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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 inunderwater acoustics has prompted the creation of several computer programs for acous-tical ray tracing. For short-range calculation, for which the sound-speed profile can be con-sidered to be the same throughout the given domain and the bottom topography can beconsidered flat, computation time is conserved by using a single profile program whichtakes advantage of the periodic form of the ray trajectories, such as the program RTRACE1. 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*w example of this is the program TRIMAIN, the principal features of which are as follows:

X Acoustic velocity gradients in the sound speed field are accounted for by readingin sound-speed profiles as a function of range and depth. Sound-speed profiles 4may be introduced at any point in range, and there is no limit to the numberwhich may be used, although each new profile slows the program. A maximumof 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, witha maximum of 250 pounts as the end points of the linear pieces.
* The range-and-depthi plane is divided into triangular regions whose vertexes are allinitially 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 intersectionswith the triangle boundaries that are calculated.

* All the rays are advanced at one time to a given range, rather than tracing oneray 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 smmation, type II (average ov.Žr depth), and typeIII (average over convergence zone). Unmodified ray theory is used throughout.(Caustics will be discussed later.)

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

* Bottom-loss vaiues (in dB), may be entered as a function of grazing angle, onevalue per degree, or the Marine Geophysical Survey (GS) bottom-loss values maybe used by specifying the class and the range to which that value is to be used.
A bottom-phase-shift table may be entered for coherent phase calculation ifknown; it is read in as a value in radians, one value per degree. 1

Note: Manuscript submitted September 17, 1974.
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S. G. ROBERTS

* The sea surface is represented as a flat, specularly reflecting boundry witi. aconstant user-specified reflection coefficient, and a constant phase shift of 180'.
* A source beam pattern may be read in at 1-degree intervals.

Several output options are available:

* A printplot of intensity vs range,
* A printout of intensity vs range values,
* A Frintplot of the ray trajectories vs range,
* A Calcomp plot of ray trajectories vs range,
* Ray depth distribution at specified ranges,
* A Calcomp plot of the input sound-speed profiles,
* A printplot of the input, or of the input and interpolated, sound-speed profiles,* An eigenray printout f intensity calculations are performed,
* Punched cards or intensity values or igenrays.

Up to ten output control cereis may be specified.

The calculated result: from TRIMAIN have becn compared with experimental results,(;AppgeandLx B), and good agreement exists between the two.

The time required to run the program depends on a number of factors, such as thenumber of rays, the number of range increments, and the output requested. A samplecase using 81 rays, 200 range increments, one receiver, and two profiles took 7 minutesand 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 thedata may be written on tapes and the tapes printed.

The original development 6] o this computer code was due to Mr. Edward LWright, who is now at Harvard Observatory, Cambridge, Massachusetts. The author hasadded a number of features which wre 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 andtime are:

n() (, (1)

(d/ds)T - n(r) , (2)

(dlds) n(1P)(dlds)-tJ =n(Fr). (3)

Eq. (1) states that the index of refraction as a function of range is equal to the reciprocalof the sound speed as a function of range. Eq. (2) is the equation for the my time, where
T is time and ds is arc length. Eq. (3) is the Lagrangian equation, where V is the Lagran-gian; it gives the ray path and accounts for the refraction.

2
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We will now develop an equation for velocity fit. If we have the triangle
r

2 3

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

* 1 1 = G,(r3-, r) +G(z3 -z 1), (4)

2 --- =Gr(r2 - r1 ) + G(z(2 -z 1 ) (5)
21

2 1

r 1 = 1~~~~~~~ + (r r, + Gz(z -z),

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 r2 rp because we will always be getting verticalprofiles.

TRIMAIN INPUT

Following will be a list describing the data deck of the program TRIMAIN, and forillustration 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 incolumns 1-7. If a dump is desired if program runs out of time again, DUMPis placed in columns 9-12.

I. Source Parameters

Variable Columns Remarks or Meaning

Source deoth 1-8 In meters. (In Fig. 1 the source depth
is 500 meters.)

Frequency 9-13 In kilohertz (0.05 kHz in Fig. 1)

3
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Variable

Attenuation switch

Source level

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

Down tilt

Surface loss

Bottom-loss switch

Bottom-phase switch (ISCP)

Curved earth (receiver)

Curved bottom points

Plot (Calcomp) profiles

Printplot profiles

Calcomp plot profiles in
kilometers or nautical miles

Plot length

Columns

14

Remarks or Meaning

o (as i Fig. 1) means no volume attenu-
ation; nonzero means cc = 0.0003025f2
+ 4f2/(4100 + f2) dB/km, where f is
the frequency in kilohertz.

15-19 Level in decibels (0.0 in Fig. 1)

20 0 (as in Fig. 1) means no beam pattern;
nonzero means the beam pattern will be
read in later.

21-25 Tilt of the beam-pattern axis in degrees
(0.0 in Fig. 1).

26-30 Surface loss in decibels (0.0 in Fig. 1).

31 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.

32 1 means a bottom-phase-shift table will
be read in; 0 (as in Fig. 1) means no
table will be read in.

33 1 (as in Fig. 1) means a curved earth
correction for the receiver; 0 means no
curve.

34 1 (as in Fig. 1) means a curved earth cor-
rection for the bottom; 0 means no curve.

35 2 means input and interpolated profiles
are plotted; 1 (as in Fig. 1) means only
input profiles are plotted; 0 means no
plot.

36 1 means pintplot-input profiles; 0 means
no plot; 2 (as in Fig. 1) means printplot-
input and interpolated profiles.

37 1 means plot nm; 0 (as in Fig. 1) means
km.

38-45 Calcomp plot length in inches (24.0
inches in Fig. 1).

5
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Variable

Bottom-reflection
termination (NBRS)

Surface-refle tion
termination (NSRS)

Loss termination (LINI)

Multiple replacement option
IA

Multiple replacement option
IB

Columns Remarks or Meaning

46-50 Maximum number of bottom hits al-
lowed before a ray is terminated; if
blank (as in Fig. 1) or 0, 2500 will be
used.

51-55 Maximum number of surface hits allowed
before a ray is terminated; if blank (as
in Fig. 1) or 0, 2500 will be used.

56-65 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.

66 If IA is blank (as in Fig. 1) or 0 and
ITBP = 0, angle cards are read from the
card reader; if IA is blank or 0 and
ITBP = 1, angle fan crrds and beam-
pattern cards are read frm.n 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 IA = 2, which requires that ITBP =
1, the old beam pattern will be used and
a new set of angles will be read. If IA
= 3, the old angle set and beam-pattern
set is used.

67 If B 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
in if ISCP = 1. If B = 2, a new bottom-
loss set will be read in, and if ISCP = 1,
the old bottom-phase-shift set will be
used. If B = 3 and ISCP = 1, the old
bottom-phase-shift and bottom loss will
be used.

6
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Variable Columns Remarks or Meaning

Multiple replacement option
!P

Multiple replacement option
ID

Multiple replacement option
Is

68

69

70

Multiple replacement option 71
LA

Restart Otion 73-71

If IP is blank or 0, a new set of output
control cards will be read in; if IP = 1,
the old set will b used.

If ID is blank or 0, a new bottom track
will be read, if ID = 1, the old bottom
track will be used.

If IS is blank o 0, a new set of sound-
speed profiles will be read; if IS = 1,
the old set will be read.

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

6 If restart capability is desired, the word
DUMP is placed in columns 73-76.

I1. Ray Initialization Cards

A. Fan Cards

Variable

Up-angle limit

Down-angle limit (DAL)

Angular step

Columns

1-10

Remarks

In degrees; the sign convention is + for
up and - for dwn. (In Fig. 1 there
are three fan cards, each on a separate
line; the three up-angle limits are 150
down, 150 up, and 750 up.)

11-20 DAL = -DAL for input. (In Fig. 1 the
three down-angle limits that pair with
the up-angle limits are 75° down, 150
down, and 150 up.)

21-30 The step input is always positive. (In
Fig. 1 the step is 1 from 750 down to
15° down, 'h4 from 15° down to 150
up, and 1 from 15° up to 750 up.)

7
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Yarable Columns Remarks
Continuation Switch 31-35 0 means this is the last fan card;

1 means moi. cards follov.
Source Level 36.40 Decibels added for this fan to theI 

source level in columns 15-19 on card11. This is left blank (as in Fig. 1) ifno additional ioam pattern on thetransmitter is desired.
Phase 

411-45 Phase in radians for this fan.
B. Beam Pattern Cards

If the beam pattern switch on card I (column 20) was nonzero, the beampattern is read in, 20 values to a card, which is four columns per value,in decibels below the axial value. The first value is o axis, the next 1°off, etc. A blank or zero after the axial value ends te readin; the lastnonzero valu? is extended to all higher angles.

IV. Bottom-Loss Cards

Cards are read 'vith a variable (referred to as RUNTIL) in columns 1-8 in kil-ometers (in an F4 format)
and IClass in columns 9-10 (12 format). RUNTIL is the last range for IClass.(In the Fig. 1 example 457.0 6 means class 6 until 457 km (assuming anotherRUNTIL 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 valuesfor IClass are 0-9:

0 zero bottom loss1-5 MNIGS bottom class loss curves6-9 user supplied tables.
The first time an IClass of 6 (as in Fig. 1), 7, 8, or 9 is read, a bottom-loss tableis read, one value per degree, in decibels, 20 per card (in a 2F4.2 format) untila blank appears. (In Fig. 1 the table with an IClass of 6 is

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. blank

(zero grazing angle) (9 degrees)

When an IClass of 6, 7, , or 9 is read in after t.e first time, the table does notneed to be read in again. In reading in a table the last nonzero value is extended

8
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to all higher angles. If ISCP 0 on ard 1i, a phase-shift table will be read
after each loss table (classes G-9; classes 0-5 have zero phase shift). The phase-
shift table is ead 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
read in. The bottom-loss tables in Fig. 1 establish the following:

Grazing Angle
(degrees)

0
1

2
3
4

.5
6
7
8
9

10

Loss Until 457 km
(d B)

0
1
2
3
4
5
6

7
8
9

10

Io

Loss After 457 km
(dB)

4
5
6
7
8
9

10

11
1.2

13
14
14
14

'I

V. Output Control ards

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 Colunins Remarks

R1 1-6 First range in kilometers.

