment the ray variables and decide
on the next triangle.

ADVAQ0135 checks for vertices.
ADVAOQ136 decides whether a vertex is over or under.
ADVA0142 through ADVA0148 handlés surface reflections.

ADVAO0151 through ADVAQ161 handles bottom reflections.

22
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Statement 50 starts the vertical boundary section. The boundary in the primed frame
isZ'= AV + BVr’.

It ST = 0, BV - o; hence small ST"’s are handled by statement 60.
When two intersections are possible, the one with the smallest depth change is used.
Statement 52 checks for vertices.

The statements ADVA0204 and ADVA0205 (645) check the ray’s final depth o be
sure it is in the correct layer.

Volume attenuation is approximated by 0.0001 « (dB)/km VAT decibels, since one
should have S =S dt instead of VAT.

The local variables are restored in the table ADVA0208 through ADVA0212, and a
new ray is taken at statement 100.

Statements 60 through 68 (ADVA0214 through ADVA0235) use an iterative scheme
to find the intersection with a vertical boundary. For ST = 0 or a = 0 the first step
is exact. The convergence limit is 1 centime'er, but seven steps are taken at once,
so the usual error is very small.

Statement 80 terminates a ray and prints out the message RAY TERMINATED.

Statement 100 is the end of the outer loop of subroutine ADVANCE.

Subroutine PROFPLOT

Subroutine PROFPLOT plots the input velocity profiles and also the bottom track
on a Calcomp plot (Fig. 6). They may be plotted in range increments of nautical miles
or kilometers. In Fig. 6 the three profiles are at 0, 107.6, and 1135.4 km, wlich ranges
are indicated by + symbols on the abscissa axis. The total plot length is specified to give
a suitable scale.

Subroutine RAYZDIST

Subroutine RAYZDIST prints out a ray depth distribution (Fig. 7) each time it is
called. The following items will be printed: NRAY = number of ray, NTO - number of
turnovers, NTU = number of turnunders, NSR = number of surface reflections, NBR =
number of bottom reflections, DEPTH = current depth of ray, THETA = ray angle at
the point in degrees, TIME = travel time of ray in seconds to this range. The losses
column is 10 log;o SS, and is initially

10 logyo [ (cos 84)A684 ] + SORLEV - beam pattern.

If SORLEV = beam pattemn = 0 dB, and 46, = 1°, then losses start out -17.6 dB for
a horizontal ray. In the plot line, B is the bottom, + is the lower vertex depth, * is
the present ray position, - is the upper vertex and S is the surface.
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Subroutine CHANNEL

Subroutine CHANNEL calculates CM (vertex velocity) from ZR (ray depth) and T
(tangent of the ray angle) and then finds ZTO (ray turnover depth) and ZTU (ray turn-
under depth). The entry RCALC then calculates

ZTU 1
R = dz,
7TO tan 0

where R is the cycle length of the ray, which is used for the type III intensity calculations.
The entry WDENS then calculates the probability density P(Z) that a ray will be found
at a depth 2:

__1
(tan 0)/R’

P(z)

which is the type III depth distribution.

Subroutine VELCALC

Subroutine VELCALC calculates a velocity profile at each selected range for internal
calculations (not a profile range or bottom point) using the information in the common
block /TRIANG/.

Subroutine RAYPLOT

Each entry to RAYPLOT plots one line of the printer plot. In addition the first
entry prints the heading for the plot, determines which rays will be plotted, and sets the
scale. NP and ZMAX are used only on the first entry. Fig. 8 is an example of the
printer plot.
Subroutine PROFPLIT

Subroutine PROFPLIT plots both the input and interpolated profiles on a Calcomp

plot. They may be plotted in nautical miles or iilometers. The total piot length is
specified in inches. The bottom track is also plotted.
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Fig. 8 — Ray plot
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*' Subroutine ITNPRINT

Subroutine ITNPRINT prints out the intensities. If receiver depths are the same for

5 all intensity calculations, a table of intensities such as shown in Fig. 9 is printed. Other-

! E wise a printer plot for each range with the arrengement

| »

@

; é Type —>
; Depth Intensity

: |

| |

y is printed.
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Fig. 9 — Example of an output from ITNPRINT (first of three pages). The symbols
that the subroutine uses in the second column are R for type I random phase calculations,
S for type I cohurent phase calculations, 2 for type II calculations, and 3 for type III
calculations,
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Fig. 9 — Example of an output from ITNPRINT (second of three pages)
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Fig. 9 — Example ¢! an output from ITNPRINT (third of three pages)
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Subroutine [IVSRPLOT

Subroutine IVSRPLOT plots intensity versus range (Fig. 10). The first entry prints
the heading, chooses the correct type of calculation, and then plots a line or the first

range. Each succeeding call plots just a line for another range. Only one type may be
plotted per data case.

Subroutine INTENSTY

Subroutine INTENSTY calculates all iniensi‘ies. The switches ISCP, IT1, IT2, and IT3
determine what is calculated. When one selects coherent phase (ISCP = 1) one must also select
random phase (IT1 = 1), Coherent phase intensity takes the phase of the ray into account in
the calculations. If SL is a function of the random-phase sound level, then the coherent sound
level is (v SL*cos(P))2 + (Y SL*sin(P))2, where P is the phase angle. To get each, set IT2 =
1 for type II calculations and IT3 = 1 for type III calculations.

The only caustic correction which is applied to type I calculations is a ray-separation
criterion: if two rays are closer together than 0.001 meter in depth, the eigenray for these
two rays is thrown out. Type II and Type III intensity calculations do not have caustics.

Subroutine RECOVERY

Subroutine RECOVERY has two entry points: DUMP and RESTART. Its function
is to enable one to restart a program. DUMP writes all the core locations on a tape when
it is called, and RESTART restores core to its previvus condition when it is called by
reading the tape from DUMP.

Subroutine RETRY

Subroytine RETRY enables one to restart a program in which the multiple replace-
ment option has been used (as was discussed for card II in the Input Description). Its
chief function is to read any profile cards which have not yet been read and to write
them on logical unit 6 for subroutine NEWPROF to read when required.

Subroutine CLOSEIOP

The function of subroutine CLOSEIOP is to alleviate a systems problem in punching
intensity cards when using RESTART. Without this subroutine the cards would be punched
in binary instead of BCD when RESTART is called. This subroutine might not be re-

quired in another computer system, if the proper moding of logical units is accomplished
automatically.
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Fig. 10 — Example of the output from IVSRPLOT
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Subroutine BYEBYE

Subroutine BYEBYE is called in place of the Fortran statement STOP to terminate
the program. It was written to avoid a CDC3800 <ystems problem when DUMP is called
i in the executive program. It might not be necessary to have this in another computer
% system, in which case the STOP statziucnt cculd be reinserted, if desired.

¥ DIFFERENT INTENSITIES IN TRIMAIN

In subroutine RAYZDIST (ray depth distribution) a quantity is printed titled LOSSES
(Fig. 6). This quantity is equal to 10 log;g (S), where S represents all the losses due to
bottom interactions, surface interactions, and volume attenuation. Spreading loss is not
included in these figures.

> ooy

o

In subroutine INTENSTY a quantity is printed for the eigenray printout called SL
(DB). If we let SS (I) denote the quantity called S in RAYZDIST for the current ray and
SS (I-1) denote S for the previous ray, then we let S1 = secant (current ray angle) [SS
(I-1)) and let DS = secant (previous ray angle) [SS(/)-S1]. The ray depth at a given ~
point may be identified as ZZ(I). So if we are considering ray I, then Z1 = ZZ(I-1) and’

. DZ = ZZ(I) - Z1. If ZR is the receiver depth, then we let F = (ZR - Z1)/DZ. We let
8 RMAX be the range to this point in meters. Then we define a quantity SL = (S1 + F DS)/
{ : [RMAX ABS (DZ)]. Thus the quantity printed for SL(DB) is 10 log, (SL). §

The third parameter which is printed is the type I intensity and is deiived in sub- :
routine INTENSTY. This set consists of summing all the eigenrays, or the SL, for a given i
receiver and range point and then computing

N

10log ) SL; (incoherent or random phase sum),
i1 :

where N is the number of eigenrays determined for this point. If the Lloyd’s mirror

~ switch is not on, the final intensity value can be arrived at as stated, but if the Lloyd’s
mirror switch is on, each eigenray is m" "‘iplied by a factor before they are summed; thus
it is not always possible to sum the eig..rays as printed to arrive at the final intensity.

T S RA

i

The type II intensity calculation was initially proposed [2] using a Gaussian distri-
bution, which smears a ray over a displaced bundle of intensity. DZBAR is a size
parameter for that smearing and is defined by DZBAR = SDZ/SW, where we are using

the mean absolute difference between ray depths, weighted by the signal strength of the
ray, such that

NRAY NRAY
SW= 3 Wi= Y min(SS;,SS;- 1)
i=2 i=2

R AR e R A e T AR R i

which is the sum of the weights, and

Fdie ForiH
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NRAY
SDZ = Y, Wi(Zz;- 2Z; _ )
i=2

which is the sum of the weighted mean differences.

If DZBAR is less than a wavelength, then DZBAR is set equal to a wavelength. DZM =
ZB/VNRAY, where ZB is the bottom depth and NRAY is the number of rays traced. If
DZBAR is greater than DZM, then DZBAR = DZM. This is a check to see that DZBAR
is not a large fraction of the bottom depth. If 100 rays were traced, then DZBAR would
never be larger than 1/10 of the bottom depth.

If RMAX is the range ot this point, then let F = 2.0*RMAX*DZBAR. Let LR = ¢-
(ZR/DZBAR), where ZR is the receiver depth, let EB = e-(ZB/DZBAR), and let EZ = ¢-
(ZZ(I)/DZBAR), Now SL = B*sect *SS(I)/F where B is the volume attenuation. If a ray
is close to the bottom, it does not get its full share of the intensity, since the intensity is
distributed exponentially on either side of the ray. Thus, it is necessary to renormalize
the distribution by saying SL = SL/(1 - .5*((EB/EZ) + E2)).

We now want to calculate the quantity A = e-(ABS(ZZ(I)-ZR)/DZBAR), which
expression is always less than 1.0. The final expression for each ray is then S; = SL*A.
The final intensity at a receiver is given by computing, in subroutine ITNPRINT,

N
10log Y, Si.
i=1

In calculating the Type III intensity [2] it is assumed that a current velo "tv profile
prevails to represent a local average over a convergence zone, which wipes out vne phase
of a ray. The ray turnover and turnunder depths are calculated for each ray, and then the
ray cycle length is computed. Next the expression SI. = B*SS(I)/RMAX is computed to
get cylindrical spreading. If a given receiver is between the turnunder and turmover depths,
entry WDENS is called, which returns the parameter S, the signal strength parameter,
which represents the probability density that the ray is at this depth. This probability
density T = 1/ABS(TANS) is normalized in WDENS by dividing by the ray cycle length.
The cylindrical spreading term is multiplied by signal-strength parameter S; to get a con-
tribution for each ray which is then summed as

-

N
10 log Z SL; * S;
i=1

to arrive at the final va'ues.
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é EIGENRAY OUTPUT OPTION

3 The computer coding for the eigenray output option appears within the subroutine
; INTENSTY. If arequest is made either for type I random intensity or type I coherent
intensity, then it is possibel to obtain an eigenray output (Fig. 11) by setting column 25
on the output control card (card group V in Fig. 1) equal to 1. The concept of an
eigenray may be envisioned as an interpolated ray which will strike a receiver and is found
by linearly interpolating between two rays which bracket a receiver. For certain cases
eigenrays will be formed from rays which do not bracket a receiver. This is caused
primarily by consecutive rays which have different histories; in this case there is some ray
: between the two existing rays which would give an eigenray if it were traced. Thus the
program extrapolates a value. The program prefers two rays with the same history which
bracl et a receiver. This represents an IQUAL of 1. If it cannot achieve this, if the next
ray history is different from the current ray history, if the previous ray history is the same
as the current ray history, and if the receiver is within a distance of 1/2 the ray separation,
a forward extrapolation is performed and IQUAL = 2. The same condition may happen
on the first two rays of a set, and in this condition IQUAL = 3. If an interpolated ray is
found later, the IQUAL = 3 ray will be thrown out, and the IQUAL = 1 ray used. This
is indicated by ** after the IQUAL = 1, and the ray which is replaced is the last ray with
a 3* at the same receiver depth. The number which is listed for NRAY is the current ray
" number, and this forms an eigenray in conjunction with the previous ray. The NBR column
gives the number of bottom reflections for this ray. The NTU column is the number of
turnunders for this ray. NSR gives the number of surface reflections and NTO gives the
number of turnovers. RANGE is the distance in meters from the scurce to this receiver.
DEPTH is the ray depth for a given receiver at this range. THETA is an interpolated value
for the ray arrival angle at the receiver. TIME is the travel time in seconds to this receiver
from the source and is also an interpolated value between the travel times for two rays
bracketing a receiver. SL(DB) is discussed in the preceeding section of this report.

