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HORIZONTAL-GRADIENT ACOUSTICAL RAY-TRACE PROGRAM TRIMAIN

INTRODUCTION

The growth in computer capability over the last 15 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 corn-
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 traiectories, 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:

L] Acoustic velocity gradients in the snund speed ficld 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 internally 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].

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

L] The range-and-depth 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.

® Al the rays are advaiced at one time to a given range, rather than tracing one
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 sammation, type II (average over depth), and type

: HI (average over convergence zone). Unmodified ray theory is used throughout.
(Caustics will be discussed later.) :

R SRR

° The volume attenuation in the medium is assumed to follow a modified Marsh-
Schulkin formula.

. Bottom-loss vaiues (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 thai value is to be used.

, ® A bottom-phase-shift table may be entered for coherent phase calculation if
t known; it is read in as a value in radians, one value per degree.

Note: Manuscript submitted September 17, 1974.
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B. G. ROBER'TS

®  The sea surface is represented as a flat, specularly reflecting houndary witk 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 nutput 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 distributien at specified ranges,

A Calcomp plot of the input sound-speed profiles,

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

Punched cards for intensily values or eigenrays,

Up to ter nutput control cards may by specified.

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

The time requirad to run the program depends on a number of factors, such as the
number of rays, the number of range increinents, and the output requested. A sample
ctase using 81 rays, 206 range increments, one receiver, and two profiles took 7 minutes
anhd 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 devzlopment [6] of this computer code was due to Mr. Edward L.
Wright, who is now at Harvard Observatory, Cambridge, Massachusetts. The author has
added a number of features which ware 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 ave:

1 )
n(F) = &:;.T. 1)
(d/ds)T = n(7) , | 2
(d/ds) [n(FXd/ds)F] =Fn(F). (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. 9. (2) is the equation for the ray time, where
T is time and ds is arc length. Eq. (3) is the Lagrangian equation, where 7 is the Lagran-
gian; it gives the ray path and accounts for the refraction.
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We will now develop an cquation for velocity fit. If we have the triangle

r

2 : 3
|
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: .

1
57 TGl =)+ Gl -2y, (4)
3 9
R X Sy z,) 5
2 2 2 TN 22 T 1 h (5)
02 (.‘l
—; =j +Gr(r—r1)+Gz(z—zl), (6)
42
1

where G_ is the gradient in the r direction and G, is the gradient in the z direction. Eq.
(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

Fellowing will be a list describing the data deck of the program TRIMAIN, and for
illustration 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)
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Variable

Attenuation switch

Source level

Beam pattern switch
(to be referred to later
as ITBP)

Down tilt

Surface loss

Bottom-loss switch

Columns

14

15-19

20

21-25

26-30

31

Bottom-phase switch (ISCP) 32

Curved earth (receiver)

Curved bottom points

Plot (Calcomp) profiles

Printplot profiles

Calcomp plot profiles in
kilometers or nautical miles

Plot length

33

34

35

36

38-45

Remarks or Meaning

0 (as in Fig. 1) means no volume attenu-
ation; nonzero means ¢ = 0.000302572
+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
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). '
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Variable Columns
Bottom-reflection 46-50
termination (NBRS)

Surface-refle ction 51-55

termination (NSRS)

Loss termination (ALIM) 56-65

Multiple replacement option 66
1A

Multiple replacement option 67
1B

Remarks or Meaning

Maximum number of bottom hits al-
lowed before a ray is terminated; if
blank (as in Fig. 1) or 0, 2500 will ke
used.

Maximum number of surface hits allowed
before a ray is terminated; if blank (as
in Fig. 1) or 0, 2500 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 IA is blank (as in Fig. 1) or 0 and
ITBP = 0, angle cards are read from the
card reader; if 1A is blank or 0 and
ITBP = 1, angle fan cr.cds and beam-
pattem cards are read from the card
reader. If IA =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 pattern will then be read in.
If JA = 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 an: beam-pattem
set is used.

If IB is blank or 0, bottom-loss cards
are read from the card reader, 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 bottom-phase-shift set is read
inif ISCP=1. If IB = 2, a new bottom-
loss set will be read in, and if 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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4 Variable Columns Remarks or Meaning
g Multiple replacement option 68 I£ IP is blank or 0, a new set of output ‘
i |2 control cards will be read in; if IP = 1,
1 the old set will be used.
Multiple replacement option 69 If ID is blank or 9, 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 0, 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.
i Thus in the following pages the discus-
' sion of the various inp.t sections are
| ' subject to the provisions of this section.
1 - - ! '
\ Restart Ortion 73-76 If restart capabilitv is desired, the word ;
| . ' DUMP is placed in columns 73-76. i
g {
1. Ray Initialization Cards :
A. Fan Cards
Variable Columns Remarks
) 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 i
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 21-390 The step input is always positive. (In
Fig. 1 the step is 1° from 75° down to i
15° down, %° from 15° down to 15° 1
up, and 1° from 15° up to 75° up.)
i
. 7

ST S e e S s i T £ NSRS WA

i D e




T (R T e

PPENPS

A

v.

B. G. ROBERTS

Variable Columns Remarks

31-35 0 means this is the last fan card;
1 means mos. cards follow,

Continuation Switch

Source Level 36-40 Decibels addcd for this fan to the
source level in columns 15-19 on card
I, This is left blank (as in Fig, 1) if
no additionil jyeum 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 [] (column 20) was nonzero, the heam
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 +vith a variable (referred to as RUNTIL) in columns 1-8 in kil-
ometers (it an F3.4 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 § until 457 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 bottom class loss curves
6-9 user supplied tables,

The first time an IClass of 6 (as in Fig. 1), 7,8,0r9is 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 [Class of 6, 7, &, or 9 is read in after th.e first time, the table does not
need to he read in again. In reading in a table the last nonzero value is extended
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to all higher angles. If ISCP # 0 on card Ii, a phase-shift table will be read

after each loss table (classes 6-9; clasies 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 .
radians, A zero value terminates read in; the last two nonzero values are used :
to extrapolate the phase shift to zero. (In Fig. 1 no phase-shift table was PR
read in. 'The hoitom-loss tables in Fig. 1 establish the following: ;
Grazing Angle Loss Until 457 km Loss After 457 km oy
(degrees) (dB) (dB) S
0 0 4 ik
1 1 5 Ly
2 2 6 E
3 3 7 ;
4 4 8 i

5 5 9

6 6 10

7 7 11

8 8 12

9 9 13

i0 10 14

11 10 14

lf ll() 14

[{e]
o

Output Control Cards

Output control cards specify the range and depths at which intensities are to
be calculated, whether a ray plot or ray tape will be made, whether ray depth
distributions will be printed, etc. ‘

Variable_ LColurans Remarks
R1 1-6 First range in kilometers.
DR 7-12 Range step in kilometers. If DR

is negative, the range spacing will be
logarithmic, with constant factor
f =1+ abs(DR)/R1.

R2 13-18 Last range in kilometers. (In Fig. 1
the ranges specified are 100, 200, ...,
1000 kilometers on the first group V
card, 5, 10, 15, ..., 1000 kilometers
on the second card, 1, 2, ..., 100

B i o 539 b B AW N i S




e e e B M T 1 A % T W S £ Wy 7

THTR SN S S e A T U e 7 o e TN R R a2

B. G. ROBERTS

Variable Columns Remarks

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

IC 19-20 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.

Iscp 21 Switch for type I coherent phc e; 1
means on, and 0 means off.

IT1 22 Switch for type I random phase; 1
means on, and 0 means off, MUST =
1 when ISCP = 1.

IT2 23 Switch for type II; 1 means on, and
0 means off.

IT3 24 Switch for type III; 1 means on, and
0 means off.

IPER 25 Switch for type I eigenrays; 1 means
on, and 0 means off.

LLMR 26 1 means Lloyd’s mirror effect is
included.

JVSR 27 0 means no intensity-vs-range plot for

this output control card; 1 1neans a
plot of type I vs range; 2 means a
plot of type II vs range; 3 means a
plot of type 1II vs range; 4 means
coherent phase vs range. Only one
intensity-vs-range plot can be made.

IRD 28 Switch for ray depth distribution (1
means on, as on the first group V
card in Fig. 1), and 0 means off.

IRP 29 ‘Switch for ray plot.

IRT 30 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

RCD(1)
RCD(2)
RCD(3)
RCD(4)
RTD(5)
RCD(6)

If there are more than six, the next ten de

Columns

33-40
41-18
49-56
57-64
65-72
73-80

on one card, and then, if needed, the 17th through 26th on another card.

‘Twenty-six is the maximum av

ailable. 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 cf the switches

21-25 are on, then no intensities will be calculated, so no receiver depths are

necessary. These and some earlier s

follows:
Variable Columns
DR 7-12
12 13-18
RCD(1) 33-40
RCD(2) 41-48

paces are then uscd for the ray plot, as

Remarks

Becomes the spacing in kilometers
between iines in the ray plot.

Becomes the end of the ray plot.

Becomes the number of rays to ke
plotted, 1 € N < 25. This must be
punched with a decimal point. (On
the fourth group V card in Fig. 1,
25 rays are specified to be plotted.)

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 hottom 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.
Botfom Track

A. Ranges and Depths

There are 10 values to a card, with rarge and depths 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
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cards as necessary, up to 50 cards for 250 ranges, will be read. Thus Ry is in F
columns 1-8 of card 1, Dy is in columns 9-16 of card 1, R, is in columns 17-24, {
Dy is in columns 25-32, etc. The format for range and depth is 10F8.4. i

]

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 vange 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 ail 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.)

S SV ANt in,

A TR

VIII. Program Terminafion

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 79 JOB, charge, ID, time. The 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 if tlie program aborts,
if the plot is requested.

12
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SEQUENCF ALVYEER 606860 STARTED AT TIME 132724 DATED 06/06/73
J98(30),8150162,0148GR,10

GEMAND,SQCUNG

COMMENT, TH1S JER PROUUCES LELAYED PRINTOYTS

EQUIP,1zFT, 4], D, (TEST CASE,1,1,999),04A

EQUIP,15:K1,LE,(TEST,1,1,999),C4

EQUIP,16=FT,LB)9e,DA

EAUIP,20=#1,r1,P3,(TRIFMAIN,51,01,999)

EQUIP,353EY

EQUIP,362EY

EQUIP,37=2FR

EQUIP,3E=FR , 4
EQUIP,393FR

EQUIP,413FF

EQUIP,42:FhR

EQUIP,45:zEY

EQuiIr,46=EY

EQUIP,47:=EY

EQUIP,4R:EY

EQUIP,49:EY

eeeB3[NARY LF(Keas

HAwK, (0), LUPP

LO4sN,20

RUNS10,1GCLD 5

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

~1
=]

This will punch the bottom track and receiver depths if set <
equal to PU. Format 10F8.3.

EQUIP, 35=BY(PU)

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

79 EQUIP, 36=BY(PU)

AL s v A L

receiver. ;

19 EQUIP, 37=PR - This produces a ray depth distribution if requested. “
_ i

79 EQUIP, 38=PR - This produces a printplot of intensity vs range if requested on

an output control card.

7¢ EQUIP, 39=PR - This prints the intensity values for the types specified.

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 FU, it will punch type I coherent
intensity values for the contouring program. If should be set
up for 19 receivers.
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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 11 intensity values

for the contouring program. it should be set up for 19 raoceivers.

79 EQUIP, 18=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 reccivers.
79 EQUIP, 19=BY (PU) This punches type I eigenrays: it punches everything that is
printed in the cigenray printout.

-2 EQUIP. I=MT,HLWQ,** DA--OUTPUT TAPE FOR CALCOMP PLOT OF RAY PATHS

The equip cards may he 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 executive, program TRIMAIN is r1-.ed chiefly for sclecting options and
calling the proper subroutine to compute the desired quantitics. 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 If)
are read in t'y 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 beam-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 11
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 IiI, comprising the fan cards and
the heam pattern cards. Rays are started from the lowest ang!~ of each fan to the top.
If the low angle of a fan equals the highest angle of the previous fan, a continuous ray
group results. Otherwise a buffer ray with zero signa! 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 Il), is

14
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Fig. 3 — Function of each subroutine of the program TRIMAIN

either 1.0 or C., 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
NWBRLT whenever the rays pass RB. For example, if there are two loss tables, one for
G 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 hlock {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). Suvbroutine BRLTRD
includes the Marine Geophysical Survey (MGS) classes 0 through 5, plus user classes 6

® .
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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 elasses
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 fjrst bottom point. Succeeding calls generate a new interpolated profile for each
bottom point, unless this would pass the lust read-in profile. In that case, a botlom point
is interpolated to the profile range, and the profile is retumed. 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 wrray for the previous profile), and V1 (sound-speed ~vray for the previous profile)
and set new values for R2, N2, Z2, and V2. It returns the n..ximum bottom depth in
ZMAX. The printed output of NEWPROF is iHustrated in Figs. 4a and 4b.

16




INPUT FRARLLE At agnge

SERTR tvy WELBCITvIade

C.500 3%32,8¢00
28,0500
$2.98¢¢

149,006 ot0
1]
1518, 0008
1933, 8008
%01, 0000
1567,0060
1503, 0000
1497 8660
1561, 9000
1%6%, 0000
1939, 9400
1920,90%¢
3938, 93¢,
4259.2500 15%3,950¢

INBUT BRAFILE 4 mangE

JEPTA (s)  vELECITriecs

9.06€9 1927,0000
20.05¢€0 1927,3600
30.00CC 1327 5080
208.006C0 3320,3550
130.080¢¢ 1537,000¢
260.29C6 1%38,0000
3pe.eoel 1939,29¢0
482,366 1311,2¢008
05,9000 1567,250¢
8J0,0000 190),00¢0¢

L208.0586 te9? 500
1059.0088 198y,8:0¢
A390.0606 3909, 86%0
1759.9¢¢C 3%19,0000
2300.52C06 19184,6000
$80%.08¢80 1949,0000
4700.08¢% 1993, 05%¢

i EGRGLATEDT PERSILE 4 a5

CEPTR 1R} VELEZIYYiesd

2.25C5 1531,0¢
2%.20c0 318 <

k] °
1817,2492
1834, ca70

I 1%13,0742
03,3180 131t Luay
81,9800 359,890

INTESPLATEY PRerILE 2t BavsE

i
233,
1)

CERTm tm)  VELICITriess

1533, e403

S 1%31.%e22

1540 8243
I

a%e?

3%

ANTESOBLATLS PRAFILE oY B4a%g

OIS A A b i g sas

107.880 Kw

i T b .m‘7,%5‘<.ﬂ&:‘. L

NRL REPORT 7827

0.0 aw TIOSY BREFILE 41 RsncE 0,0 nm,

1470 1680 s8¢ 1320 1310 137¢ 13°¢

v
v
¥
v
v
v
v
v
v
v
v
v
JEZOND P0grILE 4t manap (57,4 wn,
1479 140y 148 1900 1515 i92¢ 1530
v
v
v
v
v
v
v
v
v
v
v
v
L]
v
¥
v
K
1473 e8¢ 1490 1500 191¢ 1379 1830
.
.
.
.
.
.
.
.
.
1°633 =
zerg 140 1400 1399 1319 1970 9%
.
-
.
.
.
.
.
.
.
.
.
23332 =

o Al et it i T g R VRE A

1340
v
[
v
[t 1] 190
1949 1399
1940 1398

Fig. 42 — Output of NEWPROF. The first two input profiles are

those of the sample -ase given in Fig. 1.
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Fig. 4b — Additional portion of the output of NEWPROF shown in Fig. 4a
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Subroutine CONNECT o
}' 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
| 2 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 0,
|
3 AL, BL coefficients of the lower A boundary in the ocean frame.
i & 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’,
‘ ,, SST, CCT sin and cos of @, the angle between the ocean and the prime
i : frames. j,
| k In the iisting of the subroutine, the following conditions are true: j
2
% - ,9: AL + BL*R = equation for boundary of triangle, '
: 1 j
| i AA + BZ*Z + BR*R =—. !
| c2
| . ; A typica! network of triangular regions is illustrated in Fig. 5. :
|
: ~ —
l‘ ,
I |
TETHEIRHHHIN i .
I (i
LN Lo LA T |
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 ore
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 follows: First the proper
triangle is found, the parabolic 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 RMAKX, the new triangle is determined, and s 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

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

tan (01 +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 = l/c,% .

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

ADV AQ018 checks to see if a ray has been terminated.

ADVAQG)19 through ADVA0023 move the ray variables into local variables.

20
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The DO 201 =1, NRTI (ADVA0024 through ADVA0030) checks each triangle to see o

if the ray isin it. If aray is on a boundary, it is in the layer it is pointing toward.

AR A W S e R
PAGAS IR AR LR ORI AT

€. l:0s 9), ST(sin 0), (rotation), and ZO and RO (displace nent) define the primed frame
o1 ceference in which there is no r’ gradient.

ZRP and RRP are the initial primed ray position,

R D ATy Ghi TR i,

CIS8 = 1/c2 at the ray.

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

ALPHA (a) is the path curvature:

T S T e M s

ARV € SN 0 SRty E T A A

; 2’ = ZRP + TGRD*(r- RRP) + ALPHAX(r- RRP)?2
TA = 20 = 222" !
dr?
3
5; The quadratic equation solved in advance is x
4
£
ce ) C+Py-ay2=0, i
1

where y = DRP = change in r’ = RPNEW - RRP. ALPHA {(a) is often small and is

. zero for isovelocity layers. For small a the root
£ 4
]
y = (P-/P2 + 4ac } /24 ]
L is unstable. However, if « is small, the iteration y = (ay2- C)/P converges fast. The
statement DRP = (ALPHA*((ALPHA*DRP**2- C)/P)**2-C)/P is a double application :
b ' of the above iteration and is used when 3
F=P-/PZ+ 4aC <P, :
‘- When a = 0, special linear path statements are used (ADVAO0055 through ADVA0065 :
c and ADAV0171 through ADVAO174). After statement 40 (ADVA0085), the next :
position is selected.
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).
H
21
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When a ray is on a boundary however the solution closest to the ray o
o is thrown out (ADVA0095, ADVA0096, ADV
shown in the following sketch, that a ray can

corner,

n that boundary
A0099, and ADVA100). Note, as

be on both boundaries if it is on a

N
S 1 em

If RNEW > RMAX, then the ra

y hits the vertical boundary {following sketch) and one
goes to statement 59,

RAY
RNEW~

The cards from ADVA0129 to ADVAO0163

increment the ray variables and decide
on the next triangle.

ADVAO0135 checks for vertices.
s ADVAOQ136 decides whether a vertex is over or under.
3 ADVAO0142 through ADVAQ148 handles surface reflections.

ADVAOQ0151 through ADVAO161 handles bottom reflectjons.
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Statement 50 starts the vertical boundary section. The boundary in the primed frame
isZ'= AV + BVr'

If ST = 0, BV + =; 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 (545) check the ray’s final depth Lo be
sure it is in the correct layer.

Volume attenuation is approximated by 0.0001 « (dB)/km VAT decibels, since une
should have $ == Jv dt instead of VAT,

The local variables are restored in the table ADV.A0208 through ADVAO0212, 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 & = 0 the first step
is exact. The convergence limit is 1 centimeter, hut seven steps are taken at once,
so the usual error is very small, :

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

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

Subroutine PROFPLOT

Subroutine PRCFPLOT 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, which 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
cclumu is 10 logyg SS, and is initially

10 logyo [ (cos 84)a64] + SORLEV - beam pattern.

If SORLEV = beam pattern = 0 dB, and Ady = 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.

23

1
]
!
Z
|
f
!
|

R R N N

o
-
pom
Sw
o
4
[
L

on
L alai
L=

i L AN ¥ KR S P AN ot USSR AR L L aed e

R T v e SV

m——

7

oS B ASFAR A e i 1.5




i
gl

C

i
o
g
b £
L™
L0
—
(i)
[ ]
=
©

T e s e 8 ke e s s Voot W a5 b S S 4 s oeTate e B0 T

181 wozoq ayy pue sapyyoad ndu; jo 101d dwoojoy — g *dig

ol o

! A t t
o089 009 05§

000N

0058

. 000C
\ , w0szg
ES
g«w

1}

000t

008

N7I808d M1 W04 3UTL ML ST SIHg onae D °

B. G. ROBERTS
24

o T U TPt
s et et i




T

S

ANINTRAR

APy o

~rea

SN P N 9 s i

NRL REPORT 7827

TulS S ef TITLE Ta8 tef Pepy kv

08.P000 ov, BeTrem LEPThe  Ju30, 000 &

LI 1)

st yEbTs

AL Al E1 0N 0

TIRE LOS3FS
335,900 «12),9
118,970 «122.0
359,874 o320.¢
PIRIN
356,05

W0 Neer aes

-

sezesy

PR e R P Ty

L R L L L T T TErruyppprppi
~ -

B L T R S VR

LYST T Ao

4
. 3
. 3
. 3
s 1
. .
¢ 1
. 14
: 13
L] 1)
: i
2
@
H
i +
EEY +
.
.
F
3
3

rresscerRvORTwe

i
i
¥ ]
H :
i :
H H
H B
i I
‘ ° +
i .
3 7
I ]
Iy '
: . v
: » .
S H v
H i 1
i 3
i i ’
: H I
i < 3
: v H
1 : ]
H : ’
1 H ]
1 : .
3 ‘ .
: ¢ §
3 1 e
: 2 X3
3 i .
1 1 »
h H
1 3
H .
b [
¢ 1@
H L
H L}
H »
1 R
H e
H »
s .
« 3 .
s : [
¢ 3 »
t F] 1
1 H ) »
33 5 133,714 ]
) H 1330734 [
1 H 133,791 »
7 3 1530474
3 L
H :
1 H
] H ]
] [ 3
b ] ~8,97058 ]
1 & 3,33211 °26,8 ¢

LN

PEFIINVERINM

e B L T T Y Y P WA

8 r/raRTign

.
.
.
.
.
4
+
+
+
»
+
+
v
+
*
- .
.
.
+>
+ .
.
+
.
+
.
+
4o
-
*
+
+
+
.
.
.
*
+ .
+
+
+
+
+
+
+
+
+
*
+ .
hd
.
.
+ .
+
+
b
+
-
+
v
o
.
+
he
+
- .
.
4o
.
+ .
+
.
.
+
-
+
+

Cos (R I

YTOVATISANERIINRIISEINRNIND

.
s
1
s
3
s
s
s
1]
s

.
-
i i a et e tARnaAran

.
Caee
P

.
Ten
Teiimnm

.

.
AR ARARU RN ARNB R AL A SR s o

Fig. 7 — Example of the output from RAYZDIST (first of four pages)

25

AN LI NAE IR LEL

11T
E 2 I

i

At AR AV,
i .

|
i
:
i

i
}

ot SR A e 4 b

WA RTINS

e s e % A AT AL PG EAEE b




LN T T

i AT 1, ay 07 S 2a e >~
H 4 4 * »
3 ]
.
H ’ ‘.
i M . e .
M ’ * .
£ . * .
H : - .
: *
M ’ - .
. H ] s -
. B n - .
: : [
M N H 4
: : .
§ .
‘
. .
. .
‘ s .
. . .
- .
+.
+ .
. .
* > . N
3 -
: .
H - + .
3 IR ¢ ¢ .
: L +e
5 P ’ -
H re " .
H . . L]
. . € .
: PR .
’ ' . +
LN . + .
[ . .
M M ..
e ¥ + .
- i .
. .
. .
[ .
5 + .
» .
’ + .
L * .
] . .
. . .
. .
. I
s * 4 .
. ’ .
« - .
s . .
¢ - .
B [ . .
. ¢ v .
B . . .
« e .
. * .
* & -
. - .
¢ . .
: 8 .
B . +* .
< L] L .
< " - .
: c - .
H ° -+ -
3 -
. - .
. 4 [ + .
[ ] . .
¢ @ . - -
EN . - N
e v .
st ¢ .
i 5 .
k2 * .
e . .
I - .
H T
ks * -
it - .
i .
A . .
e .
e > .
3 Ld .
' - .
. .
+* -
* .
- -
. .
* -
. .
4 .
+ .
L .
+ .
- B
d -
o
+ .
. .
. .
v .
. .
- .
*
+ -
- .