7-12 Range step in kilometers. If DR
is negative, the range spacing will be
logarithmic, with constant factor
f = 1 + abs(DR)fRi.

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

9
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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 ph:. e; 1
means on, and 0 means off.

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

IT2 23 Switch for type 11; 1 means on, and
0 means off.

IT3 24 Switch for type 111; 1 means on, and
0 means off.

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

LLAIR 26 1 means Lloyd's mirror effect is
included.

JVSR 27 0 means no intensity-vs-range plot for
this output control card; 1 ineans a
plot of type I vs range; 2 means a
plot of type 11 vs range; 3 means a
plot of type III vs range; 4 means
coherent phase vs range. Only one
intensity-vs-range plot can be made.

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. Thefirst six, in meters, are on the output control card itself, as follows:

10
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Variable Columns

RCD(1) 33-40RCD(2) 
41-48RCD(3) 
49-56

tjE., RCDf 4) j7-64RCD(5) 
65-72
73-80

t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~If there are more than six, the next ten depths follow the output coitrol cardon one card, and then, if needed, the 17th through 26th on another card.'Tventy-six is the maximum available. Receiver depths are read until a zero orblank is found. (In Fig. 1 five receiver depths are specified on each of thefirst three cards: 50, 150, 250, 350, and 450 meters.) If none f the switches21-25 are on, then no intensities will be calculated, so no receiver depths arenecessary. These and some earlier spaces are then used for the ray plot, asfollows:

Variable Columns Remarks

DR 7-12 Becomes the spacing in kilometers
between lines in the ray plot.

* -, R2 13-18 Becomes the end of the ray plot.

RCD(1) 33-40 Becomes the number of rays to be
plotted, 1 N 25. This must bepunched with a decimal point. (On
the fourth group V card i Fig. 1,
25 rays are specified to be plotted.)

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

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

VI. Bottom Track

A. Ranges and Depths

There are 10 values to a card, with range and depths in pairs withrespective 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 R1 is in
columns 1-8 of card 1, DI is in columns 9-16 of card 1, R2 is in columns 17-24,
D2 is n columns 25-32, etc. The format for range and depth is 1OF8.4.

VII. Sound-Speed Profiles

A. Range and Title

On the first card for each velocity profile, 0 is placed in column 1 if the
curved-earth correction is desired. The ange 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 1OF8.4. (The number of input and internally gen-
eratkd points in a sound-speed profile cannot exceed 50; the number of
internally generated points can be reduced by reading in profiles with
common depths.)

VIII. Program Terminafion

An end-of-file card terminates each data set or case. If multiple cases are desired,
the program wvill 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, tirie. he 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 te program aborts,
if the plot is requested.
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SEQUENCE C6660 STARTED PRlTING 06/06/73 AT 32946 N LPOO
DRUM SCOPE 2,1 COMPUTER NE, PAY. DEMAND IS 54000r VERSIRN 006
SEQUENCF NhLEER 606660 STARTED AT TIME 132726 DATED 06/06/73
J9a(3o)5 81$0162o148GR,10
DEMAND,50C6
COMMLNT.TiIS JR PROUUCES ELAYED PRltJT3UTS
LoUIP,1:PTo IlmN% (TEST CASE,1,1,999),DA
E1UiP.S:PL
tOuIP15Sol,LS.{TESTrllle999)#EA
E0uIP,16:P7,Le,.,DA
EQUIP,20z1,HIPS.(TRIPAI*l,.0l,.999)
EOuIP,.35:EY
EQuIP, 36:EY
Egu1P, 37:F9
LOUIP,3E:FA
E0UIP,Jq:Fh
EQUIP.41zF
E0UIP,42:FR
EOUIP. 45:Ey
EMuIP. 46:EY
EOUIP,47:EY
EgulP.49:EY

*e9INARY FCK.*.
BALS, # 0 LuhP
LGo; 20
RUN1. IOGCn

11/24,A72

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

79 EQUIP, 35=BY(PU) - This will punch the bottom track and receiver depths if set
equal to PU. Format 1OF8.3.

79 EQUIP, 36=BY(PU) - This will punch intensity values in 16F5.1 format, for each
range point. Each type of intensity will be punched for each
receiver.

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

79 EQUIP, 38=PR - This produces a printplot of intensity vs range if requested on
an output control card.

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

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.

13

'-

t� '

I
�F

,0

1�



B. G. ROBERTS

79 EQUIP, 46=BY(I'U) - 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(I'U) If this is set equal to PU, it will punch type 11 intensity values
for the contouring program. it shouli be set up for 19 r ceivers.

79 EQUIP, *18=BY(I'U) - If this is set equal to PU, it will punch type III intensity valuesfor the contouring program. It should be set up for 19 receivers.

79 EQUIP, 9=3Y(U) - This punches type I eigenrays: it punches everything that is
printed in the igenray printout.

EQUIP. 1=.lT.JII,%WQ,**,DA--OUTPUT 'rTAPE FOR CALCOMP PLOT OF RAY PATlHS

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

SUBROUTINES

The main, or executive, program TrtIMAIN is li.pd chiefly for selecting options and
calling the proper subroutine to compute the desired quantities. The subroutines are
shown in Fig. 3, and these wsill be discussed on the succeeding pages. All of the output con-
trol cards (group V. title cards (group 1), and source depths, frequency, etc. (group 11)
are read in 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 ill Appendix
B.

Subroutine INITRAYS

The subroutine INITRAYS (whose cards are identified in the right margin ill Appendix
A by INIT 1, INIT 2, ..., INIT 81) reads in the angle cards and the beam-pattemn 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 Ili, comprising the fan cards and
the beam pattern cards. Rays are started from the lowest ag of each fan to the top.
If the lov angle of a fan equals the highest angle of the previous fan, a continuous ray
group results. Otherwise a buffer ray with zero signal strength separates the fans, and type
I intensity calculations will not interpolate over the gap.

Subroutine BRLTRD

The subroutine BRLTRD reads in the bottom-loss cards (group IV) and sets up the
first loss table. On entry, dummy parameter RB is equated to ISCP (card group 11), is

14
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OPTIONS

| RAPIj oT | Plots the Lines
of the Printer Pint

Determines
the Packing
of the Roy
History

Reads the
B1ttem-Loss Cars

Reads the Bottom-
Bathoretry and
Sound-Speed Profiles

Sets Up T-
angular Regions

Advances the Rays
to a New Position

Computes the Profile
at an Arbitrary Range

Computes Turnover and
Turnunder Depths

fjAYZDISr I Ray DepthX ~ JDistribution

TNP RI NT Print
Intensity Values

Plot IntensityF~~~ L oT Versus Range

WritesL...Y..T..AP..E Ray Tcpe

I2~ISTEII | CaICjICtes

Intensity

E _OFPLOT |Calcp ofInput Profiles

n"ROFpLI omp of Input and
Interpolated Drefiles

RECOvERYJ Restart Option

Replaces Stop Statement

(SYSTEM ROUTINES)

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

either 1.0 or C., and determines whether phase-shift tables will be read. O exit, RB isset to the range in kilometers until which the first loss table is to be used. The termENTRY NWBRLT (as in BLRD 146) resets the loss table and RB. TRIMAIN will callNWBRLT whenever the rays pass RB. For example, if there are two loss tables, one for0 to 100 km and the second for 100 km to the end of the run, BRLTRD wkill read inboth tables, set BRLT and BPST in the common block /IRRORS/ (BLRD 3, Appendix
A) and set RB to 100. Later a call to NWBRLT sets BRLT and BPST to the secondtable of values, and RB to L.E30 (i.e., 1030 km > end of run). Sbroutine BRLTRD
includes the Marine Geophysical Survey (IGS) classes 0 through 5, plus user classes 6
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B. C. ROBERTS

through 9 stored in array BR, or user loss Lnd phase classes 6 and 7, stored in rrays 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 casqps are available without phase shifts, and two classes
arc available with phase shifts. If classes 0 through 5 are used, a maximum of 50 cards
i allowed.

Subroutine NEWPROF

Subroutine NEWPROF reads the bottom ranges, bottom depths (group VI), and the
flist two sound-speed profiles (group VII) on the first call. It then interpolates a profile
for the first bottom point. Succeeding calls generate a new interpolated profile for each
bottom point, unless this would pass the last read-in profile. In that case, a bot.om point
is interpolated to the profile range, and the profile is returned. A new profile is then read
in. Thus the basic action of NEWPROF is to move R2 (range to the current profile), N2
(number of points in the current profile), Z2 (depth array), and V2 (sound-speed array)
to R (range to the previous profile), Ni (number of points in the previous profile), Z1
(depth array for the previous profile), and V1 (sound-speed -rray for the previous profile)
and set new values for R2, N2, Z2, and V2. It returns the nximum bottom depth inZMAX. The printed output of NWPROF is illustrated in Figs. 4a and 4b.
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Fig. 4a- Output of NEWPROF. The irst two ipUt profiles are
those of the sample :ase given in Fig. 1.
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Fig. 4b - Additional portion or the output of NEWPROF shown in Fig. 4a
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Subroutine CONNECT

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

AP, BP coefficients of the a boundary in the prime frame, which is
centered at RZERO and ZZERO and rotated by an angle 0,

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

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

AA, BB coefficients of /C2 in the prime frame, i.e., /c2 = AA + BBz'

SST, CCT sin and cos of 0, the angle between the ocean and the prime

frames.

In the isting of the subroutine, the following conditions are true:

32 AL + BL*R = equation for boundary of triangle,

AA +BZ*Z+BR*R=.
C2

A typical network of riangular regions is illustrated in Fig. 5.

Fig. 5 - Typical network of triangular regions
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B. G. ROBERTS

Subroutine WORDSIZE I

Subroutine WORDSIZE calculates some machine-dependent quantities. Four nmbers
are packed into array NCOUNT by using ITN, which is ITN = 4V1/4 JBIG., where J3IG
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 reflection,;. 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 y (up is positive)
Ray depth (meters),
Signal strength (multi- Each one contains NRAY

plicative factor), words. All tan it'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 RAX. 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 RAX, the new triangle is determined, and a loop is made n 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 01 + tan 0 2
1 - tan 01 *tan 02

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 C1IS = /c~2.