PTIT AT TR. Y Y S T T N T I T

] EIGENMAY SET TEST CASE FOR INTENSITY

N NRAY NBR NTU NSKR ATO RANGE DEPTM THETA TIME SL(D®) JGUAL REM
8 1} 7 7 0 3T0V0V  350,0000 <«)0.007> 248,56510 =100.4 3 .
8 0 7 ? 0 37000V 7V0.0000 =9.6028 248,60291 =106.8 1
17 0 11 0 1o 370000 390.0000 Se0l106 249,38608 99,8 2
17 [ 11 v 10 370000 TV0,0000 541751 249,3622) ~99.5 1
28 0 7 14 0 37000, 350.0000 Yob004 268,56477 =10749 1
28 '] 7 T ] 370000 7V0,0000 Be9143 248,52684 =107.9 1
17 0 22 v 21 760000 7Tv0.0000 6,7384 098,73008 *103.7 2
26 0 2¢ 22 0 1110000 350,0000 43020 1646,)9729 =113.) ]
26 1] 2¢ 22 0 1110000 T00,0000 4,085 T46,10336 ~113,]) 1

Fig. 11 — Example of an eigenray printout

THE LLOYD’S MIRROR OPTION FOR RECEIVERS

P

Some examples of the Lloyd’s mirror beam pattern are presented in Fig. 12. The
receiver depth is at the point where all the lines converge for each plot.
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FAEQUENCT « 50 HERT? RECE(VER DEPTHe 18,288 FRAFQUENCY = 50 HERT2 RECE{VER DEPTH= 91,440

FREQUENCY = 100 MERTZ RECEIVEA DEPTHe 18,200 FRFQUENCY = 100 HERTZ PECEIVER DEPTH=  S1.44G

Fig. 12 — Examples of Lloyd’s mirror beam patterns for receivers
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The computer coding for the Lloyd’s mirror option for receivers appears within the
subroutine INTENSTY. The switch LLMR, in column 26 of the output control cards, is
a receiver Lloyd’s mirror switch. When the switch is off (0 or blank), the old intensity
is returned, and when on (nonzero), the beam pattern

2 sin2 (% sin 0) ,

where 2 is the depth, is used for type I random phase, type I coherent phase, Type 11, and
Type I1I intensity calculations for all receiver depths. For Type I and Il calculations,

0 is the ray 'ngle, and for Type III calculations Snell’s law is used to calculate the ray

ongle at the receiver. One can calculaie some intensities with and some without the Lloyd’s
mirror by specifying them on different output control cards.

ADDITIONAL INSTRUCTIONS FOR THE RESTART OPTION

If the restart option is desired, a tape for output must be provided and a backup tape
can be provided. 1 ogical unit 15 is the primary output tape. Logical unit 16 is the back-
up output tape. Logical unit 17 may be used as a second backup tape, but this is option-
al. If the tape on logical unit 15 was bad when the program attempted the dump and it had
to write on logical unit 16 or 17, then that tape would become logical unit 15 for restart.
Logical units 16 and 17 may be omitted if you are sure you have a good tape on logical
unit 15. The control deck should then have these cards:

79 EQUIP, 15 = MT, LO,**, DA
79 EQUIP, 16 = MT, LO,**, DA (optional)
79 EQUIP, 17 = MT, LO,**, DA (optional)

For dumping on tape the job request form should be as follows:

Logical Tape No. (if not specified, the
Unit No. Computation Center sells you one

Input OQutput Save and assigns a number)

15 0 & 4 Number for tape

16 (Optional) Number for tape

17 (Optional) Number for tape

20 (Program tape) 573

0O 8 0O 0O
B O B &
B 8 B &

1 (Used only for ray tape) Number for tape

41
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In addition the second card in each case should contain the word DUMP in columns
73 through 76 if a restart capability is desired. If the program runs out of time, one
may restart it according to the following procedure.

1. Change the job request form for logical units 16 and 1 as follows:

Logical
Unit No. Input Output Save Tape No.
15 & X K Number for tape
1 & (4] 4] Number for tape

However, the output block for logical unit 15 is checked only if a dump is desired
again if the program runs out of time, and the input block for logical unit 1 is
checked only if the ray tape is being restarted.

2. The first card after your run card must contain RESTART in columns 1
through 7. If a dump is desired again if the program aborts because of lack of time,
DUMP is entered in columns 9 through 12 of the same card. One looks through the
listing and determines what cards were read last, pulls out all these cards and places
the remaining cards behind the card containing the word RESTART. If the multiple
replacement option is being used, the profile remaining to be read should be read in
from the case in which LA = 1. For the next case all cards would have to be read in
again. Also the run must have progressed at least one range increment before dump can
be called. Thus, if these conditions are not met, the entire deck must be resubmitted.
Also, if the last data card read was an end-of-file card, then the first data card read
must be the restart card and then the end-of-file card is read. If multiple replacement
is being used, one should have the restart card and then a blank card followed by a
card with the word START in columns 1 through 5, followed by remaining data. This
can he determined by looking at the comment which is printed at the end of the pro-
gram. Reference 7 is a more complete writeup on the restart option.

CAUTIONS TO THE USER
The following are some cautions to the user:

e If you have six receivers, then you must insert a blank card after the output
control card containing the six receivers.

¢  The number of input and internally generated points in a sound-speed profile
cannot exceed 50. The number of intemnally generated points can be reduced
by reading in profiles with common depths.

¢ Do not read in the second speed-profile at a range less than the second bottom
point; otherwise a diagnostic is printed and program aborts. Thus the range
to your second bottom point should equal or be less than the range to the
second profile.
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e  The source depth and sound-speed depth for any profile should not be the same.
otherwise a diagnustic is printed and the program aborts. To correct this fault,
change the source depth by 0.01 meter.

e  The first bottom point must be at range zero.
o The maximum number of rays which may be traced is 1000.

° If the program runs for a long time and produces no results, you have specified
too large a distance between bottom points or output values and the program
is forced to set up long thin triangles. In this case there is difficulty in arriving
at the proper ray intersections with the triangles. To correct this condition,
insert either additional bottom points or additional output at shorter range in-
crements.

PROGRAM TRIPLT

Program TRIPLT performs a Calcomp plot of the ray trajectories (Fig. 13). It reads
an output tape from the main program and plots selected rays to a given range. Cubic
splines are employed to give the proper trajectories. A maximum of 512 rays and a max-
imum of 2000 range increments may be plotted. A portion of the range may be plotted
by specifying the number of records (one record being one range increment). A description
of the input follows.

The input ray tape should be read in on logical unit 1. Thus the first equip card
should be

79 EQUIP, 1 = MT, density, RO, label,
Logical unit 2 should be equipped for the disk file as 79 EQUIP, 2 = DF.

Logical unit 10, the plot unit, may be equipped as 7g EQUIP, 10 = PL or 79 EQUIP,
10 = MT, LO, lahel, DA (to write an output tape to be plotted later).

The job request form should be checked as follows:

43
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Logical
Unit No. Input Output Sav > Tape Serial No.
1 K 0O 4 Input Tape No.
2 4 ] 8] DF
10 ] & & Output Tape No.

Logical unit 10 need be specified only if writing an output tape; if the plot is to be
done on line, the 79 EQUIP, 10 = PL may be used or the card may be omitted. Computer
1 should be specified on the job request form also, because it contains the plotter package.
The data deck input is as follows:

T

First-card
Columns Variable Meaning
1.2 ITNC Total number of cases.
Second-card
Columns Variable Meaning
1-8 AL Plot length in inches, which must
be £120.0.
9-16 ZMAX Maximum depth of plot, in either
feet or meters,
17-20 NRMAX Number of records to be plotted.
There is one record for each range
. increment on the tape. Plots for a
portion of the range from range
ZERO may be made by specifying
the number of records to that point.
To plot the entire range a number
may be specified which is larger than
the actual number but less than 2001.
21-25 IKNM If IKNM < O, the range scale will be
plotted in nautical miles; if IKNM
2 0, the range scale will be in
kilometers.
26-30 IFMC If IFMC < O, the depth scale will be

45

plotted in feet; if IFMC > O, the
depth scale will be plotted in meters.
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Second-card
Columns
31-35

36-40

41-45

46-50

51-60

Third-card
Columns

(If ITTR < O)

1-80

Fourth-card
Columns

(or Third-card
Columns if

ITTR > O)

14

5-8

B. G. ROBERTS

Variable

NFSK

ITTR

NSR1

NBR1

ALIM1

Variable

TITLE

Variable

NRPLOT(1)

NRPLOT(2)

16

Meaning

Number of files to skip on the tape
before plotting this case.

If ITTR < O, a title card is read to
replace the title on the tape; if ITTR
# O, the title from TRIMAIN wil] be
used for the title.

Maximum number of surface hits allow-
able. The ray will be terminated at
this surface hit. If this is left blank,
the previous limits from TRIMAIN

will be used.

Maximum number of bottom hits
allowable, analogous to NSR1.

Maximum dB loss allowed per ray,
similar to NSR1 and NBR1. It is read
in as a positive floating-point number,
such as 200.0,

Meaning

Title of the plot. This card is omitted
if ITTR > O in columns 36 through 40
of the second card; if this card is
omitted, the fourth card becomes the
third card.

Meaning

Number of the first ray to be plotted,
which corresponds to the number of
the ray in the program TRIMAIN.

Number of the second ray to be plotted.
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Fourth-card
Columns
(or Third-card
Columns if
ITTR » 0) Variable Meaning
76-80 NRPLOT(20) Number of the 20th ray to be plotted.
Additional-card
Columns Variable Meaning
1-80 NRPLOT(N) Numbers of the rays to be plotted, con-

tinued 20 per card until the desired
number N is reached.

An end of file card terminates each case. The cards heginning with the second card are
repeated ITNC times for multiple cases.
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Appendix A
LISTING OF THE PROGRAM

n7,2%/73
PRAGRAM TRIMAIN TRIM
CIMENSIAN JUNKILD), RL1C10),DR(10),R2(10),STRCD(26,10),J NRC(10),INTTRIM
1 (1), 17¢6,10),1RT(3n),1RD(1n),ISCPED(S) ,2(2,50),V(2,%0):71(9) TRIM
EGUIVALENCE (1SCP,ISCPFQ) TRiM
CemmMBAN /M]RRERS/ FSRL.RRLY(zgg).BPST¢2 TRIM
CEMMON /INFO/ RSTART,RMAX,BMEGA,8TT, IPRAY, T1TN, 1TN2, [ TNY,1B1G, TRIM
1 I1SCP, 173,112,173, 1PFR, [FTIMS, TRT,LTER,LTRP,LPIN, JATY TRIM
CEMMON /PROFIL/ RENE,N1,21(59) V1(5g),RTH3, N2,22150),V2(90),1B807C, TRiM
1IPFL TRIM
CeMmaN /LELDNESS/ LNRC,RCD(100),DINT(400) TRIM
CEmMAN /PRE/ IPREP, [NNM,PLTL,RM,IPCO, |FPR TRIM
CATA (LTRTs 3),(LTER®4y),(LTRPO42),(LPINSOD) TRIM
CEvMEN /PATTERN/ ST ,1TAP,DATR,SORLEY TRIM
CemMON /PIDEF/ PI,CYR, THOP] TRIM
CEMMON/LIMITS/RY,CR,P2 TRIM
CEMMAN /TLE/ ITITLE (1n) TRIM
CEMMAN/ABC/PUNCHDE (316, INCR,NARS,NSRS,ALIM, IFY,]1FTY TRIM
rLEMMeN /1FCy IFE,1A,18.]Ps1D,18,LA TRINM
CEMMON /RANST/ RTwEM,1REC, IFSK,SDS TRiM
Plsd ,oATAN(L,) SIFTap S|FTysy 8 lPCllQ $TWEPIsP|ePISDTR3¢8p,/P] TRINM
y READ 9N0, ITITLES IEPQUXYIYLitl) S WRITE (49) ITITLE TRIM
RE«IND 19 TRiM
IF (EgF, 60) 155, 2 RIM
2 IF (IGPT,EQ,BnRESTARY GO 'O 104 s 6o 1O 122 TRIN
90C  FERMAT(,048) TRiM
158 If (IFEVEG,1) GO TE 3§52 ¢ IFEsy § G6 7O 1 MM
122 PRINT 902,IVITLE § RSTART:0,0 $RMAXs0.0 $ NTPLTq0 TRIM
901  FCRMAT(e1mBRIZENTAL GiaJIENT RAY TRACE o,1048) TRIM
READ 902,SC,FKWNZ, |AYY,SORLEV,|T8P,DATD,SLDA,1AB8Y, 1SCP,NRECUR, TRIM
11B0TC, IPFL, IPRAP, IKNK,PLTL ,NBRS, NSRS, ALIM, 1A IR, IP,ID,1S,LA,18PT TRiNM
ALysalIm $ SCSsSD TRIM
rsnL- 0,900, ,oSLLB) STIF(ALIM,NE,D.0)ALIMEPBWRF( »CsALIM/¢0,0))TRIM
90z reamatere,3,F8.3,11,75,2,11,2F5.2,714,F8.3, st LSt d HRRM
EMEGA -zono ePleFKhZ SIF (ALIM,EQ,D, O)Aano1 0E-30 § sz-rxuz..z TRIM
PRINT 903,50 SORLEV,FKNZ,|T8P,DATD, nans NSRS, AL s 1A,18,1P, 10, +1SILATREM
1,17P7 TRIM
90 FERYAT(e0SOURCE DEPTHe,FB,2,0 LEVELe,F6,1,0 FREQIKMZ)®,F6.3,% BEATRIM
IMPATTERN o,12,3X,9aNGLF8e,F5,3,5X,oNPRSae,15,5%,eNSRSue,]5,5X,0D0 TRIM
¢Liv]Tse, Fi0.:3:7, SX.OXA'O.lioSX.‘lBlO.h,SX ‘lP“ol1p!X."D..!l’,l TRIM
asx.-xs--.x;.s:.oLA-- 14/5X,016PTae,AB) TRIM
1# (NRECUR,GY,q,ANC,IBMYZ,67,0)5D85D0(q,¢,%05D0/6374221,3) TRIM
ATTs0,0003025952 044.o52/(4100.052) TRIM
IFCIAYTY EC,0) ATTep, 8 IF (NBRS,EQ,0) NBRS32500 ¢ 1VSReg TRIM
PRINT 904,ATT,5.D8B §& IF (NSRS,EQ,0) NSRS=25500 TRIM
904 FERMAT (e 0y LME Avve~uA719~-.rto 6,0 DB/kM, SURFACE | 08SSe¢,F7,2, TRIM
1 ¢ [B,9) TRIM
CALL [NITRAYS S D& 985 Jai1,10 SRL(J)w0,0 SDR(J)=0,D TRIM
$88 R2¢,)s0,0 SIF(IABET, NELQ) GO TO S RR=z1SCP TRIM
CAgy BR_TRC(RE) SIF (LA.EO.I.B'.*B.Ecit.NR.15.50.3) REWIND ¢ TRIM
It (LALEQ,4,0R,!B,6E.2) REWIND 8 $ GO TE 1A TRIM
15 PRINT 905 TRIM
Rbz1.630 TRIM
908  FCRWMAT(«0BOTTGM ABSORHS ALL INCIDENY SOUND ENERGYs) TRIM
18 Ney $F (JP,FG.0.AMD.LA,EQ.Q.ER,LA,EQTL) LPCs6O SIF(IP,EO,1)LPCEd TRIM
20 IF (LPC,E0,60)READ(LPC, °06)l1(N):DR(N)052(N)oIC.(lT(l N)-llt'é)-JVSYR M