7 (Continued) — Example of the output from RAYZDIST (second of four pages)

26

ViR e ey

cT
—=
<%
fros
W

[ ad

-
-
.
=
e




- ~ T T
f-' SR T T e A A AT B G e b, D e T A TN L STy T A T Yo SRRV T
1
i
§
NRL REPORT 7827 =
L] i
G
e 7
]
¢
o
TRl IS tag tio g s v -
-G~
for HPTe Ly S80e LFPTar 21af 050 o [TTR Y f
(S IS R TTIRY T Tled Lubyig e YONNNAREI IRt tRasy g 1] ?
. I e T, - {
i ! [T LRI . - 4
i3 1 i . . . H
- : . ' - I
z M ”» PR 4
& . : L :
. é 1 + . . !
N i * . - i
. .. i
’ . I : ;
in : . - .
e * . - H
; i :
. )
H ; : . * o ;
E ' ; - ,.
- - » - I3
: . - ;
f . : ¢ * . . )
b ’ E )
i ' . i . . ' z :
. . - [
;: . . H T . - :
13 A [ . - i
? T . s - . - H
1S ’ s . - . - i
3 : : v . . : ;
H . . N . . z :
' 4 s i » . . {
P : .2 - . M P
; H : . . b . - H
i T [ - H
H i . . - 4
t ’ - - H
H i . . H
i . - . -
{ . . . : !
4 - 1 . - {
H . . . - i
. £ * . - i
§ T, : {
. . : '
. : H
I . . .- :
3 [ £ -
= . . -
f . : . . :

FR H s H - . . .
H : - . . i
;! « " . . . ‘
3 : . * . . : : i
i’. . . + . -

: : . . T :
{ . - .-
: - . » 4
. . . .-
« » . . e
{ : . . v : :
] . . . - ;
H F s . - i
b : . - - :
; : N .0 . :
H : : " . . . H
{ : ‘ M : . : i
< B - + -« - M
B . * . - H
~ H P v + . - M
3 K - - 1
3 . - ‘
i ’ - 1]
4 ‘ s - :
3 - . - H
i . . - ’
B v . - :
i . - :
: . . - s
3 # - . - :
. L] * - -
3 > . -
. . - . -
« H » - . -
. 13 » . - -
» . . .
: v . . .
v . . -
! . ae -
. . PR i
» . - -
v . - :
s - . . :
. [ + . .
¢ - -
1 + . -
0 -
. . - :
* + . - i
1] . - H
s . » . . H
’ s . -
- » v . -
L] - . -
] s -
’ * . -
rarien? ’ + . -
The 2 - . - :
» - - -
- L] + . -
[ * . -
Fig. 7 (Continued) — L.:ample of the output from RAYZDIST (third of four pages)




L

<
B. G. ROBERTS >

i
{
i

™
[
e
' B
H 3 192 3% e3,3993¢ . o~
. 3 H g * .. : Lt
H : . " H [
: [ ¢ “ . s
H i 3 P s
i ) ] L s
! 3 3 ) . .
¢ ' ' .. X )
13 3 [ . . t
H ] » + . .
v s . - . ;
[ : PR » M . . !
N e . o o . H
1 [ L] » . .5 '
[ [t v . .t .
3 [ M . . I §
: i 8! ¢ + . 3 i
: I - . 3 §
¢ ! . . o '
3 PR - .8 :
4 : H 3 A s i
« oe . . . :
) v - - - ‘
: 1 . . )
i . . : ;
. . . . . §
i . 4 - . . i
3 . . . . . i
$ ’ £} - . . H
1 ’ [ * . - H
H t . [ + . . ¢
B ' . - . z
- L * - i
s : . + + * -3 ;
: . ’ + . .8 i
. H : » . . H i
: H . v - . s !
H b3 1 . * . 5 4
B i H . . M :
: : . - . . 3 !
. : H 1] v H H
i : s 13 . . - $ 4
. : L 1 v s M
i H 2 " . = - s b
i : 3 . - . .8 1
: H 3 L e . . -3 i
: ' . -3 .
X H v b -4
3 ; : [ - 3 {
2. . . B N . H
£ ¢ : . PO - :
3 i t v - . . }
X | : ¢ . . i
\.‘5\ ! : v . . i
' i v . .
3 i i v . . :
i : i . ] . . R
o ‘ Y . - H
Y . . . . N
5 . . - . - '
= - . . !
X, ‘ H - . i
X v . . 3
=& § e . ;
A . - PP H
- v » . - . 1) 3
- .. s 1
. - . . B
. i L - .
01 ] v . B
i3 * . . . i
' ’ s .
4 4 * . .5
: . + . - H
1 v . 3 B
s 3 . v s :
s 3 3 + . g :
. i 1 'Y . . H
- . te . * . . .
o v ] . . .
. ' ' . - :
~ . H L - . - B
. ) . +* . -
. [ » + - .
‘. . v . - - .
. . ¥ . - . -
" . - . - :
¥ s - + . -
. H . IS . -
4 + * . .
< s v v . - X
s : ® - . - )
. s £ . . .
: : 3 - . . ;
* # * - - H
[ s + . - H
7 t ] . - 3
. L t 3 + . . H
B I ¢ v . . - 3
2:3 ] e -+ . . H
e . - . - K
ier 3 1 > . 3
107 3 ] . . T
(7 ? - . i
i + . 4
[2L ] - . H
fes - . . >
[ A . . 3
b e . .
. . - -
¢ + . . £
. . . >
" - .
1 . .
s e -
s - - .
s + . -
. 3 : 4+ .
: + . -
< . . -
’ $ + . .
LI H - . -
TEOTETAL SLvERR 0 (IABS ASINTED ERR TulS 24wl :

Fig. 7 (Continued) — Example of the output from RAYZDIST (fourth of four pages)

28




] ] TR P AT TR RIS ST AT R TRt L e peeae

. H NRL REPORT 7827 :
- 3
i Subroutine CHANNEL
4 Subroutine CHANNEL calculates CM (vertex velocity) from ZR (ray depth) and T’

T (tangent of the ray angle) and then finds ZTO (ray turnover depth) and ZTU (ray tum-

L under depth). The entry RCALC then calculates
21U

g R = dz, ;

: 2TO tan 0 .f }

; :

‘ where R is the cycle lergth of the ray, which is used for the type IlI intensity calculations. ;

: The entry WDENS then calculates the probability density P(Z) that a ray will be found

at a depth 2: i

P(z) = ,

(tan 0)/R 5

which is the type [II depth distribution.

{

Subroutine VELCALC

Subroutine VELCALC calculates a velocity profile at each selected range for internal

: calculations (not a profile range or hottom 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 kilometers. The total plot length is
specified in inches. The hottom track is also plotted.
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Subroutine ITNPRINT

NRL REPORT 7827

Subroutine ITNPRINT prints out the intensities. If receiver depths are the same for
all intensity calculations, a table of ir.%ensities such as shown in Fig. 9 is printed. Other-
wise a printer plot for each range with the arrangement

is printed.

Depth

Type ————>

Intensity
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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 [ random phase calculations, :
S for type I coherent phase calculations, 2 for type II calculations, and 3 for type II1 E
calculations.
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Subroutine IVSRPLOT -
Lo

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.

i
!
{
H

Subroutine INTENSTY

; Subroutine INTENSTY calculates all intensities. The switches ISCP, IT1, IT2, and IT3
: determine what is calculated. Wher. one selects coherent phasc (ISCP = 1) one must 2lso select
3 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 + {/ 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.

S N S S et S S

at

Subroutine RECOVERY

¥
IR AT

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

. . " et RRTTNNTES T P Iy L N e g v i X g s N L.
Y i T ,a}"r\mv‘f'lﬁM"W‘W’”‘?"ﬁ%“M"‘@‘?ﬁ‘.mﬁ‘( i st aie L et e e e S g e e BRI il e vty

The function of subroutine CLOSEIOP is to alleviate a systems problen: in punching
intensity cards when using RESTART. Without this subroutine the cards would be punched
ir. 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.

%f it is called, and RESTART restores core to its previous condition when it is called by

: reading the tape from DUMP.

§ Subroutine RETRY

b Subroutine 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 Inputi 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.

i i

3 ¢ !
{ Subroutine CLOSEIOP :
:
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Subroutine BYEBYE

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;q (S), where S represents all the losses due to
bottom interactions, surface interactions, and volume attenuatjon. Spreading loss is not

included in these figures.

In subroutine INTENSTY a quantity is printed for the eigenray printout called SL

he 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(I)-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
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;4 (SL).

(DB). If we let SS (I) denote the quantity called S in RAYZDIST for t

The third parameter which is printed is the type I intensity and is detived in sub-
routine INTENSTY. This set consists of summing all the eigenrays, or the SL, for a given

receiver and range point and then computing
N
10 log E SL; (incoherent or random phase sum),
i=1

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 "“‘plied by a factor before they are summed; thus
it is not always possible to sum the eigeurays as printed to arrive at the final intensity.

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, wiere we are using
the mean absolute difference between ray depths, weighted by the signal strength of the

ray, such that

NRAY NRAY

SW= ¥  Wi= 3 min(S;, SS;- 1),

i=2 i=2

which is the sum of the weights, and
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NRAY -
SDZ= 3 Wi(zz;- 7Z; _ |) =

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 ER = e-
(ZR/DZBAR), where ZR is the receiver depth, let EB = e~ (ZB/DZBAR), and let EZ = o-
(ZZ(I)/DZBAR), Now SI = B*sec0*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 expornientially on either side of the ray. Thus, it is necessary to renormalize
the distribution by saying SL = SL/(1 - S*((EB/EZ) + EZ)).

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

N

10 log Z Si .
i=1

In calculating the Type III interisity [2] it is assumed that a current velo.- |’ profile
prevails to represent a local average over a convergence zorie, which wipes out the phase
of aray. The ray tumover and turnunder depths are calculated for each ray, and then the
ray cycle length is computed. Next the expression SL = B*SS/I)/RMAX is computed to
get cylindrical spreading. If a given receiver is between the turnunder and turnover 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(TAN®) 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-
tribuion for each ray which is then summed as

N
10 log E SL; * $;
i=1

to arrive at the final values.
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EIGENRAY OUTPUT OPTION

The computer coding for the eigenray output option appears within the subroutine
INTENSTY. If a request 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
bracket 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 bc ihrown out, and the IQUAL = 1 ray usad. 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 source 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 precceding section of this report.

EIGENNAY SET TEST CASE FOR INTENSITY

NRAY ANBR  NTU KNSR ATO RANGE DEPTH TmETA TIME SLD8) TouAL REM

8 [} 7 7 1] 370u0Vv 35040000 <10.60/> 246.56510 “]106.4 3 .
8 [} 7 7 0 370000 7v0.0U0O ~9.6028 248,60291 =106.5 1

17 0 11 0 10 370300 390.0000 Seallt 249,3860R «99,.5 2

17 0 11 U’ 10 370000 TU0,0000 S.1751 249,36221 99,5 1

28 0 7 14 0 37000° 3%0.00060 Yeb6b63 26B,56477 ~107.9 1

28 [ 7 7 0 37006C0 7¢0.0V00 Be716] 248,52684 =107.9 f}

17 Q¢ 22 u 21 740000 7v0.0U00 67384 458,73065 =103.7 2

26 0 2¢ 22 0 1110000 350,0060 “,302¢ 146,19729 =113.1 1

26 [/} 2¢ 22 0 1110000 700.0000 4.04851 T66,16336 ~113.1 1

Fig. 11 — Example of an eigenray printout

THE LLOYD’S MIRROR OPTION FOR RECEIVERS

Some examples of the Lloyd’s mirror beam pattern are presented in Fig. 12. The
receiver depth is at the poins where all the lines converge for each plot.
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FAEQLENCT o SO HERT? RECE{VER DEPTwe 18,268 FREQUENCY SO HERTZ RECE {VER DEPTH 91,440

N\ g

%

FREQUENCT = 100 HERTZ AECE(VER DEPTHe (B, 268 FREQFNCT 100 HERTZ RECEIVER DEFTMe 1,445

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 (noizero), the beam pattern

2 sin2 (% sin 0) ,

where z is the depth, is used for type I random phase, type I coherent phase, Type II, and
Type I intensity calculations for all receiver depths. For Type I and II calculations,

0 is the ray angle, and for Type I calculations Snell’s law is used to calculate the ray
engle at the receiver. One can calculate 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  ption is desired, a tape for output must be provided and a backup tape
cun be provided. Logical unit 15 is the primary output tape. Logical unit 16 is the back-
up outpui 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 “ecome logical urit 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 Output Save and assigns a number)

15 O 2] g Nun-ber for tape
16 (Optional) Number for tape
17 (Optional) Number for tape

20 {Program tape) 573

O 8 0 0O
B 0 8B R
B B B ®

1 (Used only for ray tape) Number for tape

41

CEE T A L. L b

¥



B. G, ROBERTS

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 15 and 1 as follows:
Logical .
Uit No. m M Save Tape No.
15 4] 2 B Number for tape
1 © ' ® K

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.
; through 7. If a dum
i DUMP is entered in columns 9 throu
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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:

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

L The number of input and internaily generated points in a sound-speed profile

carnnot exceed 50. The number of internally generated points can be reduced
by reaaing 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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The source depth ana 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.

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

If the program runs for a long time and preduces 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.

FROGRAM TRIPLT

Program TRIPLT performs a Calcomp plot of the ray trajectories (Fig. 13). 1t reads
an output tape from the main program and plots selected rays to a given range. Chbhic
sp'ines 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

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

Logical unit 15, the plot unit, may be equipped as 79 EQUIP, 10 = PL or 79 EQUIP,
10 = MT, LO, label, DA (to write an output tape to be plotted later).

The job request form should be checked as follows:
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g 5 Logical '
; Unit No. Input Output Sav» Tape Serial No.
; 1 2 G Input Tape No.
: 2 K ] o DF
10 G 4] 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, Lecause it contains the plotter package.
The data deck input is as follows:
First-card
Columns Variahle Meaning
1-2 ITNC Total number of cases.
, Second-card
> ’ Columns Variable Meaning
1-8 AL Plot length in inches, which must
. he <£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
ZEKO may be made by specifying
the number of 1ecords to that point.
To plot the entire range a number
may be spec.fied 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 :
> O, the range scale will be in ’
kilometers.

26-30 IFMC If IFMC < O, the depth scale will be
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-carc¢
Colurans
(If ITTR < 0)

1.80

Fourth-card
Columns
(or Third-card
Columns if
ITTR > 0)

14
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Variable

NFSK

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 < 0, a title card is read to
replace the title on the tape; if ITTR

# O, the title from TRIMAIN will he
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,
simiiar 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)

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
cAA n7/,2%/773
PRAGRAY TRIMAIN TRiM g
CIVERSIBN JLMKI10), RLUL0),DR(403,R2(10),SYRCD(Z6,10), UNRC(10), INTTRIN 2
1 (10Y1T¢6,10),IRT(1n), 19010}, ISCPEQ(S) ,712,50),V(2,%30).T1(F) TRIM ]
ESUIVALENCE (ISCP.ISCPFQ) TRIM 4
Commay sM]ARERS/ FSAL,BRLT(290).9PST(20g) TRIM 5
CEv4F' /INFE/ RSTARTY ,RMAX,BMEGA,ATY, IPRAY,TTN, 1TN2,1TNY, 161G, TRIM 8 !
1 1SCP, [V, 172, 1T, 1PFRIFTIMS,LTRT,LTER,LTRP,LPIN, 1ATT TRIM 7 3
Covuan /PREFIL/ RENE,NE, 211500 V1(59) RIND,N2,221(50),V2(50),1B81C,TRIM & 1
1iFFL TRIM 9
CEvmiN /LELDNESS/ LNRCLRCDUEL20Y,0]1NT(400) ' TRIM 10 ?
CE~43N /PRE/ IPREP, XN, PLTL,RY,IPCO, |FPR TRIM 44
CATA (LTRTz 1), (LTERe4y1),(LTRPS42),(LPINSED) TRIN 12 :
CEwuEN /PATTERN, SC,1TAP,5ATR,SERLEY TRIn 13 ¢
CemvEN /PICEF/ PLILTP, THEP] TRIM 46
; CEMUBAN/LIMITS/RYL,C8,P2 TRIM 15
S CEvv3Y /TLE/ ITITLE (1n) TRIM 16
: CEMvEN/ABL/PUNEMED (161, INCR,NARS, NSRS, ALIM, IFT,IFTYL TRiM 17
CEumgn /1FC/ IFE. 14,18, 1P, 1D, 1S,LA TRIM ¢8
CEU¥2N /PANST/ RTwZM,IREC,IFSK,SDS TRIM 49
Plz4,0ATAN(y,) ”rY'ﬁ $1FTy24 § IPC6=? $TheP1sP+PISDTRz¢8p,/P1 TRINM )
1 READ 90, ITITLES ISPT=ITITLE(1) § WRITE (19) ITITLE TRIM 2
RESIND 19 TRim 2
IF (EgF, 80) 15%, 2 TRIM 23
2 IF (IGPT.E2,BnRESTART GO TO 104 S go Te 122 TRIM 24
940cC FEI4AT(,048) TRIM 25
158 IF (IFEJEC,L) GO TE 3152 s [FExy § G6 T4 1 TRIK 26
122 PRINT 901, 1TITLE & ASTART=0,0 SAMAXa0.0 $ NTPLTzO TRiM 27
901 FEAMAT(e1mERIZENTAL GH2DIENT RAY TRACE e,104ARM) TRIM 28
READ 902,SC,FARZ, IATT,SEORLEV,|TBP,NDATD,SLEA,1ABBT, ISCP,NRECUR, TRIW 29
1I1BOYC,IFFL, [PR2P, 1NV, PLTL ,NBRS,NSRS,ALIM, 1ALIB,IP, 1D, 1S5,LA,18PT TRIM 30
ALgza{Im $ SCSsSy TRIM 34

FSALze0,00(e,,®SLLB) SIF(ALIM NE,O,0)ALIMSPOWARF (40,0, (wALIM/(0,0))TRIM 3

90z FE“#A?(FB.J,F .3.11,75.2.l1,2F5.2,7!1,70.3.2!5.Fi0.3;6!1.1x.i!I TRIM 3
ZFEGAE 32000, ePlefKhZ SIF (LM, E2,0,0)AL1M01,0F-30 8 S22FKMZve2 TRIN 34

ERINT °03:55r5?RLEV:VK“ZalfachATD'NBQS.NS“S}‘Llll‘:|911’J’DDIS:LA7R1H 35
1,i7pPT TRIM 36

302 FERUAT (e 0SEURCE CEPTHe,FB,2,0 LEVELS,F6,140 FREQ(KNZ)®,F6.3,% BEATRIM 37
IvPATTERN o,12,3X,#ANGLE®e,F5,1,5%,eNPRSav,15,5¥%,¢NSRSus,15,5%,e08 TR
2LIv]ITss,F19,3,/,5x,08430,[1,5%,¢18230,]¢,5%,01Pas,1q,5X,s]Dne,]q, TR

M
. M

35%x,01539, 1 5Xx,eLhze,]7,5X,0]EPTses,AB) TRIM ‘o

15 (NRECUR,GT.q. ANC,IB2TC,GT,p)SDESDe(q,+,505D0/63794221,3) TRiM  4g

AlTan, 0003025052 +44,52/(4150.452) TRIM 42

IFCLATT, EC,Q) ATTEp, S IF (NBRS,EQ,p)} NBRS225p0 S [VSRsg TRIM 43

PRINT 904,AT7,S DB § IF (NSRS,E0,0) NSRSz2500 TRIM a4

3 904 FEAuAT(e0YA LME ATTENUATIBN® ,FL0,6,% DR/kM, SURFACE {BSSe,F7,2, TRIM 43

3 1 e 18,9 TRIM 48

§ CALL [NITRAYS §S CE 985 J=1,10 SR1(.))»0.0 $DR{J)=0,D TRIM 47

= §65 Ng0J)30,0 SIF(IABET,AEL0) GO T2 /5 §$ RR=ISCP TRIM 48

2 CaL BRLTRC(RE) S$IF (LA,EO.l.Gﬂ.}E.EBI1,AR,lR.EQ.J) REwIND 9 TRIM 49

k- IF (LA,ED,%1,8R,IB,6E,2) REWIND 8 $ GO T8 1R TRIM 59

1% PRINT 905 TRIM 8%

Ab=1.E20 TRIM 52

i 0% FERUAT(0BETTEM ABSEFHES ALL INCIDENT SAUND ENERGYe) TRIM 83

£ 18 N2y §|F (IP.EGC.0.ARD.L&,EQ.G.E6R.LA,ECTL) LPCsbo SIF(IP,EQ.4)LPCs4 TRIN %4

z 20 IF(L’C.EO,&O)READ(LPC.°06)Ri(N).DR(N).NZ(N).lC-(lT(X.N).I'i-S)nJVSTR_H 5%

z 18, 132(N), [RP, IPTIN),IPRAY,(STRCD(l,N),121,6) TRiM 56
H 48

5
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& 1F(LPC.EQ, 4)READ(LPY) RL(NIJDRINI (R2(NY, 1C, CITCILNY  128,6), V5TRIN 87
P 1R IRD(N), [Rp, IRT(N), 1pRAY, (STRCD(I,N), 1s¢,6) TRIM 88
-3 TP (LA EQ. 1INRITEL 4) RL1END,DRINY,R2(N), IC, (IT(1,N),[01,6), JVSRTRIH 89 ,
' i 1,1RDIN), IRP,  [RT(N), IPRAY, (STRED([,N),[24,8) TRIM 60 :
g % 908  FORMAY(3F8,2,12,1311,1%,6FA,4) 1RiM  6¢ B
4 INT(N)® TRIM 42 ;
1 pe 22 f=x1,% TRiM 63
22 INVAN)SINTIN)OLABSCIT(I,N)) TRIM 04
- |38 IF (1T(5,N),6T,p) IPER=|T(%,N) TRIN 65
3 5 IFCINT(N) ,EQ. o) G6 TA 33 TRIM 6
4 5 PRINT 907,R1(N), DRINY,RZ(N), (1T(1,N), [u1,6) TRIM 87
k- 1 IF(CR(N) LT, 0.) DRINY==g,eBR(NI/RY(N) TRIN 68
i Ike6 TRiM 69
5 23 IF(STRED(IN,N).GT,0,) 6B T8 25 TRiM 70
5 24 IHs[Heg i TRiM 73
3 g IF(STRCD(IM,N).GT,0,) GO T8 26 TRIM 72
7 g IFCIN,LE 1) 26,24 TRIM 73
] g 25 ILslney TRiM 74
-3 4 THelHe1p TRIM 95
3 & IF(LPC,EQ,80,READ (LPC,908,(STRCD(I,N,,{sL,IN TRIM 76
4 1 [F(LPC,E0, 4JREAD (LPC)  '(sTacDI,n)i1elr: 1) RIN 77
3 % IFCLALEQ.LIWRITE ¢ 4) (STRCDUI, NI, IsIL, IH) TRIK 78
3 9 c THE SwITCH ITI¥ IS NOW LLMR, THE L @YDS MIRRAR Sw]TCH FER ALL TRIM 79
E 4 c REGEIVERS ©N A GIVEN RANGE FAN CARD TRIM 8
g i 907 FGRHAT(#0BUTPUT AANGESe,3F8,2,5H ISCP 12, 4W 174,012,840 172,12,4% ITTR:H 81
k- £ 13,12.5H 1PER, [2,%h (LHR,]12) TRiK 82
3 4 908 FERMAT(10F8,2) TRIM £3
;- 4 G8 T8 23 TRIM 24
s @ 26 JNRCIN) =N TRIN 65
i . 4 PRINT 909, (STRCD(I,N), 1%1,[H) TRIM 86
r ? IF (NRECUR.LE,p) G€ T® 29 TRIM 87 :
k- b D6 31 I=1,1NM TRIM &8 :
3 & 31 STRCD (1,A)@STRCD(I,N)e(y,e,3¢8TRCD(,N)/6374221,3) TRta 8¢
4 909 FERMAT (egACDa,10F9.2) TRIM  9p ;
- i 29 IF(JVSR,EC,q) 6B T8 27 TRIM 94
3 & PRINT 910,JVSR TRIM 92
E: 3 91 FERMAT(sOINTENSITY VERSUS RANGE PLOT WILL AE MADE FGR TYPEe,13) TRIM o3
A : IFCIVSR.NE. 0y PRINT 911 TRIM 4
i 911 FGRMAT(SH ese,eCALTIENT,. BNLY TWE LAST [ VS R PLBY WILL BE “ADEe)TRIM 95
-4 ,4 IVSR=JVSR TRIM 96
3 ‘- NVgR=N TRIM 97
g i 27 IFCIAP,EQ,0) GO TE 28 TRIM 98
- . : NTPLTeiS TRIM 99
F; £ IMAXE0, TRIM 100
: DRPLTa1, TRIM 2101
3 : RLPLTs1 E6 TRIM 102
} 4 2 PRINT 915 ) TRIM 173
E : 28 IF CIRDINI ,NE, 0) PRINT 912 TRIM 104
3 { IFCIRTUN) NE,O) PRINT 013 TRIM 105
$15 FGAMAT (eQRAY PL@T WwILL BE MADEs) TRIM 106
912  FGAMAT(eQRAY DEPTH DISTRIBUTION 4ILL BE MAPEs) TRIM 107
91  FGRMAT(eQRAY TAPE wILL BE MADEe) JRIM 108
Ge ve 49 TRIM 109
30 1F C(IRP,EQ,0) GO TE 33 TRIN 119
1 NTPLTeSTRCD(1,N)e,1 TRIM 111
3 : IF(NTPLT. LT, 1) NTPLT#15 TRIM q12
3 49




4A

33
914

35
40

45

47

49

51

[y Ny]
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IMAXeSTRCC(2,N)
CRALTADR ()
RLSTzRZ(N})
RLPLTeALSY
PRINT 9:5
PRINT 914,R1(N),DR(N),R2(N)
lf(lRD(N)clRY(N).EC.o) Ge Ye 3%
PRINT 914,R1(N),DRIN),R2(N)
FERMAT(egBUTPUTY RANGESe®,3Fqg,4)
TFCIRDINY (NE. o) PRINY 942
LFOIRT(N) ,NELQ) PRINY 913
GE 19 49
NzYel
1FL1C,EQ0,0) GO TO 45
NENe)
IF (N,6T,10)41,20
44 PRINT 42
42 FEAMAT (1m0, enNUMBER EF BUTPUT CONTREL CARDS EXCEFDS 10, PRPGRAM
1ABARTEDS)
CALL HYEBYE
NRaN $ IF (LA,EC.1.8P,IP,EQ,L) REWIND 4
JRTEQ
AMAX180,
Ped.0 § C1sCRPLT 8 C[ELTMgO0,0 $ ICAz0 SDELTA40,0
D3 47 1z4,MR
IF (DR(I1),LY.LCY DsCR(]) $ [|F (DR(I),LT,DY1) DisDR(])
IFtR2¢(I).GT,RLST)Y ALST=RZ(])
1Fe1T(2,1),EC.0) GE Yo 47
IF(R2(1).GT RMAXs) RMAXq2R2(T)
JRT&JRTIRT(])
tz%/2,0
CALL [NIY
CALL NEWPREF(ZM)
CALL NEWPREF
CALL COuNECT
IFOZMAX,EG,0,) IMAX=ZNM
RPLT2),E6
IF(NTPLT.EQ,0) G® Yo 49
RPLT=DARPLT
CALL RAYPLBY(NTPLT,Z>»AY)
1FCURT,EQ, g} GA T@ 54
CALL RAYTAPE
NELD240
Js0
NiMNTeY
[F ALL TRE INTEASITY CALCULATIONS HAVE THE SAME RCDS
A TABULAR FEQMAT &JLL BF USED .
L8 55 I=1,AR
IFCINTCL) ,EQ.g) GE TE 55
IFtJ.ED.0} J-?
IFtJ.EQ. 1) GE Tg 55
IFCUNRC(I) NE.JNRCI( YY) GO T8 54
KEJNRC( D)
D€ 53 =1,
IF(ABSC(STRCD(L,I)=STRCO(L,J))sGT. e, GO TB 54
CENTINUE
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TRIM
TRIM
TRIN
TRIM
TRIM
TRIM
TRIM
TRYIM
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
TRIH
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
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114
118
1149
117
118
119
120
121
472
5227
124
125
126
127
128
429
130
134
132
133