The DO 100 AY = 1, NRAY (ADVA0015) (card sequence number) selects each ray
in turn.

ADVA0018 checks to see if a ray has been terminated.

ADVAO£)19 through ADVA0023 move the ray variables into local variables.

20
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The DO 20 1 1, NRTI (ADVA0024 through ADVA0030) checks each triangle to seeif the ray is in it. If a ray is on a boundary, it is in the layer it is pointing toward.

. :O. ('os 0), ST(sin 0), (rotation), and ZO and RO (displar,, nent) define the primed frameo reference in which there is no r' gradient.

ZRP and RRP are the initial primed ray position.

CIS = 1/c2 at the ray.

Note: that TR 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 'he path curvature:

Z'= ZRP + TGRD*(r'-RRP) + ALPHA*(r'-RRP)2

TA = 2a
dr'2

The quadratic equation solved in advance is

C + Py - ay2 =0,

where y = DRP = change in r'- RPNEW - RRP. ALPHA (a) is often small and iszero for isovelocity layers. For small a the root

y (P- P2 + 4c )/2a

is unstable. However, if a is small, the iteration y = (ay2 - C)/P converges fast. Thestatement DRP = (ALPHA*((ALPHA*DRP**2- C)/P)**2- C)fP is a double applicationof the above iteration and is used when

F P 2 + 4aC P.

When a = 0, special linear path statements are used (ADVA0055 through ADVA0065and ADAV0171 through ADVA0174). After statement 40 (ADVA0085), the nextposition 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 lowerboundary.

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).
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When a ray is on a boundary however the solution closest to the ray on that boundaryis thrown out (ADVA0095, ADVA0096, ADVAOO99, and ADVA100). Note, asshown in the following sketch, that a ray can be on both boundaries if it is on acorner.

\ ~ A __ _ _ 1 CMAY

\.' 1 CM

If RNEW > RNIAX, then the ray hits the vertical boundary (following sketch) and onegoes to statement 5.

The cards from ADVA0129 to ADVA0163 ncrement the ray variables and decideon the next triangle.

ADVA0135 checks for vertices.

ADVA0136 decides whether a vertex is over or under.

ADVA0142 through ADVA0148 handles surface reflections.

ADVA0151 through ADVA0161 handles bottom reflections.

22
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Statement 50 starts the vertical boundary section. The boundary in the primed !rame* ~~it Z' = A+ Vr'. _-

It ST O. BV o eo; hence small ST's are handled by statement 60. i C

When two intersections are possible, the one with the smallest depth change is used.

statement 52 checks for vertices. '
'The statements ADVA0204 andADVAO20S (545) check the ray's final depth be

sure it is in the correct layer. 

Volume attenuation is approximated by 0.0001 (dB)/km VAT decibels, since ne
should have S ~ J~u dt instead of VA T.

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

Statements 60 through 68 (ADVA0214 through ADVA0235) uise an iterative scheme1, to find the intersection with a vertical boundary. For ST = 0 or a = 0 the first stepis exact. The convergence limit is 1 centimeter, but seven steps are taken at once,
so the usual error is very small.

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

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

Subroutine PROFPLOT

Subroutine PRO'FPLOT 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, wch 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 i
called. The following items vill be printed: NRAY = number of ray, NTO - number of
turnovers, NTU = number of tumunders, NSR = number of surface reflections, NR =
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
cclumn is 10 logl0 SS, and is initially

10 lglo [(cos 0 )A 0 ] + SORLEV - beam pattern.

If SORLEV = beam pattern = 0 dB, and AO0 1°7 then losses start out -17.6 dB for
a horizontal ray. In the plot line, B is the bottom, + is the lower vertex depth, * is
the present ray position, - is the upper vertex and S is the surface.
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Fig. 7 - Example of the output from RAYZDIST (first of four pages)
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Fig. 7 (Continued) - Example of the output from RAYZDIST (second of four pages)
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Fig. 7 (Continued) - E.:±irnple of the output trom RAYZDIST (third of four pages)
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Fig. 7 (Continued) - Example of the output from RAYZDIST (fourth of four pages)
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Subroutine CHANNEL

Subroutine CHANNEL calculates CM (vertex velocity) from ZR (ray depth) and 7'
(tangent of the ray angle) and then finds TO (ray turnover depth) and TU (ray turn-
under depth). The entry RCALC then calculates

R 1 I dZ, q

~ZTO tan 0

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

P(z) =
(tan 0)/KR

which is the type 111 depth distribution.

Subroutine VELCALC

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

Subroutine RAYPLOT

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

Subroutine PROFPLIT

Subroutine PROFPLIT plots both the input and interpolated profiles on a Calcomp
plot. They may be plotted in nautical miles or kilometers. The total plot length is
specified in inches. The bottom track is also plotted.
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Subroutine ITNPRINT

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

Type -

Depth Intensity

1

is printed.
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Fig. 9 - Example of an output from ITNPRINT (first of three pages). The symbols
that the subroutino uses in the second column are R for type [ random phase calculations,
S for type I coherent phase calculations, 2 for type 1[ calculations, and 3 for type III

calcuolatio n.
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3 -107.9 .99 972 99,9 22,

9 *63,3 .90,. .~~~~~~~~~~~~~~~~~~~~~7,1 -~~~~~99.3 -1,
J 99. . -9i.a .91.6 .99,4 -'1,

1 -00.1 -93. .2. . 90, 9 -. 1

3 173 -97 ,9 9,9 - 91. -3,
3 011.d .97,9 91,7 -91,2 -0,9

3 -1719 ~9.0 .40.3 .9, _.93,

3 .g.7 -90.4 .42 91. - .9

3 .100.1 .93,9 X, -97 3 -9. -*1,

.971, .93. .1 9 90,,32

3 -. 9. .91,4 .914 909 .9,

.7 . J -99 -90 X. 8 * -4 -91.4

3 -19 -3.2 9,3 -93 .,1
3 7.6 -.97,7 .91.. 9 -1.7,)
3 .479 .19,7 .90.8 .0930 .-91,
3 .99.3 -99. .9.6 -47,7 -24

3 .070.1 -. 1 .4 -93.0 -9,0
J -019.4 .93.3 .9i.1 .91. .64.1 

.0. -93,* .9:.: .9,3 .9s,3
9 *O.1 .94,3 .94,3 .9 .99,4
3 .99e.1 .94.4 -93.9 .93,7 .-9

3~~~~1: .^eo3 I9 s $ s2 's 

3 .67,3 .99,9 .919 o .93,7 .99
9 *941.* .99,4 .91,9 .94,0 .6s43

2 .99.3 -99.7 -90,9 41 .9.

9 .4o. -94,3 .93,9 .94,3 .93,9

.6 .9'.' .96.3 :-9g.3 ::I:,

4 .99.2 .93,9 .91,7 .64,7 .,9
3 .94.2 .93,7 .97., .96,4 _9,3
1 .96, .9,4 97,1 .94*7 .93,1
2 .9,4 '94,3 .1., .94. .9.1.

-O.0 .9,7 .92.7 .9. .99,
I -100.9 97.,9 -. 9 -99.,0 -9.9

.180,4 .99, .93,9 .9 ,3 .9,9

1 .100.4 .934 .99,0 .94,3 .9,6
.100.4 -. 9 .99,0 .94.3 .97.9
-1.71 99, .94,* .9 2,3 t -9

I -0.7 .99,7 .99,7 2 .9 , .9,9

I 190.4 .94,6 .99,7 .94§,9 '.4

I .99.96 '.9 .99,9 .47 .99,9

.99,4 .94,9 .9.;9 .9.9 -9.

.100 -93,9 .93,3 .99,9 -93,7
-1.9 .99, .97,3 .4.0 .49,9

I 1 .9 .94, .933 .99.1 '.7,
-0.1. -93.9 .43.9 .96,3 .97,
.00.7 .99,7 .93,4 .99, .93,9 -

-1018.4 .9, .93,7 .99, 2 9',9
.01, .94,9 .43,4 .99,3 -99,0

-1.9, .94.4 .49.0 .99,9 .9,9
.99,9 .9,9 .46,9 .94,9 '6,2
10.0 .99,9 .49,3 .9*,7 .94,9

.99.s .99, .494 -99,9 .97

.9. . 9.2 s, .46.9 .99T,9 .97

.94.3. .97,7 .99, .7. -7

.97.4 .94,6 .99,9 -9.0 '.4

.99,9 -99.0 .94,7 .99,3 .97.0

.97,9 .99,7 .96,9 .99.3 -97.1

.99,9 .99,1 .96, .99,3 .97,0

.99.9, .94,9 .97,0 .997 .73 

I .97,9 .94,7 -97.1 .94,6 .67,3
.93.3f .9,9 .97,1 '9, '.4
.99,9 .97,9 .97,9 .97, -97.9

Fig. 9 - Example of an output from ITNPRINT (scrond of three pages)
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.97.0 .99,1 .97,9 9 to7,
* §Xe f0@~~~~~~~~~~~~~~59.9 1 .97.9 .9. o .6, .99*3 .91,9C

=o 3 *§J~e I *', *91,e .99 .8 .

94.99 9 *9,.9 99 e.7. .993 .9e*997.999 0 *97. 7 .97,9 *99* .99*3 
9^9.999 3 99j .,,> ,*99 .,,,, .9,9t 

alsoo 3 , .9I,9, .9,3 .99.,,59.98 3 .9,

986.999 3 .99, 7.~~~ 99,.2 9. .99,3
979.999 5 .996 7 V7'9 .9 . .93 .9,3

979cs.999 1 ~.9.a .9'.1 .99, .973 .,,43
9.OG9 * .99,4 .9., -O.,4 -. 97 .99,3

991.099 9 .99,9 .99,9 .19,9 .99, 6 .,4 
99.oe9 3 *94, .49,9 -. 4, .997 *9,2
199,9971 9.. @./- r *9. .97,9 .99, 99 .94,

499.999 9 .9.9 j.4 -vr .,4 .8,3 .97,4:9

J .0 ece '

449.939 s 9 .97,4.;-s. *. 994 o9, §.91

999.*co J .7, .93 .99,3 .9,3 .97,5

995 989 9 .91.. -994 s., -6./ -P49 - 90,3
9Ž9,99 3 -1.. .99 .39,9 .99,3 .99,9 .