1RV IRD(N),JRP, IRTUINY,IPRAY, (STRCDI]I,N),184,6) TRiM
48
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J4A n7,2%/73 4
. 1F(LPC.EQ, 4)READ(LPC) RL(NDI DRINI (R2(NY1C, (1TCIINY 2 188,8),JUSTRIN 87
; SRIIRD(N) IR, IRTINY,T1pRAY, (STRCO(I,N),101,6) TRIM 38 ;
E’ 17 (LA, EQ. LINRITEC &) RL(N),DR(N) ,R2(N), 1€, C1TC1,N), 10,60, JVSRTRIM 89
; 1, IRDCNY, [RP,  [RTUNY, IPRAY, (SPREDCI, N, 184,6) TRiM 60 ;
%. 906 FORMAT(3F6,2,12,1411,1%,6F8,4) TRIM 6y
; INT(N)=q TRIN 62 3
1 DO 22 1s1,9 TRiM 83
¢ 22 INT(N)SINTINYTABSEIT(I,N)) TRIM 64
‘, IF (1T(5,N),6T,p) xpsn-xr(s.n; TRIM 65 /
L4 IFCINTCN),EQ,0) GB 10 YRIM 6
; PRINT 907, na:na na(u).a3(~).(xv(t.N).x.;.oa TRiM 87
; IF(DR(N), L?.o ) DRIN)Beg,oDRIN)/RLIN) TRIM 68
i 1 TRiN 69
% 23 IF(STRCD(IN,N).GT,0,) B T8 25 TRiM 70
: 24 LD T TRiM 74
£ 1F(STRED([H,N).GT,0,) GO T8 26 TRIM 72
B IFCIW,LE.§) 26,24 TRIMN 73
¥ 23 ILalMey TRiMN T4
; ; IHe[Het0 TRIN 79
g 1F(LPC,EQ,60,READ (LPC,908,(STRCD(I,N), IelL, !N TRiM 76
¢ IF(LPC.EQ, 4JREAD (LPC)  (STRCO(I,N}.1sIL, 1M M 77
! IF(LA,EQ.4IWNRITE ( ) (SYRCD(I.N).I-IL 1H) TRIM 78
| = ¢ THE SWITCH ITIM IS NOW LLMR, THE LLOYDS MIRR®R SW]TCW FER ALL TRIM 79
; } c RECEIVERS @N A GIVEN RANGE FAN CARD TRIM 8g
1 907 FORMAT(eO0BUTPUT RANGES®,3F8,2,9H ISCP,12,4N 1T4,12,4N 1T2,12,4¢ ""TRIM A%
; 3 13412,5H IPER, 12,5k LLMR,12) TR{N 82
% 990 Feunntt;oro.z) TRIM £3
E B Go 18 23 TRIM 84
. 5 26 JNRC(N) = 1M TRIM 8%
i ¥ PRINT 909, (STRCD(I,N),T81,[H) TRINM 86
1 i 1F (NRECUR.LE.0) G Te 29 TRIN 87
4 £ DO 31 Is1,1NM TRIM 08
i 3 34 STRCD (1,N)OSTRCD(I,N)e(q,¢,B0STRCD(],N)/6374221,3) TRIM 89
i 999 FORMAT (s gACDe, 19F9.2) TRIM 99
29 IF(JVSR,EQ,p) GO T8 27 TRIM 94
& PRINT 910,JVSR TRIM §2
910 FOR"AY(OOINTENSITY VERSUS RANGE PLBY WILL RE MADE FOR TYPEe,13) TRIM 93
3 1F (IVSR,NE, 0y PRINT 911 TRIM Y4
4 911 FORMAT (5K --..-CAwlON... ONLY THE LAST 1 vS R PLBY WILL BF MADEe)TRIM 95
: IVSRsJVSR TRIM 96
3 NVSREN TRIM 97
: 27 IF (IRP,EQ,0) GO TE 28 TRIM 98
= NTPLTe15 TRiM 99
IMAXSD, TRIM 100
DRPLTaL, TRIM 101
RLPLTeY , ES TRIM 102
PRINT 918 TRIM 173
; 20 IFCIRDINY NE.O) PRINT 9312 TRIM 104
i IFCIRT(N) NE.O) PRINT 913 TRiM 103
3 $45 FORMAT (eQRAY PLOT wiLL BE MADEs) TRIM 106
! 912 FBRMAT(eQRAY DEPTH DISTRIBUTION WlLL BE MADEe) TRIM 40?7
931? FORMAT (eQRAY TAPF wllLL BE MADEs) TRIM 108
TRUKT TRIM 109
\ 30 IF(IRP,EQ,0) GO T@ 33 TRIM 110
1 NTPLTSSTRED(S,N) e, TRINM 114
3 IFCNTPLT. LY, 1) NTPLT#35 TRIM (12
¥
E
3
49
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ZMAXSSTYRCD(2,N) TRIM 113
DRPLTADR ()} TRIM 114
RLST=RZ2(N) TRIM 118
RLPLTERLSY TRIM 116
PRINT 9015 TRIM 117
PRINT 914,R1(N),DRIN),R2(N) TRIM 148
3 IFCIRDINIOIRY(N) . EC,q) GO TO 39 TRIM 419
PRINT 914,R{(N),DRIN),R2(N) TRIM 120
944 FORMAT{eqBUTPUT RANGESe,3Fyg.4) TRIM 124
1FCIRDIN)NE.g) PRINY 932 TRIM (22
IFCIRTIN) NE. Q) PRINY 913 TRIM 123
GO 1O 49 TRIM 124
35 NENel TRIM 429
40 1F(IC,EQ.0) GEB TO 45 TRIM 126
NENel TRIM 127
IF (N,6T.10)41,20 TRIM 128
44 PRINT 42 TRIM 429
42 FGRMAT (1m0, oNUMBER ©F BUTPYT CONTROL CARDS EXCEFDS 10, PRMGRAM  TRIM 130
1ABARTEDS) TRIM ¢33
CALL BYEBYE TRiM 132
45 NRsN 8 IF (LA,EGC.1.08P,1P,EQ,8) REWIND 4 TRIM 133
JRTRO TRIM (34
RMAX180, TRIM 133
De1.0 $ Di1:DRPLY 8 DELTMgO,0 $ [CAs0 SOELTA40,0 TRIM 136
DB 47 1sg,NR TRIM 137
IF (DR(1),LT.0) DeCR(]) $ IF (DR(]),LT,DY) Di1sDR¢]} TRiM 138
IFtR2¢1).GT,RLST) RLSTsR2 (1) TRIM ,39
1FC1742,1),E0,0) GE Y8 47 TRiM 140
1F(R2¢(1).GY,RMAXy) RMAXg3R2{I) TRiM 44
4 JRYSJRTIRT(]) TRIM 34
Dsns2,0 TRIM 143
CALL INIY TRIM 144
CALL NEWPRBF (2M) TRIM $143
CALL NEWPREF TRIM 146
CALL CONNECY TRIM 147
1FCZMAX,EQ,0.) ZMAXEZM TRIM 148
RPLT=} ,E6 TRIM 149
IFINTPLY.EC,0) GO YO 49 TRIM 150
RPLT=DRPLY TRIM 154
CALL RAYPLEBT(NTPLY,ZMAX) TRIM 152
49 1F(JRY,EQ,n) GO TO 54 TRIM (%53
CALL RAYTAPE TRIM 154
54 NOLD=al0 TRIM 158
Jeg TRIM 156
NiNTsY TRIM 197
c [F ALL THE INTENSITY CALCULATIONS WAVE THF SAME RCDS TRIM 158
c A TABULAR FORMAT wILL BE USED . TRIM 159
D6 55 I=z1,NR TRIM 160
IFCINTC(D) ,EQ.g) GE TA 55 TRIM 1e§
1F(J.E0.0) Jl? TRIM t6
IF(J.EC.1) GO To 5% TRIW 443
IFCINRC(1),NE,UNRC(J)) GO TB 54 TRIM 164
KeJNRC(]) TR'M 163
D6 53 Lai,X TRIM 166
IF (ABS(STRCD(L,1)eSTRCO(L,J))0T,41) GO TO 54 TRIM ¢67
53 CBNTINUE TRIM (68

50
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GO 16 55 TR

54 NINTsQ ™
6o 16 95 14 ]

55 CONTINVE T
L1 AMAY=0, m
100 RNy ,E8 R
D€ 103 [=1,NR ™
1F(R1(1) LT RN) RiERe(D) ™"

103 CENTINUE ™
RSTARTaRMAX ™
RMAXSAMINL ¢ ,0010RTWO,RPLT,RN)e1000, TR
“"-ool"ﬂ"‘x'i-) R
IF(RT,GT,RLSTeD) Ge Te 149 TR

IF (16PT,NE,QHDUMP ) GO TO 404 ™
TILTPRTILY TR
TILTesTIMELEFT(1) TR
DELTSTILTPeTILTY . ™

IF (DELT.LY,0.0) G& YO 108 ™
1CAs1CAel ™m
FlCas|CA ™
DELTASDELTASDELT ™
DELTMBDELTA/FICA ™

108 RERS(RLSTe(RSTARY/1000:0))/D1% TR
TETIMESRERSDELTMe2,0 T
TETIMMOTATIME/60.0 ™R

IF (TILT.LE,90.0¢DELTMIAND,TOTIHE ,GE.30,0¢DELTM) 107,304 ™

107 IF (JRY,NE.() BACKSPACE 43 $ CALL DUMP TR
PRINT 405,TILT,TOTIMM TR

109 FaﬂnAYilha.oPReGlAn ABPRTED, INSUFFICIENY TUN TIME, TIME REMAININTR

1Gse,F40,3,0 SECONDSe,5%,ESTIMATED TIME Y8 FINISH RUNge,F30,3, TR

2¢ MINVTESe) "

PRINT 101,RTWEM L

303 FERKAT (1K0,eREMGVE DATA DECK THRBUGH PROFILE AT RANGEs,F10-3.0 KMIR
4 BEFORE RESTARTING CASEe,/)

IF (IFE,EG,1) PRINT 4qb 1u

1F (1S.EQ,8,AND,IFE,FQ@.0) PRIN? 132 ;"

112 FGRMAT (1M0,eiNSERT RLANK CARD AFTER RESTART CARD, FOLLSWED BY A CTR

4ARD W|TH w@RD SYARY IN COLUMS
108 FORMAT (1kpg,wiNSERT END ofF FIL
{TARTING CASEs,/)
IF (IFE.EQ,1) GO T€ 311
109 READ 900, JUNK
IF (E@F,6p)111+109
111 CALL WYEBYE
04 IF (16PT,NE,BHRESTARY ) 68 T8
1F (19PY.EQ,BHRESTARY ) CALL R

PRINT 904, ITITLE s D
113 Junkt stPITLEC)) s READ (10}

REWIND 19

IF C(ITITLE(1),EQ,BKRESTART AN

16PT161TITLE (2)

If (16PT1,EQ,BK ) 18P7s
134 TTITLE(DISJUNKLS) § IF (JRT,EQ
184 CALL SKIPFILE (1) s pe 123
123 READ (1)
107 CALL ADVANCE SIF(RMAXeTL.LT,RT

t—lo FOLLOWED RY REMAINING DATA#,/) TR
CARD AFYER RESTARY CARD BEFORE RESTR

R1
TR
™
TR
"R
102 T
ESYART g CALL CLOSE]eP TR
3 J®g g0 ™
1!717&51 ™
R
N,1S,E071,AND,IFE,EQ,0) CALL RETRY ;:
16P71 S DO 114 Js1,10 ™
«0) GO T 402 S DO 42( Jug.IFSK ™m
J91 IREC 1]