34
iss
136
137
13:

3
teo
144
142
143

145
146
147
148
149
150
151
152
153
154
<55
156
157
158
159
160

61
{63
143
164
165
166
167
168

o
oot 4
o
s
ki
S
[
[,
pajm
[
[l
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75
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e
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108

107
165

TR
1G1 FOAMAT (1kW0,eREMBYE DATA DECK THROUGN PROFILE AT RANGEe,Fi0,3,0 KMTR
1 BEFORE RESTARYING CASEe,/)

112

19

111
104

113
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Ge 19 %5

NINTS2

G& 18 95

CeNTINUE

AMLYs(,

Rhsy ,E6

DG 103 lll,NR

IFCR{(T).LT,RAN) ANeRg(])

CENTINUE

ASTARTsRMAX
RMAXZAMINL(,001eRTRO,RPLT,RN) 1000,
“r'-COI“R“‘x'in’

JF(RT,GT.RLSTeD) Ge TO g49

IF (18PT,NE,8nDyMP ) GO 10 (04
TiILTPETLY

TILT=TIMELEFT(1)

CELT2YILTPeTILT .
IF (PELT.LT,0.0) GE YO 108

ICAsICAsy

FICAs]CA

DELTASDELTASLELT

CELTMEDELTA/FICA

RERE (RLSTe(RSTART/1000:0))/01

TETIMESRERSDELTMO2,0

TETIMMaTOTIME/6p, 0

17 (TILT.LE,90.0¢DELTMIAND, T8TIME,GE.30,0¢NELTH; 107,104
IF (JRT,NE,;) BACKSPACE $ CALL Dymp

PRINY 405,TICT,TOTIMM

7EﬂqA7}

1G3e,F10,3,9 SECGNDSe,5%,eESTIMATED TIME T@ FINISH AYUNgs,F10,3,
2 MINUTES:)

PRINT 101,RTWEM

IF (IFE.EC,1) PRIAT 444
IF (1S.EQ,1,AND,IFE,FQ.0) PRINT 117

TR
™
R
TR
TR
TR
R
TR
R
TR
TR
TR
TR
TR
™
TR
TR
TR
R
TR
TR
TR
TR
TR
TR
TR
TR

TR
1H0, *PRBGRAM ABPRTED, INSUFFJCIENY PUN TIME, TIME REMAININTR

TR
TR

TR
TR
TR

FEAMAT (1h0,#iNSERT RLANK CARD AFTER RESTART CARD, FOLLAWED BY A CTR

1TARTING CASEe,/)

IF (IFE,EQ,1) GO TE€ 111

READ 900, yUNK

IF (EBF,60)1114+109

CALL BYEBYE

IF (1EPT . NE,BHRESTART ) GB T8 102

IF (I6PT.EQ,BHRESTARY ) CALL RESTART § CALL CLMSE[8P

PRINT 90 I!YIYLE 28 13 J.l'io
skt =tTiTiec ) s meap 1ol tiriTie
REWIND 19

IF ¢ITITLE(L).EQ.BHRESTARY ,ANN,IS.EQ74,AND,IFE,EQ,0) CALL RETRY
[EPTL1ITITLE(2)

IF (10PT1,EQ,8H ) IAPY=10PTL € DB 114 Usi, 10
ITITLECJI®JUAK(Y) § [F (JRT,EQ,0) GB TO 102 $ D@ 424 Jog,1FSK
CALL SwIPFILE (1) $ DB 123 =i, IREC

READ (1)
CALL ACVANCE SIF(RVMAXeTL.LT RTWO) GB TO 110 S CALL NEWPREOF

51

3ARD W[TH wCRD STARY IN COLUMS -8, FOLLGWED AY REMAINING DATAs,/) TR
108 FEPMAT (1kg,eINSERT END 6F FILE CARD AFTER RESTART CARD BEFORE RESTR!

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
L]
M
M
M
M
]
M
M
M
M
M
M
M
M
M
H

TRiH
TRIM

TR
TR
R
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR
TR

EEXEXIXIXITXIXTXIXXIX X

169
170
174
172
173
174
T
%77
178
179
190
184
182
183
184
189
18¢
187
188
189
190
194
192
193
194
199

06
o7
198
199
200
20%
202
203
204
208
206
297
208
209
210
21
212
213
21/
2:3
2.6
217
28
21y
220
22
222
223
224

£ >
¢
Z
4
4
7
E3
4
s
4
4
H
ﬁ,:
3
5
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CALL CONNECT TRIM 228%

110 IF(Ry, Ly RPLy) GB 48 115 § CALL RayPLa, yRIM 226
RPLT-QPLToDR;L' TRIM 227
IF(RPLY,GY,RLPLTe,1) RPLTsy ,E6 TRIM 228

118 IF(RY,LT.RN) GB T8 135 TRIM 279
N8 130 Jeg,NR TRIM 230
IF(Ry(1).GY,RT) GO T8 43 TRiM 234
IFCINT(I),EC,0) GO Yo 123 TRIM 232
IFL1.EQ.NGLD) Go 19 g20 TRIM 233
LARCeyNRC{ ) TRiM 234

L6 117 _Usy,LNRC TRIM 238

137 RCD(J)ISSTRCD(J,!) TRIM 536
D8 119 Jeyg,6 TRIM 237

118 ISCPEQ(UIeIT(u,]) TRIM 238
12¢ CALL [NTEANSTY TRIM 239
CALL JTNPRINT(NINT) TRIM 240
IFt1.EQ,NYSR) CALL [VSPPLOT(]VSA) TRiM 241
ANELD=] TRIM 242

12% IFCIRDCI) (NE.Q) CALL RAYZDIST (NTPLY) TRiM 243
IFCIRT(I) NE,0) CALL RAYTAPE TRIM 244
IFIDR(1).LT,0.) Ge Te 126 TRIM 245
R1€1)8R1(JYeLR(]) TRiM 246

66 Te 127 TRIM 247

1¢¢  R1(1)s«R1(I)eDR(1) TRIM 248
127 IF(R1(1).GT,R2( 10,0019 R1(])ag,Eb TRIM 249
136  CENTIANUC TRIM 2530
13= 1F(RT,GT,RB) CALL AWB3LT(RB) TRIM 283
G6 T8 100 TRIM 252

140 IF(JRT.EC,0) GO Tg 1%0 TRIM 253
ENDFILE LYART TRIM 254
ENDFILE LTRY TRIM 258
BACKSPACE LTART TRiM 256

150 IF (INCR.GT,1,AND,INCRILE,16) 151,153 TRiM 257
151 INCRCPINCRey TRIM 258
WRITE (36,919) (PUNCHDR(I1),11s1,INCRCY TRIN 259

$49 FERMAT (16F5,1) TRIM 264
153 IF (IFE.EC,1) GB Te 35a TRiM 2614
IF (LA,EQ,1,ER.1S,EQ.1) 68 T® 160 TRIM 262

157 READ 900, JUNK TRIM 263
If (E@F,6p) 158,457 TRIM 264

169 IF (LA.EO,1,8R.[5,EQ,97AND,LA,EQ,q) Louabg TRIM 265
IF (1S,E7,1) LPMxg TRIM 266

176 1F(LPM,EQ,60)READ (LPM,1903) NCUR,R5, 7] TRIN 267
IF(LPM,ET, 6)READ ((PM) NEUR,RE, T TRiM 268
IFC(EGF,LP¥ ) 177,178 TRINM 269

177 IF (LA,EO,1) ENDFILE & TRIM 279
REWIND & . TRIM 278

G8 Teo 158 , TRIM 272

178 ILxy S IF (LA.EQ,1) WRITE (4) MCUR,RB, T TRiM 273
179 [Ha]Leg TRIM 574
lr(LPH.Ec.60)READ(LP~.1900)(Z(z,1).V(2.1).x=1L.1u) TRIM 275
IF(LPM.EO, 6)READ(LPM) (ZC2,1)0v(2,13, 1210, M) TRIM 276
IF(LAEQ. IWRITE ( &) (2 €2:1)sv (2. 11008, 1) TRIM 277

IF(y 12.1W),LE,p.) 6B TO 176 TRIM 278
ILzLeS TRIM 279

GE 1@ 179 TRiM 280
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1603 FORMATIIL,F7,3,948)

303

159
161
192

FEIMATLyoF 8,4}

tFeaislfba ‘s 1f (IFPRINE(1) [FPASL § |F (1PFL,EC,0) GO T® 159
IF (iFPRy,EQ.U,ANCLIPFL,EQ,y) CALL PROFPLET (2,0,5,,)

IF (IPF_.E3,2,AND, [FFRIJEQ.D) EALL PREFP_IT (3.0,5,1)

IFCzl S IFTL 1FT1,1 S |F (1S.EQ.Q) GB Te ¢

READ 900,4UNK S IF (EBF,60) 1,161

IF (IPCO.AE,0) CALL STRPPLOT

CALL BYEBYE

END

53
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TR
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R
TR
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286
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5,408 TRIvALN A7/,25/773 ED e

INENT TRIMAIN P
PREGRAM LENGTH 04624 .
ENTRY PEINTS TRIMAIN 03572
RLECK NAMES

MIARERS ore21
INFB 0no24
PREFIL 00316
LEULNESS 00765
PRe ongoe
PSTTERN ongos
PILEF 00003
LivlTs onp3e
TLE org12
ABC gng2eé
H [ Id k)
RANST 0noo4

EXTEQNAL SymM3eLsS
S32ENTRY
ThESND,
22207111
21219100
c8zgiIcr,
INITRAYS
83LTRD
AYZ3YE
INIT
CEPREF
CEANECT
RAYPLEY
QAYTAPE

E TIYELEFT

~ CLvP

o FESTARY

CLESELEP

RETRY

SKIPFILE

ADVANCE
[%TENSTY
ITNFRINT
IverPLAT
“AvIn}ST
NaSRL
PR2FPLAT
PReFPLITY
ST2FPLEBT
. . PS.RF
“lszF
ATANF
SE8ZIFEeF
EFT,
5SP,
QFEa..
TSw-,
1S3,
STw,
ST=,

]
p
*
&
i

SLE.
SL1.

ChSINGL,

54
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cLosElop 0r/12/73 €0 00000 PASE NO, 1
10ENT cLOSELO t13p
PROGRAM LENGTH 00012
ENTRY POINTS CLISEIOP 00004 LA
IRTEQNAL SYwaOLs H
100, ;
EnTRY CLOSEIOP 1w 2 i
£ar 10p, €198 ) i
00000 SAVEAQ  8SS 2 €132 4 ¥
00002 S0 1 PI17Y SavEiZ2 €l oo,y c1oe s
s0 0 00000 4’
00003 TT 2 00000 oLOA SAVEAD e190 4
12 0 00000 i
00004 00 0 00000 CLOSEIOP OCT 0 c1e 1 E
00 0 pooope N
00005 17T 2 pe000 DsSTA (91SaVESQ c13° 8 4
:o q :aoooo s1u save .
00006 6 02 AVEL 2. w9
HA 388)1 EMI 15,12} gr:ﬂ 10 -
00007 06 1 0D0ed . ENO 38,1 c1ae 11 3
S0 0 00000 ;
voolo 63 0 00031 . [ X} 318 [SELEEYY
3 o 77777 03 181190, c1o® 13 i
00011 S | pOCOCTY 1JP 824} CI13% 1s !
1S 0 po0002 use Savgl2 €1 1s
END €132 14 :
3
i
b
7
e
}
55
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SLANELY %k wFTRY

PIVELSTeN TITLE 09), 21043,500,VILI2,50)
LEAD $4100

FELvaY tag)

1F (EF,m0) 19,1¢

Pl EnStant ) Y 18 25

CE Y% 1>

LPNael

TP LLPN B 60 IREAD (LFN 4503) ACLR, AU, TITLE
1P telt ,u¥s ) 27,78

ENEFILE &

e[Sy 8

G To nmg¢

Ioel ¢ ~RITE (€
trslLed

!F(;’\.:Q.SU)nEA? (LEN » S
“RITE ¢ &) CTILtEt
ThiviLte, 7)), LE,2,) C& TE
ILs]Leb

S e 7y

FEIvAl(Lrb A &)

FLamaY t14,F7,),%a8)

Sp TN

END

NCUR, R, TITLE

(ZILE2, 10 vIL(24 1), T8l e IHW)

6c)
PeVILt2)12. 1818, ]M)
7¢

56

RETY
RETY
RETY
RETY
RETY
REYY
RETY
AEYY
REYY
RETY
RETY
RETY
REYY
RETY
RETY
REYY
RETY
RETY
RETY
RETY
RETY
RETY
RETY
RETY
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CNBIL L L 0

FR R ST ST

0S RETRY

"
13
h
7
S
¥

1CENY

PREGRAM Lg~gy’ 0cs4s
ENTRY PEIATS REThY 00540
EXTERNAL SregduLs

THENT,

JeslicT,

QullfFesr

EFT,

HEw,

'Sh,

Sra,

See,

LT

INSINGL,

57
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SUBAELTIME IN[TRAYS

CIMENS TN VaP(6y)

CEMMEN /PATIESN/ ST, [TEP,UaTL,SERLEY
CEMVEN /PIDLF/ PI.CTR,YtP]

CEMVEN /RAYSY \ﬁ":'GAViiOﬂO):ZZ(IUOO):SS(!CUO),YIMElIOOﬂ),

by NCTRELOCC),PHADE(10CD)

CEMMEN /s15Cy CFEaLANIB,IP, 1T 1S A

NRAYS(

€601020Q,

PRINT 9(5

FER®AT ( o uAmLL GAMCC NGAMD i1C Sy

1F tIA.:O,D,ABC,LA.EC.C.EQ.LA.EC.lnﬁﬂu!A.hQ.?) LPCs60

IF (1a.EQ 1,5k, [4,ES,3) LPCE2

IFILPC,&0,6G1RFAD (LFC,9C0GAFLL ,GAMDY ,LGAME, JC,SL,PH
IFILPC.EN, 2)RFAD (LFC) GAMLL )GAMDD,DGAME, IC,SL,PH
IFLaEL D)aS ]t ¢ 2) GAMLE ) GAMUD GGAMD, ICHSL,PH
FRINT 906 )GAYLE (GAFDL,CGAME, IC,SL PN

FER“AL tim, 3F10,4, 15, 2F2,2 )

SL3L0, 0% (,1e(SLeSEELEY))

1FFay

IFCARS(uhiefAMIL),LT,,001) GE TE 20

IF(NSAY,EQ,0) fg TE 15

\ARAY=\NaYet

SS(\HAY)2Q,

20selGAMIaGaAML D

SEG3S|~IBRG/LTR)

14F2)

335GeLGaAM]p

SESIN(G/NTR)

\RAYSARAYeY

IFINRAY,GT,100C) GLE TE 120

TGAY(NTAY ) S /SCRT(],0508)

ZZ(NRAY )=5D

TIME(NRAY)EG,

ACTR(ARAY ) e

PrRASE(NNAY)2PP/QTH

SS(NRAY)zSLe 50445(55€G)

[FCIFF ,NE 0) SS(WmAYe1)3SS(NGAYOL) oS 8 ,5eABS(5e56G)
1FFay
2Gs5
SE5ES
IF
1reje,
15t}Ts
1Lsl
Ihz]Lety

1F (Il.EQ'C,‘KS.L‘.EC|C1€Q.L‘|Ecl1|ena A,EQ,1) LP g0
IF (la,uk,2; LPs?

IFCLP,EU,60:5EADILF ,9CL)(VEP(]) 18]L,IH)

IFCLP,EU, 7)5EAD(LF ) (VEP(T), I3l M)
IFCLALEULIRRITEC 7)) (VBF (1) 13 L, 1H)

PRINT U7, (WBRP O] 181L,L1r)

FEHPAT(®QVEE ©,29F5,1)

IFCYBPULIH) 2,0, GE TE 27

fLa]Le2y

%€ 18 2>

¢ «00C000L)Y LT, GAMLDC ) GB TE 20
19 GC TR 10

G
NEG D
PLEQ,0Y G2 TE 25

2
1
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INSTY
INDY
INtT
INTT
InNgTY
INDY
INST
INIT
INLY
INIT
INgT
INITY
INTLY
INDY
INITY
INIT
INDY
INDTY
Init
INgY
INDT
INETY
INDY
INIT
INITY
INIT
INIT
INgT
INIT
INtT
INDT
INITY
INIY
INIT
INTTY
INIT
INIY
INPT
INDT
INT
INIT
INDY
INIT
INIT
INIT
INIT
INITY
INDT
INDTY
InNDY
INITY
INDT
INITY
INIT
INIT
INDY

A 1A 1A pa e 1A pa pa s
QNO\HAMNPOOG\IO\ILUNH
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LR LTEY
POl B9 g) GE T3 2y

lF(VE‘(;H),E:,D,) ceE 1¢ 27

CTE 29 [wlw,990

VeP({lel1ayBp(|n)

C€ 32 lwg,tmay

CBABS(DIROATANITSAN(]))eCATE)

\sD

Cedan ‘
:'(1.lD)'V?P(hox)o[cyb:(\.z,
55(‘)'55(‘,‘clc..o(,l'e.l.u)

PRINT 9y2

PRINT ous,(x.YGA*ll),SS(!),PrAsg(I),1.1,NQA,,
1¥ (L‘-Fu.l.EF.X‘.E:,l.EF,XA,Ec,J) REmIND 2
IF (LA,e0,1,6h,04,66,2) REWINC 7

RETURAN

IFCiIC,E4,0) GE 17 2

REAC §2e,]C

€ TS 1090

FEAvAY (3F10,4, 15, zFE,2 )

FERMAT(CKA, 1)

FERMATC(ed INITLaL Tun GaMvA, SIGMNAL LEVEL, anD PHASEe//)
FERMAY ¢ 2011¢C, 15,5 1)

FERA*&1(18x,[2)

END

59

INDY
IntY
INgY
INEY
INIT
INTT
IngY
Iy
INpY
INITY
INYTY
IngY
INDY
INDT
INIT
IngY
INgT
INgY
IngY
INDY
INTT
INDT
INDTY
INyY
INgT
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5 INITRAYS -
06704773 ED 0 rm

)

B

ENT
PREGAAM LENGTH or0ze INITRAYS

ENTRY PEINTS ~  In[TRAYS oce
BLECK NAMES Feeo

v ar————

% FATTERN CCG004

¢ PICEF ccoos

i Pavs 1284y

i IfFz

f EXTERNAL SYMHULS coeor

; THENT, f
/ 01213100 :
; 8176310y ;

Cb&ClC".
SURTF

: SINF

} ATANF
Righ,
TSk,

' Ts8%,
STk,

: s1a,

; ONSINGL,
-3

'
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NRL REPORT 7827

16704773

SUI=PLT "k sRLTRD(RE) § CGYMEN /P{DEF/ P1,DTR, "+0P]

CEMVEN ZINFOZ TDUP(21,EMEGH, JLMFI17)

CEMNMEN /MINNChSY $SRL,EnL T(200),6PST(200)

CIMENS TN Pdfba)-LG(!G):C’STE(GOO):HR(91.Ql.9?‘91.4)515i(4),
ARL 23, [CLIS0)  ,LTH (408)

CEMYEN/ZABC/PLLCHUY (96) s INCRONBRS NSRS AL M, IFT,IFTY

CeMvYenN s18Cy IFE LA T usIPL I ISILA

EQUlvaLeNGE (LB DISTRIE54) ), (LG, CTSTRIS01)),¢1CL,DYSTR(45L)),

BLRD
8(RD
A Ap
BLAD
BLRD
8LRD
BLAD
BLRD

(9=L50757=(401)):(IS-.DYSTR(397’),(BR.DYSTR’,(lSCP‘DTSTQ(396)):8L|D

(lk:u'bfﬂtl9b”p(!u:U7575(394’);(K;DTST“(393))0
(1L nTLTRI332), (Im, UYSTEL398)),(1C,DTSTR(ST0))
ECUlvaLe«CE (N:UTSYR(J591),(7,ETSTQ(388)).(F,DYSTR(JB7’),‘PN|.
CTSTmIg80)) s CULESLTSTR(389)),(RJVTSTRIIAG) ),
(RN JUTSTREIRSI) $ ECLIVALENCE (BF,DTSTR{153))
CATA ((UTSTRE[Y - 13%C01,£620)
190y 35,, 40, %2,, 4&(50.).
19!! 25.5 35!' ‘5|‘ 55|l 5(90.)5
1300 2040 2940 39,5 45,1 56,, 4190,),
1140 23,4, 30, 40, 55, $5(90,1,
S5er 745, 16,9 17,5, 19,y 20, 2140 22,5, 2(90.),
Oor 3,7, 4.5, 2(¢,,
Qe 233, 4,6, 4,5, 4(8,y,
0, See 4,4, €.7 &,%, 5€(10,),
21 542, 7,70 5.8, &{i2.)a
400 5,2, 1244 17,%, 13,8, 13,7, 13,9, 3(14,) )
CATA (C TSy, 1245¢,550)
ey, S0, 40, L3oae 55, 5(90,7,
17, - 10 4%, 50, 5544 4(90,),
18,, 2540 39, 45,,) 52,%, 5(90,),
7S50 1340 2040 25,0 20,0 34,, 4(90,),
250 540 7,5¢ 1%,, 7.5, 20, 224, 3(90,),
Oue 2,6, 4,4, £,2, 48,1,
Oog $43. 4,6, 7. 8,5, 59,1,
3o 5430 2,7, 1C.3, 6(14,)
s Ges 22,4 12,7, 12,7, 514,31,
&, PeTs l0es 14,10 15, 15,8, 4(16,) )
CATA ((uTSTRE]Y,13756¢,400)n

19, - 354 45, - ) 5¢90,1.

18,0 25,, 39.s 45,, 55%,, 5(90,),

i‘ll 2310 MY ‘Cul ’O|! 5J|l 4(00,),

Byr  Ailyy 2Cys ¢Z2.5+ 26,4 . %590,),
2451 4,5, 7,5, $3,, 14,8, 17,5, 20,+ 23,, 2(90,7,
Ger 41Se 3420 2,1, &(&,),

Cor 2,8, 5,8, 7,6, &(5,),

des 24 7.5, S0 11,0, 5(11.),

:ol 511. ;2.20 1!-2' 5‘1‘.’,

oo LCer 1224 12,8, 16,4, 17,1, 17,7, 3(18,) )

CATA ((UTSTWC]),13251,20C)s

18,3 234, 3Gee 42,5 %C,s 55,., 4(90,),

174 PAUr 25,4, I3 35,4 A3, , 3 390,

13,0 22,0 30, 35,. 87,5, 45, 50,, 3(90,),

Foar 12,5, 200 22,5 27, 5(%0,),
2,50 4,5, 7,% 1T, 14,%, 17,5, 20,, 23,, 2(90,)s
Jea €4, Gy 6, 7,4, 5(8,),

Jea L4700 X3, 5.6, 4,8, BB, 4(10,),

S byh, Beo So10 10,4, 20,7, 401%,),
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BLRD
SLAD
aLRD
BLAD
BLRD
BLAD
B RD
BLAD
BLRD
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BLRD
A RD
8LAD
BLmD
ALRD
BLRD
BLRD
BLRD
8LRD
BLRD
8LRD
9,80
BLRD
BLRD
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BLRD
BLRD
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42
42
43
44
45
46
47
43
ag

LT 2 3% N )

n

VEaGCRMST AN

V 2GRNSR AGNM

B. G. ROBERTS

70' °|n 12-0 1:,1' 6(1‘.}‘
9|‘ 19.. 1249 13'9' 16.' 17.1l
CATA  ((DYSTI(1),08101,200)0
245, 13,, 12,%, 19,, 20,0 2%2,,
2,5 7,5, 12,9, €0,0 25%,, 32,5,
2.5' 5.1 7.51 1215' 17.’[ 22.5l
2451 7,5, 10¢» 11,5, $3,) 15,
2'5' ’.g 6.’! 10.' 12"' 15l'
.’.5' 5.‘3 LX) e.él 7.71 e.‘l
6,5, Bes 9,9, 13,0 13,8, 13,,
’.' 9.‘0 11.,0 1‘|' 1"" 15010
LY 13,5, 15,24 16,+ 10,6, 274
11,90 2346, 18644 17,, 18,1, 18,8,
CATA ((UTSTwI1),181,100)s
7.5’ 1140 23,9 15,0 17,9, 20,
7450 10,, 11,5, 314, 1%,, 17,5,
7450 124, 1540 18, 20,, 22,5,
7." 100. 1‘." 17.5! 20.‘ 22'51
2451 945, 8ee 10,0 15,,» 17,5,
8,5, &,6, 9,8, 1c,8, 13,, 11,7,
744 8,8, 10,0 1C,€, 31,8, 11,9,
840 134, 12,8, 14,, 14,8, 15,4,
LY 23,90 14,8, 19,6, 16,2,
10,0 218,, 15,. 16,0 17,8, 18,4,
IF CIFT,EQ,1) 58 YE 2
CE 3 Jsi.800
CTRCUIOLTSTREL)
1FT«1
Gt 1€ 3
TE 4  »31,¢00
CISTA(JIsyuTrIL) 3 jE®Q

17,7,

47,5,
27,%,

FhaerpGa/sTRyPy 3§ IF{FR,LY,200,) GB T 25

TFUFR, 61 ,1509,) Ge T€ 10 ¢

GE Te 2v

1G=a0] » 50 TE 20

IFGR L, 2752,)

GE TE 4
1C=20]

CE 24 1=25(1,4C0 % CTSTA(1INLTISTR(]O)