9Ž.99 7 .9 .99,4 sr .3
99,999 ¶,¢ ., . ..99,,,, .,.,9 .. 9.7

94,999 1 .99, .99,4 .98,1 .99,9 .9 f,3
*99.999r * .39, . 97,9 .9,g .99,e .99,

993,999 9 .oo9j .977 .9,9` -.-9 .3

99 .9 S0 .6 .9r . I9. .99, .99, 9 .99,9

917.09 9 .99, .97, .99,9 . .949. s.s479.999 3 -99.7 .97 .94,9 .98,9 .94,7

9.09ce 3 .99,. .99,7 .9, .99, ,a9.090 3 .9. .9r,1 .9,4 - .497
4.e 9 9 9 .9 9F .7 .9.9, .9. .$,.

491.9o9 J .r,,, .9,,, .99,, .98,9 .9.8} 

109,00o 9 -99 .99,3 .94,3 I.9, .94 ,

119,939 3 .99,C .7, .397 .99,J .99,9
139,999 J .99. 9,4 .9,3 .9,7 .94,9 .99,9

90,.909 . .99., -I..9 _499 969,9

799.0o9 3 999 ;.4 o.a ., .99,99.S09 J .9.7 .99, .99,3 .9.,9 .9fi,
9, 999 3 -99., 9p.. -99,7 --.0 -9.39
740,ca * .. r'7 . -04:9 .a
789,99 9 .93 :.44 .- ,4 -,8 .9 9 -96

799,99 I -. 9,j .9,4 .99,4 .37,9 -97.1
793.09 7 .999 .4,9 .99,9 -973 .97,919.999 I .997 .99.8 .9-9,4 -9.? -97,9

799.909 * .997 .978 - t .39,4 .949 ° 97,9

779.999 .9 91 e7 .99,9 .99,3 .997 .9,9779,90 3 .;90 .9,9 .99,3 .99.9 .97,9

*35.ac I -C1_./ weE -9 -9^::'V 

70.99 3 .9.9 - -9, -. 99, .97.,799,gt 9 3a. .srs .sso (9hs o h , e

199.990 , .09,4 ,, ,7 .9,9 .999, .9,,
79,999 * .e9, -9,7 .9,3 .99,9 .98,3

939,999 9 .99,4 .97,S .97,3 .9, .97,

993099 7 .34.4 .77,, .7,9 .97,4 .97,.9
94.9.4 7 .99,O .49.9 *99, .99,9 '.9,
*o.oce * .99.4 .sr,- .9V,~ .99.9 .99,9939.499 7 -99.s *97' . 99,0 .79 .99,9990,999 7 9.4 .9*,4 .9,9 .9,3 .99,3
999,999 3 .99.4 9,9 -99,0 '97,2 .94,997.9oe * *:9J .7,9 .39,9 .99,9 .99,7

993,99 oc .9 .. .99, F4, * . , .9 ,9 .99,.
999.999 3 .4.4 i.4, .9, -99.9 -99,9
993.009 I -. , .49,9 .39,9 .97,7 .9,.
949909O 1 .99.9 .99,9 .99,9 .97,4 .99,9
9^0.399 1 .97,9 .47,7 .89, o .97.7 99,7993.X0 .97. .49,7 -44,4 -4^7 -9di
939,999 I -91,. -i.94 .

9
, .97,9 .99,7990.999 9 .o97, * .9, .,9 .94,9 .9,9999,399 9 .99,9 .4,9 .99,9 -4-,8 .91,9

092000 9 -99.3 .49,9 .99,J -993 .99,

;939.009 J .89. .4,, .99,9 .9.9 .99,9

949999 D * .89,, .. , .. 9,9 .98,9 .99,9

9i,999-Ea pee 9t output .94,4 ITNP'. INT , (tir 9o 9 ags
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Subroutine IVSRPLOT 
-

Subroutine IVSRPLOT plots intensity versus range (Fig. 10). The first entry printsthe 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 beplotted per data case.

Subroutine INTENSTY

Subroutine INTENSTY calculates all intensities. The switches ISCP, ITI, T2, and T3determine what is calculated. When one selects coherent phase (ISCP = 1) one must lso selectrandom phase (IT = 1). Coherent phase intensity takes the phase of the ray into account inthe calculations. If SL is a function of the random-phase sound level, then the coherent soundlevel is ( L*cos(P))2 + 'I sL'"in(P))2, where P is the phase angle. To get each, set T2 =1 for type 11 calculations and T3 = 1 for type III calculations.

The only caustic correction which is applied to type I calculations is a ray-separationcriterion: if two rays are closer together than 0.001 meter in depth, the eigenray for these
two rays is thrown out. Type 11 and Type III intensity calculations do not have caustics.

Subroutine RECOVERY

is to enable one to restart a program. DUMP writes all the core locations on a tape whenit is called, and RESTART restores core to its previous condition when it is called byreading the tape from DUMP.

&

Subroutine RETRY

Subroutine RETRY enables one to restart a program in which the multiple replace-ment option has been used (as as discussed for card 11 in the Input Description). Its
chief function is to read any profile cards which have not yet been read and to write

* tthem on logical unit 6 for subroutine NEWPROF to read when required.

Subroutine CLOSE10P

The function of subroutine CLOSEIOP is to alleviate a systems problem in punchingintensity cards when using RESTART. Without this subroutine the cards would be punchedin binary instead of BCD when RESTART is called. This subroutine might not be re-quired in another computer system, if the proper moding of logical units is accomplished* ,-automatically.
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Subroutine BYEBYE

Subroutine BYEBYE is called in place of the Fortran statement STOP to terminate ; the program. It was written to avoid a CDC3800 ystems problem when DUMP is calledin the executive program. It might not L'e necessary to have this in another computersystem, in which case the STOP statement cot1d be reinserted, if desired. s

DIFFERENT NTENSITIES IN TRIMAIN 
-

In subroutine RAYZDIST (ray depth distribution) a quantity is printed titled LOSSES(Fig. 6). his quantity is equal to 10 loglo (S), where S represents all the losses due tobottom interactions, surface interactions, and volume attenuation. Spreading loss is notincluded in these figures.

In subroutine INTENSTY a quantity is printed for the eigenray printout called SL(DB). If we let SS (I) denote the quantity called S in RAYZDIST for the current ray andSS (1-1) denote S for the previous ray, then we let S = secant (current ray angle) [SS(I-1)] and let DS = secant (previous ray angle) SS(I)-SIj. The ray depth at a givenpoint may be identified as ZZ(I). So if we are onsidering ray I. then Z = Z(I- 1) andDZ = ZZ(I) - Z1. If ZR is the receiver depth, then we let F = ZR - Z)/DZ. We letRMAX he the range to this point in meters. Then we define a quantity SL = (S + F DS)/[RMAX ABS (DZ)J. Thus the quantity printed for SL(DB) is 10 log,, (SL).

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

N
10 log E SL, (incoherent or random phase sum),

where N is the number of eigenrays determined for this point. If the Lloyd's mirrorswitch is not on, the final intensity value can be arrived at as stated, but if the Lloyd'smirror switch is on, each eigenray is m 'lied by a factor before they are summed; thusit is not always possible to sum the eige,1 rays as printed to arrive at the final intensity.

The type 11 intensity calculation was initially proposed [2] using a Gaussian distri-bution, which smears a ray over a displaced bundle of intensity. DZBAR is a sizeparameter for that smearing and is defined by DZBAL = SDZ/SW, wiere we are usingthe mean absolute difference between ray depths, weighted by the signal strength of theray, such that

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

which is the sum of the weights, and
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NRAY
SDZ = E Wi (ZZi - ZZ, )i2

which is the sum of the weighted mean differences.

If D3,AR 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. IfDZBAR is greater than DZM1I, then DZBAR = DZM. This is a check to see that DZBARis not a large fraction of the bottom depth. If 100 rays were traced, then DZBAR wouldnever be larger than 1/10 of the bottom depth.

If RAX is the range ot this point, then let F = 2 .0*RMNAX*DZBAR. Let ER = e-(ZR/DZBAR), where ZR is the receiver depth, let EB = e- (ZB/DZBAR), and let AZ = e-(ZZ(I)/DZBAR). Now SL = B*secO*SS(I)IF where B is the volume attenuation. If a rayis close to the bottom, it does not get its full share of the intensity, since the intensity isdistributed exponentially on either side of the ray. Thus, it is necessary to renolmalizethe distribution by saying SL = SL/(1 - .5*((EB/EZ) + EZ)).

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

AV

0 log Si .

in calculating the Type I intensity 12] it is assumed that a current velo 'y profileprevails to represent a local average over a convergence zone, which wipes out the phaseof a ray. The ray turnover and turnunder depths are calculated for each ray, and then theray cycle length is computed. Next the expression SL = B*SSfI)/RMAX is computed toget cylindrical spreading. f 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 probabilitydensity T = ABS(TANO) is normalized in WVDENS by dividing by the ray cycle length.The cylindrical spreading term is multiplied by signal-strength parameter Sj to get a con-tribution for each ray which is then summed as

N
10 log E SLi * Si

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 1 random intensity or type I coherent
intensity, then it is possibel to obtain an eigenray output (Fig. 11) by setting column 25
on te output control cafd (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; 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
brackpt 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
ass the current ray history, and if the receiver is within a distance of 12 the ray separation,
a forward extrapolation is performed and IQUAL = 2 The same condition may happen
on the first two rays of a sell, and in this condition IQUAL = 3 If an interpolated ray is
found later, the IQUAL = 3 ray will bc: -,,hrow-i out, and the IQUAL = ray uspd. This
is indicated by ** after the IQUAL = and the ray which is replaced is the last ray with
a 3 at the same receiver depth. 'Me 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 th.s 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.