™
$ CALL NEWPROF TR

We) GO T8 110

61

T F I R X X I XX I X FE FrrXrrI X EFE X E X X EE T X E X T X E X XFEEXEX XXX EXEXEEXEXEEXEXXEXXXXIXIXX
-3

REL R

PP e TR

P A . % §

S AR A

~



T

-~

it B e e N e e T S e

b atls

il i e

4A

110

119

17

139
12¢

138

1¢é
127
130
138

14¢
150
154

919
b3
157

16¢
176

177

178
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n7/2%/73

CALL CONNECT
IF(Ry Ly RPLS) G8 48 115
°PLTIRPLT4DRALT
1F(RPLY,.GY,RLPLTe,1) RP_TEmY ,ES
IF(RT,LT.RN) GO TO 135

D8 130 l=g,NR

IF(RL{1).GY,RT) GO T0 13

IFCINT(DY,EQ.0) GO YO 12

IFCI.EQ.NOLD) Ge Te 120

LNRCaNRC( 1)

DO 117 Jsi,LNRC

RCD(J)SSTRCD (VW 1)

DO 119 JUsy,é6

ISCPEQ(JINIT (U, ])

CALL INTENSTY

CALL ITNPRINT(NINT}

IFC].EQ.NYSR) CALL JVSRPLET(]IVSR)

NGLDs]

IFCIRD(II(NE.O) CAL RAYZDIST (NTPLY)
IFCIRT(I) NE,O) CALL RAYTAPE
IF(DR{1).LT,0.) OO 7O 126
R1CI)aRL(])eDRI(])

Ge 18 127

R1c(l)s=R1(1)eDR(1)
IF(RL(1),GY,R2(1)e,001) R1(])8y,56
CONTINUE

1F(RT,GT,RB) CALL NWBRLT(RB)

G6 TO 100

IF(JRT,EQ,0) GO 6 150

ENDFILE LIRY

ENDFILE LINTY

BACKSPACE LTART

IF (INCR.GT,1,AND,INCRILE,16) 851,153
INCRCPINCRay

WRITE (36,919) (PLNCHDR(I1),1101,INCRCY
FORMAT (16F5,.1)

1F (IFE.EG,1) Ge Te 35A

IF (LA.EQ,1,8R,]S,EQ.1) GO TO 460

READ 900, JUNK

IfF (E@F,6p) 158,157

IF (LAJEQ,t |anlsoE°00:AND¢L‘oEQoO) LP“'GO
IF (1S,EQ,1) LPMub

IF (LPM,EQ,80)READ (L PM.,1903) NCUR,RB,T!
IF{LPM,EQ, 6)READ (| PM) NEUR,RB, T?
1FCEOF,LP® ) 177,478

IF (LA,EQ,1) ENDFILE 6

REWIND 6

Ge 1O 158

ILeg S IF (LA.EOQ,1) WNRJTE (6) NCUR,RB, T!
LI IRY)
IF(LPM,EQ,60)READILPM,1900)(2¢(2,1)sVI(2,])s18IL,IN)
IF(LPM,EQ, 6)READ(LPM) (ZC2,1)aV(2,1), 1210, 1MW)

$  CALL RaYPLOy

IF(LA,EQ.4I)WRITE ( &) (2 (201)ev (2:1)0 080Uy 1M
IFty  (2.,1W),LE,p,) GB TO 176

ILs]LeS

G8 1O 179

52

TRIM
RiM
RIM

TRIM

TRIM

TRIM

TRiM

TRIM

TRINM

TRiM

TRIM

TRIM

TRIM

TRIM

TRIM

TRIM

TRiM

TRIM

TRiM

TRIM

TRIM

TRiM

TRIM

TRiM

TRIM

TRIM

TRiM

TRIM

TRiM

TRIM

TRIM

TRIM

TRiM

TRIM

TRIM

™TMiM

TR{M

TRIM

TRIM

TRIM

TRIM

TRIM

TRIM

TRiM

TRIM

TRIM

TRIM

TRIM

TRIM

TRIM

TRIM

TRIN

TRiM

TRIM

TRIM

TRIM

229
224
227
228
279
230
234

233
234
238
236
237
238
239
240
244
242
243
244
245
248
247
248
249
2%0
281
2%2
2383
254
2%9
2%6
2%7
2%8
2%9
268,
264
262
263
264
268
286
267
268
269
279
271
272
273

74
375
/7%
277
278
279
280
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199
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FORMAT(I1,F7,3,948)
FERMAT(10F0,4)
lFPﬂtﬂl?BR $ If (IFPRINE,L) IPPRsL § [F (IPFL,EQ,0) OO TO 50

IF (IFPRy,EQ.U.ANC,IPFL EQ,4) CALL PREFPLOY (g.o.s. )
IF (IPF_TE0,2,AND, IFPRIIEQ.B) EALL PROFPLIY (5.0,5,8)
17%x1 8 IFT1 41FT4,1 8 |F (1S,EQ.0) GO 7O ¢

READ 900,yUNK § IF (EMF,60) 1,161

1F (IPCO.NE,0) CALL STMPPLOT

CAL_ BYEBYE

END

63
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5.408

TRIMAIN

PREGRAM LENGTH

ENTRY PEINTS TRIMAIN

RLECK NAMES
MIRRORS
INFO
PROFIL
LOUDNESS
PR@
PATTERN
PIDEF
LIMITS
TLE
ASC
IFe
RANST

EXTERNAL SYMBOLS
QAQENTRY
THEND,
N200711
01010100
GaspIcT.
INITRAYS
BRLYRD
AYEBYE
INDY
NEWPROF
CONNECTY
RAYPLOY
RAYTAPE
TIMELEFTY
CumpP
RESTARY

CLOSE]OP

RETRY
SKIPFILE
ADVANCE
INTENSTY
TINFRINT
IVSKPLOY
RAYZDISTY
NWARLY
PREFPLAT
PREFPLITY
STAPPLOY
P@aRF
MiNLF
ATANF
COQIFESF
EFY,
8SP.
REw.
YSH'

158,
SYH'

s$T18,

SLE.
sS4t
CNSINGL,

B. G. ROBERTS

04624
01572

ore21
ongas
0n316
00765
0nooe
0noo4
00003
0no3e
0noLe
ono2eé
gnos7
0npo4

[NENT

54

TAIMALIN

n7/2%/773
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svise
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cLostlor

PROGAAM LENGTH
ENTAY POINTS
CATERNAL SvmgoL$

00000
00002

00003
00006
00008
00008
oooor
0oo0lo
00011

D OO s NOOO N

1
0

cLosgior
109,

133434
00000
00000

00000
00000
00000
06000

$00000

’ 14
$881%
00043
00000
00031

1348444

00007

»00002

00012
0000e

SAvVEaQ
SAvE)2

CLOSEIOP

10ENT

Entay
(234
[ S 1]
(L}]

oLDa
oct
-1 3]

stV
(1]}
(L 1]

(2]
03
1o
v
END

NRL REYORT 7827

cLosetor

cLosetor
100,

?

..'l
SAVEAD

[

(o) SAvELQ
SAVE 2.}
18,1

35,1

e

() 108,

o241
Savgl2

55

0r/12/1y

€D 00000

palE

NO,

clae

c1ae
cl1oe
c13e
c1oe

[ 5-14
c1oe
c13s

cloe
4514
c1ae

c1oe
cloe
c1oe
[ Gul d
c1oe

> Beown
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Rt ¥ N TV
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16

7%
7¢

1?

79
79

sce
303
€2

T PRI Eanih axieunt, Jd o & bt PR Wy

B. G. ROBERTS

06704/73

SLHRELTINE WFIRY
CIMENSTN Y"LF (,)‘ZlL(""so).v‘L(z‘so)
keAD 1,40

FLR™AY (Ag)

1P (REF,A0) 15,14

1P (lLseu BnSTANT Yy CY TE 79

oE Y6 1o

LFNse(

ThCLPA EU,60YREAD (LEN 1633) NCLR,RE, TITLE
[PLELE JLPN ) 77,78

ENDFILE &

Sgwing B

6¢ Te me

Toes 8 wFITE (&)
1rslLed

ThCWPA B 60IREAD (LEN #5080 (ZIL(2, 10, VIL(2) 1), t0lLsIW)
LR () 2B tEndaviLtZe ) 18Il [M)
ThOvILtes ¥y, LE,D4) CE TE 76

ILs]Led

5 ¢ Ty

FERYAY (19 R, 4)

FCR“aY (12,F7,3,9a8)

LT REVLAN

FHhD

NCUR,RB8, TITLE

56

RETY
RETY
RETY
REYY
RETY
RETY
REYY
REYY
REYY
REYY
RETY
RETY
REYY
REYY
RETY
RETY
RETY
RETY
RETY
RETY
RETY
RETY
RETY
RETY

- pn g oo
WRNI-OOBDICNR S R
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iDs

RETRY

PROGRAM LENGTH

ENTRY PEIATY REThy

EXTERNAL SYmBuLS
THENE,
QusllcT,
Qusife®
EFY,
RE.'
TSk,
stm,
SL¢,
Sut,
ONSINGL,

NRL REPORT 7827

ICENY RETRY
08540
0CS40

57
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$0%

10

1%

20

23
2%
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SLBROLTINL IN[TRAYE
CIMEANSIUN VoP ()

B. G. ROBERTS

CEMMEN /PATIERN/ ST 1TEP,UATL ,SERLEY

CEMMEN /P |DEF/ VLT R, ThCP]

CECMMEN /KHAYS/ N\RAY,YGAMII0N0Y,2203000),5SC1QU0),TIMELLODN),

NCTR(LOOC) PHadELL0QCD)
CEMMEN /1BC/ 1FE LA IBIIP, 1L 1SsLA
ANRAYS(
€Ls10%0,
PRINT 9¢5
FERMAT { o wAm| L GArCLC NGAmD

16 C1A,EQ, 0, ANE LA, EC o ER,LALEC 18R, 14,E0,2)

19 (1A,e0,1,8h,1AEG,3) LPCO2
1FCLPC,eQ 60 RFAD (LFC,Y003GAMLE ,GAMDY,DGAMD, |C,SL,PH

IFILPC,eN, 2IRFAD (LFC)

SL
LPCsé0

V6704773

GA“LC,GAMDU,DGAMD, IC,SL,PH

IFCLAGEBL, LImR T € 2) CAMLE,GAMUD,DGAMD, ICISL,PH

PRINY 9u6,Ga L0, 5arDl,LUAMT

2 ICSLPH

FERMAT (1MU, 3F10,4, 1%, 2F2,2 )

SLBll 00 ( ,1elSLeSERLEY))
1FFamy

1+ CARS tuGeGAMIE) LY, ,008) GE T€ 20

1F (NRAY,£Q,0) A8 TE 15
ARAYSAWRAY®Y

SS(NRAY)8Q
PGaelGAMIRGAVMLTE

SEGaS] viBG/LTR)

1PFs)

GaNGeLGAMp

SESIN(G/DIN)

NRAYSARAYel

IFONRAY GY,1060) u€ TG 100
YGAY(ANRAY )BS/SCRT(],e5085)
22(NRAY 83D

TIME(NRAY )8,
NCTR(NRAY)S(

PrASE (N®AY)sPFr/pTh
SS(NRAY)2SL e ,50445(55€G)

IFCJFF (NE,0) SS(NmaYel)BSS(NRAYel)esL e, 50ARS(5+56G)

1FFsy
0Gss
SEGeS
1F
1 Clc,
1P ()T
ILel
ksl Lely

G .,
N EERERT
PLEG,Q) @ TE 35

00600U1) ,LT, GAMLL ) GO T¥ 20

IF (1A,eG 0,ANC LAEBC,C,ER,LA4FC,1,08R,1A,EQ,1) LP 060

IF 1A,k 2) LPs?