1Ca]Cer
CE 3C s
CISTR(])
TP tlees
1IF (It

1p5%0¢
=0, 3

1sCrake

Q,U.I“C.LA.EC,C.ER,LA,EC,l.aR,IJ,EQ.Z)

By1.0

R,1J.ES,3) LPasg

06704/73
) )
40,, 90,,
2(90,?,
2(90.’1
2(50,),
2’." 90.'
2(10,7,
59,
5,
5,
2(290,) )
2(90,),
29|’l °°.l
Oes 90,
90,¢ 90,9
90.! 90.0
v
2(14,),
e e
)
o) }

IFCFR,LT,750,) GB 10 5 S [Ge30y

3¢ TE 15 3 [Cs101 IF(FR,GY,6000,) 1Qag

LPBr6(

lealbey 3 1f(LPB,cC,60)REAL {LPEL900)IRBLIIY)Y, ICLLLIB)

[F(LPe.eU, yIREAD (LFp)
IFILA EQ, 1IaRITE ( §)

SeLtlers

1,E83

IFCICLEI)) 45,85,44
ICLCIEYI=0 $ 5€ T¥ ¢C
IFCICLI1B)Yv9) dpe4s,45
ICLeled=iCL b)Y/
IFCICLILB)=5) £Ca60,47
KeE[CL{[nrab ¢
IShiK)®s1 3 fLa3t
Thaliely 3 (FULPY,ES,6CIFEAD (LPBL90L)(BRIT ,K)aqull, IH)

IFOISA(K)) 48,48,60

REL(IB),ICL(IB)
RELCIBI,ICLIIR) S [F(RBL(I8)) 41,41,42
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8LRD
B rp
8LAp
BLRD
BLRD
BLRD
BLAD
BLRD
BLRD
BLRD
8LRD
OLRD
BLRD
BLRD
BLRD
BLRD
BLRD
BLRD
JLRD
BLRD
BLRD
SLAD
aLmp
BLRD
BLRD
BLRD
BLRD
8LRD
8LRD
BLRD
BLRD
BLRD
BLAD
BLAD
BLRD
BLRD
BLRD
BLRD
8LARD
aLap
8LRAD
BLRD
BLRD
BLRD
BLRD
RLRD
BLRD
BLRD
BLRD
BLRD
BLRD
BLRD
BLRD
BLRD
BLRD
BLRD

57
58
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60
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5
66
67
48
69
70
73
72
73
74
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7
78
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86
87
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A IF (LPBEQ,y)HEAD (LFBIY(RR (1o} ylmLstny : ALRLC 143
E IF (LAEQ 1)RRITE ¢ 93 (BROJaK) 11, IH) S ILefLe20 RLRD 114
3 IF(BROIMIKY) 51,%:,46¢ BLRD 115
S0 IFtaR{lm,n)) 51,91,53 ALRD 116
4 5y Iholkey % IFtin) 22,22,50 BLRD 117 :
. 52 lhay BLAD 118 :
s -3 53 C6 34 sln,yg BLARD 119 .
33 LY BRUL«1,mI®BRITW, X} 5 [L83 § [F(]SCP) 60,60,5% 8LRD 120
K 59 IhsfLesy 31¢ (XJ.EC.C.INC.LA.EC.C,GR.LA.EU.inGR.lJ.EO.l) LPPssy  ALRD y121
k. ! 1FC1Jd,GERILPFagS 1F(LFP,EC,80)RELD (LPP,901) (BP(],)K)gtalL,]H)BLRD 122
k- . IF (LPPLEU,n) REAL (LPF) (BPCL K)ol M) B8LRD 123
4 ; IF (LALEQ 1) wRTE(H) (PRI, I L, IH) s [LafLe20 ALRD 124 :
4 : IF(BPIIm, X)) 55,060,589 ALRD 125
g ; 60 IFCRBL(IB) LY, 1,E1%) GE 76 40 $ £6 65 Kus,9 ALRD 126
A i IFCISn(neS)) 05,65,69 BLRD 127
’. : 61 PRINT QU2,X - PRIAT §C2r(1,6R(1¢3,Kn5),BEP(e1,Keb),18]E+90) BLRD 126
8 ; 65 CENTINUE § PRIAT SCO S5 0F 70 Ja2,]8 § RNSRHL (]=1) BLRD 129
: PRINT Qua, R RN, [CLITe1) RLRD 130
3 : 70 REAN 3 WRINT $6S.W,JCLCIH) § 1Ews BLRD 131
4 75 1CRICL(IE) 3 IFCIC) 76,76,80 ALRD 132
E 76 D6 77 [®1,205 3 BRLT(])8q, BLRAD 133
77 BPST(])e0, § GE T4 1cC BLRD 134
: AQ L€ 99 191,200 5 TaLTReaTaNt, Q10(le1)) § KEIC<5 % IF(K) £14+81,9% RLRD 135
2 83 IL®1081C 3 IF(EGU L), LE,T) GB TO w3 RLRD {36
_ L IF(LG(ILeb) ,GE,T) €6 TC 92 § [L8lLey » GO T8 82 BLRD 137
s T 92 CCB'Cb((L-?)O(T-UG([L-GJ)‘(DE(!L-G)-DB(IL-9))/lDG(XL-B‘-DG(IL-O)) B8LRD 138
3 ; GE T8 94 8LAD 139
» ; 93 CCBeChlLeY) 3LRD 140
3 : 94 PH180, > GO TE gu BLRD 142
e . ; (13 NST $ FaTeN § ccy:gq(n.1,x).ro(aa(~oz,x).sn(uoi,x)) S PHisp, RLRD 1e2
1FCISCPNE, 0 PRISEPINGL, K)Fo(HP(Le2,K)aBP(Nol, K)) BLRD 143
k- : 96 BPST(])sPn] RLRD 144
7 99 BRLT(])1810,00(e,10[CF) BLRD 145
100 RB®RBL(JE) 3 RETURL $ EANTRY ARWRRLT 3 [Ex[Eey ALRD 146
4 : IFCICelL(1EY) 79,1GE,70 RLRD 147
= 900  FERMAT(r8,4,12) BLRD 148
4 901 FERPATIZUF4, 2, RLRD 149
q 902  FERMAT(33WUUSER SUFPLIEC BETTEX LOSS TABLE CLASS 115/4X BLRD 150
1 1 3(2mGA,0X,2nTHex, IFFNT,10X) ) BLRD 151
-3 903 FERMATISU]3,F1y,8.Fb0,8,yY)) 8LARD 152
9C4 FERMATIOH FHZF,Fly,2,3F T6,F10,2,)16M KM ROTTIAM CLASS,|S) BLARD 153
908 FERMAT(5H Fnfrk,F10,2,3F Y6,3%,23FENy 6F RUN RETTOM CLASS,|%) _ BLRAD 15¢
2N END RLPS 155

63
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ENTRY PLINTS BT
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RLECA MAMES
PlreF
Iurg
MIShERS
44C
ke

EXYERNAL SYMuuLS
L33 R LAY
7":.'ln.
71262100
Lengr1y,
el lCT,
AYANF
Toe,
Ts3,
Sth,
sT2,
IHSINGL,

DRI
07861
01371

grced
creo24
ore21
0ccze
ocGo7
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NRL REPORT 7827

07702773

SUBROYTINE w?RD S|2€

CEMMEN /RAYS/ \RAY, TCAF(1000),2204000),SS(2000),TIME(L0G07,

b ANCEUNT(1000),PraSECLDPD)

CEMMPen /s INFY/ nsra:y,nr4x,srect,117.lPRAV.lf~.lr~2.lT~3cIBXG.

1 ISP LT 112, T3, IPER, IFTIMS ,LTRT,LTER,LTRP, PN, IATT

CEMMEN /TRIANG/ AP(100,2),8P(100,2),AL(300),BL(100),22ZERB(100),

b} ﬂZh"s(;OO).AA(LOO).EU(tCO),SSY(IOO).CC7(100),~TR1

CEMMEN /TLE/ STITLE (1€}

CEMMEN/ABG/PLNCNHDD $16) 1 INCRINBRS NSRS, ALIN, IFT,IF Ty

CEMMEN /RANST/ ROUM, [REC, [FSH,SCLM

CATA (JulGes7777777777777776)4C1ENTR0) ,(}FSKnuy)

ENTRY InIT

IF (1871,E0,0) G2 18 2

vB1G837777272727277272778 $ lENTEgQ
2 [INSSGRI(SCRT(UBIG/4,))

1TN2s[TNee2

JINI=]TN2e] TN

181G T~3IaTA

RETYRN

ENTRY RAY TaPE

25-4L|N!95).eg(nfﬁl)-RrAx

IF (IENT,NE,9) GO %8 3

WRITE (LTRT)STITLE,ALf¥/NBRS,NSRS,TTN

1Evfsy 3 [RECELl 3 [FSKe]FSKel

1 ARITE (LTNT) MRAY RuAX, LB, LTGAM(L) ) Jud NRAY), (ZZ(1),]0e,NRAY),
1 USSUY) 11 oNRAY) (NCOUNTCT) I8 1 ) NRAY), (TIMEC]), Iny,NRAY),

2 (PRASE(]),[s34NFAY) 3 IRFCa[RECey

RETLRA

END’
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PREGRAM LENGTH

ENTRY PEINTS Nt
RAYTAPE
WER(S]lE

BLECK NAMES
RAYS
INFG
TRIANG
TLE
AgC
RAAST

EXTERNAL SYMBoLS
0163¢€100
THEND,
gcCICT,
S3RTF
s18,
SLE.
QNSINGLl

00217
000t2
00044
00005

13561
0c024
02263
00012
00026
0000C4
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4A 97/50/73

; SUBROUT [NE NEWPREF (ZNMAX) NEWP ¢

; COMMON /INFR/ RsrAnT.RnAx.sn!GA,AYf.!Pnnv.|ru.17n2.lf~s,1sgc, NEWP 2

; b} ISCPal714172.ITJ.lPFR.lrtxns.LTﬂr,Lrsn.LtnP.LPlu.!AYT NEWP 3

i COMMON /PREFIL/ ax.~1,zzcso’.vz(50),R2.~2.22(5u».v2(903.lBerc,lranEuP 4

: ce~79~/1~vut/ Raott25o).2397(250l.ZlL(z.Sgy.vlL(z.!o).NN(:),lcauizNEu! 5

: 1129 NEWP 6

: COMMON /TLE/STITLE (10! NEWP 7

g ! CE8MMBN /PRO/ lﬂnsr.lxNu,rLrL.Ru,xPca,ern NEWP [}

g DIMENSION TITLE(9),PM(3),LIN (g414) NEWP 9

* CEMMEN/ABC/PUNCKDE (16),INCR.N!RS'"S'S.ALIV.lffnlf71 NEWP 39

3 ; CBUMON /1FC/ IFE,IA,1B,1X,1D,18,LA ©ONEWP 14

% : COMMBN /RANST/ RS, IDUM,|DUMM,SDS NEWP 12

§- . DATA (NBPTa0),(IFEEF0) (LN La(LN 1), (1FY2e0), (IRKuDY NEWP 13

£ ; IFEsIFESF S|F (!rYé.EGTIFYz) GA Yo 953 SI8Wep 5 [FTasl7Ty NEWP (4

L4 f 932 IF (177,,60,0,0R,] M, EQ,q) GO 70 950 $ NBPTaQ s?rser-c SIFECIFEOFNEWP .5

& 1 16a1 $'n200'S R2e0.0 § Nis0 S Ris0,0 S [rPAes uEWP 1§

x 0O 951 Je1,114 NEWE 17

k3 $34 LIN(J)u1M NEWP 18

i $30 IF(NBPT,.GY,0) G Te 23 NEWP 19

g : ¢ FIRST ENTRY, READ IN BSTYEM TRACK NEWP 20
% { ILel § [F (1D,EQ,0,AND.LA,EQ,0,8R,LA,E0,1) LPlagOSIFEID,B2,1)LP e5NEWP 23 :
‘§ ; 2 IHe]Leq NEWp i

§ IFILPI,EQ,60)55AD (LP] ,900) (RBOT(1),2B86T(1),1all,{n) NEWP 53

£y : IF(LP1,EQ, SIREAD (LP[) (RBOT(]),2B8YCIY, 1], [H) NEWP 24

£ : IFILA,EQ.4IWRI%E ( 5) (RABY(I),Z80T(),Is1L,IH) NEWP <5

¢ - IF(RBAT(IN)LE,g,) GB Y8 3 § [LwllLeS § GO re 2 NEWP 26

* : | Inexu-i Slr(Ragr(ln).LE.O.) G 10 3 S NOPTEIN NEWP 27

= ) IF (LAVEQ,1,8R.[D,EQ,1) REWIND 5 NEWP 28

= ; PRINT 901,tRBOT(1),280T(1),0a1/N8PT) § [F (IBOTC,LE, Q) 5@ T8 ¢ NEWP 29

&L : DO 5 Jag,NBPY NEWP 30

Z ; s ZS!TCI)IZB!T(1)0(1.0.5'2887(1)/637122 .3 NEWP 34

= : 1 CONTINUE 8§ WRITE (35,011),8VITLE, (RBOT(U1,288T(y), ee,NBPT) NEWD 32

3 ‘ €14 TRAMAT (,048,/,(,0F8,3)) : NEWP 33
3 . Gti FORMAT (10?6.3) NEWP 34 :
3 IWAXs0, $DB 4 [=1,NBPTY NEWP 38 :
IFCZBQT(1),GY,ZMAX) ZMAX=2BOT(]) NEWP e ;
T 4 CONTINUE ’ NEwp 37 :
K 18PTe0 § I|F (IS,EQ.0,AND,LA,EQ,0.6R,LA.EQ,1) LPNo6O NEWP 38 )

ks NN(2)80 § IF (1S,EQ, g} LPNub NEWP 39

; 08 355 I.1,2 NEWP 49

- D@ 5% Jei,50 NEWP 43

:; ZiL(l, h=0,0 NEWP 42

% VIL(I,J)2g,¢ NEWP 43

HE 35 1CeN(].Jreg NEWP 44

7 NN(q4)®p NEWF 45

NlBep NEWP 44

C8 56 Je1,50 NEWF 47

Z1tJysg,p NEL® 4§

vitJre0,0 NEWP 49

22¢J)30,0 NEwP S5p

36 vatJyed,n NEWP 514

ASSIGN 6 T8 IREY NEWP 52

G8 T8 70 NEWP 53

c AT 70 |S YHE PEADIN AND CBNNECT ROUTINE, RETURN 1S T {RET NEWP %4

6 ASSIGN 20 T8 [RETY . NEWP 55

GO 18 70 NEWP 56
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4A n7,30/73
20 [0PTs]BPTe} NEwP 87
IFLIBPT,LE,NBPT) G& T8 24 NEWP 598
967l.0010320100, NEWP 99
1FPRay NEWP  6p
GE 15 22 NELP 64
21 R8YsREOT(]BPT) NEWP 62
28782387 ((8PY) NEWP 63
1F (PH.LE.RBT.ANU.!fEBF.EO.i.AVD.RS.NE.O.O: IFPRay NEWP 84
22 IF(RBY,LE,RBY) G§ TE 25 NEWP 63
c GET NEw [NPUT SRUFILE NEWP 66
AS5]5N 23 Te |AgT NEWwp 27
GG T8 79 NEWP 68
€3 IF (IBPT,GT,NdPY) GO TR 25 NEWP 69
18PTs]BPTal NEwP 70
ZBY:ZBVO(RA-QUT)'(ZBY-ZBBT(XBP7))/(RBY-RBOY(XB’T)) NEWP 74
c THIS IS TWE BOTTOM REPTW AT PREFJLE RANGE NEWP 72
RBTaRA . NEwp 73
25 RL3n2 NEWP 74
N1zy2 NEWP 78
c MEYE PREFILE 2 1o PREFILE 1 NEWP 74
08 27 1=1,n2 NEWP 77
Z3itre22¢ ) NEWP 78
27 vicfrsva() NEWP 79
R224000,+RBT NEWP &)
FAx(RP=RBY)/(RB-RA) NEvP B3¢
FBay,uFa NELP 82
N1y NEw® 83
29 IF (ICON(1,N2).GT,ANC1)) JCON {1,N2)eNN(1) NEWP B4
1 (1CBN(2,N2),GT,AN(2)) ICBN (2,N2)aNN(2) NEwr 83
ZeFAeZIL(g ) ICEN(1oN2))«FBoZ]L(2,1CaNI2,N2)) NEwp 86
VEFAeyIL(1,1CBN(1,N2))+FBev]L(2,1CONI2,N2)) NEWP 87
IF (%2.GT,4,AND,2,LP,20(N2-1)) 125,426 NEWp 58
123 I=72(N2-1) NEwp 89
Vav2(x2-1) NEWP 90
s 126 1F(2.GT,28T«2,) GE 1@ 35 NEWP 93
- 22(N2) 82 NEWP 92
3, VE(N2)my NEWP 93
j3 NZaNZel NEwP 94
) IF(N2,LE.NIB)Y G T2 29 NEwP 98
% o EXTRAPSLATIECN T€ BGTTOM NEWP 96
¥ 22(%52)0287Y NEWP 97
& vIN2-] NEWP ©8
€ 31 MEveoy NEWP 99
2 7372(H) NEwP (00
3 IF(ABS(Z-22(~2-1)),L7,1,6~%02) GO Tg Iy NEWP 101
2 VIV2(M) NEWP ¢02
F V2IN2)BV2{M)  «(Z8TZ)a(V2IN2-4)eVi/122(N2=L)=7) NEWP 103
E GE 19 4 NEWP 454
. 35 22(N2)s28T NEwp 405
% v2(~2):»2(~2-1)oczsr-Z?(NZ-i))-(v-v2(~2-1)a/cz-ZchZ-z); NEWP 106
% o REMAVE BUPLICATE PEINTS NEWP 407
% 40 M32 NEWP 408
z 15n=0 NEWP {09
S 42 17 (Z2(M),GT,Z2(M=1)+0;0604) G2 T3 43 NEWP 113
2 licCst NEWr 111
2 Nd=N2el NEWP 412
2
*
:
3
% 68
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CE 44 fesm, N2 NEWP (4¢3
& 2211184220701 wEWp (14
48 44 V2{[)evat]el) NEWP 418
E) 4 MaMey NEWP 116
: IF(M.LE,N2) cB Te 42 NEWP 417
;;', Ir (I19C,6Y,0) Go Te 40 NEwP 118
i IF (22(N2083.E3,0,4) GO T8 48 NEWP 159
M NSry2ey NEWP 129
év De 47 [zn5,5; NEwP 171
5 22tlr8g.9 NEWP 422
i 47 vetlre0,0 NEWP 123
i 46 IF (1PREP,E2,7,6R,1P23P,EQ,1) 10 T0 54 NEWP {24
i PRINT 902,R2 NEWP 125
L PRINT 9,4 NEWP (26
i L8 7 Js1,n2 NEWP (€7
; NVaya(J)-4455,5 NEWP 423
: IF (NV.LT,4,8R.%V,67,114) GB T1 48 NEWP 12%
: LIN(NY) x1pe NEWP ¢3¢0
B PRINT 915,22(03,V200),LIN NEWP (31
B LIN(NY) =4 m NEWP {32
i G6 18 ? NEWwP 133
43 PRINT 915,22(J4),v2(4) NEWP (34
7 CBNTINUE NEWP 418
: 54 IF (IPFL,EG,1) CALL PREFPLAT (RB,NI, INPF) NEWP 1368
: IF (IPFL,ED,2) CALL PRMFPLIT (@B, N3, InpF) NEwP {37
I3 IF (RS.GE.NBBle).Eﬂ.leBV.EO.g) RETURN § PRINT 278 ¢ CALL BYERYE wEwp 38
¥ 278 FEAMAT (5X,ePREGRAM ABPRTED, Tag SOUND SPEED PRGFILES INAUT REFQRENEWP 139
A 1 SECOND BETTCM PO[ATS) NEWP g4g
: 7 IFINNT2) EQ,00 G2 T8 7%  § nBeny(2) § D@ 79 lag,v8 NEWP g4y
) ZiLtg  y2ZiL . ) NEWP 442
7% VILttaDavtLege NEWP (43
RAsRE NEWP (44
75 NATL1I9NN(2) NEWP (45
IF(IFEIF.EQ,9) GB To 76 NEWP 146
RB=RBeL,E6 NEWP (67
Gd 1o 82 NEWP 148
76 IFCUPN,EQ,80)READ (LPN ,903) NCUR,RB, TITLE NEWP 149
IF(LPN,EQ, 6)READ (LFN) NCUR,RB, TITLE NEWP (89
IFCEBF,LPN ) 77,78 NEwP ¢3¢
77 1FEQF =y $ IFEslFERF NEWP 452
RBaRAe, ,E6 § IF (LA,EN,,) ENDPILE 6 HEWP (53
IF (LAVED,,,8R.IS,80,,) &EHIND 6 $ GG 6.8, NEWP ,54
78 L= s IF (LA.EZ,q) &QIYE (8) NCUR,RB, TITLE $ RSs3RB NEWP ¢35
79 [HalL o4 NEWP (%6
IF(LPN,EC,80)READ (LEN ,900) (ZIL(?.1).VIL(2}I’.Y-!L}IH) NEWP (57
IF(LPN.EQ, 6)READ (L PN} CZIL(2, 1), vILe2, Iy, Iy, In) NEaP (58
IF(LA EC LIWRITE ¢ 8) (220 e VILE2: 1) o In Tl bH) NEWP 159
IFevIft21H) . LE,0,) 68 To A1 NEwP 160
ILsILeS VEWP (%4 :
G8 10 79 NEWP 162 ;
81 IhalHet NEWP 163
IFAVIL(2,8%).LE,0,) 6B TO AL NEWP 164
NNE2) 81N NEWP 465 ;
NI=lH NEKP 1686 £
INPFag NEWP 147 i

IF (IPRGP,E2.0) GB TEe 74 NEWP 168
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; PRINT 904,88, TI7LE NEWP (69
PRINT 914 NEWP (70
74 6 28 la1 1w NEWP ¢71
1F (v[ch,x).Lr,xcoo.o?en.vlL(Z.!).cv:teao.ca 58,5/ NBuP 72
SR PRINT 920488, 21002, 8),VIL(2, 1) NEwP 73
] $Zn FERMAT( Ny ,5x, 9 INPLY ERRBR IN PROFILE av RANGE®,Fyp,4,5X, 6VALUE ATNEWD i74
. 1 FFPYH';F;E.S:‘QC-rxo.!,' M/SECe) NEWs 79
Y Ewp 476

E CALL BYEB ) NEW
: 57 IF (ZIL(2,1),NE,SCS) GO T8 287 § PRINT 238,210L¢2,1y,mB8C4ALL BYEBYENEWP (77
58 FERMAT (Sx,ePREGRANM ABARTED, INPYT PREP[LE DEPTHO,F10,3,4X,saS8URCNEWP 78

3 1E CEPTH, AT RANGES,F10:3,e KMe) NEWP ¢79
3 €57 IF (1,EQ0,4) 68 TB 457 $yF (ZIL(2,1r,LY, 210 (2,1-4)) 60 10 82 VEWP 48
; 157 If (1PRePEQ.0) GB Te 28 SNVaVIL(2,1).,455,% NEWP .8

{3 (NV, T, 4,2R NV ,GT,114) GO T4 36 s Li~(~va-1nv NEWP 16%

. PRINT P15: 210 ¢20 ) svILt2, 1)L IN : NEwP <83
: ' LI (vvyegw NEWP (84
y GE 13 23 NEWP (8%
: 28 PoINT 915, 2 L¢2,1),vILt2,]) NEWP (8¢
. M €N CENTINUE NEWP (87
'3 : 1F (NCUR.GT,0) G Tg 89 NEWP 188
A ’ C3 80 lz%,Iw NEWP 169
3 VIL(?.I;*vILtZ:1)0(1.071L(2u1)16371221.3) NEWP ¢ %9
4 . 84 21L(2,I)'ZIL(Z;l)'(1.'.5021L(2.1)16371221.3) NEWP 991
A €9 IF (IPFL.EC, 1) CaLL PREFPLAT (R3,N3, INPF) NEWP (92
A IF CIPFL.EQ,2) CALL PRAFPL]T (RB,N3, INPF) NEWP (Y3
3 \ IFeNN(1),EQ, g0 58 19 IRET, (6,24,23) NEWP {94
: 82 1CaN(1,1)my NEWP (93
1C2N(2,1) 8y NEWP (96

NAx2 NEwWP 497

“512 NEWP 198

1 A N[Ra22 NEWP ¢9¢
g E3 IF (ZIL(2,N[B).EQ.2IL(L,NIBI) 5B T3 92 NEwP 200
= : IF(NB,LE.AMN(2)) GE Te 84 NEwP 203
2 1732 NEWp 202
¥ Gé 73 88 NEWP 203
84 [FONA,LEANCL1))Y GE 1O &S NEWP 204

[Fey NEWP 208

: : GE To 88 NEWP 206
E 85 OVUAeyIL (1, NAY-VILCL,NAat} NEWP 297
3 CviaaPvma NEWP 208
3 Dy=a=zDvMa NEWP 209
4 1Ft49s,61,2) DVLASYIL(1/NA=L)aVIL(1,NAe2) NEWP 210
-1 TFENALT AN(y ) DvhAmVILI1,NA®g ) Vil (g, NA) - NEWR 2114
; ) Dv*E:v!L(z.ka)-vlL(z.Nq-i) NEWP 242
Eo CVL53DVME _ NEWP 213
Lvw3=DvmB NEWP 214