E16ENWAY SET TEST CASE Fok INTEN$!TY

NPAY NBR NTU NSW %TO WAGt DEPTH THETA %mE SLIDS) IOUAL QEk
U 7 7 0 37ouav 350 0000 .10 601� 248.56510 -106.4 3
0 7 7 0 3700ou 7uo:ou 00 -9:6028 248.60?91 -106-5 1

I? 0 11 0 10 3700U 3!)0.0000 5.411f., 249.386oR -99.5 2
17 0 11 U 10 3 70,, U JV0.0000 5.1751 249.36221 -99.5 1
28 0 7 7 0 3700OZ 3b0.0000 10.466d L,48.5647? -107.9 1
2a U 7 7 0 3700CO 700.0V00 6.9143 248.S2684 -10.9 I
17 0 22 U 21 740000 ?U0.0000 6.73b4 498.730bs -103.7 2
26 0 2d 2? 0 1110000 350.00co 4.3020 146.19729 -113.1 1
26 0 2k 22 0 1110000 700.0000 4.4dS1 746.16336 -113.1 1

Fig. 1 1 -Example of an eigenray printout

THE LLOYD'S MIRROR OPTION FOR RECEIVERS

Some examples of the IJoyd's mirror beam pattern are presented in Fig. 12. The
receiver depth is at the poinv� where all the lines converge for each plot.
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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 thesubroutine INTENSTY. The switch LLMIR, in column 26 of the output control cards, isa receiver Lloyd's mirror switch. When the switch is off ( or blank), the old intensityis returned, and when on (nonzero), the beam pattern

2 sin2 ( sin 0)

where z is the depth, is used for type I random phase, type I coherent phase, Type 11, andType III intensity calculations for all receiver depths. For Type I and I calculations,0 is the ray agle, and for Type III calculations Snell's law is used to calculate the ray.rngle at the receiver. One can calculate some intensities with and some without the Lloyd'smirror 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 tapecan be provided. Logical unit 15 is the primary output tape. Logical unit 16 is the back-up output tape. Logical unit 17 may be used as a second backup tape, but this is option-al. If the tape on logical unit 15 was bad when the program attempted the dump and it hadto write on logical unit 16 or 17, then that tape would ')ecome logical unit 15 for restart.Logical units 16 and 17 may be omitted if you are sure you have a good tape on logicalunit 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 = IT, LO,**, DA (optional)

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

Logical Tape No. (if not specified, theUnit No. Computation Center sells you one
Input Output Save and assigns a number)

15 0 Z x Numrber for tape

16 (Optional) O El El Number for tape

17 (Optional) g El 1 Number for tape

20 (Program tape) 0 0 E1 573

1 (Used only for ray tape) 0 El E Number for tape
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In addition the second card in each case should contain the word DUMP in columns73 through 76 if a restart capability is desired. If the program runs out of time, onemay restart it according to the following procedure.

1. Change the job request form for logical units 15 and 1 as follows-

Logical
Unit No. Input Output Save Tape No.

15 El El E3 Number for tape
1 EM D Number for tape

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

2. The first card after your run card must contain RESTART in columns 1through 7. If a dump is desired again if the program aborts because of lack of time,DUMP is entered in columns 9 through 12 of the same card. One looks through thelisting and determines what cards were read last, pulls out all these cards and placesthe remaining cards behind the card containing the word RESTART. If the multiplereplacement option is being used, the profile remaining to be read should be read infrom the case in which LA = 1. For the next case all cards would have to be read inagain. Also the run must have progressed at least one range increment before dump canbe called. Thus, if these conditions are not met, the entire deck must be resubmitted.Also, if the last data card read was an end-of-file card, then the first data card readmust be the restart card and then the end-of-file card is read. If multiple replacementis being used, one should have the restart card and then a blank card followed by acard with the word START in columns 1 through 5, followed by remaining data. Thiscan be 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 outputcontrol card containing the six receivers.

* The number of input and internally generated points in a sound-speed profilecarnnot exceed 50. The number of internally generated points can be reducedby reading in profiles with common depths.

* Do not read in the second speed-profile at a range less than the second bottompoint; otherwise a diagnostic is printed and program aborts. Thus the rangeto your second bottom point should equal or be less than the range to thesecond profile.
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* The source depth ana sound-speed depth for any profile should not be the same;otherwise a diagnostic 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.

* 'he maximum number of rays which may be traced is 1000.

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

PROGRAM TRIPLT

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

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

79 EQUIP, 1 = !T, density, RO, label.

Logical unit 2 should be equipped for the disk file as 79 EQUIP, 2 DF.

Logical unit '10, the plot unit, rray be equipped as 79 EQUIP, 10 = PL or 79 EQUIP,
10 = IT, LO, label, DA (to write an oLtput tape to be plotted later).

The job request form should be checked as follows:
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Logical
Unit No. Input Output sav' 'rape Serial No.

done caltunt ried be specifie nl REPORT i827 u i te o. be

don o liethe79EQUIP, 10= PL may he used or the card may be omitted. Computer
shUldit specified onthe form also, Ipecause it contains the plotter package.

The data deck input is as follows:

Columns ~Variable Meaning

'- ~ ~~~~~12 IN Toa nube ofcaes

V 10 13Columns VariableTMeaning

1-8 ~~~AL Plot length in inches, which must
be 120.0.

9-16 ZMAX Maximum depth of plot, in either
feet or meters.

17-20 IN RMAX Number of records to be plotted.
There is one record for each range
increment on the tape. Plots for a
portion of the range from range
ZERO may be made by specifying
the number of iccords to that point.
To plot the entire range a number

ay be specfied which is larger than
the actual number but less than 2001.

21-25 IKNM If IKNMI < 0, the range scale will be
plotted in nautical mi!es; if IKNm

0, the range scale will be in
kilometers.

26-30 IFMC If IFMC < 0, the depth scale will be
plotted in feet; if IFMC o 0, the
depth scale will be plotted in meters.
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Second-card
Columns

31-35

3640

4145

46-50

51-60

Third-carcd
Colur.ns

(If ITTR < 0)

1-80

Fourth-card
Columns

(or Third-card
Columns if
ITTR 0)

1-4

Variable

NFSK

ITTR

NSR1

NBR1

ALIM1

Variable

TITLE

Variable

NRPLOT(1)

Meaning

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

If ITT < 0, a title card is read to
replace the title on the tape; if ITTR
> 0, 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,
simiar 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 > 0 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.

c::
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Fourth-card
Columns

(or Third-card
Columns if
ITTR > 0)

76-80

Additional-card
Columns

1-80

Variable

NRPLOT(20)

Variable

NRPLOT(N)

Meaning

Number of the 20th ray to be plotted.

Meaning

Numbers of the rays to be plotted, con-
tinued 20 per card until te desired
number N is reached.

An end of file card terminates each case. The
repeated ITNC times for multiple cases.

cards beginning with the second card are
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Appendix A

LISTING OF THE PROGRAM

4A t'7,25.'73

PklGA" TI1MAIN TRIM I
I EP.5 I N ivA lo.P(1 ,R 0I VD TC(6 OIJP(O INTTRIM 2

1 11 ,ITI6.,)IPTl),IDc1l),ISCPEo(6I 725IV(,OI9 TRIM 3
EIvAENCE ISCPISf'PFQj TRIM 4

CZI""'N I~'eR5/ FSRL,`RLT(2oa),hPST12 0 0 I TRIM 5
CCi~-. Ikre, ASA;,O~PFAATIP~INiI2INSG TRIM 6

I ISCP. IT1.IT2. IT3,IPFR. IFTIMSLTRT,LTER,LTPP,LPIJ, IATT TRIM 7
/PqSF IL/ EkE, IZ15~ 6) pVI(5O)I.A T.NP, 72 5tjIV2 (50),I IeeTCTR M a

1!FrL TRIM 9
CZ0" /LELCkESS/ PC.RCD(I0O),lI'jT(400, RM 

CZ-". ,'Pp/ IFRTP.IiIN-,PLTL,R",IPCe,IFPR TI 10
CATA LTPTz ),CLTERs4lI.CLTRPs42),(LPINs6lI TR M 112
CZ-i0% PATTERN/ SCI1QPDATn,96qLEV TRIM 13
C,~T1C' PICEF/ PI.CTP,'WePI TRIM 1 4
C6'/L ITS/Q1,CQ,P2 TRIM I15
CEI13 /E/ ITITLE cVU) TRIM J6
Co0-C%/A2C/PU,CHLS 16),INCR.vRS,SS,ALIM,.IFTIFTI TRIM I17
CC"4-% /FC/ IFE.IAId.IP IO, IS,LA TOiM 10
C1Z4% /A%ST/ RTwqp4,1REC,IFSK,SOS TRIM j9
PI--4.vATA%(1 .) SIFTj IIFTi2a S IPCG;~ ST~qPPIxPI.PISDT'Rzi8a./PI TRIM a

1READ 9noITITLES1[1P ITI TLE(l) WRI _ (19) ITITLE TRIM 21
RE~i~l,~l 19 TRIM 22
IF EUF, 60) 155 2 TRIM 23

2 IF ISPT.EC.8mRESTART GO TO 104 S G T 122 TRiM 24
90C Fi-P'ATI0A8) TRIM 25

55 IF IFE.EI.1 G T 52 s I&I G TR TRIM C'
122 Pk:\t Qol.I!ITLE S TARTmO.0 SRMAXsO.o S NTPLTsOl TRiM 27

901 r~ooT(.10SIZETAL GDIENT RAT TACE ,1OAAI TRIM 26
READ 90,CFWATSPETPnTLRIBTTCQCR TRIM 29

AL121LIM 6 ScsasV ~~~~~~~~~~~TRIM 31
F~~L' a *.c. *SLCE) SIF(ALZ.4.,.0.OALIMsPelhRF 0 ' (ALIMw/ 0O~ RIM 32