1F (P 4EG,60)READILF ,9CLI(VBP (T 18]t 1H)
IF(LP EU, TIREADILF ) (VEPLL) ) Im1L, 1M
IF(LAEULInRLTEL 7) (VBF (1) l®iLaIm)

PRINT QU7 tvRPUYol8tL, 1)
FECRMAT{oQVBF ¢,2718,1)
IF(VYBP( M) ,&C,0,) CE TE 27
IesjLedy

GE Te 29

58

PHASE o)

INLY
INDY
INDY
INIY
INDY
INLY
INtY
INDY
INY
INIT
INEY
INLY
INIY
INIY
INITY
INITY
INDY
INDY
INTY
INDY
INTTY
INLY
INTY
INLY
INIY
INEY
INY
INDY
INLY
INIY
INTTY
INIY
INLY
INIT
INDY
INIY
INDTY
INIY
INDY
INLY
INIT
INDT
INLY
INTY
INIY
INITY
INDY
INLY
INtY
INJY
INLY
INDY
INTT
INIT
INITY
INDY

CONOVLEGN >
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=
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1A

27

20
29

i
3%

100

§09
904
902
903
904
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HLTILTEY

IFCIn, BY,g) GE 79 g4

1FevBR(in),E2,0,) €6 Te 27

CC 29 lelm,p¢

VEP(lel1avEpP([N)

CE 31 Jwy,huay
COABS(DIRGATANITGAM(]))oLATL)

nesD

CaDen

Cl(;..D)thp(ho;)o['ng(\oz)
SS(1)mSo(})e1C 000}, Ee10eD)

PRINT 9y2

PRINT 9U3,(1,7GaM(1),5501),PrASE(]), 101,NRAY)
1F (LA U 1,E6R, TAEG,1,0R,14,EC,3) HEWIND 2
IF (LA,eQ,1,8n,[4,66,2) REWINL 7

RE, RN

IFCiC EBU,0) GE TC 24

REAL §0e,]C

GE Y€ 4v0

FERMAY (3F10,4, 15, 2F%,2 )

FERMAT (¢(Qb 4, 1)

FERMAT (o0 [NJTIAL TaN GAMwa, SIGNAL LEVEL, AND PwASFe//)
FERMAY ( 2(11C, 3+39,5 ))

FERMAY(1BX,]2)

END
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INpT
Int?
INDY
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PREGRAM LENGTH
ENTRY PEINTS
BLECK NAMES

INJTRAYS

PATTERN
PICEF
RAYS
IFC
EXTERAAL SYMpulLS
THENC,
REcL73Le
G12190310v
Q1nG330v
QULCICY|
SURTIF
SINF
ATANF
REw,
Thh,
TsR,
$Th,
S8,
OnSIngGL,

TP % W WIS N W

01026
00420

0C004
0Cc003
12561
oooo?
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SLanFLY ik gRLTRD(RE) ¢ COwMEN /P|DeF/ P1,DTR, indP]
TUUMIQYEMEGA, ICMMILY)
CEMVEN /MIRRERS/ PSR ,EXLT(200),BPST(200)

CEMMEN /INFO2

CIMenSTuN DatuC) LG50, CTSTR{G00)IBR(9L,4),8P9L,4),]SH(d),

1 nh(231,]C

CEMMEN/ZABC/PLACHDD

FUUJVALENGE

G )

Liv0)

WL (8000

(16) 2 INCR,NBRS NSRS, ALIM, IFT,IFTY
CEMMEN Z18C7 1FE2LBIIJIIPIL]SebA
(LE,DTSTR(S594) ), (LG, CTSTR(S01)),(ICL,DYSTR(45Y)

i CTSTW (B0 ) s (ULEIETSTR(IA9)) ) IRIUTSTRIIBG) ),
F: (RN JUTSTRIIRSI) § ECUTVALENCE (BP,DTSTR(183))
TATA ((UTSTR(]),13%04,6C00)

(ﬂuL:DTSY=(0uti).(1‘..915!&(;97)).(RR nrsva).(13cﬁ,u7s7

(lEsUTSTRI399) ), (1B, )UTSTR(304) ), (K,DYSTR(3I9I)),

(1hotJTOTRIIV2D ), (Im, LYSTR(INLI)I o (IC,DYSTR(S90))
EGQUIVALEVCE (N, UTOTR(SBYY), (T,CTSTR(388)),(F,DTSTR(387)),(PKHT,

s 190 35, 40, 22,0 &(90, )

2 1'.. 29., 350' ‘b.l g’nl 5(904,0

I 18 2040 2940 5,0 4%, 86,4 41(90,),

4 18,y 23,s 30.¢ 40,, 9%, 5(90,),

S 5y 7,5 16,9 17,% 19,, 204y 21,. 22,5, 2(90,),

1 Ded 347, 4.5, ¢(e,),

é 0'0 2‘3| 4.60 8,5 ‘(‘l)l

3 04 Joe 4,40 £,7, 08,9, %1(10,),

4 2.. 5 2, 7 70 [ 2, 0(12 “

] 4, 5|?: 1200 12,0, 13,4, 13,7, 13,9, 3(14,) )
CATa c(.rsvnts),laaoa.eco>-

1 18,y S04+ 40, %C,s 55,, 95(90,),

2 1’.' 20.' 30.! 40.1 ’00! 55., ‘(°°|,l

S 19, 204 39,0 45,, 52,% 5(9%0,),

4 7,5, 1lys 200e 25,¢ 04 V4,4 4(90,),

S 2451 Sy 745 1%, 17,5, 20,0 22,4, 3(90,),

1 00. 2.61 ‘.‘D 5.60 6(6.)0

3 Oy 1,3, 4,6, 7.» 8,%, 5(9,),

3 3.0 5|‘| 807' 1C|!' b(ligh

4 J.o 4,, .J.‘n 12,7, 13,7, 5(14,),

b L] 7! 0!' 1‘ 1 1’.' 15 ea ‘(1°|) ,
"ATA ((J757N(5),ll‘01 400)s

1 19.. Zb.. sbll ‘5.' .1|l 5(9°|,l

e 18y P9y, 3I9.. a5, 85, 5(90,),

3 14, 2% 3040 aC . 8G0,, 53,4 4(90,),

) Ber 240 2000 ¢2,5¢ 28,1 5(90,),

Y 2,5 4,5 7,5, 10, 14,3, 17,5, 20,, 23,y 2(90,),

by 0.' 1'5' 3.51 2,1 0(‘|’l

P Soe 738 5,50 7,60 &(5,),

3 L) Yoo 7,90 S,4, 10,8, 5(11,),

4 7.. Ay, 12,20 L3,2, 81144,

5 9, 100: 1200 12,50 16,0 17,4, 17,7, 3(18,)
CaTa ((U751H'l’ul'¢01-30C)l

1 16., 2\’.. 30!! ‘Ul' ’0.! 55.! ‘(900)!

€ 17,y 2Ny 25,4 20,0 35,¢ 454, 5%, 3(90,),

3 1341 29,0 TUee 2o, 42,% 4%, 50,, 3(90,),

4 P 12,9, PUes 22,%0 2744 5(90.’0

Y 2,5 4,5 7,% 1C,, 14,5, 17,5, 20,,» 23,,4¢ 2(90,),

by Joa (Y LN 6,41 7440 5(8.),

é Jet 1,7 1,9, €. 6 6,8, B,8, 4(10,),

3 St ﬁ|bl By St 1”.‘0 1°|7' 4(1:."
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4 Toa [ 1ds0 13,10 8(34,),
H 9.. 10.0 12+ 13'90 160! 1701l 17070 3‘18|, )
CATA  ((DYSTA(])4|2101,200)e
Loo2yhy 10,0 12,%0 150 2040 25,0 30,0 33, 40, %0,,
2 ?|5‘ 7|5c 12.5' 20.' 29.0 32.50 ‘7.50 ‘E.’l :“UIHI
3 2.5. ’.o 7.,0 12.50 1,.,0 2?.90 27.9- 1?.‘. z"n|li
€ 2,5, 7,5, 104 11,5, 1340 1840 20,0 P4y, 2L90,),
H] 2.5. - I ﬂ.,l 10.0 12.’! 1’00 20.' 2?.’1 l,t!l 'ﬂll
1 3.5. 5.‘. 6ee 460 7,7, 5.‘0 9,4y W8y 201040
2 6,5 By 9,95, 11, 11,9, 13,, 13,4, 3(13,9),
) ,00 9,4, 11,% 14, 14,7, 19,4, 15,4, 3{15,%),
4 9.. 1-",. 15.2. !6.' 1‘..0 17.' ‘7". lll?..’ll
9 1149 13,0, 16.¢ 17,0, 18,1, 10,8, $9,6, 19,8, 2(20,) !
DATA ((UTHTW(1),]81,100)e
17,50 1les 83,90 19,0 17,90 204 2%, 27,%, 2(90,),
2 7,5, 10, 11,% 14, 119, 17,3, 20,+ 25,, 29,5, 90,,
S 7,5, 12y 15,0 18,9 20,y 22,5, 2%,y 27, 90,1 90,,
4 7,5, 10,, 14,9 17,5 20,0 22,9, 25,0 28,y 90,1 90
-] 2.5‘ 5|50 6.- 10.! 1’.0 1’.’0 20.' 2300 '°ll '000
1 6,%, 6,6, 9,8, 10,8, 11, 13,7, 32,7, 3(13,),
2 ’ni B,8, 10,0 10,6, 13,4, 11,9, 12,5, 13,4, 2(314,),
3 840 1l4s 12,84 164, 14,8, 15,4, 15,80, 3(16,)
4 9.‘ 1100 13.51 1‘.!' 1’.‘0 1°|2l 16.6' 3(1,.)‘
5 10,) 13,4 19,0 16,0 17,8, 18,4, 18,7, 3(19,) )
IF C1P7,C0,1) GO TE 2
CE 1 4ol1.,0600
. CTRIUIOLYSTRIL)
1FTsy
: GE 1€ §
X CE ¢ 1,000
. CISTR(JIBUTHIL) » JEWO
; FREGMELA/TWUPL § IF(FR,LY, 300,) GO TP 2%
TP (FR 61 ,1509,) Gw T€ 10 § [F(FR,LT,750,) G@ Y0 5 S 1Qs30}
1 66 716 20
% L] 1Gs40] » LM TE 29
10 IFGhhyLt 75T, G6 T€ 15 S [Cs401 % IF(FR,GY,6000,) 1Qm}
f 6E 16 2y
3 15 [Cee0}
L 20 CE 2¢ 135(1,400 » LTSTR(1)WCTSYR(IQ)
1 24 1C6e]Gel
b 28 £E 30 Is1,50¢
30 CYSIR(l)=0, § !SCPakp
14 (l,,._:f),L‘,U-t.LA,EC.C.ER.LA.EC.I.BR.lJ.EO.?) LP8'°°
1 IF (lyetid 1,7/, JJ,FC,3) (PRSYD
40 lbslbey & Ib(LPp,EC,&0)REAL (LPB,SUOIRBLLIB),ICL(ID)
/ IF(LPp,el, 9IKEAD (LFp) REL(]BYsICLLLB)
1 IF(LAEU,LIWRITE ¢ 9 RELUIBYICLIIR) § TF(RBL(IB)) 41,48,42
41 RbL(IbISL ES)
4 42 IFCICLUIN))Y 43,48,44
4) ICLile)Z) % € T ¢0
'Y IFCICLEIBY®9) 400148 ,45
45 ICLGlEdsICLeIbY /LY
46 IFCICLCIB)=5) 60:60,47
47 KSICL(IB)IaY & IF(IChn(K)) 48,48,60
3 a8 ISWi(K)my 3 [Lsy

49 TholLely » |FILPB.EC,6CIREAL (LPE.DQL) (BRI M) I0lL,IN)
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OLRD
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BLAD
SLRD
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BLRD
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SLRD
SLAD
OLRD
OLAD
AL,RD
ILrp
OLRD
8LRD
SLRD
SLRD
8LRD
LD
SLRD
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IF (LPBLEQ,VIHEAD (LFB)I(BR {1 M) ]8jLsIm)

IF (LA.:u 1)WRITE (9, (BRCJ KDY p10IL,IN) § 1Le]L*20
1F(BR{IMm, n)) 91,%1,49

IF(EREIM,R)) 91,91,5%)

Iholney 3 IF(]N) 52,%2,50

1.1}

06 94 Isim,9)

BROJed n)BBRIIW,X) 3 L% § IF(]SCP) 60,60,55

InojLedy S1F (1J,6C,0,ANC,LA,EC,C,08R,LA,EQ,1,6R,1J,EQ,8) (PPRGO

ALRD
ALRD
BLAD
ALRD
BLRD
ALRD
ALRD
BLRD
ALRD

1FC1J,Ge, 2 LPFegd 1F(LPP,EC,00)READ (LPP,901) (AP (] K)o 1ulL, IH)BLRD

1f (LPP EQet) REAL (LPF) (BP(], k), lolL,1H)

1F (LA.:O.&) wRITEC(H) (AP (1K), 101y, 1K) §S ILslLe20
1FCBP(IM,K)) 95,60,%

JF(RBL(IB),LY,1,E38) GE 76 40 $ DO 65 xs6,9
IF(lSniney)) os.oa.ex

PRINT Qu2,X 8 PRINY 903, (]1,BN(]e2,Ke5),BP(le1,Ke%),]8]E.00)
CENTIAVE & PRINY §CO0 3 DF 70 [02,]B S RANERBL(]m})

’“‘NT 90‘." HKO‘CL(I'I)

RSAN & WRINT G0S.M, JCLCIH) 3 [EB8Y

1CslCL(IE) 8 lP(lC) 76,76,80

D6 77 [=4,200 $ BRLT(])mg,

RPST(])e0, § GO T4 10C

te $¢ 1'1.200 S TaLTReATAN(,010({led)) § KslCe5 § IF(K) B81,831,99

TLei0ele ® [F(CGUiLeS) ,LE, 7) Ge& To v3
IF(CGtILet),GE,T) CO TG 02 $ ILslLel o GO TH 82

CCROCH({Le9)e(TaDG (L =S))o(LB(ILeB)aDE(IL=9!)/ (DG (L8 <DG([Le9))

GE 16 9e

DCBeCB(iLe9)

PhlegQ, » GO TE g#

NOT § FoTagN § CCHSER(NeLl,K)oFe(BRINO2,K)aBR(Nel,K)) $ PHIsO,
TFCISCP NE, D) PHISEPINGL K)&F O (HP(Hhe2,K)aBP (Nl K))
BPST(})aPHm]

BRLY(])® 0 ve(e, 1eLCE)

RESRBL(JE) & RETURM § ENTRY NWRRLT § [Es]Eey

IFCICeILLEIEY) 79,100,705

FERMAT(YB,4,12)

rsnnnr(¢or4,¢:

FURMAT(3BmUUSER SLFPLIECD BETYE> LOSS TABLE CLASS 15/1X
1 J{2mGA,0X,2nlBe /X, INFNT,410X))

FERMAT(S(]I,F1U,8:Fb,8,9Y))

FERMAT(DH FREP,FL1Y, 2,3+ Y6,F30,2,16H XM RQTTOM CLASS,[S)
FERMAT(DH FnPM,FL0, 2.4» YG.JI.ZSFENU UF RUN BQTTGM CLASS,|%)
END
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BLRD
RLRD
ALRD
ALAD
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8LRD
RLRD
BLRD
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BLRD
RLRD
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126
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147
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149
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133
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A 0cC07
EXYERNAL SYMHuULY