IFese,67.2) CVLBaVIL(2,NB-1)aVIL(2,NBa2) ' NEwP 218

IFENB, LT, AN(2)) DVHBEVIL(2,N3¢g)eVIL(2,NB) NEWP 216

PMU1)8ABS{ZIL(1,NA=1}=2]L(2,NB)) NEWP 247
XFIDVLA-DV”B.GE.D,.AND.DVHA-DVHB.GE,O,) PMt1)5PMI1) =25, NEwP 218

! PHI2)RABSIZIL (3, NA)oZ[L(2,NBa1)) NEWP 219
!F(DVH‘-DVLB.GE,D..AND.DVHA'DV“B.GE,O;) PM(2)3PM(2)-250, NEWFP 220

FACSI®ABSIZIL(1 NAYSZIL(2 NB)Y) NEWP 221

IF(SvmaeDy“B . GE 0, . AND. DvAASDVHE,5E,0]) PM(3)ePM(310250, NEWP 222

BPzPm(y) NEWP 223

IP=g NEWP 224
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' D6 87 1+2,3 NEWP
IFtpM(1).GE,Bp) G& TE 87 NEWp
1Pa] NEWP
BPapxu(1) NEwp
87 CENTINUE NEwP
a8 G T8 {90,9%,92),1P NEWP
% 1CON(L/NIB)IaNA~y NEwp
[CBNI2,NIB)eNB 1.1
NBaNBey NEwP
Gé 18 93 NEWP
91 1CON(L,NIB)eNA | NEwp
1CONC2,NIB)uND oy NEWP
NAunA oy NEup
Gé Te %3 NEwp
92 [CeN(L,NIB)SNA NEWP
ICONC2,NIB)aNB NEWP
NAsNAe} NEWP
NBsNBey . NEWP
923 TF(NA,GT . MN(1) ,AND,NB, AT NN(2)) 46 T8 IRET,(6,20,23) NEWP
N[Ban]|Bey NEWP
IF (N]B,LE,50) GO To B3 NEwP
PRINT 905 NEwP
CALL WYEBYE NEWP
90¢e FERMAT(10F8,4) NEWD
901 FGRMAT(24NOLISTING BF ROTTAM TRACK/LHQ,4X,3(6H RUKM), 6%, 4HZ (M) , 4XINEWP
1 //(1x,1af1?.3)) NEwP
£ 902 FEIMAT(IgWg INTERPELATED PROFILE AT RlNGEnfxu.ovZ“ “77) NEWP
- 952 FEAMAT(141,F7,3,948) NEWP
P-4 99¢ FERMAT(23IWy INPUT PROFJLE AY RANGE,Fgq,3,3M KM,5X,948// NEWP
$14 FOAMAT (3X,eDEPTM (n)-.zx.~v!L9C!TVO.0146°-.ax.-147°n.6x}cllaonox.nsup
1v119°o.6x,-19°0-,bl,015100.61;015200.dx,-1519-,61,01!400,61,01!500Nlu9
2:6%,0 560"6"' 57ae577) NEwP
45 FSRHA+ (1!.711.}.f1°.4.11llg) NEwP
$¢3 FERMAT ( 29W3788 MANY PBINTS |NTERPSLATED) NEwWP
EAD NEWp

A R SRS
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334
233
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PREGRAM LENGTH
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BLECK NAmES
4]
PREF I
INPYT
TLE
PRS
ABC
irc
RANST
EXTENNAL SYmMBeEL3
THEND,
21010100
ceoLice,
PREFPLOTY
PREFPLIT
8YEBYE
SOCIFESF
ErY,
REw,
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SLAREGT | ve 7ANECT

CENN

CIUVEN JPHOFIL, RL,N L, 20050),v1(500),RP2,N2,22050),V2.501,1B8TC, IPFLCENN

FEM#EN /7T«1ANG/ AP(10,2),9P(10042),AL0100),BL¢100),225R0(100},

RZEA (LU e AALLCO),E(200),5ST(L00),CCT(L00),NTR]
A3NEaY
S EITE]
142C3)
LIRe\Tx]e1
TFINEEY N2y 58 Te (2
1F (lany,e%,1,FR,na,EJ,N1) GE TE 30
SUREZ(NIR) Y202
ZLERTL IR 222(NA)
ALINTRTI=Z1( A1)
BLINTRTIZ(L20A0) el (AAL) )/ (R2eRY)
AACaTHI 23, 7v2(addee;
AL3(8,3U/Ve{NAYeo2es SC/VI(AA®L)®e2) /(71 (NAYwIL(NAWL))
Ra3(1,70/92(\3)8°2e1 ,DC/VLiINA)O82.H e (72(NB)=Z1(NAY))/(R2RY)
LA3NAel
1apcey
53 1€ 4u
SLEAC(NIA] )8R
TLERE(NIR[Ya2LNA)
AL{ATAl) =L tN )
SLINTRTIR(L00A)=LZ(N341) )/ (FLleR2)
Aa(TRTIzL 7Y tAYem:
S23(1,00/V2( 300921, CC/V2(NG61)0%2)/(22(NB)=22(NBe1))
FR2(L JU/UL(NAY e eal (JC/v2(nB)e024B 2 (Z1(NA)=Z22(NB))})I/(RLeR)
“g3tFel
1432=)
63 1. 4u
RGINTSL 23] 40 (S (3200243000 2),E2)
IFLIE(NIREY 22,040 5F T4 44
S3ITUATYR )8/ I(NIREY
SCT(NTR e 2s55(NIR])
2 1% &g
[AEIRENNE DN
STEnTa )3,
CINTL23aL(NTRI B (NTA])eRY
TANT2SSTUNT I /ZAAXL(CCTINTS] ), 1,EeL00)
BAONTS]205 30 4Tnl1aTaNT) /(1 «BLINTR])OTANT)
GsAL{NT]e1)
TFANTE],22,1) 329
SE(NTHLa1)5(etaN])/ 01, ~CoTANT)
aR(NTS] 1) =AR(NTS],2)=C,
TFONA LT v, 7A, w3, LT N2) 62 T2 1C
ScTLRYN

END
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PREGRAM LENGTH 0Cd14
ENTRY PZIATS CIAAEQT 00003
ALECK ANAMES

PREF T 90316

TRIANG 02261
EXTERNAL SY¥BULS

91519200

212942y

' vgrpIcT,
SURTF
MAXLF
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’ SURREYTINE PREFPLET (RI,N3, |NPP) PLOT 4
: CEVMBN /PREFIL/ Ry{,N1s211(5),V (30),R2,N2,22(50),V2(5G),1B8TC, IPFLPLOY 2
b CLUENSIONXT (100, X(4),XP(50),Y(50),PLTARRAY (2549, 2ZDEPTH (25a),XRANGPLET 3
A 1E 12500, xL(50),YL(40p),YP (1) PLETY 4
f CEuMBN/INPUT/ RBAT(250),Z88T(250),Z1L(2,50),VIL(2,%50) s NN(2), ICON(2PLETY %
; i 1.59) ) pLeT &
4 CCV“AN /LIMITS/RB(19),CRt19),RB2(19) PLBT 7
Cevudy /PRE/ ‘pREpl?KN“,PLYLJR"'XPCBIH'PR PLeY 8
CEMMBN /TLE/STITLE (19) PLOT g
CE¥MAN/ABC/PUNCHEB ({16), INCR,NBRS, NSRS, ALIN,IFT,IFT] PLETY 10
CATA (IPLET20),(ISTwd),(IFT220),(iANS0Y,(1Jz0) PLeT 14
IF (1PCO.EC,y .AND,IPLBY,EQ.g,BR,1ST . FQ.y1) 66 T8 1qp PLET 42
IF (IPLBT,EQ.1) G€ T@ 1 § CALL PLBTS (PLTARRAY,2%4,3) PLeT 13
GO IF (IFT,.EC,1FTp) GG TR 95, S$|BHsO0 § [FTy=1FT, PLET .4
§52 16 (1Ft .EC,0,AND,1,,E9,1,9R, [AH,.E2,1) RETLRN pLetr is
lesz1 8§ [PLGT=1 ¢ IPCO2l $IST=) S 1y=1 ) PLET 16
. Rrz VAX1F(RG2(1),RE2(2),R02(3),RA2(4),RE2(5),RM2(6),RB2(7),RO2(B),PLET 47
. 1RE2(9),RE2(1n)) § IDlan S Kup PLOT 48
4 €0 %%y SIF (RM,GT,RBBY(K)) 20,24 PLET .§
, €1 2rex=ZRBT(1) PLET 30
3 £&22 J32.K PLET 21
4 €2 2nax=z MAXLIF(ZEOT(J),ZMAX) PLOY 22
) IF (ZMAX,LE, 250.0,AND,ZMAX,GTY, 00 ) IMAXZ 259, PLaT 23
2 1F (ZMAX.LE, 500,0,AND,ZMAX,GT, 250.0 ) ZvAX= 508,0 PLOT 24
i IF (ZMAX.LE, 1000,0,4ND,ZMAX.GY, 500.0 ) ZMAXs 1000,0 PLEY 23
I¢ (ZMAX.LE, Z2000,0,AND,ZMAX.GT,1000.0 ) ZNMAXE® 2000,0 pLAT 26
k. IF (ZmAX.LE, 4000.0,AND,ZMAX,GY,2000.0 ) ZMAX: 4000,f PLBT 27
- 1 (Z¥AX.LE, 5C00,0,AND,ZMAX,GY,4020.0 ) Z~MAXz 5000,0 PLeT 28
g - IF (ZMAX.LE,10000,0,4ND,ZMAX,GY,5000.0 ) IMAX310000,0 PLETY 29
: e 25 J=1,12 PLeY 30
; Az(ZYaAX/1G,0)0(J-1) PLeY 31
¥ IF (J,EQ.6) CALL SYuPRL (-1,90,5,U,0,14,9hEEPTR (4),90,0,9} PLeT 32
: YL¢J)s9,0 PLOT 33
= YiJyz=(l1-y) PLOT 34
1 €5 CALL NUMBER(-0.80,Y(J),0.140,A,0,0,4KF%,0) PLOT 35
CALL LINE IXL,Y,1144,340.105+1) PLET 36
; L& 26 J=1,25¢ PLeY 37
5 ¢S YLtJisg.g PLOY 38
i 1F (PLTL.GT,156,0) CALL BYEBYE PLET 39
. RSCALE=PLTL/GM PLOT 4p
NTMEARINI(PLTL+1.,40,5) PLOY 41
. ATzy, PLBY 42
AMANZAM PLOY 43
IF (IKNM,GT, 0) RMANEEM /1,852 PLET 44
56 \T=avAr/RY PLOY 45
3 IFCNT,LE.NTM) GO TE 57 ' PLEY 46
P "_ ATz2.eRT PLBY 67
2 \T=qupt/RY PL®T 48
3 IFiNT,LE.NTM)Y GO TC 57 pPLET 49
] Q722 ,5eRT PLEY 8¢
3 \NT=RUAN/RY sLeT S
E IF(NT,LE.ATMY GG TC 57 PLOT 52
1 Tz2, AT PLeT 33
Gg 15 56 PLET 5¢
c PLBY SLRFACE axlIs PLET 53
PL8T 36

57 CALL PLBT(O,, 0,,3)
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50

55
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Xhz9,
g?ClLEI‘QéC‘LE
(IXKNM,GT,0) RSCALEL1s1,8%52eRSCALE

CXsRTeRSCALE]
Rag,
1Fs0
CALL PLOT(XN,Q0,,2)
CALL PLOT(XN,-9.p5,2)
R zR
CALL NUMBER(XN-,48,20,19,1,4E~4,RK,0,,4KF4,0)
[F(R, LY, RMAN/2,) GP 18 59
IF(IF,EQ.L) GO Te %9
1F (IaNM,E2,0) 4,7
CALL SYMBELIXA=G.30,-0:4000414210HRANGE (NM)y0.010)
GE T0 8
CALL SYMBEL(XN=0,30,-2.40,0,34,10RRANGE (KM),0,,10)
E;LL SYMBEL (AN-7,20,1N,15,0.24,8TITLE,0,.80)

a1
CALL PLOT(XN,D,,3)
IFtR,GE,R¥AN) G@ TE 63
XNz XNeDX
RzReRT
GE T8 58
1CPsed
1F (1FPR.E2,1) G& 7@ S
X{3)=(R2/1000,0)eRECALF
IF (INPF.E2,0) X(3)2R]eRSCALE
X(1)=X(3)e1,5
!F (INPFLEC,1) GO T 2 $ IF (X(3}.GT,PLTL)Y GO T® 35

5 Jzy

XP(b)'((o.5'VlL(2:.) 735,0)%0+4)eX (D)
IClalpleg
XLeIDy)=x(3)
IF (IDI1,GE,2) GO T2 30
CALL SYMBEL (Xx(1)e0,62,10,27,0,10,16HVYELOCITY (M/SECY,0,0,16)
TX=g.5
w:zo
L& 55 j=1,M
xTCJ)Bx(1}e! j=1)eTy
YPtJyst0,02
x~=1500,0
ox=10,0
PLzxMetJ-1)eDlX N
1F (1D1,EGC.1) CALL NUMRER(XT(J)=0,07,10,10,.10%,PL+0,0,4HF¢,0)
CENTINUE
IFIXC3Y, LE,PLTL) CALL LINE (XT,YP,N,;$,13.0,07,1)
IF CINPFLEC,1) GB T0 2
CE 3 e, A3 SY(])010,00(1,0etZILt2:])/2MAXY)
IF (Y{1).07,0,0) Y([)=xn,0
1F (X t3),LE.PLTL)Y CApLL LINE (xP, Y N3¢1.4-2,0,0%0)
INPF =3
36 18 5
CE & [=1.,72 SY(])s10,00(1,0=~1Z2(1)/2MAX))
1F (y(I).e7,0.0) Yt])a0,0
1CPal(P+1
ICEPTH{]DPYgY(M2)
XRANGE (ILP)=x(3)
If (I1FPR.EC,0) G& Y8 30
CALL LINE (XRANGE,ZDEPTH,[DP,1,1,0,0:,])

CALL LINE (XL, YL, I00, 1,340.1400vy)

CALL PLBTS (gsp) $§ CALL PLOT (PLTLe10.00 nes=3) % 1ST=yg
RETURN

END

76

PLOY
PLSY
PLOTY
PLOT
PLOT
rLOY
PLeTY
ALOT
pLer
rLOY
PLOT
PLOT
PLET
PLET
pLET
PLAT
rLOT
PLeY
(49 24
PLEY
PLeY
PLOY
PLOT
PLOY
eLeT
PLoT
pLet
PLOY
PLOY
PLBY
PLOY
PLOT
PLAT
pLOT
PLOY
PLOY
PLOY
PLBY
Loy
PLET
PLOY
PLOT
PLEY

PLOT 1§

PLAY
PLET

PLOT

PLET
PLET
pLoY
PLET
PL8T
PLETY
PLET
PLeT
PLET
aLaT
PLBY
PLET
PLOT
LAY
PLAT
PLOT
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PREFPLOT

PREGRAM LENGTH
ENTRY PEINTS PREFPLOT
RALECK NAMES
PREFIL
INPUT
LimlTS
PRE
TLE
ABC
ExTERNAL SymBaLS
91c10100
Z8epiIcr,
PLeTS
SYMgeL
NUMBER
LINE
8YEBYE
PLET
MINLF
MAXLF
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03700
02503

0n316
01442
00038
0nooes
0no12
00026

IDENT
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IF (PL,GE,1400,0.AMD,PL,LE.35900,0) PLEPL-1400,0

38 CALL NyMBER (xT(JU)=2,07,10,30,0,07,PL,0.2,4%P2,0) PLIY
CALL LYNE (XY, YP,N,3,13,0,07,1) PLiT

IF (INPF.EQ,q) GO T3 2 PLIY

00 INPFsy PLIY
101=1D1ey PLIY
X1C!1D})ex(d) PLEY

1P (X(3).GE,RJ/74,0.AND.JTL,ED.0) 35,8 PLiY

3% ITLayg PLIT
IF (IKNM.EG,0) CALL SYMBOL (RJY/2,0+0.6,+0,40,0.14,10WRANGE (KM),0,PLIT
10:10) PLLY
IF (IKNM,GT,0) CALL SYMBOL (F '/2,0¢0.,6,+0,40,0.14,%0MRANGE (NM),0,PLIT
10,10) PLIT
CALL SYMBOL (RJU/2,0°6,8,10.2000+14,SYITLE,p.0.8p) PLET

Go 10 8 PLIY

2 098 6 [s1,N2 pPLiY
YCl)egn.000g.0°022(1)/72MaX)) SIF(Y(3).LT,0.0) Y(1)mg,q PLIY
XL(l)eX(3) PLIY

6 CALL NUMBER (X(2)eX(1),Y(1),0,07,22(3),0.0,4%F4,0) eLir
CALL LINE (XL,7,N2,3,3,0.07+1) pLiT
CALL LINE (XP,Y,N2,1,340,0741) PLST
CALL NUMBER (X(3)e0,30:%0:25.:0,105+/X(4),0,9.4HF4,9) PLIT
0P DPey pLIY
Z0EPTHIIDPISY(N2) PLET
XRANGE (:LP)sx(3) PI LY

15 (X(3).GE, 2474 ,0,AND.JTL,EQ,) 45,5 PLIT

45 [TLsg . PLIY
IF (1KNM.EG,0) CALL SY“BOL (RJU/2,0+0,6,-0,40,0.14,1CURANGE (KH?,0,PLIT
19:19! , PLIY
?F ?lKNH.GY.o) CALL SYMBBL (RV/2.070+%,-044000-3404gWRANGE (NM),p.PLIT
10:10) PLIT
CALL SVMBSL (RJ/2.0%0.64110.2010:14/5TITLEig.0,48) PLIT

3 IfF (IFPR,EQ,D: G® T@13C PLIT
CALL LINE (XRANGE,2DEPTH,(DP,1,1,0,0,0, eLiY
CALL LINE fx=A~cs,vL.109.1.3.0.105.1> PLIT
CALL LINE (XI,YL,ICls1¢3:002501) ) pLIT
CALL PLBTS (g.0) S CALL PLOT (PLYi¢1n,0sp.s~3) & ISTxq PLIT
430 RETURN PLiY
END PLITY
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PHEFPL ]S

PREGRAM LENGTH
EATRY PEINTS
ALECK MAuES

ExTERNAL 5yMA0LS

PREFPLIT

PReFIL
INPLTY
LIviTs
PRE
TLE
ABC

21510100
cescicr,
PLETS
SYvMpeL
AUY3ER
LINE
BYESYE
SCaLE
PLAaT
MAX1F

03745
07654

0r316
01442
01036
angne6
0np012
00026
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SUARALTINE ACVANCE

e

7

1 MNCEUNT(1000),"~aSE(1000)

CEMMEN /PJDEFY PLiCTR, Thept
CEMMEN /M|RRERS/ SLeBRLT(200),RPST(200)

AT e

FPIMENS TGN RPNEW(4) ) RNEN(4),2NCln(4), ZPNEW(4)
LEGJCAL anup,enyw :
YANSLF(‘:U):les)/(1....5)

LEGP JVER ALL THE RAYS
L€ 130 (Ravay,ARay f InlSTs0
113 (hﬁﬂb,EQ,ZSOO,AAD,NSHS.50.2500) GO To 1o

S A Sy e

NRL REPORT 7827

CEMMIN /INFg/ QSYAFY,RFAX,GPEGA,AYY,lPRAv,lYN,lYNZ,
b lSCP.lrz.llz.lYJ.lPER,erxrs,Lrnr,Lren,LraP

¥ SSReSS(IRAY)

06704773

CEMMEN /TRIANG/ AP(ICO,2),9F(100:2):AL(100),RL(IOO).ZZERG(LOU).
1 “ZE*W‘xUO).AA(IGO).58(100),557:100),ccr(100),~rn[
CEMMEN sRAYS/ \RAv.rcAr(1000);22(10001.55(1000),1x~stxooo).

17N, 1816,

'LPIN,TATT

CEM®SA/AIC/PLNCNHDY (1o),!~cn.h8ﬁ5.usRs.ALln.XFT.lrfx

CELY(EQ}f,S)tABS(LG)oSCRY(CH[S)’(I,O(T‘(TOS)OS'S)/3,)

10 lF(iES(;SR),LY.ALIP.ER,NER,GT.KERS,@R|NSQ.GY.NSR§) Ge T t00

- ZREZZ(IxAY) 3

B TGRITGAM([RA)
YIAYST[ME(IRAY)
f REPRADE(IRAY)
NCTRRASHUNT([RAY)
CE 29 ey, NnTAy

c FIND CUWRECT LAYER
P3ZReAL(] )y (1) onR
1F(Pe,0008,67,2,) GE T2 29
\TRARa]

RRaARSTART

i IFLABS(P) 6T, ,0001,EF,TGR,6T,=0L(1)) 6o t6 3o

CINTINUE
GE T3 80
30 CTSCCTINTRR)

¢ 20

[F(IPRAY (NE 3) PRIAT 666, [RAYNTRR, ZR,RR, TGR,NCTR

SY-SSY(YTRR)
2G7LZERUINTRRA
TRANOSFYR: 1@ PRIMED CZORCIMATES

RO2RZERG(NTR])
ZRPaCTe(ZRmZg)eSTo(RRaR])
RRPICTE(IHARI)aSTO{2Re20)
CISBAA(NTRR)#EB(NTRH)®2RP
TANTAST/AMAX1(CT 41 ,5e3C0)
TORPRTANSUM(TANT ;o TGR)
CrISaC[5/(1,¢1GRP*e2)
c CALCULATE FARAQELIC RaAY PATH,

ALP AR, ¢503g8(NTRRY /CM] S

TAZ2 ,0ALPH2

ALPHA IS THE CURVATURE

c FIND INTERSEGCTIENS w]TH LPFER AND LBWER {AYER BOUNDAFRIES

CE 40 21,2

. APNYR.Af(NTRw,r)
RENTREHF (NTHR, 1)
C3aPNTRYPNTSeARP e ZRF

ACVADOOO
ADVANDOL
ACVAD002
ADVAPQOO3
ACVADOO4
ACvVADODS
ACVAQDOOQ6
ACvaAD)0?
ACVaAOQQOSB
ACvVaA0009
ACVABDL0
ACVADOLYL
ACvVaAQOL2
ACVABOL3
ACVADDL14
ACVAQD1LY
ACVAQQ46

ANIANCEUNT(IRaY) SPaNA/ZITN SANARL/ QTN SNSRaMeNNe] TN SMENN/TTN SNARSMADVANQDYL Y

ACVaDO18
ACVADQYLY9
ACVA0020
ACVaAnQ21
ACvVapQ22
ACVADQ23
ACVADO24
ACvVaADO25
ACVA0Q26
ADvapc27
ACvaop2s8
ACvagp29
ACVADQO3(Q
ACVADQO3Y
ACVADDS2
ACVADO33
ATVADO34
ACVA0Q3S
ACVAROD3G
ACVADQDY?
ACVAOQQ38
ACVAD(D3S
ACVANQG4D
ACVAOQC41
ACVADQ42
ACVAQQ43
ACVAlQ44
ACVADQ4S
ACVADQO46
ADVADQ47
ADVADQO4SB
ACVANp4®
AQvVaADQSO
ACVADOSY
ACVADQS2
ACVAQDS3
ACVADDSS
ADVADOSS

P2BPATReTGRP
lF(AQS(fLPHA).GY.l,E-ZE) Ge 18 303
o4 RAY PATH IS _INEAR FER THESE STATEMENTS
CHPEBaC/+
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Ko2elal ADvVAnQse
RPNEW (K )3RRP AP ACVADOS?
IPNEW (K )2/RPeT5RPeCRF ACvVAQQS8
ZhEh{l)lCY‘Z°hEd‘4)'ST’N9NEb(K)020 ACVANOS9
ﬂkEh(()'CT‘d’hEh“)‘SY‘ZPNEh(K)090 AJVANQED
ZNER(Ke1)m1,E300 ACvanoel
IFNEw(Xel)my,E3092 ACVANGS2
RAEm(Kel)vy F3qp ACvan0s3
RENEW(Kei:91,E30) ADVADQS4
GE 18 4y AQDvanges
c SELVE QUATRATIC ECUATIUN FER PARARULIC PAY PaTH ACVADQS6
303 ClSCaPered,aa Puec ACVADOA7
IFLDISC,LT,n,) GB 15 32 ACvanpss
CISCaSInT(D[SC) ACVANQSY
LE 31 Jny,2 ACVAOQ70
Ks2s]leJ o2 ACVANQT?Y
Sx294ed AQvangr2
FaPaSeD|S% ACVA073
CRPEF/TaA - ACVANDT74
c ITERAT 8y T8 [“FREVE ACCULRACY FBH SMALL CURVATURE PaAYS ACvapo75
IFCABS (), LT, ,1ed3S(F)) CRPO(ALPHAC{(ALPHACDHP262eC) /P ,002aC)/P ACVADOY6
36 RFNEW (X TuRAPSLRAP ACVaDQ77
IFNEW (X )2 RFsLRPO{YGRPeALPLASLAP) ACvapo78
INEn(K)ECTeZPNEMIS)uSTORPNER(K) 020 ADvano?e
33 ANEW(R)BCTeRPNEW(R)eSTOZPNER(K)0AL ACVanp8Q
66 18 4y ACvVangay
32 CE 33 Jey,2 ACvapoL2
Ks2elogn2 ACvVaAO0A3
33 ANEm({K) 2wl (E3(D ACvaogssd
49 CENTIAUE ACVADOS8Y
EALAZABY (LR=AL(NTHAR ) 2G| (NTRR) BRI (LT, ,G1,AND,TGR,GT, 7L (NTRR) ACVa0Q86
: [o4 SELELT CORRECT INTEARSECTIEN AS MEXT PRSITIGN ACVADQS8?
-3 IF(NTRR,EQ, 1) GY Te 4C% ACVADOSS
b3 GAUP'A%P(AL(\IRRGL)'EL(NYRG-:)-RQ-ZH).LT.,01 ACvVangps9
Af.. 1 1AND ) TGR LY, ~ul (NTRRey? ACVADQ9D
5 GE T2 43 ACVAND9L
F 0% ENUR®AYSILR) LT, 01, AN, T68,LT,0, ACVAND92
% 41 ILPefCuzey ACVaADD93
: IFCNBT, BNUP)Y GO TE 41t ELVADO94
ILP=y ACVAB09S5
1F (ABS(HReANER (1)) LT, AL S(RReRNER(2))) [UP=2 ACVANQ96
IFLRNE~TIUP) (LT, KRR, B8 FAEWCILF) ,GT,RMAX) [UPag ACVADO97
. €11 IFCNET BRLW) GO TE 412 ACVANQ98
ILha3 ACVANGS9
1P CABSUMAURNEA(3)) LT, ABS(RReRAER(4)})) [PNug ACVAD10Q0
IFCRY 25T 1DN) LT, R S8 EAEWLIEN) (GT HAAXY JDNug ACVaDy101l
412 IFCIUP,uE,C) 6B Te 414 ACva0i02
!LP!O ABVA0103
RTAYaRHAX : ACVan104
CE 413 is3,2 ACVA0105
IFARNESCT) LT, RREF,SKEN(]),GT ,RTRY) GO TG 413 ACVADL106
RIRY=R%EA{]) ACVAD107
1LPal ACva0128
413 CENTINUE ACVA0109
414 IFCINA,LE,0) GE TG 413 ACvaD110
1CN8Q ACvaD11l
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415
414
417