9 02 FSQ~MAlF F r~3,11,5.2,i,2F5.2,711,FO.3,215.F I 06 I,1'. S TRIM 33
-!T'FA 20C0,.P.FKIZ WI CALIm.El,0,OIALIMmj.OF.3 S S2zrXMZv*2 TRIM 34
P; NT O;03,SD,5STPLEV,FAWZ,IT6P,flATDN8RSNSPS.ALlaItA,9IO.PID.ISLATRIM 35

_ii 1 . [,p? TRIM 3r

90! FEP4ATe.OSetPCE rET-17.t LEvELw.F6.lv. FREOCKWZ)..F6.3,% BEATRIM 37
JIPhTaQ *.12,3X..ANGLF:.,F5,1,5X,.NFRSu.,I5,5W,.NSRSus,I5.5X,eDp TRIM 36

£LI~~IT3..r~a,3,/.5x..I1.UI1,5x,.I~~u., IiSX,.IP~~w.Ii,5X~~sID...Ii, TRIM 33I !~~~~~~~~~~~~~~5X,.IS5., 11,5X,.LA... 11,5X,.I6PTs.,A8) TRIM do
I I ECLRQ. GT. a . A%r , liTC .GT I SDzSD* I ..5SD/6371 221.3, TRIM '1
ATTC.oco0 3c25.S2 *44,*S2/(4100.652) TRIM 42
lf(IATT.EG,0) TTap, 1 IF CN4BRSEQ,0) NBRS:2500 I IVSRBC TRiM 43
PAINT 904,ATTSLCB S IF NSPS.Ea.0) NSRSz2500 TRIM id

904 F1'2mATI.0'4;LpmE ATTEAUATI8'4*,Fi0.6,s DKm. SURFACE OSSS.F7.2, TRIM 45
U R..) TRIM 46

CALL INIT;AYS S S 95 jz1,10 SRI(,J2o.. SCRIJ)z0.l TRIM '7
IZ1 5 8 5~~E~ q2.n:0.-O SIFcIAB6T,EO GB TO 5 S RR:ISCP 7Rim de

CALL bRLTRCCQ6) IF LEo.1.OR .f.E0GI.RR.IR.EO.3) REwIND 9 TRIM 49
IF LA.E0,IcR.II3.GE.2) REWIN 8 S GO TO TRIM 50

15 PRINT 05 TRiM IL
RbZ.E!O TRIM 5 2

90!, FEP-ATC0BTM' ASSPBS ALL INCIDENT SPUND ENERGY-) TRIM 53
la %a $IF (IP.EC.0.At.D.LA.EO.0.ERQ.LA.EC;1)I LPC-60 SIFCIP,En.l)LPCa4 TR j.4 54
20 IF (LC'.EO.60);;EADCLPC,006)I(NI,DRIN)h2NI.C.(ITI.N)I:1,6).JVSTR!M 55

1~~. I~(%).~F', IPT(N),IPRAY,(STPCEJCI,.,I1.1A) 1RIM 56
48
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IF(LPC.EO, 4READPLCP) R1(N2lDR(N.R2(NhJl#CtcIT;N, XI,6)JVSTRM 57IR#IRD(N),IRp, IRT(N)#IPRAY,(SRCD(IN,,fsA) TRIM 58
t 90tE XrlqD[LAET.X'i ITf 4 arXg R1(N),R(NR(N I 1sth? ;IT(I,N),Im1,6),JVSRTRlM 59IRD2N),IRP, IRTCN1DIPRAYlSPeDIN),DIxi", TROM 60'a' FeRKAT(3F6,2 , I2,ljIjlV,~6FA,4) IRIM 61INT(NI;.g 

TRIM 6222 O0 22 1,5TRIM 6322 IhT(NluINTfN)#IA85(Iy(I.N)) 
TRIM 64IF (IT(5;N)6GT;,) PERnIT(SN) TRIM 65IF(INT(N ,EO.)o 06 8TA 3n TRiM '6PRINT 907 ,R 1( N) 0DR t Nfs (ITIpN),Iwl,61 TRIM 67IFfDRCN).LT.oj. DRCN~xm.ORfNI/Rjf( TRIM A819N36 
TRjMi 6923 IF(STRCDCIDNI.GT.O,, e T 25 TRiM 7024 IH§mI4. 
TRIM 71IFCSTHCD,I2.GyT*,o GJ T 26 TRIM 73IF(114,LE.11 26,24 TRIM 7325 IL.I41* 
TRIM 741IHeI*10 
TRIM 75IF (LPCEO 60 READ (LPC,908)(ST COtlN 1 ,IsILIH TRiM 76IFtLPCEa, 4READ (LPCI (STRCDtl N I IL IH TRIM 77IF(LAIEo.IWIRITE 4) (STRCDfIpNJ.I8ILjH) TRIM 78C THE SITCH ITIM IS NOW LLMR# THE '.LOYDS MIRROR SWJTCW OR LL TRtM 79C RECEIVERS ON A GIVEN RANGE AN CARD TR'M 80907 F6RMAT.0e6UTPUT RAhGESe,3F8,2,5H ISCP,12,4W ITI,12,4W IT2,2,4w ITTR:M 8113,12.5m IER,12,5H LLMPa121 TRIM 8290 e FORMATC1 068, 2 ) TRIM e3GO T 23 
TRIM A420 JNRCN):1H 
TRIM 65PRINT 9g9,(STRCDfIN),Isl,IH 
TRIM 86IF NRECUR.LE.O) Ge T 29 TRIM 67D6 31 Iu1tIH 
TRIM P83S STRCD (lIeNSTRCD(IO)*(l.*,5*gTRcCDJN)/637

1 2 2 1 .3 TRIMf 89909 FRMAT(.ORCD, 10 r9. 2, *RIM 9029 IFCJvSR.EC G T 27 TRIM 91PRINT 910,JVSR 
TRiM 9291C F6RMAT*OINTENSITY VERSUS RANGE PLOT WILL E MADF FR TPEe,131 TRIM 93IFfIVSR.NE.,N PRINT 911 TRIM 'J4911 F6RMATC5 *,.CATLtN,. ONLY TE LAST I VS R PLOT WILL F MADE*)TRIM 95IVSRsJVSR 
TRIM 96NV5R:N 
TRIM 9727 IFCIRP.EO,0) GO T 28 TRiM 98NTPLTEI5 
TRIM 99ZMAX. . TRIM 100DRPLTp1. 
TRIM 101RLPLTs1.E6 
TRIM 102PRINT 915 
TRIM Ir326 IF(IRDCN)INE.0) PRINT 912 TRIM 1C4IFCIRT(N),NE.O PRINT 913 TRiM 10515 FSRMAT -CRAY PLOT ILL BE MADE.) TRIM 106912 FORMAT(*ORAY DEPTH DISTRIBUTION ILL BE MADE.) TRIM ir791' FCRMAT(.ORAY TAPF ILL BE ADE.) TRIM ,osGO TO 40 
TRIM log30 IF(IRP,EO,C) G T 33 TRIM tlONTPLTuSTRCDCI,N)#.l 
TRIM Ill,Ir(NTPLT.LTl) NTPLTalS TRIM 1t2

49
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4A n7/25/73
ZMAXsSTRCC(2,N)
CRPLTSIR (N )
RLSTtR2(N)
RLPLTS2LST
PRIN 95
PRINT 9I4 1RIN) ,RCNIP2(N)

33 If(IRD(N).RT(N).ECV G e 35
PRINT 94,RI(N),DR(N),,2(N)

914 rERMAT.oogUTPUT RAkGES..3F 10 .4) If(IRDtN.,LE.,o PRINT 92.
IFCIR:t(),NE.o PNT 13
Ge Te 40

35 Na'JI1
40 IF(ICE0,0) G T 45

IF (NGT.10341,20
4j PRINT 42
42 FRMAT (1MH01 .NUMBEk EF OUTPUT CNTRIL CARDS FXCEfDS 10,

1ASORTED. )
CALL YEeYE

45 NR*N S rF LA.FCG.1.BRIP.E0.l) REWIND 4
jRTm0

Cgj.O S ClxCRPLT S DELTM.OO0 S ICAcQ DELTA.O.0
Da 47 l,NR
IF DRII),LT.C) DsCRUI) S TF (DR(I,.LT.Dt Ds'RfI)
IF(R 2 (1) .GT.RLST) LSTwR2 ( I)
IVfITc2.1).EC.Ot Ge T 47
If (R2( 1) .GT,RAxA I) 1 PAtl:R2( I)

47 jRTsJRT-IRTCI)
Cz!,,/2 
CALL INIr
CALL NEWPReFCZU)
CALL NEwPReF
CALL CNNECT
IF I ZMAX. E,, O. ) ZMAXs7M
RPLTIl, E6
IF(NTPLT.EO,0) G T 49
RPLTxDgPLT
CALL RAYPL9T(NTPLTZ'-AV)

49 !fUjRT.EO.o) G T 51
CALL RAYTAPE

51 %SLD2-10

C IF ALL TE INTENSITY CALCULATIONS HAVE THF SAPE RCDS
c A TABULAR FRMAT ILL BE USED

DS 55 I:1.NR
IFtIN T (I),EO.E) G T 55IF(J.E0.0) J?
IFcJ.EO.I G T 55
IFfiNRCdIINE.,JNRCfJ G TO 54
KJNPCC ;)
D6 53 LI:1,
IF(ABS(STRCD(L.I)-STFC!(LJI).OT.,j. Go TO 54

53 C6NTINUE

50

, PRPGPAM

TRTM
TRIM
TRIM
TRIM
tRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TRIM
TOiM

IRIM
TR I M
TRIM
TRIM
TOM
TRiM
TRIM
TRIMTRIM 

TRIM 
TRIM
TRIM
TRIM
TRJH ITRIM
TRiM i
TRiM 1
TRIM I
TRiM I
TRIM t
TRIM I
TRIM I
TRIM 1
TRIM 1
TRIM 1
TRIM I
TRIM 1
TRIM I
TRIM .