11¢1040v
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SUHROYTINE WORD S|2E WeRD %

5 CEMMON /RAYS/ NRAY,TCAM(1000),22(1000),5SS€(1000),TImE(L000), WeRD 2

1 NCOUNT(1000),PRASE(3000) wWORD 3

CEMMEN /INF@/ RSTARY ,RFAX,EMEGA,ATT, IPRAY, ITN, ITN2, ITN3,1B1G, WORD ¢

) 1 ISgPyITe, llz.xrs.xpin.lr1xr sLTRT,LYER,LYRP,LPIN, 1ATYY WeRD 3

CEMMBN /TRIANG/ AP(100,2),8P(100,2),AL(200),BL(200),Z2ZERB{100), WORD &

1 RZiﬂu($00).AA(lOO).88(100)oSSTtloo)nCCYttooi.NTﬂl WGRD 7

CEMMBN /TLE/ STITLE (10) WORD 8

CGMMON/ABE/PUNCHDD (16)) INCR,NBRS, NSRS, ALIN, IFT,IFTY WORD 9

CEMMON /RANST/ RDUM, LREC, [FSK,SCUM WERD 10

CATA (Jvlbl57777777777777778)u(IENTlO) 1 tIFSKmey) WORD 13}

ENTRY n]Y WORD 12

1F (19T1,EG,0) GO Y6 2 WORD 33

gata-;7/77777777777779 3 [ENTaQ WORD 14

2 JINASQRI(SORT(JBIG/4,)) WORD 43

1TNZ2e|TNes2 WORD 46

TINJa|TN2e]TA WORD 47

181Gs}TNIe]1TA WORD 48

RE TYRN WeRD 19

ENTRY RAY TaPE wWeRD 29

Z6AL(NIR])eBL (NTRY)sRFAX WORD 2%

IF (IGNT,NE,0) GO T8 3 WORD 22

WwR]TE (LTRY)SIITLu.ALlr NBRS NSRS, TTN weRD 23

1entey 9 [RECEL 3 [FSKm[FSKel WORD 24

4 WRITE CLTRT) NRAYSRMAX, 28, (TGAM(]) o Jug,NRAY), (ZZ(1),T0g NRAY Y, WORD 2%

1 (SSCEIpIma aNRAY ) INCOUNT (1) Im8)NRAY ), (TIMECT) g NRAYY, WORD 26

% 2 (PRASE(]), i934NRAY) $ IRECP]RECey WiRD 27

k RETYRN WORD 28

b END WORD 29
ki
¥
¥
;
|4
i
£
i
E_
f
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PREGRAM LENGTH
ENTAY PINTS IN1T
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WeR(S | ZE
8, 8CK NAMES
RAYS
INFO
TRIANG
T.8
Ayt
RANSY
EXTYERNAL SYMBULS
01610400
THEND,
gaccicT,
Sdr1r
$18,
S,L¢,
ONS |AGL,

[

O

M b

00217
00042
00044
00005

135461
00024
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00004
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SUBROUTINE NEWPROF (ZMAX) NEWP
COMMON /INFO/ RETART RuAX OMEGAATT, IPRAY,ITN,ITN2, [INS, 101G, NEWP
3 ISCP ITL 172, 1T IPER, IPTIMS, LTRT ) LTERLTRPLPINSATY NEWP

COMMBN /PABFIL/ MY, ,N1,28(50),Vi(50),RQ,N2,22¢50,v2(50),18ATC, IPFLNEWP
COMMBN/INPUT/ RBOT(2%9),2807¢290),210L¢2,%0)sVIL(2,30)¢NN(2),ICON(2NEWP

$:70) NEWP
COMMON /TLE/STITLE (49! NEWP
COMMON /PRO/ lPIOP.!Ka".’LYL.Rn,lPCO.lrrl NEWP
DIMENSION TITLE(®),PM(3),LIN (434} NEWP
COMMON/ABC/PUNCHDB (46), INCR,NBRS, NSRS, ALIY,IFY, 1F Ty NEWP
COMMON /IFC/ LFE. 1A, 1B IK)ID,[SsLA NEWP
COMMON /RANST/ RS, 1DUM, JDUMM,SDS NEWP
DATA (NGPYe0), (IFECF0) ,(LINRIL4(LH )),(1FT200),¢[AH=0) NEWP
IFEalFEOF S|F tlrrb.sctxrrz; G Y§ 952 $1BM=y § |PY2sIFY NEWP
IF (1FY,.EQ,0,OR,! u.eo.‘) GO 70 950 3 NSPTeD s?rsar-o SIFEn[FESFNEWP
{6Mes § n200'S R260,0 $°N160 S R180,0 S [FPRaO NEWP
DO 991 Jel:lnre NEWP
LIN(J)eIN NEWP
IF (NDPT . GY,0) GO TO 20 NEWP
FIRSY ENTRY, READ IN BOYTOM PTRACK NEWP
ILeg § IF (ID,EQ.0.AND. . LA,EQ,0,0R,LA.EOQ,1) LPIs6OSIFL]D,EQ,1)LP|aSNEWP
Ins]Led NEwp
IFCLPL.EO,60)READ (LP] ,900) (REOT(]),2B0T(1Y,1elL,]N) NEWP
IFCLPI,EQ, S)IREAD (LP]) (RDOT(]),200T¢1),1al,]N) NEWP
IFCLAEQ.gINRITE ¢  5) (RAGT(I),ZBOT(), 1L, IH) NEWP
IFC(RBOT(IN) ,LE.g.) GO TO 3 8 JLulLe3 § GO 10 2 NEWP
IH8 [Wey smaismm.l.e.o.) GS 70 3 § NEPTON NEWP
1F (#A.EO.I.QR.ID.EO.zi REWIND § NEWP
PRINY 901, (RBOT(1),200T(1) 1alsNBPT) 8 IF (10OTC,LE,0) 30 TO § NEWP
D8 3 [a3,NBPY NEWP
2G0T ([)s208%( )0ty ,0,502067(1)/6374221.3) ~ NEwWP
CONTINUE 8 WRITE (39,0410, STITLE, (RO8T(J),2807(J), es ,NDPT) NEWP
FORMAT (40A8,/,(40F8,3)) NEWP
rermaT (dore,3) NEWP
IMAXe(, $DO 4 leg,NOPY NEWP
IFCZBRT(1)GT, ZMAX) TMAXSZBOT(]) NEWP
CONTINUE ) NEWP
1”7'0 $ l' ‘ls|!°o°c‘N°-L‘lE°l°o°R|L‘cE°|1) LPNs SR NEWP
NNt2100 8 IF (1S,EQ,q) LPNEb NEWP
DO 55 13,2 NEWP
DO 5% Je1,90 NEWP
ZIL(1,d)80,0 NEwWP
VIL(I,J)8g40 NEWP
1CONC(].J)0y NEWP
NN(g)9p NEWP
NIB=0 NEWP
pe 856 Jui,%0 NEWP
T1tJ)eg.p NEL'P
v,04000,0 NEWP
22(J)e0,0 NEWP
vei(Jred,o0 NEWP
ASSIGN 6 Y@ IREY NEwP
GO 70 70 NEWP

AT 70 IS THE READIN AND CONNECT ROJTINE, RETURN IS T® {REY NEWP
ASSIGN 20 19 IRET * NEWP
6o T8 70 NEWP
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18PYs[BPTel
IFCIBPY LE,NBPT) G® TO 2%
RBYs,0010R24300,
[FPRsY
gé 18 22
R@TsREOT([BPY)
28Ya280T(]0PY)
IF (AM,LE,RBY.AND,IFEOF ,EQ,3 ,AND,RS,NE,.0.0) IFPRuY
1F(RBY,LE,RB) GO Y€ 25
GEYT NEw INPUY PRGFIJLE
ASSIGN 23 9 [REY
Ge ta 79
1§ (1BPT,GT ,NEPY) GO TO 25
19PTsBPTel
Z@Ta 28T+ (RARET)0(287~280T([BPY))/(RBYRBIT(IBPTY)
TH]S 1S TWE BOTTEM NEPTW AT PREFJLE RANOE
RBTaRA
Ri3R2
N1=N2
MOVE PREFILE 2 79 PROFILE §
D® 27 lsg,N2
23 (s22t]
vitravec))
R231000,eRBT
FAs(RU=RBY)/(RBeRA)
FBey,eFA
Nzl
IF (ICON(L,N2).GY,AN(L)) [CON (1,N2)sNN(1)
IF (I1CON(2,N2).GYAN(2)) ICON (2,N2)aNN(2)
2oFACZIL (1, [CON( o N2))eFBO2]L(2,1CONC2,N2)}
VEFAeylL (1, [CON(L,N2))eFBoV]L(2,1CONL2,N2))
IF (N2.,GT,4,AND,2,LT,272(N2-1)) 125,126
2872(N2-%)
VEV2(N2.1)
IF¢Z2.Q7,268%e:,) GB T8 35
22(N2)82
VEa(N2)sy
NEaN2el
IF(N2,LE,NIB) GO T¢ 29
EXTRAPELATION TF BOTYTOM
22(N2)028Y
MENZ-]
MEMey
I972(M)
I (ABS(Z-22(N2-1)).LY,1,E=582) GO YO 3¢
Veav2 (M)
VEZ(N2)8y2(M) (287218 ({V2(N2=1)aV)/(Z2(N2=1)=2)
GO T 4,
Z2(N2)s/BY
V(N2 )BV2(N2«1)e(ZBTw27 (N2=1))o(VoV2(N221))/(2=22(N2ed))
REMAVE DUPLICATE POINTS
ME2
10es=0
17 (22(M),67,22(M=1)0.0001) G® T3 45
juCsay
NEzN2ed

68

NEWP
NEwP
NEWP
NEBwP
NEwP
NEwp
NEWP
NBwWP
NEwP
NEWP
NEWP
NEwP
NEWp
NEWP
NEwP
NEWP
NEwp
NEwp
NEWP
NEWP
NEWP
NEwp
NEWP
NEWP
NEWP
NEwe
NEwP
NEWP
NEWp
NEWP
NEWP
NEwP
NEwP
NEup
NEwpP
NEwP
NEwP
NEWP
NEWP
NEWP
NEwP
NEwWP
NEwP
NEWP
NEWP
NEwP
NEWP
NEWP
NEWP
NEWP
NEWP
NEWP
NEWP
NEWP
NEul
NEWP

siaasasisy
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! D6 44 lam, N2 NEwP 413
¥ Z2tl)re22(]e1) NEWP 114
% 44 vatlrevaclen NEWP 418
1) MBMey NEWP ¢16
1F (M, E.N2) GO Y@ 42 NEWP 147
[F (1pC.GT,0) Go Te 4p NEWP 110
y IF (22(N2e1),EQ,0,0) GM YO 46 NEwP 119
T NSeN2ey NEWP ¢€0
0O 47 1sN5,50 NEwP 121
22(])10g.9 NEWP 422
47 va(1)e0,0 NEWP 123
46 1F (1PRQP,EQ,Q0.BR,IPRBP,EQ,L) 10 TO 34 NEWP 124
PRINT 902,02 NEWP 129
PRINT 944 NEWP (26
08 7 ysi,N2 NEWP 127
NVav2(J)»3455,5 NEwP 428
IF (NV,LT,4,8R,NV,GT,114) GO TN 48 NEWP 129
LIN(NY)s1Ne NEWP 130
PRINT 915,22¢J),V2tJ),LIN NEWP (31
LINCNY) SN NEWP 432
GO 187 NEWP ¢33
48 PRINT 915,22(J),v2(y) NEWP (34
7 CONTINUE NEWP 439
94 IF (IPFL,EQ,1) CALL PRAFPLOY (MG, NI, INPF) NEWP (36
IF (IPFL.EO,2) CALL PROFPLIT (RB, N3, INPF) NEwp {37
: 1F (ﬁs.ss.nsartz).ea.x'eer.ea.b) REYURN § PRINT 275 & CALL BYERYE NEwP (38
f 273 FORMAT (5X,0PROGRA¥ ABORTED, THO SOUND SPEED PREFILES INPUT REFORENEWP ,39
{1 SECOND BOTTOM PO NTS) NEWP qép
70 IFINN{2),EQ,0) G& 79 73 § NBENN(2) 8 DO 7¢ lsy,vB NEWP 1431
ZiLtgaeZlLtae D NEWP 4
73 2 ISSYRRLIINF IR S NEWP ¢4
RAsSRD NEWP §44
1 ] NN(L)ONN(2) NEWP 445
1F(IFEOF.E0,0) G& Yo 76 NEWP 146
RBsRBey ,E4 NEWP (47
6o ve 82 NEWP 140
76 IFCLPN.EQ,60)READ (LPN ,903) NCUR,RB,TITLE NEWP 449
IFC(LPN,EQ, 8)READ (LPN) NCUR,RB, TITLE NEWP ¢9p
IFCEOF,LPN ) 77,78 NEWP ¢3¢
” IFEOFsy S IFEglFEQF NEWP (92
RBsRAe, E6 S IF (LA.ED,,) ENDPJLE 6 NEWP .53
70 lLey 8 IFP(LALES, ) ARITE (8)  Neum,me, HITLE 8 RsseB NEWP i85
79 lH'}L04 NEWP (%6
1F (LPN,EC,60)READ (LPN 49000 (ZIL(2,1),vIL(2)1), a1} 1) nEwr 187
1F (LPN,EC, 6)READ (LPN) (ZILC2, ), vILe2 1y, T, In) NEWP (58
1F(LA EQ LINRITE ¢ 6) (ZILC2: D) aVILI2: 1) o Io L TH) NEWP 159
IF(VIL(2,1M),LE,0,) GO TO A1 NEWP 160
ILslLed NEWP ¢b
GO 18 79 NEWP 16
L} ILTRET)Y NEWP 443
1Fevig(2, jn).LE,0,) GO T8 8% NEWP 164
NN(2)elM NEwP 465
NInlHW NEWP 146
INPFe( NEWP ¢687
I1f (!PReP,EQ.0) GO To 74 NEWP 168
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PRINT 904,RB, TITLE NEWP