418
419

45

46
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RIHYBK™AX
Ce 415 88,4
!F(nht-(l).LY.DR.SG.GNEn(l).GT.RYRY} GO Tu 419
AT
‘?THV:n\tu([)
CENTINVE
1601CN,e0,0) GE Tg 420
IFCILP,NE U) G Te 418
[TRYs]0n
GIﬂY:nN:h(lU\)
GE Tr 449
[FUANES(TUP ) GE RNEal]LN)) GE TE 417
IYQVI‘UV
RTRYautiza(1yP)
At T ec§
IFOILP,ED,0) GE T 5@
5€ TS 419
TONPNITAO(FP ([ TRY)eGHF ) e TGRP
TRAYSTIATONELTLRPAEA(]TRY)RAP,TGRP, TURPN)
TGRvme TANSUMITRRPA e TANT )
InITHY
2rzlNEAtTRY .,

ChECA FO4 SURFACE AND QETTEM kTS, TURNOBVERS AND TURNUNDERS
IFCTGRe1GHN (SE,0,) GE 16 44
{FCTGR,GT 0, G3 TE 43
ACTH3INCIRe]TNZ
GE TR 44
ACTA=ACIHe]

TPOLTRYZGT,2) Gy 1€ 4%
\TRAan " " dg
[FONTRR,5T,00 GB 16 46
NTHAxY
S398S55Re 35|
PridsPliep]
NCTE3NCHIRSN I
TiRTe Tl
RTINSO
\YQR:Nfaﬁtl
TFONTRR LE WTRT) GE TE 46
LTHHENTH]
ncra:xc!v-lr\&
TURAZESLANSUYITGRN oL (NTR]))
S3150,0a35( 1542k e,
\zS
SsSen,
T8 (N, 6T, 199) Neg9y
SSAFSHNO (], «5)adn T(N)+SeBRLT(NOL)})
PrasPrlef(1,-5)edPST{N)+SeEPST(Ne1))
TGRI-TANSUM(TGRAZE  BL(NTR] )}
IFCTGR,LT  »LLINTR])) 8C,230
TGRETLRAN
6GE 16 3y
CALCULATE mAY [ANTERSECTIGEAN W]THW VERTICAL BBUNDARY, RERMjiX
IF(A3S(ST),LT,2,E~4) GF T@ 60
2vzelT/>T
AVI(KMAZ <KD ) /ST

ADVAQL412
ADVADLL3
ADVADL44
ADVAQ14¢S
ADVAOBL16
ACVAD147
ADVAO118
ADVAD1¢9
ADVAODL120
AQvao121
ADVADYL22
ACVADL123
ADVaQOL24
ADvVAQL2S
ADVAn426
ADvVAQ127
ADvVe0428
ADVAOL29
ADVAD130
ACVADLYY
ACVAODL32
ADYABL33
ACYADL134
ACVAQDLYS
ADVAD136
ACvADYL Y7
ACvang38
ACVADL39
JuVADL40
ACVADL4L
ADVADL142
ADVAQ143
ADVAQL44
ACVAO145
ADVAQL 46
ADVADL147
JCVADL48
ACVADL149
ACVAGYL30Q
ADVADL191
ADVAD192
ADVANL193
ADVAG194
ACVAQLSS
ADVADL196
ACvVAQLS?
AQVADLY98
ACvVaAOLSY9
AQDVADL40
ADVAQ1S8Y
ADvADy162
ADVAD163
ADvVADL64
ADvaD165
ACVan166
ACVADL67

=
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CaayenrenVva2ap
Fzdjaliind
1€ A9 ALPHAY 6T L ,E-25) G2 7€ 5C1
LINEAN A4vs
RENca{ll3kHDeC /P
RFhza{2)328,8100
R T2 5ys
Panana 1¢ nays
ISC3Pered aa 720
(LISC,L7,9,0 u¢ 16 BcC
338347 (DS

") ey

03 1=142

HeSe!1S(

ChP2F/Ta

FOasstr) LT,  1e4gS(5))y Enpn:ALFbAo(¢ALPHA-nnp--2.C)/P10~2-C7/P
LI S E R EL LI P-T

Sz3~§

TE o1 11,2
Zp\ﬁ.(1):49;.(:ptg;([).N:P)n(TGEPOALPnAt(RPNFu(1)-QRP))
Z\:~([)*CY'£=nEn(x)-SYONFNE.(I)OZJ

{e2

F
i
s
g

LI I BNV

SEQELT TySmECT INTERSECT[ZIA
IF(A?S(Z&:%(X)-[3),gT,AuS(ZNEh(Z)-ZR)) [e1
TERPASTAC (AP \Eul])anbPIeTGER
r;;y:ru;v-*cLycavas,(x)-:RD,vcnp,TGRP\)
TGINIeTANS UM TGREA, o TANT)

Crela FA TLRY:UERS AAD TLANUSCERS
IFOTGR®iGH 52,0, 46 T% 54
TFeTaa, 0T 0, 53 12 €3
LLTRsACIHeY
33 76 b5a
SITRanCrRel T
TEav{[RAY)e AN
IF(STRA,LE, 1) 39 Ie c4%

Chzla Tral S4Y IS W!Th]n ThE FREHER LIMlTS
Iftznhv(l).Lf.A:(Nrﬁﬁ-z)oaL(\T:ﬁ-x;-PMAx-.i) -8 T3 80
I‘(lnk,(!)'gY.AL(mYkﬁ)tﬁl(\TQR)'QPAX‘.I) 58 Tg 8¢
TraSa [ YGLUYE ATTEWLAT]EN

ADVADYL68
ACVADL89
ADVANYLTYQ
ACVAQYL?Y
ADvVaQyYZ
ADVAD17)
ADVAOL74
ACVADYL?S
ACvVADL76
ACvany??
ACVAOL78
ACvADy?9
ACvaiogag
ACVAQL8Y
ALvAan182
ALVAD18)
ACVAd184
ACVADL85
ACvADy86
ACva0187
ACVACL88
ACvaceag
ACVADL9?
ACVADYL®L
ACvanyL92
ACVAO193
ACVADL9¢4
ACVANLOS
ACVAQ196
ACVAOL97
ACVAO198
ACVADL99
ACVADZ 20
ACvanzol
ACvan202
ACVAD203
ACVAD204
LDVAQ205
ACvVa0206

IV(lATTlﬂc,J)SSR35§*-lC.'0('.UOUl'A?T‘(YﬁAY-TIHE(IPAY))/SGQT‘CIS))ADVA0207

S3(iSay s5S5x
ZLOiRar) = NEpall)
?{”t((:AY)r1=AY
CLAATOLRAY Y aAC TR
FraSe{l~waY)zena
EXON AON BT
IriSTRSYy
ArEN O SMALIL T4 LEXE RER[2EATAL SRADJENTS, EQUATIGN FOR SECTIEN

25 1> SINGuia, TelS IS5 an [TERATIVE SOLUTIGM FGR SUCH A CASE

SLESD VALLE F<~ JYESAT]Z
NnsZhetGre{IMaLons)

£7 [=1,7
n.:cr-(:vnx-:g)-STn(Z\h~ZU)
CROZHFE L Aadfp
YGQPAV:1§49¢LLDHA.[RC
TePzlnPeTmpay

LI N A BN

1N (.
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ACVA0208
ARV 10209
ALVAD2¢0
alvan21t
ACVAN212
ACVAD243
ADVAD24L s
ACVAD215
ACVAB218
ACvAB2%7
ACvABZ13
ACVAD21¢
ADvang2p
ACvadz21
ACvag222
ACYAN223
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ZFNmzAreplp ACVANQ224

INW28CTo P Nne§TeRPNAe2( ACvan225

CaaS(2Zna2mirn) ACVAD226

1"1.&013’ OCsp ACVAD22?

42 INAa2NWY ACvAN228

CHECR PUR CENVERGENCE ACVAD22¢9

H(D,;T“Ul) GE Te 68 ACvanz3o

LS 07 pede0l) G T2 g6 ALVAD231

IrlSTs s ACVAR2Y2

GE " 3y : ACYA3233

&8 SPAEA{1)zRPNER{2)aRFA W ACVAR234

GE T2 Yus ACVAD235

o PRIN! ERRIR MESSACE LLVAD216

8¢ SuAr0, ACvVan2Y7

PRINT A1, ]RaY,1MI5T,FR, {6,165 : ACVAN238

PRINT Rz, AMAX,Z5En(]), TGRA ACvanzig

686 FLRAmAY(e RAYe,[5,0 [n LAYERe,[%,s Zse 1F10,2:9 Rue,F10,2, TGRes ,FACVAN240

b 10,5, 2173 e,%96) ACvanZ4y

81 FERMAT(e Hay o,[5,. YE:HIHATEc-.SX,-Inlsrto,lz.sx,-SYARTING RANGEZAZVANZ42

10,F12,2)5X,e3aY DEeThae,F12,2,5%,eSTAKT NG TANGENT®Re,F12,6) ACVAN243

8z FER%AT(oX  oqax My RénCbme ;F12,2,5X,8NEw RAY cEpTH:-,Fio.Z.sx,-F!\AEvnoth

1AL, TAAGENTES,512,6) ACVAD245

GE TE 5> ALYAGZ4G

109 CenTinus ACvVaANnZ47

BETLARA ACvAQ248

: END ACVAn249
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DS

ACTVANCE

PREGARAY LENGTH

ENTRY PEINTS ADYVANCE

BLFCK NAMES
TRIANG
PAYS
InFE
PILEF
MIRRERS
AyC

EXTERNAL SYMorlS
THEAE,
23710140
23700040
71210300
21703100
C2207111
n8sLICT,
SQRYIYF
MAXLF
STk,
OnNSINGL,

01720
30425

g22¢&y
131%61
0c024
0C023
00621
0C026

B. G. RGBERTS
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20

2%

30
31

3%

40
4

43

30

55

56
57
59

60

45

NRL REPORT 17827

SUBROYT NG CHANNEL (LR, T,27TC,2TV)
COMMEN /VELPAF/ N,2(103),C(100)
CALL VRLCALC

D§ 25 Je2 N

JF(ZR,QY,2¢1)) G© Y8 23
130}
Fe(lRaliled))/7lZ(})e2(]eg))
CHBSORT (L oToT)elFeC(][)o(1,0F)eCt]e}))
Ge te 3y

CeNntINUE

ITUSZT9.y,

RETYRN

Inn]2e}

IFCCLIND 4T, CH) G@ TE 35

HYTLTI

IFINgNE, Q) 80 T8 33

11840,

Ge 18 4y
Fo{CMeC(INOL))/Z({C(IN)ClINGL))
2190FetIN)atl ef)aZ{]Ney)

Ine]2

IF(CUINY,GT,CH) GO TE 45

X FLT

IFCIN, Lk, N) G§ 18 41

ZTUBZ{N)

nevgn~
Fe((MaClIN®g1})/(ClIN)eC(INal))
TTUGFOZ(IN)e (] ,eF)ed(]Ney)

RETYRA

ENTRY RUALC

1FE2T9,4T,»,%) GG TR S5C
RCYCLES],E300

RETURN

[N}

RCYCLEBOY,

762'0.

L6 60 Jug,N

TFC2C1);GT.2%6,4 0,2(1),LT,2%0) G8 T8 55
JFCIN,EU,L) GG 16 .0
RCYCLRUNCYCLE®tZTUeZ(]el))/(,57GY)
RETYRAN

TGLASERI((CM/C(]))002e,)
IFC],€Q;1) Ge Y@ 99

IFCIN, v, 3) G6 T80 56
CRS(Z([1eZ{1ed))/(,5+¢1G1e7G2))

Ge 13 8/

CRe(Z([1e2791/(,57GY)
RCYCLRSXCYCLESDR

1629763

[he2

CeNTINVE

RETURAN

ENTRY WUENS

IF(RCYCLE(GT,1,EL00) GE T8 7%

INet2

IFCZLINILGT,2R) Gg Te 70

87
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CHANOOOO
CHANOOOL
CHaNBOD2
CrANDOOS
CHANOODH
CHANOOOQS
CHANDOOS
CHANDOO?
CHANDOOS
CHaANDODY
CHANGOQLO
CHANOOLY
CHANDOL2
CHANDOLS
CHANDOL4
CRANDQYLS
CHaNDOLO
CHANDDYL7
CHANDOYLS
CHANDOYLY
CmANOO2)
CHANGO2Y
CHANDD22
CHANDO23
ChaNDQ24
CHANDQ25
CHANQO26
CHANDBD27
CHANBO28
CHANDO29
CHANOO3O
CHANDOI]
CrANDOdZ
CHANOOSI
CHANDOSH
CHANGOIS
CHANDO3S
CHANDOY?
CHANDO3S
CHANOOQI?
CHANDOQ4Q
CHANOQOSY
CHANOO4Z2
CHANGDA3
CHANOQ4 S
CHANOCSS
CHANCGAS
CHANDO4?
CHANDO48
CRANDQ 49
CHANDOSO
CHANDOSY
CHANOOBZ
CHANB(QS3
CHANDOS4
CHANDOBS
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06704723

IFCZCINeL) ,57,2R) 6o TE 78
TN [Ny

IFCin,GE,N) 56 TO 9y

GE Y6 6>

IFCTCINaL) ,LE,ZR) GE TE 74

INS[Neg

IFEIN,GE, L) 56 13 49

TsQ

RETLRA

IN® NGy
v-ctl\)o‘c(lk41)~CllkJ)'(ZN-Z(IN))/(Z(IN-l)-Z(IN))
7-1,/(SgRTt(cn/v)-oz.1.)-RCVCLE)

RETLRN

END

88

CHANDOSS
CHANO QST
CHANNQBB
CHANDOSY
CHANDCSO
CrANDQOSY
CHANDOS2
CHANDDSI
CHANOOSM
CHANDCES
CHANOQeS
CHANOOS?
CHANDOAS
CHANDQSY
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CrRANNEL

PROGAAM LEAGTH

ENTRY PEINTS CHANAEL
RCALC
WOERS

BLECK NAMES
VELPRF

EXTEPNAY SYMBULS
285L1¢T,
VELCALC
SQRTF

NRL REPORT 7827
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00506
0c003
001%1
30297

003511

89

CHANNEL

06704/73

ED

<z
s
<
e
jer £
<y
L0
[
-
-
Ll
Lo

DU PURTIRSHIE I S SR WL <1




Loy

i

o

-

po 13

B. G. ROBERTS :T

Ll

544 06/04/73 e
SLHRELTINE VELCALL ' VELC &
CEMMEN /INFB/ CODULL,RMAX,DEDLSD(18) VELC 2
CEMMGA /VELFRF/ Ny 2(1€0),C(100) v VELC 3
CEXMEN /TRIANG/ 4P(1€0,2),8P(100,2),AL0100),8L(100),22ER0(400), VELC ¢
1 RZIERu(100),AA01€0),FB(100),557(300),CCT(400),NTR] VELC 5
CEMMEN/ABC/PUNCHDE (3609 INCRNBRS NSRS, ALIM,IFT,IFT] VELC ¢
CATA (RoLUmel,E3CO),(IFT280%,{i2ms0) VELC 7
IF (1FT1,E0,1F72) GG TE 37 VELC @
1EHaD VELC ¢
1F12s)F11 VELC 40
13 IF (1FT1,60,0,CH,lEN,EC,1) GE TG 3 VELY 14
RELLsaL,ES00 VELC (2
HLEDY VE.C 3
3 IFUABS(NMAXRELD),LT,1,) GE 16 20 YELC 44
AELCERMAX VELC 45
AEhTR ey VELC 46
CE 10 e,V VELC ¢7
IF(1,E2;1) G2 13 1 VELC 48
Jilel VELC ¢9
2Z3AL{JI*BLIJ) eRMAX VELC 20
GE 1€ 2 VELC 21
1 ol VELC 22
(%0, VELC 23
2 ZFECCY(J)@0i22-22EHE(,))*SSY(y)e(RMAXRRZERBLY)) VELC 24
CUl)8g,/7SURT(AA(JIISBE( IeZP) VELC 25
10 2¢1)822 VELC 26
SETLAN VELC 27
EAD VELC 28

90
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Chend

J§

YELZALC

PREGRAN LENGTH

ENTRY PEINTS ~  VELCALC

BLECK NAMES
INFB
YELFRF
TPIANG
tge

EXTERNAL SYMBWLS
eseoict,
SNRYF

0niye
0cooe

00024
0031
02264
00026
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.
=
5=
FINS.4A 01702/1s
S<BROUTINE INTEWSTY INTE
¢ JUNE 149 1971 LLOYYS WMIRROR 4pDED FOR ALL RECEIVERS AND TYPES INTE 3
¢ UNUSE Se1 8" ;sixns 1S NOW {LMRy» 0 pOR NO LLOYpS MIRRORs ANp INTE
¢ NONLZERO OR LL2yD6 MYWROR, THIS <wITCH IS THE COLUMN AFTZIR  IHTE
c IPER ON THE [NPJUT gARDS INTE &
¢ 6/15/71 RECEIVES WwELOY BOTTOM FIXED INTE ¢
COMMON /| LOUDNESS/ Lnﬂg.ﬂco(IOU)cTYpEISc(IOO)oTYPEIRP(IOO), INTE 7
1 TYPELI(100) s TVPET 1 (160) INTE B
COMMON,TLE/STITLE {10; INTE o
COMMOY /RAYS/ NRAYS GAH‘lgoo"ZZ‘!ooo"55‘1000"71“5‘1000" INTE
1 N OUNT(1000) )prage (IVa0) INTE }f
c0H~8~ /INFO/ RST‘RY.QMLXaOHE&A.ATT'XPRAYOITM&1T32o1TN3oxnic' INTE 12
1 ISC?,1T1,172,1T3¢1PER, LLMR LTRT,LTER, T~ LU IN 1ATY INTE 13
COMMON /FIDEF/ BI'DTIRITHOP] INTE
COMMAN /VELPARF/NN224100),¢(100) INTE 13
COMMON /THPSTR, pUYL1N2) T 16
uxneNstN QUAo(xoo..xnp(loo,.Ser¢1oo.~,.SSL(loo,.°usqxoo,.rvps(1o{”rg 17
10) INTE 18
EQUIVA_ENCE (GuznaeiDD) INTE 49
COMMON/ZABC/PUNCHYY (lb)cchRcNgRSlNSRSvAL(Ha;rT;IFTl INTE 0
OFTA (1ENTS9), (IFTigG), (16Ma0), (1HP 41000} ) INTE 21
SECIT sFVA®SORT(]aeTT} INTE
IF UIFT . gQutpT2) @ T0 2 § [ons0 § 1FT2s1pT1 INTE 55
2 IF {1FT1.EQe0.0R,1cHeEQeL) GO TO 3 § 1ENT20 § 1B4=) INTE 24
3 FVA.], INTE 25
XF(IATT.EQ.Q.AHO.ATT-NE.O-) FVa®10,98(~.000) *ATT#RMaX) INTE 6
CALL Velcalg Swave  wTWoP®c (1) /0ugga SakmTwWOP[/WAVEL 3 pumxl, INTE 7
9o ° ralsLnac NTE 28
5 TYPEL :(1;-fy95199¢1;=rv°£11(l).TvPExxx(t;.ou«o(x).o, NTE 329
Irtsrl.ga.o.ANQ.xTz.e;.o) GO T0 6¢ INTE 3?
Swe 6 INTE
SpZs?, INTE 32
00 10 1u2ynRgy INTE 33
WEAMINI(SS(]) 4SS 1~1)1 INTE 34
S0ZaS07ews 8BS (77( 1) eZd(1=1)) INTE 35
1o SwESWed INTE 26
DZBLR2SDZI/SW INTE 37
IF(DZ3aRsLTawavEL) DLJARaWAVEL INTE T8
CALL CHANNEL (1+410084425,24) INTE 39
DIMeZB/SQRT(FLGAT(NRAY)) INYE 40
IFIUZBaR,G]s0ZM) ULBAHE TN INTE 41
IFLIT 50,9 g0 70 45 INTE &2
o 1%l yNRay INTE 43
NEACOUNT (1) INTE 44
MEN/ STy INTE 45
NTQsNewe TN INTE 46
NEM/ TN INTE 47
NSREM~NOITN INTE 43
MEN/TTY INTE 49
NTUzN=ve TN INTE SO
NBRsw INTE 51
IF(1.€2.1) 6o 10 19 INTE 52
NOTUGZTagS (NTO-NTUD) #1485 (NTU=NTUO) INTE &3
NOSBR'[AQS(NSR-NSRO)'IAeS(NaR'NgRO) INTE 5S4
I0=NpS3R INTE 55
[O=sIpeNpTUD INTE 86
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IF{IV5T.3) 10s3
WaAMIN] (S3(1),55(1.1))
1F W LELALIN,OR NBR(GT NGRS, 0H %SR,GT ,NSRS) [Dw3
NCOUNT (1) sNCOUNT(I) 9 IU®IRIG
NSROSNSR
NBROaN3R
NTUOSNTY
NTOOaNTO
CONTINJE $ 00 21 1al,UNRe
3S§(:)-o.o
US(11s0,0
TYPSt])sg,0
IHP(1)e0 § Jpaal
INPSNCIUNT(2) /1Bg6G
0C 39 1az,NRav
NCOUNT (1) SNCOUNT(I) e Jaw®1BIG
INXToNCOUNT(1010/131G $ [F(I*24LE.NRAY) INXTT=NCOUNT(1+2)/1816G
IF(INW,0E42) GO TO &9
19120 5 19240 § 19340
Z}-zz(x-ly
Slasgcirgam(r=3ryesg(=l)
OS=SEC(TGAMI1)) o35S () =gl
Tlavime(al)
TaTIME(]) =T
r$1'reau 1I"1
LDTGETGAM(I} TG
DZ=ZZ(1)~2 sluo 28 Jul,inrc § 1Q1x® g 10220 § 1030
ZR=RCO(J) $ IF(ZReGTed6) GO TO 2
Fs(2Rez11/07 $ DZl®zi(leidezZ(l} s Fla(zRazz(11) /071
IF(F.LT.-oog.OR.F-BT-l S1 GO T 2%
IF (INd.EQ. .Auo.F.ue.T.O.ANo-r.Ge.O..ANo-IHP(J),EQ.O) 23,24

1Ql=}l
58 TC 26

24 IF (F, SYCXQOOANDD IN'.EG.O .ANDcINXToNEoINW-AND.IHP‘J) ¢Eqa 0’ 31'32

1e2s=]
GO To 2
I7 _(FelTsgey .AND.IPR.NE-INH.AND.INH.EQ.Q) 33134
193-3 :
cv T a6
101=9 S1azap $1Q3=¢
GO0 10 25
SLE(S1¢F®DS)/(RMAK®ALY (DZ))
IF (SL.LE«040) GND TO €53 (7 (ABSF(pZ).LTeVU,00L) ¢O To 25
T6aTG14FanTG s IF (19,69, )) WP ()=
THEDTREATANF (TG) S IF (INW,GE.1,AND,INXT,GE,1) GO 10 25
IF(LLHQ.NE'O) FLM'Z."SIP.‘(ZR'AK'TG/SQRT(l-‘TG"Z) A R4
T=Tlepapy
IF (191,69,1,aN0,SINT (U, 29,0,0) SINT(Jes) =FLM
IF (IQéaEQ.}.AND.SINT(J’*’oEUlasa’ SINT (LS

) .