TRIM I
TRIM 1
TRIM I
TRIM I
TRIM 1
TRIM t
TRIM t
TRIM 1
TRIM ITRtH t

TRIM I

TRIM I
TRIM t
TRIM it

113
114

17

119

I21
122
s2s
1L24
125
126

1 7
29i~0

133
t .3 4
135
036
137
138
t 39

t40
l4
,42

.43
,'4
'45
4 
A47

.e48
'49
5 0
1

,52
353
54
55

5

t58
,59
61

62
A'3
64
L69
66
6 7
68

4

i

rl .
tz:
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a TO 55 TRIM 169
4 %I Ts2 TRIM I ,0

!5 CENT INuE TRIM i7i
9 RMARW20 Ti 172
100 RANsz.6 TRIM 174

Ce 103 Ix1,NQ TRIM 175
IFElII).LTQNI ARIS(IJ TRIM j7b

103 C6NTINUE TRIM -.77

RMAXSAMIN1C ,0Q1.RThO.RPI.T,RN1 I.1OOOg TRIM 179
RT.COI.CfRAXl ) TRM
IF(PT,GT.RLST*D) G T 140 TRIM 81
IF IOPT.NE,8HDUMP ) GO TO 104 TR4M 182
TILTPuTlLT TRM 183
TILTxTIMELEFT(l) TRIM 184
DELTzTILTP.TILT . TRIM e85
IF (DELT.LT,0.0 GC TO 108 TRIM 184
ICAsICA+1 TRIM j87
FICAxICA TRIM t88DELTAmVELTA.r LT TRIM 189
CELTMaDELTA/FICA T 19

TRIM 190
loll RERt(RLST.(RSTART/00o~o.)X/Dl TRiM 191

TSTIMEURERODELTM02.O TRIM i92
T6TIMMvTOTIME/60o. TRIM 193
I' TILT.LE,9C.O.ELfM:IND.TSTIMEGE3 0 .fDELTM; 071104 TRiM j94

1g7 IF (JRT.NEG) ACASPACE I I CALL DUMP TRiM i95
PR INT 05eTILT#TI1MM TRIM i96

15 FERMAT HO ,PR8GRAM APRTED# NSUFFIC[ENT UN TIME, TIME REMAINiNTRIM 197
lGzjF1C.3o. SECgNCS*,5VESTIMATED TIME TO FINISH RUN4.,710,31 TRIM 1982: IUTES.0 AAA TRIM V79
PRINT lolRTwem TRIM 2GO

IG FQAT (lkZOREM8VF DATA DECK THRUH PRFILE AT RNE*FjOt3# KTRIH 201B eEFORE RESTARTING CASE*./) TRiM 202
IF (IFE.EC.j) PRINT 10A TRIM 203
IF IS.EO,.AND.IFEFQ;O) PRINT 11 TRIM 204

112 FERMAT (1OAINSERT PLANK CARD AFTER RESTART CARD, FOLLOWED Y A CTRiM 205
1 ARD WITH eRD START IN CeLUMS -9, FOLLOWED PY REMAINING DATA../) TRIM 26

146 FMAT (10I.INSERT FNn F FILE CARD AFTER RESTART CARD BEFORE RESTRIM 207ITARTING CASEs,/) TRIM 208
IF (IFE.EO.1) G T 111 TRIM 209

C9 READ 90.4LNK TRIM 210
IF EaF,6C)111, 1 o9 TRIM 211

111 CALL UYEBE TRIM 212
104 IF (ePT.NF,8HPESTART GO TS 102 TRiM 213

IF CIJPT.EG,HPRESTART ) CALL RESTART S CALL CLPSEIP TRIM 21
PRPT 9,ITITLE S 8 13 JX9°0 TRIM 2'.

113 JUNK(1 )zTITLE(j) S READ 19 ITITLE TRIM 2,6
REwIND 19 TRIM 17
IF ITITLE(1).EG.8RFS'ART ,AND.IS.ED;I.AND.IFE.EQO0 CALL RETRY TRIM 2816PTlITITLEC2) TRIM 21i
IF (IWPTJE.eH IMPTx.6PTl T DO 114 J,10 TRIM 220

114 ITITLE(J)EJUNK(J) IF CJRTEQ,0) G0 TO 102 s DO 12i Jvj#IFSK TRIM 221
I CALL SKIPFILE () S DO 123 ja1.IREC TRim 222123 READ (1) TRM 223

102 CALL ACVANCE SIFIRMAX.1.LT.RTW) G0 TO 110 S CALL NPRF TRIM 224

51
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7F

CALL CNNECT
11e IF(RTLT;RPL;i 06 T6 115 5 CALL RAYPLST

IF(RPLT.GT.RLPLf,1 RPLTslsE6
11I IF(RTLT.Rg GS T6 135

n6 130 IS1,NR
IFCRI(I).GTpT) GYS
IF(INTCI),EG,0) G T 12
IF:U.EO.NILD) G e 120
LNRCBJNRCII)
06 117 Jgl,LNRC

117 RCOJ)STRCDtJI)
DO 119 j.1,6

11I ISCPEOCJ),ITCJI)
120 CALL INTENSTv

CALL ITNPRINTCNINT)
IF(I .EO.NVSR, CALL IVSPPLBT(IVSRI
NSLDEj

125 IFdIROCI),NE.Q, CA.s. RAYZDIST (NTPLT)
IFtIRTCU).NE.0) CALL RAYTAPE
IFtDR(l).LTC. G T 126

G6 Te 127
lki RI(I)Y.Rlll).DRCI)
127 IF(R1 I).GTR2tI )*.0O RU)1 z.F6
13C CGNTINUC
135 IF(RTGT.R8) CALL hwBRLT(RR)

G6 T 100
14C IFtJRT.EO0O) G T 150

ENDFILE LTRT
ENDFI k LRT
BACKSPACE LTRT

150 IF (INCR.GT.1.At.DINCR:LE,161 151,153
15i INCRCPINCR.1wRITE 36,919) (PL0CIDPuI.IIsulINCRC,
S9' FGRMAT (16F5.1)
1!3 IF IFE.EC,1 G re 15P

IF (LA.EQI.eR.IS.EQ.1 G e 160
157 READ 9C0.4UNK

IF CEOF.6g) 158,157
16a IF LA.EO,1,BR.IS.EQ.O:ANODLAEQuo L) w6oIF IS.El,1I LPMx6
176 IF(LPM.EO,60)READ (L2M,1903) NCUR,;6,TlIFLPM,.EO, 6READ tLPM) NrURP3,TIIFtEOFLP 17 7 .17 8
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CE'43N/ABC/PLNCHD8 tl6),INCRN9RSNSRSAL",IFT,IFTj PLOT iO
CATA IPLITxO), (ISTYOx),IF2s0) RWO),(1.1j:O) PLAT 11
IF (lFCe.EQ.j.AND,1PLeT,EG. 0 OReq lsYTFQ.1 ) q( TM lon PLOT 12
IF CIPLOT.EQ.l. G0 Te 1 s CALL PLOTS PLTARRAY.254,31 PLOT 13

CO IF ( IFT EC, IF T2 ) G T 57 SI s0 S IFT2=IFT 1 PLAY 4
i52 If CIFTEIEC.O.AND.IIjE0.iR.RH.E0,l) RETURN PLOY t5

Ib.4:1 S IPLOTal S PCO2 1 SISTsO S TJ:2 PLOT 16
R: MAXA F(QO2(1,),e2C2,,R 02(3),RM2(4,,Pe2(5);RO2f6,,Re2(,7 ,Re2(8),PLOT 17

1R62(9JRP2(jn)) S I2 S Ko PLOT 18
in Kz !-1 SIF (Rm.GT.i8eT(w)) 20°2i PLOT 9
21 ZrAX=ZPTC1) PLOT 20

CE22 J2.2K PLOT 21
22 Z!AX= AXF(Z8OT(J),ZMAX) PLOY 22

IF CZMAX.LF. 25 0 . 0 ,AND.ZMAX.GT, 0'0 ) ZHAXx 250,0 PLAT 23
IF (ZMAX.LE, 500.0,AND.ZMAXGY. 250.0 ) Z"AX' 501,6 PLOT 24
IF CZ'AX.LE. 1000,01fNDSZMAX.GY. 500.0 ) ZPAXZ 1000,0 PLCT 25
1- (ZMAX.LE. 200.0..AND,74AX.GT,1000.0 ) ZMAXx 20L3,0 PL'3T 26
IF CZMAX.LE, 4000.0.ANPZMAX.GT.20.0 ) ZMA~c 4000,0 PLAT 27
IF CZ('AX.LE, 5C00,0,ANn,ZMAX.GY4000.0 ) ZPAYS 5000,0 PLOT 28
IF (ZmAX.IE.looo.0,A.NZMAXA.GY,500.0 ) ZMAX1000,0 PLAT 29
C3 25 J:1,1! PLOT 30
A:CZ4AX/j0.O)&(J-j) PLOT 31
IF cJ,EO.6) CALL SYMPOL (-1,O0,5.(J,0.14,9bEPTW (M 990,0,9I PLOT 32
WL(J)x0.0 PLOY 33
YJ):(11-.,) PLOT 34

25 CALL NUM6Et(.0.80,Y(J).0.140,A,0,0,4'F5,O) PLOY 35
CALL LINE (XL,y,l1.l,3,O.1 0 5al, PLOT 36
0i! 26 J,25 0 PLOT 37

kS YL(j)so 0 o PLMT 38
IF PLTL.GT,156.0) CALL YEaBE PLOT 39
SCALEcPL7L/cM PLOT 40

%TixA?¶N l(PLTL.*1,40*5) PLOT 41
R;Ts . PLOT 42

PLOT 43
IF CI,%M.GT,O) RMANPFM /1,852 PLOT 44

56 T=QWA'I/RT PLOT 45
!F(%T,LE.NTM) G T 57 PLOT 46
PT:2 .*RT PLOT 47
%T=7: A / T PL9T 48
IFCTLENTM G T 57 PLOT 49
RT:2.5*RT PLOT 0
%T:R4AN/RT PLAT 51
IFCTLE.%TM) GO T 57 PLOT 52

PLOT 53
Ga Ts 56 PLOY 54

C PLOT SLPFACE AXIS PLOT 55
57 CALL PLqT(C,, 0.,3) PLOT 56

75
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xhlsl. PLOT 97
qpCALEIZR SCALE PLOT 58
I (IINMOT.O RSCALElxUId52.RSC4LE PLOT 99
AC~qT*QSCALEi PLOT o0