PRINTY 914 NEWP

74 DO 28 l-x.!n NEWP

PF o (VIL(2,1).L7,1400,078R,VIL(2,1),6Y;16%0,0) 58,%7 NBuP

SR PRINT 924,RB,21Lt2. 1), VIL(2, 1) NEWP
$zn FERMAT(iHy 5%, o[NPLY ERRBR [N PROFILE AY RANGE®,Fqpn,4,9X,0VALUR ATNEWD ¢

4 DEPTHe,Fy,3,890,F1p,3,0 H/SECS) NEwP
CALL BYEBY NEWP ¢

57 IF (21L(2,1),NE,SDS) GN Y0 257 § PRINT 2858,Z1L(2,1),RO8CALL BYBRYENEWP
€58 FERMAY (5x,sPROGRAM ABARYED, INPUT PREFILE DEPTHe,P10,3,1X,osSBURCNEWP

1E DEPTH, AT RANGEs,F10 3,9 KMe) NEwP
257 IF (1,EQ.y) GO T8 57 SIF (ZIL(2,1),LY.2IL (2,01-4)) 00 Yo 98 NEwp
,97 1f (1PREP,EQ.0) GO TP 28 SNVIVIL(2,1)«,495,8 NEWP
TF (NY, T,4,0R,NV,GT.114) GO T% 38 8 | IN(NVISTRV NEWP
PRINT 915,21 (2:1)ovILE200)aLIN NEWP
LIN (NV)siM NEWP
Ge te 28 NEWP
38 PRINT 915,21L(2,1),vIL(2,1) NEWp
&N CENTINUE NEwWP
1F (NCUR,GT,0) GO TQ 89 NEWP
D8 80 Isi,lw NEwP
Vel(2sDoeyllt2e1000y,0710L0(2,1)/76371221.3) NEwP
8q 2L (29100710 (201000y,9,521,t2,11/6373221,0) NEWP
80 IF (IPFL.EQ,q) CALL PRAFPLAY (RB,N3,INPF) NEBWP ¢
IF C(IPFL.EC,2) CALL PRAFPLIY (RB,N3,INPF) NEWP ¢
IFINN(1),EQ,p) GO T8 IRET,(6,2p,2)) NEWP ¢
ICON(1s1)0g NEWP
1CON(Z,1) 8y NEWp
NA®2 NEWP ¢
NB=2 NEWP
NIRs2 NEwP
63 IF (Z1L(2,N1B).EQ.2ILIL,NIB))Y GB TO 02 NEwP
IF(NB,LE.NN(2)) GE TO 84 NEWP
1P22 NEwP
G6 TO 88 NEWP
IFI(NA,LE,NN(L)) GO TP 85 NEwP
1Psy NEwP
GE To 88 NEWP
DVMARYIL(§,NA)eVIL(1,NAe) NEWP
CvLAsDVMA NEwP
DyHAZDVMA NEWP
IFINA,GT,2) DVLAOVIL (1 ,NA=L)eV]IL(2,NAC2) NEWP
TFENALLT MNCg)) DvkAeVIL(L NA®g)aVIL 01 ,NA) ) NEWP
DvMZasyIL(2/NB)=VIL(24NReyq) NEWP
YviL3deDVuB NEwP
DyHBeDVMB NEWP
IF(NB,GT.2) DVLBeVILt2,NB=2)aVIL(2,NBe2) NEWP
IFINB,LT,NN{2)) DvhBaVIL(2,NReg)eVIL(2,NB) NEWP
OM(q)8ABS(2IL(L,NA=y)=2]L(2,NB)) NEwp
1F(Dv AeDVMB ,GE,q, . AND,DVMAGDVHB ,GE,g,) PMLy)sPMIg)e25y, NEwWP
PM(2)8ABS(ZIL(1,NAYeZIL(2,NBut)) NEwP
[F(CVMAeDYLB ,GE,0, . AND.DVMACDVNE ,GE 0,9 PM2)sPM(2)+250, NEwP
PM(3)sABS(ZIL(1 NAY<2IL(2 NB)) NEWP
IF(DVMASDYMB,GES0, . AND.DVAASDVNB,GE,0;) PM(3)aPMI3)e250, NEWP
BPaPM(Y) NEWP
1Psy NEWP
70
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D6 87 12,3 NEwp 229
[FipM(l). GE B8p) GO TO W) NEup 226
1Pe] NEwD 227
BPePM( 1) NEup 228
8 CONTINUE NEup 229
LT GO Te (90,94,92),IP NEwp 230
% ICONCg /NIB)ONASg NEWP 234
ICON(Q,NIB)OND NEwP 242
NBanBey NEWP 233
GO 18 93 NEWP 234
91 1CON(L,NTIB)SNA NEwp 233
1CON(2,NIB)aNBy NEWP 236
NASNAey NEur 237
G0 TO 93 NEwP 238
L 1] ICONCL,NIB)BNA NEWP 239
1CONC2,N1B)aND NEWP 240
NAsNA® Y NEWP 244
NBanBey . NEwp 242
93 1F(NA BT, NN(1) . AND.NB,BT,NN(2)) QO TO IRET,(6,20,23) NEWP 243
N[BaN]Bey NEWP 344
IF (N]O,LE,50) GO Te 83 NEwP 249
PRINT 908 NEWP 244
CALL WYEBYE NEwp 247
90C FORMAT(10rE,4) NEWD 249
901 ronnnrtzduotlsvxnc OF MQTTOM TRACK/LHD, 4X, 906K RIKM),0%,4HZ (M), 4XINBWP 249
//(1!.;0'1; NEWP 299
902 FERMAT(3g us ERPCLATED PROFILE AT RANGE.Fyg.ge2¥ “/7) NEWP 294
90 FORMAT(11,F7,3,90) NEWP 292
994 reannvtzshglnrur PROFILE AY RANGE,F1y,3,3N KM,5X,940//) NEwP 293
$14 FORMAT (3X,0DEPTH (M)e.2X,0VELOCITYe,0040800,6X,0947p0,0X,04408,500X,NEWP 334
10 4900.6x,¢i9000.01,019100.6x.o;!zot.6:.-;9300.61.019400 10%,948500n0uWp 298
x,-*se . x.-}97no.//) NEwp 256
1y ! VOQHA (1X,F11.4,F19.4, g NEWp 297
Gg! FORMAT ( 29KHgT00 HAgV 'OlNV INTERPOLAYED) NENP 298
END NEwp 299
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PREGRAM LENGTH
ENTRY POINTS
BLECK NAMES

NEWPROF

INFO
PROFIY,
INPYTY
¢
PRO
ABC
ire
RANSY
EXTERNAL SymBOLS
THEND,
03610.00
e80DICY,
PROFPLOY
PROFPLITY
BYEBYE
QOCIFESF
ErFY,
REW,
TSM,
159,
ST,
ST,
SLe,
SL1.
GNSINGL .,
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03072
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00012
00006
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00007
00004
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SUREGT vk CMANECT CONN 1
7 CEMMEN JPROFILZ R1 N, 200500 ,V1(%0),R2,N2,22(50),v2(35),1808TC,1PPLCONN 2 3
REMMEN /Tw1aNG/ AP(100,2),0P(100,20,AL (100 ,8L(100,22ERRIS00), CaNN 3 ¥
t 1 HZER90L202),AA0100),E0(200),S5T(100),CCT(100),NTRY] CONN 4
! ¥ T N1 BY CiNy 5 1
; ] n12]89 CONN & ]
i 140C8Q CeNnN 7
10 LTR]aNTx] 0} CeNN 8
4 1FINE EW,N2) 6P Te 12 cony 9 )
: 1F (1aNU,ED,1FRyNAEQ, VL) GE T8 S0 CONN 10 ¥
4 12 RCERT(NIR] 2R CONN 11 3
ZLFRE(NIR] 82209 CeNN 12
ALINTRI )81 (NAey) CONN 13
BL(NTHT3(22(nR )2l 1(NAL))/(RRaRY) CENN ¢4
AA(nTR]I DSy /Ve(NH 002 CEGNN 5 H
RI3(Y, 0/ViiNAIeodey DC/VI(NLOL)oeT) /(2L (NA) L (NASL)) CENN 16
P (L, U/V2(\3)002ed DC/VLINAIGO2<B o (Z2(NB)a21(NA)))/(R2eRY) Conn 17
LAs\Ae} CENN 48
[aAD(s} CONN 49
J 58 16 4y CeNNn 20
k 3 RLERC(*IR] IR} CENN 2%
TLERG(NIR]YaZ2LtNA) CeNN 22
/ ALINTR])3L2(NA) CENN 23
R (WTRIDIS{Ztaa)ol2(N3e3))/(R1aR2) CONN 24
: s AA(WTRT)ISL /VIINA)ee] CENN 25
E = Dtl(i,DU/VZ(‘a)"a-l.DCIVZ(NBO1)"2)/(22(N8)-22(N801)) CONN 26
i QRE(1,JU/Vi(NAYr®o2a) D0/ V2(nB)002eBLe(Z1(NA)=22(NB)))/(RLeRZ) CeNN 27
F LogahRel CeNN 28
14083 CENN 29
F GE T° 4y CONN 30
a9 Rg(NTA])23] (5T (J20ededRee)B2) CONN M1 !
1 TFOBINVIREI (BG4 ) u® U 41 CeNN 32
3 SST(ATR}ISHA/EA(NTR]) CONN 33
E SCY(NTYR)IBA2/GA(NIR]Y CONN 3¢
; 52 17 a¢ CENN 35
] a3 CETINTIR DAY, CONN 36
2 SaT(nT )8, CENN 87
3 4z ALCATSH]IsalL(NTR el (NTR])eRY CeNN 38
: TANTESSTINTRIIZAMAYL(CCTINTRT) ;1 ,E0100) CENN 39
! B (NIRRT 218(3 ENTATIOTANT) /(1 ,eBL(NTR])STANTY) CeNN 40
E GadL(\NTw]el) CENN 43 i
b IF(NTH] EQ,1) a0 CONN €2
; QR (NTR]I 1) (0eTANT )/, 2EB6TANT) CONN 43
AP(NTRL, 1)saP (NI, 2080, CENN 44
E IEONA LT N1, PR, w3, LT, N2) GE TE §C CENN 45
¢ He TR\ CENN 46 i
1 £\D CENN @7 3
p i
*
X
+
X 4
, 73
: i
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CEANECT

PRAGRAM LENGTH

ENTAY PEINTS CannECT

BLACK NAMES
PREF T
TRIANG

EXTERNAL SYMBULS
101020
2160421y
Lealtcr,
SYRTF
MAXLlF

00414
00003

00318
02261
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SURROYTINE PREFPLET (RI, N3, INPF) PLOY
COMMON /PREFIL/ My Ngo23¢50)sVet9g),R2.N2:22(50),V2(8q),1887C,IPFLPLET
DINENSIONIY(1Q).l(‘)nxp(So)oV( o’o’LTARRAY(25",ZDE’YH (258)  XRANGPLOY