TE NS e T L e e el ettt A dE M g 1O

INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE

NTE
}NTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE

E
NFE
INTE
INTE
INTE
INTE
INIE
1"*:
INTE
INTE
INTE
INTE
INTE
INTE
INTE

INTE
iNTE

}’-QL INTE
¢ANDeSINT(J9C) ap 6ol 00 ange SINT ( go INTE

IF (1Q oEQe s ANDeSINT  Jy oEQs
13"E°6°'°5 SINT(Js*Tag M INTE
IF (192,€ o1 ANDSINT (J01) (EQ40,0,ANDLSINT (Us2) (E0,0.0.ANDSINT (J, INTE

13’ -EQ-0.0) SINT(J’L‘,-SL

INTE
IF (IQB.EO.I.AVD.SINT(J.l).EQ.O.O.AND.SINT(J.Z).EQ.O.O.AND.SINI(J,INTE

13) (EQe040) SINT(Js®imFLM

INTE

IF (193,50, 1,aN0,SINT (J91) (€940, 0,4ND,SINT (Jy25 0,0, 0,ANp.SINT (4, INTE
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FINS,4A ©01/702/1%
131 4EQe040) SINT(Je31mSL INTE 113
IFLIPERLEG.D) Ggo To 24 INTE L14
IF (JENT«EQe®) WRIT@(LT a-la?o).srerg INTE 118
IF (IENT.EQ.0) WRITB( %941879),STITLE IHTE 116
1879 FORMAT (1048) INTE 117
1899 FORMAT (1H}ee® EIGENRAY SET ®v104A8) INTE 118
£F(15N1.50.0) wRITELLTER 1 H99) INTE 119
Rul0,eAL0G10(5L) INTE 120
NSNCOUNT (1) INTE 12
IENTs! ’ INTE 12
MSN/ITy INTE 123
NTOsNeu¥ TN INTE 124
NEM/TITN INTE 125
NSRuMeNO TN INTE 126
MEN/TTY INTE 127
NTUsN=ys TN INTE 128
NBR=y INTE 129
IF (1Q3.£Qs1) j0QUaAL?P3 “INTE 130
1F (122.FQ.1) 1quALs? INTE 131
IF (Igl.gO.l) 1ouaLel INTE 132
IREM= S 4 INTE 133
IF (1Q3.eQel aNDeSINT(J93) oNE4D,0) [REME2A® INTE 134
IF (SINT(J»3)oNEs0.8.AND,IQ2,EQe]1) [REME2HS® INTE 135
WRITE(L_TER,900) ToNBRyNTUINSRINTOIRMAX yZRe TH, T4 PR, TQUAL 4 [REM INTE 136
RMKMERWAX/ 100040 INTE 137
YRITE(49+187R ) z'NBRONTU'NSR'NTO'RNKﬁvZR'TH.T!PR INTE 138
1878 FORMAT (S51S59F10.89F10e8sr10,8+F15455F10.1) INTE 139
899  FORMAT (spNRAY NBR NTU  NSR §T0®,10X,#RANGE DEPTH THETA INTE 140
1 TIME®y 9X,0SL{DB)®,SXse]QUALEs4Xs@REMS) INTE 141
9002 FORNAT(515'515.0-F10-c'F1o-a-Fxs.S.Fxo.x'ek.15.5x.A2) INTE 12§
2 Fius (Jr ) NIE 1
lb (3}3 (jol).NE.O.l SLaSINT (Jy 1) ln}e 144
IF (SINT(J92) oNEeQoeA DeSINTIU1])eEQQe0) SLESINT(Jr>) INTE 145
IF (SINT(J93) (NEeOodh DeSINT(Js1)sEQa0.0) SLESINT(Je3) INTE 146
. IF (SINTtJs3),£Q.0.8) GO TO 27 INTE 147
IF (101,EQe1,ANDGSINT(Us]1]oaNEeOLQ) 71472 INTE 148
71 TYPEIR2(J)asSSL(J) INTE 149
IF (152P.EQ.9) 60 TO &7 INTE [s0
TYPEISC(J) =TYPS(J) : INTE 151
QUAD {J} =0US () INTE ‘5§
6o 10 °7 INTE 15
72 SSL(J)aTYPEIRP (4} INTE }gg
e7 TYPEIRD (J)=TYPEIRP (J) ¢SLSFLM INTE
JEUISC2.€0.0) GO TO &3 inTE 156
RaSQRT (S|, INTE 157
PSOMEGA®T+PHASE () INTE 158
IF {1Q3.,EQeloanpaiQleEQe0) QUS () =qQuUAD(Y} INTE 159
QUAD (J) ®QUAU \,: ¢PROSIN (P) INTE 160
IF (1Q3+EQel+ANDeIR1+EQeG) TYPS{ Y =TYPEISC(.)) INTE 161
- TYPEISZ(J)=TYPEISC(J) ¢PReCOS (P) INTE 162
25 IF (INXT.GE41.0ReIPR«NE«INW,AND  INWNE( INAT) IHP () 20 INTE 163
29 1PReINgJ INTE ]64
INWZINXT INTE 165
IF (INAsEQe0.0R INNALT 1 oANDs INXTT, L T.1) GO TO 30 INTE 166
DO 28 _L=lyLNRe INTE 167

SINT(L_ +1)%0,0 INTE 168
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SINT(LLs2)®0,0
SlNT(LLv;)-o.o
SINT(LL+%)s0,0
CONTINJE
CONTINJE
D0 37 I=)sLNRC
TYPEISC(I)NTYPEISC(1)®e24QuUAp(])ee2
QUAD(I)eEXP(-RCO(1) #DZBAR)
IF(ITZ2.EQe¢) GO TO 60
Fe2,0RVAX®0YBAR
EQ=EAP (=2B8/0784R)
D0 59 1al,NRpY
IF(ABS(SS(X)).LY.Aklnt G0 TO 59
EZaEXP («22(1)/028AR)
SLaSEC(TGAM({1); ¢58S(])/F
SGKIYGAN(I)’AK/SOerlooTGAM(I)"z)
SLaSE/(1e=e$® (EB/EZVEL))
DO 49 y=1,4LNRC
IF(RCD(J) .GT.28) GO TO s
ER=QUAN ()
IF(LLMRINESD) pLmMw2 ,®SIN(RCp (J) #SGK) 892
IF (ER«3T.EZ) GO TO 9
SaSLeE/EZ
GO TO 40
?;SL'EZ/ER

PE1I(J)=TYpP (J)eSepLM
coNT}NJE EIl FL
IF(IT3.E340) RETURN
79 77 1=lyiNRAY
CALL S4ANNEL(ZZ(X)0T0AH(!)|ZTO.ZTU)
CALL ReaLc
IF(LLMIeNEog) calL WOENSI(ZZ(I}9cTRR)
SLEFYA®SS{]) /RMAX
00 65 =1, NRC
IF (RCD(J) G6T,2ZTUy GO T2 70
IF(RCH(JiaLY.ZYO) go To 65
CALL "IENS(RCD(J) 49}
IFILLMREQ.0) GO TI 64
TGE=TGAY(1) *CTRR/S
FLM32,8SIN(AK®R:0(J)*TG/SQART (1,6 TGe®2) ) 882
S=SefF ¥
TYPEITI() STYPELIL (J) eSeSL
CONTINJE
CONTINJE
RE TURN
END

]
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INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTe
INTE

- INTE

INTE
INTE
INTE
INTE
INTE
INTE
INJE
InFE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE

169
170
l;l
172
173

176
177
1718

1g0
181
182
i83
18
18
186
187
88
89

‘190

191
192
lc
9
195
196
197
198
199

289
292
203
204
205
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07
208
209
18
212
213
214
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5,405

INTENSTY

PROGRAM LENGTH

ENTRY POINTS INTENSTY

BLOCK NAMES
LOUDNESS
TLE
RAYS
INFO
PIDEF
YELPARF
TMPSTR

ABC
EXTERNAL SyM30LS
02307111
THEND
Q8QDICT.
VELCALC
CHANNEL
RCaALC
WOZNS
ALUGLO
SQRTF
SINF
MINIF
EXPF
colr
ATaANF
STH,
SLO.
GNSINGL»

Q34sl
01540

00765
90012
13561
90024
00003
voall
00266
00026

B. G. ROBERTS

{DENT

96

INTENSTY

01/02/71%

€D




14A

/'
L.
¥
;.‘ .
3
{’;
2

%

ROTRCEERPARTISY

LR

e

PR

A e e arer e e ity

10

A

20

2%
30

40

G41

912

NRL REPORT 7827

06704773

R R At (-

SLHNELTINE TTAPRIAT (NINT) _— .
CLMMEN /INFQ/ RSTART RMAX,?rEGA,ATY, IPRAY, [TN,1TN2,]TNS, 181G, 1TNP 2
1 ISCPAITL, 112,173, IPER, IFTIFS LTRT,LTER,LTRP,LPIN, IATY 1Tne 3
CEMMEN /TMPCThy DLL(187) Twe 3
CeMEN/LIML. ./ A1 11€), TR (30)s R2 (30) 1INe 5
CEUMEN/AGBL/PURCNDT (16) ) INCR,NBRS NSRS, ALIN,IFT,IFTY v H
CEMMEN /TLE/STITLE (10) Bive ¢
CATA([LRET) 1ne 7
CIMENS TN LINEC9O0) ,CE(A),FrT(8),AAL(400),]S(4),ABDDD(LA2) 1TNP 9
ELUIVALENCE (LINESCLD) ftve 9
CEMMEN ZLEUDAESSZ LARC,RCD(ICO)4ALI100,4) 1IN 10
ECUIVALENCE (AL, AAL) v £1
CATA (HAGEIHAT ) odFFEaERF7,1,),(B38K J,(1S9 1HS,1HR,1H2,31KI) 1INP 43
CATA (FrT{1)s6h(Fo,3,),(FMT(6)88h6X,90412)) e
CIMENSlon JTTC4) e 44
ELUIVALENCE (ISCP.ITT) frap 43
CaTa (IF.’-Y!O)O(XFTEIC),(leh.c) i
IF (IFT1,e%,1F72) GE TE 3 § 1EH30 S 1FT2a]FTy Iiwe 47
IF CIFT2,62,2,8R,IER,EC,1) GE TE 2§ INCReg § IENTSO § WAGSINAT, ITNP 19
FFE8SKF/,1, 3 E3lk S1S(1)81hS & IS(2)81HR $ 1S(3)m1H2 S]S(4)atHIIING 20
FrT(1)30M{FB, 3, ¥ FMTI(E)uBREX,90A2) s 18He1 ive 28
TFONINT EU,1) GB TE 40 § ave0, 5 D8 10 Ix1,400 e &
IF(AALCLY, T 47) AreaaL(l) ITNP 23
ENTIAUE 3 OREM210,eAINTCALELLD(AM)) S DBELEDBHe90, Tnp o4
Fus 0Q0LeRMax Hine 24
i 1INP 26
IF (IENILET, D) ARTE (29,1) STITLE e 28
IFIL\RC GE,35) |SKel Hiwe 27
w“nlTE (J9,905).1$n,ﬂg,[5L,ra. e 28
0% 15 yeiyoo 1TNP 30
AR 1TNP 33
LINEC( )E1m e 31
CE 25 J=1,4 Tie 32
TFCAL T 0) LT AL 58 TE 20 Hive 3
FMT(yel)zHFfy LTNp 34
CotUISiy, sALEGLIQtAL(L,y)) Iive 32
IL=(La(J)elg ) ey,d 1IN 36
lr(“.ﬂ-l:.o.@:.“_'ﬁy'go) 68 1€ 25 Hive 4
LINECILIZ]S () [Tve 38
GE TE 25 Hup 39
FrTItyel)=nig ITe 40
Centing {INP 42
CENTINUE LTe 42
ARITE (39,FMT) RCLC{),Cd,LINE & JENTay Tinp s
e ' 1TNP 45
IFCIENT NE, Q) GB TE 41 fIne 42
WRITE(3Y,1),STTLe ITne 48
FEH~AY 61"1010‘6’ e ¢
aRITE (3679200 STITLE,LNRC, ITTEL),1TT(2),1T7(3),1TT¢4) 1Inp 45
TFOCLEN,6T,2) wRITE (35,941) STITLE,(RCD(J),J®1,19) 1IN 80
FER¥AT (19A8,7,(10F8,33) e 38
IF CTES1,EQ,3,AND1TT(1),GT,0) WRITE (45,912) ,STITLE AV
FERMAT (e CYrERENT PRASE VALLESe,/,10A8) 1tnp 83
1P CIENILEC, I ANDLTIT(Z),GT,C) wRITE €46,913),STITLE 1T8P 84
FERVAT (s FANLCGM FRASE VALULESs,/,10A8) 1TNP 85
TF CTENTGED,3,aND,17T02),GT,0) aRITE (47,914),STITLE 1TNP 86
97
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FERMAT (+ TYPE 2 VALLES®,/,104a0)

TP CIEN! BU, 3, AND JTT(4),GT,0) wRITE (4B,915) 1STITLE

FERMAT (e TYPE 3 VALLES®,/,1048)

feNTsy

ARITE{SY,9C5) (RCL(]), 131, NRC)

“h]TE (39,909)

FEYMAT(SL1oINTEASITIES ATo,F10,3;° Kn, o/¢0 DEPYH isC IRP
1 Ul (R *,fo,1,84%,F6,1)

FEHMATCOQRECEIVED JNTEASITY VS RANGEe, 18X, 0T DEPTKSe/
1 0 R{nm) TYPE  &,13F6,34/,19%,1379,3)

FERMAT(LIXS

RRIAMAX/10C,

1Fag

CE 50 51,4

ITFCITTCL) B, 0) 5 TE £0

LE 45 J=1,LAAC

CLD(Y)® 10,2ALEGLOCAMAXICALIM LAL(Y, 1))
PULNCHLHBOINC R 2AgSF (ULD (YY)

AEDLD(JIZPUNCHEGLINGR)

INCRTNLR e

IF CINCR LT, 17) GE TE 45

I\NCR=Y

wWRITE (35,909) (PUNCRDE(T]),111,16)

CENTIAUE

IF (D EBU L, AN JTT(L1),GT,0) WRITE (45,911) (ABDDD(J))J=1,19}
IF (1 BW,2,aANC,ITTC2),6T,0) RITE (46,911) (ABDDD(J)sJ21,19)
PG EQ 3 AN ITT(8),C1,0) wRITE (47,984) (ABODD(J),ds1,19)
IF (I JEY, 4 ANL, ITT(4),CT,0) WRITE (48,911) (ABDDD(J),J91,19)
IFCOIP,EYZ,0) 56 TO 44

RRITE (39,995) ISCI), (CUC(,)susd LNKC)
FLRMAT(1A4,A192X023F6,1,7,19%,13F9,1)

né 16 5y

IF=1

WRITE(SY,907) R4 ISCL),(CDC(y),¢®LsLNKC)

FERMATIP 9,3, 7X0A202X,12F9,4,/,19%,18F9,1)

CENTIANUE

FERMAT( 16F5,1)

FERMAT (10F8,3)

FERMAY (1043,7,51Y)

RETLRN

END
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CEMMER 7 InFgs RSTART RVAX EMEGA,ATT, IPRAY, 1IN, ITN2,[IN3, 181G,

1 ISCV eIV, 112, 1T 1PERVIFTIFS,LIRT,LYERILTRPILPIN,IATTY

CENMEN /LEUDMESSZ LARC,HCD(100?+ALE100,4)
CEMMEIN /THPSTN/ DLT(382)

CEMMEN sTLE/STITLE (10)
CEMMEN/ABL/PLACHDE [48) s INCR)NBRS, NSRS, ALIM,IFT,IFTY
CATA (JENTSQ),CIFTZ2C),(1BRa0)
CIMENSTEN LINE(LDD)

ECUVALENCE (LINE.LDL)

1F CIFTL1,E3,1772) CE TE 13

LR

1FT2a1F 11

TF (IPTLED, S FR, ek ,EQ,1) GE TE 3
1ENTEQ

loha]

1FCJENT,NE,0) Go TE 30

aR1TE €38,1 )oSTITLE

FERMAT (1Mis10A8?

ferTzy

[1=1TFe1

[FUIT,kev,5) 1133

TE 2 (31,11

LINEC]S®=170410e!]

AzM{W0(LNeE,G)

WRITECS0,90C) (RCLI1) 1 131,N)
WRITE (38,901) (LIANECIZ 183,11)

LE 25 1#1,11

LINEC(])zLKe

ARITE (38,701 (Lire(])slag,1l)

st
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FECR¥AT(%09,154,0RcCEIVFD INTEASITY VS RANGEe/eQRECEIVER AT DEPYH PIVSR

ILETS ASe//(FLE,3416)
FERMAT (g S{KkMle,5%,1111¢C)
FERMAT (14Y ,13(9%x,A1))
IFCIT,LE,0,85,1T.4T,4) RETLRA
LS 15 1=1,105
LINE(])=48
CE 20 I=1,N
Cb=10,°8LEGL1I(AMAKLI(] ,E=25,ALCL,1T)))
[F=i61,>+L3
IFCIP,LE 0. 03,1P,GT,105) GE TE 20
LINEC]P)=}
CENTINUE
PK=RMAXZ10UG,
WRITE(30,902) RKILINE
FERMAT(FO,3,14X,1Y5R1)
FETLRA
END
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SUBHRELT(NE RAY PLET(AP,ZrFAYX) RAYP 3
CEMMEN /[NFo/ RSYAﬁl,RwAl,!PEGA,ATY,[PRAv,ITN,11N2,|TN3,1910, RAYP 2
1 ISCPY LTS, 112,113, IPER,JFTINS,LTRT,LTER,LTRP,LPIN, IATT - RAYP 3
CEMMBN /RAYS/ NRAY,TEAM(1000),22(1000),SS(1000),TIME(L000), RAYP 4
b NCEUNT(1090),PrASE(1000) RAYP 5
CEMMEN /THP3TR, DGC(182) RAYP 6
CEHMMEA/ABC/PUNCHDY (1611 INCR/ABRS, NSRS, ALIM, IFT,[FTy RAYP 7
CIMENSTON [RIZ5) e ISYM(ED),LINECLL5), INUM(Y) RAYP 8
CEMMEN /TRIANG, AP(1€0/,2),8P(300,2),AL€100),8L0100),22ER0(100), RAYP § v
1 RZEHU(100),4411€0),EB(100),557(100),CCT¢100),NTR] RAYP 10
ECUJVALENCE (LINE,CUL) RAYP. (3 ‘
CATA (ISYMELMA ARG, 1h0 LFE,1RF s 3hGasHM AHT ) AHJ ) 1HK, THL, LHM, 1HN, LHBRAYP 42 |
1 PLIRP P LRO IRR IRT LML s SV QMW SHX, THY JLHZ 1K) RAYP 13 i
CEMMEN /TLE/STITLE (100 RAYP 14 :
CATA (1eNTag), ([OLAK2LF ), (JkB3LRB), (|SBLNS), (IFT280), (]RKED) RAYP (5 :
CATA (INUMBLRZ, 1N, 1-4,1R5,106,1kH7 ) 1H8,1KT,1H9) RAYP ¢6 ;
IF C(1FT1,EN,1F12) G6 T€ 2 . RAYP 17
lgrnE0 ~AYP 8 :
1FT2=(F14 RAYP 49 :
2 IF (IFT1,£2,0,E8R.IEM,ECH1) GE 1O 3 RAYP 20
TENTZD 3 [Hneg Ra‘p 21
3 TFUIENT, NE,O) GO TE 10 RAYP 22
WRITE (LTRP,1),STITLE RAYP 23
1ENT =Y RAYP 24
ANPIFLOAT(NRAYIZFLEAT(NP) RAYP 25
TE 5 jai,np RAYP 25
A=A‘\9"P;L@AT(1)-,;)¢1| RAYP 27 ‘
TRCi)sA RAYP 28 ;
IFCIR(T) 4UT NRAY) [R(IIENRAY RAYP 29 !
5 CENTIAUE RAYP 30
SL=IMAX7114, RAYP 3%
. wWRIYE (LTRP,900) S2 RAYP 32
10 ZezA (NIR[I+3LINTR]IJeRMAX RAYP 33
AKM2,0017viAx RAYP 3¢
163¢02¥AX=LB)752+1,5 RAYP 35
loisy RAY® 36
[FCI8,LE.0) 56 T3 12 aayp 37
1FCI8,6T,115) 1d3115 . v RAYP 3&
TE 11 1%1,14 RAYP 39
11 LINEC])2NB ' RAYP 40
{g12lg+1 RAYP 4%
12 CE 15 I#1d1,11¢ RAYP 42
15 LINEC])2IBLNK RAYP 43
LINE(IL3)8]S _ RAYP 44
LE 20 [=sg,npP RAYP 45
z1R(]) : RAYP 46
IF (NS595,E0,2500,4MD,NSRS,EG,2%00) GO To 17 ’ RAYP 47
NASNCEUNT(K) §MaNA/ZITN SANaF/Z]TA SNSRSMaNNS[TN SM=NN/]TN SNBRaM RAYP 48
17 IFUAZE(OS(K)) LT ALV, ER,NER,GT,LERS,8R,NSR,GT,NSRS) GO T8 20 RAYP 49
2R=22(K) RAYP 50 ;
1Fe(2ZMAXLR) /521,58 RAYP S31
IFOIP,61.,115) [Pri1> RAYP 92
1IF¢IP,LE,0) 56 19 20 RAYP 53

IF(Ll\EiIPP,EG.liLA‘.GFle\E(lP).EQ.IS.BR.LXNE(IP).ED.IHR) GBTY L9RAYP 54
CE 16 J=1,8 RAYP 5%

TFCLIAECIRY NE,INULMEL)) GO TE 16 RAYP 86
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LINECIPISNGM(Jot) RAYP 87

GE T8 2y RAYP 98

16 CENTIAVE RAYP 89
LINECPISINGM(Y) RAYP 60

pe o8 2v . RAYP 63

19 VINECIPaslSYNC(]) RAYP 82
20 CENTIAUE RAYP 63
WRITE (LTHP,9G1) sKkM,LINE RAYP 44

1 FERMAT (1M1,1044) RAYD 45

9u2 FERMAT(ZTHOPLET OF HAY PATES SCALE,FB,Z.ZX,loHHIPBSlYIGN/ RAYP 66
1 10nOWANGECAM ) 93X, 114 ¢1HX),1MS) RAYP 67

901 FERMAT(r11,8,2%,11%541) RAYP ¢8
' RETURA RAYP 49
END RAYP 90
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' SUHROYTINE RAYZUIST (AP) RAVZ g
: CEMHEN /RAYSY \RAV-YGlﬂtiooO).ZZ(IOUO);SS(IOOO’.YIHElIOOO). RAYZ 2
i 1 NCEUNT (20091 ,PraSE(100D) RAYZ 3
¢ CEMHEN sINTg/ nstnr.urAx.ersGA.ATY.IPRAV.xr~.11~2.17~3.1510. RAYZ 4
) 1 15991171.!TZ.l'!uIPEK.lfTXHS:LYRT.LTERpLYHP:LPIN.IATY Ravz 5
K CEMMBN /THPSTR/ DUL(31ad2) RAYZ &
¢ CEMMBN JTLE/STITLE (10) RAYZ. 7
: CIMENSIUN LiNEL71) RAY2 8
CIMENSTUN ISYNU2%),1R(25) RAYZ 9
i CEMMEN /PIDEF/ PLILTE,THEP] RAYZ 10
L EQUIVALENGE (LINE.CDL) RAYZ 11
: CEMMEA/AUL/FUACHDY (16).l~cﬁ.hais.~sRS,ALx~.xrf.rrv; AAYZ 42
BATA {1ENTEQ)Y,¢iFTZap),(1BHeg) RAYZ 3
CATA 1l;'Hilklnlﬂc,ibbnlhE,;r‘,lkG.IHH,1HX.1“J:1HK.1HL,1HF,1uN.1wGﬂAVZ 14
1 cihPulna.th.lhv.xhtniHv-1h\;1hl.1nv,1kz,1ua) RAYZ 5
IF (IFTL1,E0,1FT2) G¢ T€ 7 . RAYZ 16
JEHeO RAYZ 17
1FT23lFe1 RAYZ 48
7 IF CIFT1,EQ,0,3R.JEH,EC,1) 3C TE & RAYZ 19
1ENTep RaYZ 290
16H3g RAYZ 2%
6 IF (1ENY,EQ,1 ) GE Te 2 RavZ 22
LTRCa3? RAYZ 23
ANPSFLIAT(NRAYI/FLEAT (AP RAYZ 24
- CE & [uy,npP RAYZ 35
;. ASANPO(ILBATI[)ey3)0y, RAYZ 26
x TRt]rmA RAYZ 27
IFCIRET) 6T NRAY® [R([YEARAY RAYZ 28
; 4 CENTIAUE RAYZ 29
JENTs} RAYZ 3¢
3 WRITE (LTRD,2),STiTLE RAYZ 31
IACry RAYZ 32
1 CALL GWANNEL(1,,1000,,25,28) RAYZ 33
CE 5 [=31,71 RAYZ x4
5 LINE(})31mx RAYZ 35
RK2TRFAX/10C0, AAYZ 36
SCALE®IB/71,.5 RAYZ 37
WRITE{LIND,960) RK,ZESSCALE,LINE RAYZ 38
£E 8 [=1,71 : QAYZ 3%
B LINEC])31m RAYZ 43
CE 40 Is1,NRAY RAYZ 41
SESS(]) RAYZ 42
17 (NBRY,EQ,2500,AN0,hERS,EC,250C) 4O To 35 RAYZ 43
hENCELNT(]) RAYZ 44
MEN/LINT RAYZ 45
NEM/TIN RAYZ 46
LSREMaNs[TH RAYZ 47
LERTAE &' RAYZ 48
NEREZM RAYZ 49
35 !F(S,GTIALIH,A\D,AER,LE,RBCS,A\E,NSR.LE,NSHS) Gg YO0 g2 RAYZ 90
If (1,Eu, TRCINGYIZ0,15 RAY[ 51
10 WRITE (LTRD, 19614 15YMCINGY, ] Ravz 52
INCE[ACe1 RAY; 43
GE TC 4v RAYZ 54
15 wRITE({LIRU, 951y | RAYZ 55

500  FERMAT(Z6HCRAY DEPTh DISTRIGLTIEA AT,F10,4,4% KM, , 10X, 950TTEM NEPTRAYZ 86
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ib8e,F10, 3)e Mo, luX,eSCALER®,F10,3,s M/PRSITI@Ne,  /,29HELD NRAY RAYZ 87 ]
2NBR ATy h§a NYb.JI,EHCEFYb:BX;5“YHkTA.6!,JNTIME:IX,OkLPSSES:1XoRAYZ 58 ;
371A8) RAYZ 99 4

$01 FERMATCOX ) "4, 4CXILIRTEFMINATEL,) RAYZ 490
19G1 FERMAY CEX AL IXo L4, 90X, 11RTERM]RATED,) RAYZ 63
GE 16 4t : RAYZ 42 )
12 FEx10,02L861C(S) RAYZ &3 ;
TsTIrE(]) RAYZ 64
7322} RAYZ 45 E
ASACELNI(]) RAYZ &6 )
vINJITH RAYZ &7 E
ANTGsNeMe TN RAYZ ¢8 ;
LEMZTTIN RAYZ 49 7
LSkEMgNS TN RAYZ 7¢ :
FEN/TIN RAYZ 731 i
ATUSReMs]TN RAYZ 72 ;
NERZM RAYZ 73
LINE(1)=1INE RAYZ 74
LINEC(22)21HS : RAYZ 75 E
“ALL CHANNEL (L. TGANM(1),2T0,2TL) RAYZ 76 f
[(P870,o(1,=-2TL/2Y)ey,¢ RAYZ 77 A
1F (14P,GT,71,ER12P,LT,2) GE TG 4% RAYZ 78 §
LlNE(lZf';ino RAYZ 79 3
45 1(M37G,8(1,-21€/2u)41,¢ RAYZ 8¢ b
1F (IZMLGYI71l€R|‘zK.L1I1) GE TE 5% RAYZ 8%
LINE([ZMIBLHe RAYZ 82 i
55 14R370,0(3,-2/28001,5% RAYZ 83 5
IF C1ZR,GY,71,ER,I2KR,LT1) GE TE 60 RAYZ 84 3
LINE(]INR)S1Re RAYZ 85 P
60 THaLTReATAN(TGAME|)) RAYZ 86
IF (1,84, IR{INC))IZO,25 - RAYZ &7 4
€0 VRITE (LTKD,502) ISYM(IANC), ToNBP NTUYNSR,NTO, Z,TH,T,08,L |NE RAYZ 88
INCSBINCet RAYZ 89
CE T€ 3v RAYZ 99
. Su2 FERMAT (X 81,1%,591%, FEg2,F1C5¢F15,3,F7,1,1X,74A1) RAYZ 9%
€5 WRITE (LTKD,1$02) X.ABF,ATL-ASRuKIE,Z,YH,T.DB.LINE RAYZ 92
1902 FERMAT(4X,2]5, FE.E;FIC.5.'10.3:‘7.1.1X,71A1) : RAYZ 93
30 IF C12P,LE 71 ,ANC,12F,CE,1) LINESL]ZPYmy RAYZ 94
IF (I1LMiLE,71,AND,12r ,CE,1) LINE(]ZM)n1K RAYZ o5
1F (IERLE,71AND, 126 ,CE,1) LINECIZR)®1IK RAYZ 96
40 CENTINUE RAYZ o7
2 FEHMAY (1H1,1G48,7) RAYZ 98
RETULRN RAYZ 99
EAD RAYZ 100
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PROGRAM ThIPLT

TnlS VERSIGN |S CEMPAIIABLE ¥ITH 4+5</2 VERSIBN 8F TRIMAIN
DI9K VeRSlE* 8F TRIpLTY
I[F INFE alLL FIY Iti COHE DISK |S NGT @PENED
TH[S PETESMTIRED Y NRMAX AND THE NUMBER 8F RAYS T8 PLATY

CEMMBiy /INFE/ TUNR,AMAX, LAY ,RSCALE,AL,RR(2000),280Y(2000), IKN\NM

TPLY
TPLY
TpLY
TPLY
TPLY
TPLY
TPLTY

DI“EASIBN TITLE(1y),AUF(254),~RPLBT(512),2R(1000),TR(1000),55(¢10007PLY

1),NCRUNT (L0

CEMvdie 717 LSTER(16384)

CeM43N /27 TSIFR{16364)

FUR~AT(1CAR)

FoQuAT(28miCALCeMp M aT FrIM RAY TAPE ,1048)

§u2 FERMAT (2FE,3,14,615,11(0,9)
FORMAT(BNULES T, Fip.2,3X,1CHYAX NDEPTHE,F12,1,3X,14KNE, 8F RECGRDTPLT

Ful

Qua
9uS
9ue

uly

1y

15

2L

2>

15'!1n,>X.-!‘~‘--‘1:-.IJ.SX,'U"-CS';13:5)(.-\:?5»(",13.5X,OXTTR--.13.1,
ciX,000 LIMITze,$8,3,5%,eMaX MU NUYBER EF SURFACE REFLECT|ZNSse,
3I12,9x,MAxIFLM YUKRER 5 gBTTEM REFLECTIENSSe,15)

FERMATIZN]4)
FOURYMAT(SHUNRAY,201%)

TPLY
TPLY
TPLY
TALY
TPLY
TPLY

TPLY
TPLY
TPLT
TPLY
TPLY

FesMATCL1rONT O RAVS, 18,30 {ORLENGTH 2F BLOCK,16,3X,12KHNE 6F BLOCTPLY

1%$,16)

FLRIMAT(24n2FARITY EnRU® [N KECARD ,16)

ILF3=y § 1CE=y SREAD 4,1THNC SHREAIND o

Fuaval (1)

CALL PLBTS(oLR,254,10)

READ Y02, ALZMAX,NRMAX,JANN  JFHC,NFSK, ITTR,NSRL NBRL AL IML
fr (EgF,6y22.,/7

1L23](Re1

D8 3 us1,nFSK

CALL Sx[PPILE (1)

READ (1), TITLe,ALl™,hoRS, SRS, ITNSIF(ITTR,LT,CIREAD 900,Y]TLE

TPLY
TPLY
TPLT
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLT
TPLY

IF O QALIMY (NEL g kD, ALTML,OT, ALTH) ALTH=RERAF (g, 0o (o4LTML/10,0)) TFLY

IF (ALIML BT, y.y) ALIMLE-13,0AL0G1Q(ALIM) § PRINT 901,TITLE
TP O (NORL.NE, 4 24D MGRL LT, NOAS) NSRSENSAY

IF (NoRL,AE 2.54D,%gR1,LT,NeR5) YBRSeNBRY

PRINT 9C3, AL, I¥AX NHMAY , IRSM, [FMC,NFSK, JTTR, 4{.1H1,NSRS,NBRS
TF (AL, LE. Q. . R.AL.GT,220.) STLP § IF (ZMAX,LE.Q.) STSP § |[Lsg
[P INQMEX.LE, " T AOMAX,GT.2L00) STARP

=L el9

IF{Im,GT,511) ST8P

READ Y04, (ANRPLAT(L), =1L, 1)

PHRINT 905, (N2PLI3T(1) 081, M)

It (EGr,60) 16,15

fmzjL-1

G& 13 25

I[FINRPLET(INY.EQ,0) Gg TH 20

Tu=[L+20

Gg T9 5

[Hz]H=1

TP (NAPLOT(iMY L NE,U) Gu 13 25

[FLIH,GT,U) %9 T8 2V

NIGPLT Ts ]

PRCIH, 2, U0) SICF

LoLM=32e(512/\TGPLT,

Ml K= (NRMAX=-1)/L8LKe1
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TPLY
TPLY
IPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
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TPLY
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TPLY
TPLY
TPLY
TPLT
TPLY
TPLT
TPLY
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PHINT 9C6,%TEPLT,LBLK,MELA
NCISKaMBLKeLRLKeNTBPL I o¢
I[P (NDJSK,GT,2e320) STuP
IF(¥BLX.EQ,1,6R,ICFU.EN,1) UA TG SO
l0Fasy
CALL UXGPEN(2,3nRAN,0)

PLYT TITLE AND Ze-AXIS
CALL SYMBBL(1.,,0,,.14,T)7LE,%V,,80)
CALL SYMBEL(2,8,9,93,.,14,28C,0,,¢)
1z0,
De 31 121,10
CALL FLGY(].I11|.llJ)
CALL PLEBT(3,,10,°1,2)
CALL PLBT(3,02,10,-1,2)
CALL PLBT(2,9%,10,-1,¢)
25Z2eIMAX /L0,

CALL NUMBER(2,32,9.93-1,,14,2,0,,4HF5,0)
It (1,EQ.9,AND,JFMC,C,u) CALL SYMBOBL (2,,4.5,.14,9HDEPTW (M),90,,

19)

Ih (1,EQ.5.,AMDJIFMC,LI,U) CHLL SYMBBL (2,,4.5,.14,10HDEPTH (FT),

190,,1¢)

CENTINUE

IF (IFMC,LT,0) ZMAXE [YAX*0,3Udp
NR=tRMAX

Mzl

IREC=Y

08 50 IR=1,LHLX

IREC=[RECe1 § |IFEFeq

TRLT
TPLY
TPLY
TPLY
TPLY
TPLT
TPLT
TPLT
TPLY
TRLY
TeLY
TPLY
TPLY
TRLY
TPLY
TRLT
TPLY
TPLT
TPLT
TPLT
TPLY
TPLY
TPLT
LY
TPLT
TPLT
TPLT
TPLY

READ(3) ANRAY,KR(IRECY,Zu3T(IREC) (TRUI), 121, hRAYY, (ZR(1), 1  ,NRAY)TPLT

1:(SSU]), 181, %RAY ), INCUUNT(]), 10 ,NRAY)
1F (EGF,1) 36,38 .
IFEF2y

b (NRMAX,LT,|REC-1) LR T8 22
NHMAXS]REC~1

NkzNRMAX

G T8 52

IF(IBUHECK,1) 39,40

PRINT 9039,1°¢C

L6 45 121,%T7FLT 3 K=NOPLBT(1)} $J:LBLRe(I~1)e[R % 7STER(JITZR(K)

IF (NSRS.EC,2500 A%U NARSEL,e5¢0) GP TG 4y
NAZNCOUNT (KIIMMAAN/ZTININNSMY /] THUINSRMMaANNO TN SMYEBAN/ ] TNENSREMY

1P (S3(K),LE.ALIM, "% ,NSH,GE(ADRS,6R, h0R,GENBRS) ZSTBR(J)=~29(xX)

1P (ZROKY LT, 0.G) Z5TgR(U)3L5(X)
TSTER(J)I==TR(K)

CGquhUE

1F (MBLK.FG,1) Gk 1R &u % 13ELzvoLXeLBLK
MUISKS(M-1)e gl X

0O 55 J=21,%17FL1

CALL LUXLECATE(¥LIbYM)
Ja3{]=-1)elLilKel

K2JelelK-1

CALL LXwSITECZSTER(Y),2S5TUR(K))
MOISKaMD S« ILEL

CALL LXLECETE(“pIsv)

CALL UKWEITELTSTOAIY),TOSTUR(W )Y
MLISKEMDISKMeLEL
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TPLT
TPLY
TPLY
TPLY
TPLY
TPLTY
TPLTY
TPLY
TPLY
TPLT
TPLTY
TPLT
TPLT
PLT
TPLY
TPLY
TPLY
TPLT
TPLTY
TPLY
TPLY
TPLTY
TPLY
TPLY
TPLT
TPLY
TPLY

107
101
102
103
1G4
103
106
107
108
109
112
112
112
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sy Trem,e2.%al?7 CR, 1P EF,LT.1) LS TG 65 TPLT 113
Mztel TPLY 114 ‘ ;
Gu Té 39 . TPLY 115 2
S NRMECEI2e({*HYRY 5V /321 PLY 116 .
R¥axznR (" h) TPLY 147
RYCALEZAL /8MAX TPLY 118 3
ChLl FLETEST TPLY 119 3
[re-2u k0,1 N TR Py TPLY 120 g
lvs® TPLY 123 k-
Vil5«ed TPLY 122 k-
T 70 Is3,%T°PLY TPLT 123 f.
CALL oXLALATE(»LTSK; TPLT 124
CALL LAREAD(7STUR(L:,LSTRRINREC)) TPLY 125
MuigK3YDSHel LT TPLT 126 K
CALL wLeLF(LETE(VLISK) TPLY 127 : 3
CALL WAREATITOTER(1),ISTEH(NFEC)) TPLY 128 ; 3
MLISKEYGISre I LEL TPLT 129 . E
CALL mAYPLET(2STON, TSI K) TPLY 130 : 3
: 7y IC=-1u TPLT 131 : o
. Be TR 9Q TPLY 132 ?-
Ry Tu=t : TPLY 133 k.
; Te 85 1:1,%T2PLT TPLT 134
: LE([-1Yelinlrey TPLY 135 :
CaLy RAYPLAT(ZSTEAILY,TSTER(L)) TPLY 135 k.
A3 IC=-10u TPLT 137 : 2
u Culll PLET(ELeLN, U, ,=9) TPLTY 13¢
; PP (IREF BES.L) LA Tg vi % [RECEY TPLY 139
i Y7 [~FCiPECey TPLY 149
! SEAS(L) *REY, GFR(IREC),7BBTIIREC) (TRILI), 21, ANRAY), (ZR{L), 101, NRAY)TPLT 141
: 1.0S503), 013, mAY) OOt NT(D ), Im1,NPAY) TPLT 142
Ir (ELF,1) 91,92 TPLY 143
Y1 1P (JCELLT,ITAC) GF Tu 2 TPLY 144
CALL STEPRLET TPLY 145 !
Si=p TPLT 146 P

‘ £n TPLT 147 ,

116
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HLECK SAMES
INFG
1
Fs

EXTcRNAL SYmbpoL$s
SBLENTRY
THESND,
T8%5TEPS
genuTLo0c
21363100
serplcer,
PLETS
SKIPFILE
CKAFEN
Symgng
PLAT
ALVBER
CRLGCATE
CKaKITE
PLRTRYT
CKEchD
RAYPLETY
STEFPLBT
ALPG1C
PLAKF
TERIFECF
ceciflec
PEw,
TSk,
7S¢,
STw,
SLa,
SL!L.
GNSIANGL,

12771
1143¢

ul04/
4000V
afyov
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SURRALT e PLete T

CoMury /1NFBY ’U'“Q'p”‘x'l“"'QSC‘LE.AL,PR(ZOOO),ZBGT(?OOQ),[‘N"

\l“-AHXN1(AL.1.,lu,5)
Riay,

AMA ysn¥AX

Ir (IANM, LT, 0) muaMzRMAx/1,85¢

N1zQwA%/RT

TR LT LE NTH)Y Gy 12 S/

Riz2,ewT

SlzRvas/RY

IVt L7 NIy 5S¢ 17 8y

8[:2,:0:7

NTzHMAN DY

Ir (ST LE,WTH) Gy 9 S/

Riz2,e97

3¢ 13 %26

PLoyT SURFACFE axls

CALL PLET(3.,10,,5)

xz3,

RoCALel="yCALE

Ir (1AN@, LT D) RSUALEL=1,685920RSCALE

CXzRTeRSCALES

r:=c,

1rz3

CarLy “LGT(XIIU-.Z)
CALL PLET(X,9.99,%)
RAZR/IL605,

CALL :\L'PEE‘?(X-.24;10.05.1.4&-1,ﬂ4,0,,4;4;'4,0)

TP (R, LT.B%AN/Z,) 49 Tu 59

[F(IF,EL,L) 56 1€ 59

[P OILN LT, GICALL SYYa®L(X=,30,10,29,,14,10HRANGE (NM},0,,40)
[t (1Kh™.Ce,0ICALL SYVMBAL(X-,30,10.25,,14,10HFANGE (KM ,0,:40)
It=g
CALL PLOBTI(X,10.,3)

IF(R.LE,RYAN)Y) f[E TP &y
X=XeDX
AzDeRT

5L YO 38

PLoT FoTTeM (aNTYUR

TE 63 l=si,\R

3hRel-!
Y310.6(1,~268T(K)/244%)
X=3P(A)e3sCoL e,

1r=2
Irtl.c2.1) [°=3
[P (Y. WE,0,) 38 18 64
k=3
Y=n,
CALL PLAT(X,Y,IP)
ReTyan
END
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TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLT
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TelY
TPLT
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLTY
TPLY
TPLT
TPLTY
TPLTY
TPLY
TPLY
TPLY
TPLT
TPLY
TPLTY
TPLT
TPLY
TPLT
TPLY
TALY
TPLY
TPLT
TPLY
ALY

148
149
150
151
152
153
154
155
156
157
158
159
1690
161
162
153
164
169
166
167
168
1€9
170
17¢
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
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PLETEST

PREGRAM LENGLTH

ENTRY PHINTS PLETBETY

BLELK NAMES
INFB

EXTERNAL SYMBOLS
C1210100
sHegulcy,
PLOT
NUMPER
SY~ysL
Nl‘!lr
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jneNt PLOTHET
u0s0>
uhulv

V7647
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SUPANUT] .2 RAYPLAT(LSI?H, ISTAR)

ClvINOLET 257cR(2u0u)» TSTUR(240U)

DIVENSTIEE 2(22),8(2>) ,

CoMy 7INFA7 TU NR PRMAX ZVAX,ROCALE AL ,RR(2000)+2R0°(2000), TKNM
NiT™s1 § 18Rz s (PHzy 3 [NTsy $SIRIzN § 1STeg § 1J4Y¥sp

TP EID LT, 0) NITeNS 3 tF (NJO,NF,1) IPRat

ZeTARSFUIS TS (1)) » It (ZSTGR(1),LT,0.0) RETURN
Te:TSI7R(A1D)

REeLALID,;

ICEE YA KA £ E)

X=33exSCALE 3§ IF (£P.F1,290) 20338

Yxpg-2ly1 =29/74%ax)

IFey.LT.0y) Y36,

CALL PLET(XeX,,v,$)

Lo 37 LLgeg:\R

1 CIR,G6T . ¥) S5 T8 2§

LaVR=-L Lol

Go T 74

LLL

INzAUSH(25TERIL))Y TRTSTYUR(L) 3RNZRR(L) $ZBA2ZBATIL)INRIRN-RE
TH 02Ny GT ,L8N) INz(Ry 3 IF llST@R(L).LT.o.g.AhD.lPR.EOqi) 94,93
16 (NIDNECLLANDL %R, ED.g) 94495

X333e4SCALE FYS10,0(1 . ~LE/TMAXISTIF (Y, T.0,) Y=Q,Q

PLe
LY
TPLY
LY
TPLY
TPLY
TPLY
TPLY
TRLY
TPLY
TPLY
TPLT
TPLY
ToLY
ALY
PLY
TPLY
TPLY
L

LT
TPLY
TPLY
TPy

CALL PLAT (Xe3.,Y,3) » 1Bneg S ICAeGE[RI{=1$[F(2STOR(L44),5EB,q,)ISTayTPLT

IN"22.¢aDFaTy
Iet3lysLRet

TR (2Vu,GR,0,) 56 16 7>
[P EE2viGR 0,y S 10 75
1vz=7v

Zanz=LFN

Toz~-Te

Taz(Zo\=-7c€) /LR

[r (2Nl 202) G Tg /8
IFLZ29%.LE,243N) G Ta /A8
TP (TY,EQ. U, ) GP Ty V¢
De2236-26 '
1u32342,932/(1.oTdee2)
Ryzd0-2,902/(1R1,/7F)
TUs(TU=TE)/(2,eT0aTy)
T3 To=T0)/(1,TheTy)
G T3 77

ZGz2.07B5=23

TozeTy

Cz3NeRg

ZevelyeDENTS
N2 e DTN
SK=AUS(DT e SCaLE)
NN/, 0208,

IMTERPELATION IM FIFTIETAS #ILL BF DONE

I# €%, 0T, 253 v22%

ft=1
Chz1./7(N\-1)
Fz1,

SPLINE FIT Sy CA4T “uSu LInEAR INTERPLELATION

Li=z2%-23

DLt2uN-/t

TPLY
7Ly
TPLY
TPLY
TPLY
TPLY
TPLY
TPLY
TPLT
TPLY
TPLY
TPLY
TPLT
TPLY
TPLY
TPLY
TPLY
TPLT
TPLY
TPLT
TPLY
TPLY
TPLY
TPLY
TPLY
LY
fPLY
TPLY
TPLY
TPLY
TPLY
TPLY

19¢
200

202
203
204
208
206
207
208
209
21

21

212
213
214
215
216
217
218
219
220
224
222
223
224
225
226
227
228

229

23¢
231
232
233
234
238
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
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D7NEZh=2%G TPLY
Z135eF o} TPLT
2rslief a0 TPLTY
2932 geF eLIN TPLY
G=1.,-¥ TPLY
142G (2+F 01 AT
23250 1eF 028 . TPLT
Zi(J1)2GnZGeF oS TPLT
RiJ])sHQeFeUR oLt
1i=]1e1 TPLT
FsFed} TPLY
IF(ITI,LE.N) 58 T2 79 TPLTY
B€ 89 Il=z=1,N TPLY
IN2D TPLY
CTRCZCOREY LT Iaz=d TPILY
TP C2C01) . 0T ZoNelRIT)-RN)®T3) [tz-1 TPLY
IF¢I1,EQ-1) Gy T8 32 TPLT
1FCIN,EQ,IG) G46 Te 82 TPLTY
TFOINGNEL L ANDLIFR, %NEL1) GY TS AC TPLT
Ran:,Dc(“(ﬁl)'“(1!-1)0(=(Xl’-4(ll-1))-(2(lI)'7(II-l))/(Z(Il-l)-Z(YPLT
111y)) TPLT
X=3IH]TeRSCALENIF=3FIF CIRT,E2, 1 IR NID,EQ¢1.CR,IST,EC,1)IPa2F]RT=1TPLT
CHLL SLOT{XeY, p1s o 1PIS 1P (75TE2CL),G6E,0,y0) 350 T8 22 § [PR=zy TPLY
Ge T Y1 TPLY
Dz (2(11)=2011-1))/C(REV)=n(1]-4))-T8 TPLT
RMiTa(Z(l}=1)-28N=(R7/-12-RN)aT3)/D+R(1]-1) TPLT
Fa(RA}T-R(11-13)/7(R(1:)=-3011-1)) TPLT
1h¢F,u?,1,) 65 T8 B¢ TPLY
[FeF,LT1.0,) 68 T8 ¢ TPLY
X:QAXT'ESCALEsIP=J‘iF(!dT.EG.l.G?.NID,FQ.l.u“.!ST.F0,1)1°=2 TPLY
ILREST TPLY
Y=\O.'(1.-(Z?N*(Grlr-nﬂ)-Iﬂ)/Z“AX)ﬁlF(7STG°.L).LY.n.ﬂ) 1PR=1 TPLY
IhtY,al.n,d GG TE 33 TPLY
Yz<, TPLY
1P=3 TPLY
CALL PLOT(X3.,Y,1") TPLY
IFEZ(si).6GT,0.) 6g T@ AS TELT
Yz10.8(1.¢2C1 1)/ 2~AK) : TPLT
x=9(1}JcROCALESIF  (Z(11).EC,0,U,AND,IR].EC.1) [JT=l TPLY
I# (Z(lx).EQ.U.O.Avu.LcrnR(L).Lr.g.0: [PRzy % GO T@ d¢ TPLY
l*(Z(ll).bT.anotk(I!)-nk)-TS) Gn TG b4 TPLT
V=1u.‘(1.-2(!l)/ZNA1)3!F(Z(IK).tﬂ.luh‘(R(li)-RN)'YQ,AND.ZSYG?(L).LTFLT
1T.2,9) 1FAR31 TPLY
X=9(Xi)-GSCALc‘lF(Z(Xl).Eu.LBN~(9(1[)-1N)":,AND.I’l.:C.l)IJY=1 TPLY
Ga TD 86 TPLY
DZ=ZC11)=(28N«(R({1])-r%)al3) TPLT
2PzZ2(l1)-2c.s02/(1,+TE"e?) 3 R3R(IL) TPLY
1F(T8,%E.y.) RPEOP¢2, e/ (TBey,/T0) $Y¥z19.¢%(1.-2P/THEX) TPLY
lf(Z”,EO.%E&.(PP-RV)Ol“.AND.ZSTb°(L).LT.c.)IPR=* TPLT

IF(ZP.EO.ZBN*(“P-N”)-l“.AND.IHI‘EC.I) 14721 St:ﬁP-nSCALE TPLY
1F (IBT.ES.q1.AND NID.NFLq SR, IS8T, ED, 1) GB Ty 86 TPLY

IF (NID,MELL) 6S TR 107 TPLT
[ (IPR,EL,1,5R,2ZS8TJR(L) . GF.0,C) 6o TG 86 TPLY
IF (1].EQ,N) G? Ty 180 TPLT
C2SsZ{11el) =B e (01 10i)=RAN)TH) TPLTY

TPLT

2FS=Z(11+1)=2.0025/(1.418%02)
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114 (ZP,GE,ZPS.AND N|D.FQ.1,6R,02ZS.LE.Q,0,AND,NID,ED,1) [PRSL TPLT 311t

IF (2P GE (ZPS, AND NID.NE.1,8R,D2S\LE,0,0.AND,NID,NE, 1) [JTsL TPLY 312
Ge T3 86 TPLT 313 i
188 IF (IPR,EQ,0,ANL . LSTERILY.LTY,0,¢) IPRSY TPLY 314 :
IF (18T, EQ.0,AND, LSTER(LSL) LT ,0,0,AND.NID,NE 1) 1JT81 TPLT 315 :
8¢ 1Ps2 TALY 316 ;
lF(Y.LT.iO.,AND,V.GT.U.) G YU 7 TPLY 217 ;
1Ps3 TPLT 318 i
YEAMINI(L10,,AMAXL(Y,0,) ) TPLY 319 :
. 8/ [FeX. LT, AL®L, . AND,X,GE,-,y)) GG TE 88 TPLT 32¢ :

. tPa3 : TALY 321

: XSAMINL (AL oL, ,AMAXTI(X,0,)) TPLY 322
L1 IF (I8T.25,0.AND,IRL,EN.1.AND,IST,E2,.011Pa3 $ CALL PLOT(X3,,Y,IP)TPLT 323 ]
18wIN § [F(IJT,EQ,1) tRTay 3 IF (IPR,ED,1) GE TO 91 TPLY 324 :
ay COMTINUVE _ TPLY 325 :
¥t ZudaZoN % 20sZIN TPLY 326 :
T03TN TPLT 327 . 3
a0 R&zRY TPLT 328 !
RETYRN TPLT 329 P

EAD TPLTY
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Appendix B

COMPARISON OF CALCULATED AND EXPERIMENTAZ RESULTS

A comparison was made between the calculated results from TRIMAIN and some v
experimental data which was furnished by Cdr. P.R. Tatro of the Maury Center for .
Ocean Science. The input parameters for TRIMAIN were: a frequency of 100 hertz '
and no volume attenuation, a fan of rays between + 60° in 1° steps, a bottom loss of
MGS class IV for the entire track, type Il intensity calculations, a source depth of
152.4 meters and a receiver depth of 762.0 meters. Figs. Bla, Blb, and Blc are print
plots of input sound-speed profiles, Fig. B2 is a Calcomp plot of profiles and the bottom
track, Fig. B3a is a list of calculated intensity values, Fig. B3b is a list of experimental
intensity values, Fig. B4 is a Calcomp plot of selected rays which were traced (one ray
every 15°), and Fig. B5 is a Calcomp comparison of experimental and calculated intensity
values. Good agreement exists between the two sets of values.
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Fig. B3a — Calculated intensity values
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Fie. B3b — Experimental intensity values
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