1E (250).xL(50).VL(‘oo).YP(ig) pLoY
C§~M0NIXNPUY/ RBOT(28),288Y (2900, ZIL 12,500, V1L (2,803 NNI2),1CONI2PLAY
1:9n) pLOT
CEMMAN /LIMITS/RO(1g),DR(1p),RO2(10} PLOY
COMMAN /PRO/ |PROP, [KNM,PLTL,R4,IPCO, [FPR PLOTY
CEMMEN /TLE/STITLE (49!} PLOTY
CEMMON/ABC/PUNCHDE (16),INCR,NARS NSRS, ALIM, IFT,IFT] pLOY
CATA (I1PLET®0),(1ST80),(1FY220),(1RN8D)Y,(1Js0) PLOY
IF (1PCO.EC,y .AND,IPLBY,EC,(,OR,1ST,FQ.1) 08 T® gpp pLEY
1F (IPLOT,EQ.1) GO T8 1 $ CALL PLOBTS (PLTARRAY,254,3) PLEY
1F (1FT, EG,1FT2) GO TA 955 S1BWs0 § |FTaslFT, PLOY
It (1FT1.EQ,0.AND.1,.ED,1,0R.IAN.EQ,1) RETURN PLOT
lbHal $ IPLOTe1l $ 1PCOsl $1STa0 S 1ysi PLEY
RMz MAX1F(RO2(1),KRE2¢2),RO2(3),RM2(4),RE2(B) ,RM2(6),RO2(7),RO2(B),PLOT
1RG2(9),RA2(10)) § IDlan S Kup PLOY
KsKe, $1F (RM,GT,RBEY(X)) 20.24 PLOY
IMAX=ZROT(Y) PLEY
LE22 42K PLOY
IMAXE MAXAF(2BOT(J),ZMAX) PLOT
IF (ZMAX.LE, 250.0,AND,ZMAX.GY, 10 ) IMAXE  254,9 PLOY
1F (ZMAX.LE, 500,0,AND,ZMAX,GY, 258.0 )y ZMAxs  500,0 PLOY
16 (2MAX.LE, 1000.,0,AND,ZMAX.GY, 500.0 ) ZMAXs 1000,0 PLOY
1F (ZMAX.LE, 2000,0,AND,2:AX,G?,1000,0 ) ZMAXs 20.0,0 PLAY
IF (2MAX.LE, 4000.C,AND,2MAX,G?,2000.0 ) ZmMAXE 4000,0 PLOT
1F (ZMAX.LE, S000,0,AND,ZMAX.GY,4000.0 ) ZMAXs 5000,0 PLOY
1F (ZMAX.LE.10000,0,AND,ZMAX,GT?,5000.0 ) IMAXS10000,0 PLOY
pe 2% J=1,11 PLBY
Az (Z4AX/10,0)0(y~1) LAY
IF (J,EQ.8) CALL SYyRal (=1,00,5,0,0.14,9HCEPTH ()),90,0,9) PLOY
XL¢dJ)a0,0 PLEY
Y(J)z(Lll=y) pLOT
CALL NUMBER(-0.80,Y(J),0,140,A,0,0,4KF5,0) PLOY
CALL LINE (XL:V.11.1,3-0.105'1) PLOT
08 26 Jz1,250 PLOY
YLtJ)sg.p PLOY
1F (PLTL.GT,156,0) CALL BYEBYE PLOT
RSCALESPLTL/RM PLOT
NTMEAMINL (PLTL*1,,40,5) PLeY
RT=y., PLOT
RMANERM PLOY
1F (IKNM,.GT,0) RMANNRM /1,892 LT
NTZAMAN/RY PLOTY
1F(NT,LE.NTM) GO YE 57 PLOY
RYz2 . 8RT PLET
NTzRMAN/RY PLEY
IF(NT,LE.NTM) G@ 1€ 57 pLOT
RT22,58R7 PLeY
NTsRMAN/RY PLOT
IF(NT,LE.NTM) GO T€ 57 PLOT
RY122,eRT PLEY
Gu T8 56 LY
PLOY SLRFACE AXIS PLOY
CALL PLOT(O,, 0,,3) PLOT
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XNs9,

R§CAL511RECALE

1P (IKNM,GT,0) RSCALELs1,8%52e¢RICALE

DXsRTeRSCALEY

Rsp,

1FaQ

CALL PLOT(XN,0,,2)

CALL PLOT({XN,~0,0%,2)

RKER

CALL NUMBER(XN=,48,«0,19,1,4E-1,RK,0,,46F¢, 0}

IF(R,LY.RMAN/2,) GP T8 59

IFCIF,EQ.L) GO TE@ %9

143 (IKNH.EO n) 4,7

EGL% S;MBCL(XN-Q 30470400 0,14: 10HRANGE (NM)0.,10)
0

CALL SYMBEL(XN=0,30,-0:40,0,14,10HRANGE (XM),0,,10)

C:LL SYMBEL (XN=7,20,1N,15,0.24,8TITLE,0.,80)

IFay

CALL PLOT(XN,0,,3)

IF(R.GE.RMAN) GO TE &g

XNsXNeDX

R3ReRY

G& 10 Se

ILPa0

IF (IFPR,EQ,1) GO Tg 5

X(3)s(R2/34000,0)eRSCALF

IF (INPF.EQ,0) X(3)usR]eRSCALE

X(1)sX(3)01,8

IF CINPF, EO 1) Gé Ye ? $ IF (X{(3).QT,PLYLY GO T® 35

D€ 45 J=y

xp(ﬁ)-uo.hvnuz..)-ns 0190 g ) eX(3)

1C1alD]eq

XL(ID])EX(3)

IF (ID1.GE.,2) GO Y€ 50

CALL SYMBEL (X(1)e0,02,10,27,0,10,46MVELOCITY (M/SEC),0,0.46)

TXIO L]

NE2

Le 55 JEhih

x1tJ)sx (1)l jel)eTy

YP(J)®10,02

xmMs1%500,0

Dx=10,0

PLrXMe(J=1)eDX

1F (ID1.EG.1) CALL NUMRER(XT(J)=040743n,104+.20%,PLs0,0,4HWF4,0)

CENTINVE

IF(X(3)Y . LE,PLTL) CALL LINE (XT,YP,N,3,13,0,07,1)

IF (INPF,EQ,1) GO Y8 2

£ 3 w1, N3 SYC([)010,00(1,00(ZIL(2,])/72ZMAXY)

IF (Y(1).L%,0,0) Y(])an,0

TF(X(3) . LEPLTL) CALL L!NE (XP,Y,N344,22,0,0,0)

INPF2}

Ge 10 5

CG 6 §s1.,MN2 SY(1)810,00(1,0~(22(1)/72MAX))

IF (v(1).,%,0.0) Y(])=s0,0

[CPa|DPel

ICEPTH(IDPYaY(N2)

XRANGE (ILP)=X(3)

IF (1FPR.EC,0) GB YO 30

CALL LINE (XRANGE,2DEPTH,1DP,1,1,0,0,0)

CALL LINE (XL, YL ID): 31430001406 e1)

CALL PLOTS (gsg) 8 CALL PLOT (PLTLegp,0enee=3) 8 1§Tay

RETURN

END
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rPLOY
PLOT
PLOTY
pLOY
PLOY
PLOT
PLOY
rLOY
PLOY
rLOT
rLeTY
LY
rLeY
PLEY
PLOY
rPLEY
PLOT
PLOT
PLOY
PLOT
rLOY
rLoY
rLOY
rLoTY
PLeY
rPLOY
PLETY
rLOY
pLeY
PLOT
PLOT
PLOY
PLOY
PLoY
PLOY
4 )
Loy
rLOY
PLEY
pLOY
rLeY
PLOY
rLOT
PLOTY |
PLOY
PLOY
PLoY
rLoY
PLOY
PLOTY
PLEY
PLOY
rLOY
pPLOY
PLOTY
PLOY
PLOT
PLOY
PLOY
PLOTY
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113

its

N

POTESSTPEES PR



[ R SR T A Lweagmre [ e SN

!‘a

DS
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PREGRAM LENGTH
ENTRY PEINTS
RLECK NAMES

PROFPLOT

PROF I
INPUT
LimlTs
PRE
TLE
ABC
ExTERNAL SymBOLS
01010300
csoplcr,
PLOTS
SYMpeoL
NUMBER
LINE
BYEBYE
PLOT
MINLF
MAXLF
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03700
02503

00316
01442
00036
0noo06
00012
00026

[DENT
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SUBROYTINE PREFPLITY (RI, NI, INPP) PL
COMMON /PRSFIL/ nx.u:.z;«sn).vz(so).az.uz.zzcso).vzcsoa.llavc.trerL
DINENSIGNXY(1°):X(‘).XF(90)|V(’ YoPLYARRAY (2594),2DBP?H (zsoi.anuorL
1€ (2590, XL (59) YL C4gp ) YP(ga)oX] (199

ceunaﬁ/xNPuv/ naer(zgo).zae tz!c).Z?L(a.Soa.vlL(z.So)cNNtz)'!celelL
1,50) PL
CEMMON ,LIMITS/RO 10,.na 10),R82,10 !
CeMMAN /PRE/ xPRo‘ IKN" LYL RM .xréo s 1IFPR PL

COMMBN /TLE/STITLE (4 PL
CEMMON/ABC/PUNCHDD 2),1~ca NBRS NSRS, ALIM, IFT,IFTY L
DATA (lPLOTlo)o(lSTlo).(IFYZ' 1 (18K, ([ Jzp) "L
IF (1PCO,EQ,1.AND,IPLET EQ,q, l.lST.Eg 1) 08 Te 390 oL
IF (IPLBT,EQ.1) GO TP 1 S CALL PLOTS (P_LTARRAY,2 3) L
15 (IFY Eo IFT2) GO TM 953 S1BH20 § [FTasiFT, rL
IF (IFY1.EQ,0,AND, lJ.EO 1,0R, 18K, EQ,1) RETURN L
18Ha1 lPLaT-; ] 1Pce-1 $1STs0 s tysy PL
RMa MAX1F(RO2(1), R82(2).RG?(J).ROZ(‘).L.?(!) RB2(6),R02(7),RE2(8),PL
1Rg2(9),Rp2(10)) 8 KsD SIDI=0 § ITLsD pL
K8Kel L
IF (RM.GT,RB8T ‘K)) 20,21 PL
IMAXs2B8T(1) L
D822 Js=2.,K rL
IMAXE MAXLF(2BOT(Y),IMAX) rL
1F (ZMAX.LE, 2%0,0,AND,ZMAX,GY, v0 ) IMAXE 250.8 rL
1F (2MAX.LE, 500.,0,AND,2MAX,.GY, 258 8 ) IMAXs 500, PL
1F (ZMAX.LE, 1000,0,AND,ZMAX, Gv. 500.0 ) ZMAX® 1000,0 rL
IF (ZMAX.LE, 2000,0,AND,2MAX,.G7.2700,0 ) ZMAXS 2000,0 PL
IF (ZMAX,LE, 4000,0,AND,ZMAX,G?,2000.0 ) ZmMAXS 4000,0 rL
1F (ZMAX.LE, 5000,0,AND,ZMAX,GY,4000.0 ) ZmMAXs 5000,0 PL
1F (ZMixX.LE,10000, o.ann.znax G7,9000.0 ) ZmMAx=10000,0 rL
D6 25 Jm1,448A0(ZMAX/10,0)0(u"Y) PL
lr (J,EQ. o) CALL SYMRBL (=9 ,40,5,0/0.14,9HDEPTH (M),90,0,9) L
)1(11- ) SXL( )ueD,4 L
C‘LL NUHB R(.1.2 aY(J)uﬂ 140,A,0,0,4WF3,0) rL
CALL LINE (XL, Y,31,5,3,0,105,1) $ RSCALESPLTL/RM § RUSRMeRSCALE  #L
IF (OLTL.GY,(50,0) CALL BVEBVE $ DO 26 Jwg,250 PL
YL ,19.0.0528 § 1pPa0 PL
caLl symBeL (1,02,10,20,0,30, 16HVELACITY (M/SBR),0,0016) L
lF (1FPR,EO, 1) Ge 195 s X(3)n(R2/4000,0)eRSCALE PL
)-x(s)‘ $ X(2)ue0,9% PL
)'RZIIOb P

IF (IKNM,GT, 0) X(4)aX(4)/4,892 PL
1f (IN?F.E0.0) G® 19 &0 PL
DB L5 Jsi N2 rL
XP(Jrav2t(y) rL
CALL SCALE (XP.N2,1,0,:tM,DX,1,7X} Pl
D6 39 J=14N2 PL
XPUJIBXP(y)eX (1) pL
Ne1,0/TXe0,50 rL
NeNel PL
D6 35 Jsi,N rL
XT(J)sX(g)e{J=2)eTX L
YP(J)s19.02 PL
PLaxMe({J-1)eDX rL
IF (PL.GE,1600.0.AND,PL,LE.21650,0) PLEPL~-1600.0 rL
1F (PL.GE,1500.0.AND,PL,LE,1600,0) PLOPL~1500,0 eL

78

-0-4-44-0-4-0-0-0-.-1-0-0-0-0-04-0-0-0-1-c-c-c-c-‘-c-c-l-.-.-c-c-a-c-c-c-c-t-a-l-04—.-44-0-0-04-0-4-0-0-0-0

GO AL



rp-—ﬂmnmmwwmww

s
#

.

e

"‘

49

130

NRL REPORT 7827

07,2°/73
IF (PL.GE,1400,0.AND,PL,LE,1500,0) PLgP_-1400,0 pLiY
CALL NyMBER (XT(J)=0.,07,10,40,0,07,PL,0,%,4HP2.0) PLIY
CALL LINE ¢(XT,YP,N,3,13,0,07.3) PLIT
IF (INPF.EQ,1) GO T0 2 PLIY
INPFY PLIY
I1D1aID]ed PLIT
X110 ex(d) PLIY
IF (X(3).GE,RJ/4,0.,AND, | TL,EQ,0) 35,5 eLiY
1TLey PLIY
IF (IKNH.EO 0) CALL SYMBOL (RJ/2,00.6,00,40,0.14,10WRANGE (XM),0,PLIY
10:10) PLIT
35' ;IKNH +GT,0) CALL SYMBOL (N /2,00.,6,°0,40,0.14,204RANGE (NM),0, PL T
+10) T
CALL SYMBOL (RJU/2,0%4,8,10:2010+34:8TITLE1g.0-80) PLZT
GO e 5 PLIY
DO 6 [=1.N2 PLIY
Y(1)egg,08(3.,0°¢22C1)/7ZMAX)) SIF(Y(11.LT,q.0) YU])mp,p PLIY
XLe1)eX(3) PLIY
CALL NUMBER (X(2)eX(L), v(x).o 07:22¢(1),0.0,4%F4,0) PLiY
CALL LINE (XL.Y,N2,1.:3:0.0741? PLIT
CALL LINE (XPU.NZ.;.;-Q o’.l) PLIY
CALL NUMBER (X(3)eg,3p:90+25:04307¢X(d),0,0.4HF4,.) PLET
10PaDPey PLIY
ZUEPTH(IDP)UV(NZ) PLITY
XRANGE (IDP)sx(3) PIIY
lﬁ (X{3).<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>