Rao. PLOT 61
IF8O PLOT 62

58 CALL PLOT(XNQ.j2I PLOT 63
CALL PLO1'XN,-0,05,2 PLOT 64

P PLOT 65
CALL NUMEER(XN-.46,-. 19,1,4E-1PKI0 I O 4HF4 .0J PLOT 66
ItR.,TRIAN/2.) GP 59 PLOT 67
1F(IVFEO.1) G Te 59 PLOT 68
IF CI M.E^,) 4.7 PLOT 69

7 CALL SYMO9LIXNo.30,- 0 ;4oo14,IOHRANGE INM)oe.,o) LOT 7,
GS TO 8 PLOT 7

! 4 CAL'. SYMESLI .N-0.3O,.9;40,ni4,JOHRANGE (K),O .,10) PLOT 72
0 CALL SYMBEL tXN-7.20,11,15,0.2tSTITLED80) PLOT 73

I aF.1 PLOT 74
55 CALL PLOTCXNO,,3) PLOT 75

IFCROERMAN GO Te 6 PLOT 76
XN2XODX PLOT 77
R=RP.RT PLOT 78
G T 58 PLOT 79

60 ILPSO PLOT 80
!F (IFPR.E!, G T 5 PLOT 0i
X(3)=(R2/100O.0 )RSCALF PLOT 82
IF ClPF.E',o) X(3TsPlIRSCALE PLOT 83
XCI}aXC3)iI,5 PLO 84
IF (INPF.EG,hI GO TO 2 S IF X(3).CT,PLTLI GO TO 35 PLOT 05

PLOT 86
15 XP(J) (065VIL 2p.)-735.0o*0ojt*X(3) PLOT 87

ICIZliDI.j PLOT 88
XLC IDI)zXC3) PLOT es
IF IDI.GE.2) GO ro 30 PLOT 90
CALL SYMBCL cx(I).*O02,1,o27,0,.10,6HVFLECITY (M/SEC 1o~.6,i6) PLAT 91

x=.5 PLOT 92
50 N=2 PLOT 93

CZ 55 z1,k PLOT 94
X J)8xlX1J-1)TY PLOT 95
YPcj)s10,O2 PLOT 96
X=1500.0 PLOT 97
CDxzl ,0 PLOT 98
PLzX4+(J-l)*rX PLOT 99
IF (IDI EG.1) CALL NUMRER(XTCJI-0,07,1fl,10,.103F.L.o.g.4wF4.0) PLOT ioo

55 CE'NTINUE PLOT 101
IF(X(J).LE.PLTL) CALL LINE XTYPN,1.i3.0.07,1) PLOT 02
IF CINPr.E0,1 ) GO TO 2 PLOT i03

3 | l.N3 SYtI|)a0,0(1.0.(ZIL(2,I)/ZMAX)) PLOT t04
3 IF CYll).LT.O.0) y7ll)OO PLOT I 8

IF(X31.LE.PLTL) CALL LINE (WPFYN3,lt-2,0O.02 PLT 16
35 IPF=l PLOT tC7

S T 5 PLOT t
0
8

2 C 6 1,.%2 YlI)xl0.0.l.O-Z2(I1/ZMAt)l PLOT 109
6 IF CYC).LTO.O) YI)oa,O PLOT I.0

I ;S I Di1 PLOT 11I
Z~EPTH(IDP).v0cN2) PLOT il2
XRANGE ICP)nx(3) PLOT t13

5 IF IFPR.EC,0) GO TO 30 PLOT 114
CALL LINE (XRANGE#ZDEPTH.IDPlll.Q.oo) PLOT li
CALL LINE XL. YL.IDI, 1.3,0.140'±l PLOT tt6
CALL PLOTS (0,C) S CALL PLOT (PL'L*.o,.n'.-3) i ST=t PLOT 117

30 RETURN PLOT 118
END PLOT t9

76

- . .1 U�a� -



c::

c r-
:DI

4,1:NRL REPORT 7827
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67/29 73 ED 0

PREGRAM LENGTH
ENTRY PINTS
PLfCw NAMES

EXTERNAL SYMBOLS

03700
PREFPLOT 02503

PROF IL
INPUT
LIMITS
PRe
TLE
ABC

InENT PqOrpLey

0f316
O0442
00036
O0006
0 0012
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IT (PL.GE,1400.O.AO.PLLE.1500,o, PLIPL-1408.O PLIT 57
5 CALL Naf (xt(J)..o7#lO,10lOXo7PL#o.lo4, 2.0) PLIT 58

CALL LNE IXTYPN.;,I3*0.07,1> PLiT 59
IF (INPF.E.I0 ) GO T 2 PLT 60

00 INPF.1 ~~~~~~~~~~~~~~~~~~~~PT 61i~~~~~ih~~~~~~~gI.1 ~~~~~~~~~PUT 62
Xl(Dl)sX(31 PLOT 63
IF cXg3p.GEtRJ/4.o.h~u.rL.Eo) 35,5 PLIT 64

* ~~~35 IT Lu1 PLOl 65
IF IKNM.EOO) CALL SYNOL RJ/2,0-..6,.0,40',0.141sQwRAoE (9MHZ0.PLIT 66

* ia5io' PLT 67
IF IKNM.GT,O, ALL sYMeeL (P'i2.0.6,.0.40'0.14 .Wo-RANOE (NM26,.PLiT 68

1 X0.10) PLiT 69
CALL SYMBIL AJ/2g.d.6,8j.Q2 0 p0 .14SlTTLEo 0 o. 0 ) PLiT 70
GO T5 PUT 71

2 0 6 lu.lN2 PU? , 2
YfItl-o'o;(Xo'Z2(I)/7MAX)) *IF(Ysl.-LTa.0 Yfl~waa PLI. 2
XL( I )IC31 PLIT 74

6 CALL NUMBER (X(2)X(ISY(l),O,07IZ2(.lo;.4Ir4d.0) PLOT 75
CALL LINE (XL,yN2e1,3,o07,1) PLiT 76
CALL LINE XPy.N2 1 1,C.7o7l) PUT 77
CALL NUMBER (X(3).o,3oowo25eoso5X(4),0oo4HF4.0o PUT 7°

I~~~pmjvp~~~~~~~j ~~PUT 79
Z0EPTMlDP)uy(N2) PLif MO
XRANGE (:CP)aX(3) PiIT St
IF (X.JS.GE.RJ/4dQ.AND.ITL.EQO.) 45,5 PUT 82

45 TLal PUT 83
IF (IKN,.EO,0) CALL SYwE9L RJ/2,00.6,.0,401 0.14,1iCuRANoE I(KM,0.PLiT 84

In 'flny PUT 85
JF I'KNr.GT,0) CALL SYMBeL (qJ/2,. 0 .6,. 0 40 .0 .4,Q RANGE (NMho.PLIT 86

10.10) PLIT 87
CALL s7MBSL RJ/2.aso,6alo.2Q,04,STjTLEoo. 0 ,48l POT 88

5 IF (lFPR.E0.O' GO T3C PUT 89
CALL LINE XRANGEZDEPTHIDPull,00,Q PUT 90
CALL LINE XANGE.YL.Inp.1,3l0.105,11 PLIT 91
CALL LINE (XIYLItIj.3,a,2j.*) PUT 92
CALL PLOTS Co0a) S CALL PLST (PL'.';. 0 o...3) S ISTs PUT 93

130 RLTURN PUT 94
END PiT 95

79

�-- - - o . - 11 I - - .. -1 I 11 1. -- 1-11, - �? "I -�11-11�11--�r�--.,--.R-,- ,N-,------ .. 'r�,,,,-,,,,.,��



B. C. ROBERTS

)S PNiafP41.

PREGRAP LENOTH
ENTRY PITS
MeLet NA-ES

i-xTERNAL YOLS

0L3745
PREfPL!T O0i654

PRPF IL

LIvITS
PALe
TLE
ABC

IDENT PAGrPLIT

Ot442
010 36
000t06
0 Q01 2

0O26

Cl1C1100
Cf^G I CT,
PLCTS
SY b CL
%4PdER
LINE
FYE2YE
SCALE
PLSr
-AX1F

80
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NAL REPORT 7827

- ~~~~~~~~5,4A 
6 /04 / 7 

S:.8ReI~TL~k AA::ib 
AC AVA 00 00C&MMEN /T141A%G/ A1CO,2),PPrlOO,2) IALh1O0),AL(1OO,,ZZERD(.oO) ADVAMOO11 .ZEsa10i,,A1Ig) E81CO I ACVAO0O2CE4,eN /AYS %RAYf ,TAP 1C(1000).iI * oessC tooo7,JTE(l0 o ACVA AO0'' 1 Lj1d000,bIPDA5E(j 
ACVA0004CEM4e% /g.%F, RSTARTRP~AXiEEGAATT, IPRAYITN,ITN2,I7N3

1 ?8TG, ACVAOO051 isc'o ITI.IT?, IT!, IPEH,IFT!t'S,LTRTLTERPLTRPoLPINIATT 
ACVAO006CEMOE.N /PJDE~o Pi~rT;#TWIP! 
ACVA0307CcMEN /MIPRSAS/ bLeDRLT(2c0)tRPST(2og) 
ACVAOOOSCCM-S/A4/PN~md (1 '.NA#~ SbALIALM,IT1FI ACVA0009NME51.:l PNE6c4),DkEk C4 ZNE6( 4 ),LPNEW(4) ACVA00IOLEGICAL e3%-I'P,.NLW 
AVA1O3T,%SUMfs bSs(A*8X(j ^*e) 
ACVA0012,> C LE6P dVER ALL r-E RAYS 
ACVAooi4CZ 100 IRAystNRAY I IISTzo SSReSS(IRAY) ACVA0015IF | I bRbke,25OACNCHSEG25O) G 10 ACVA0Oi6NNz%C6JNTCIR&Y) ifPSN/I~hINKNLi;/ITN SNSRUMNNITN MNN/17% SRMACVA0OI710 IFCZ85(bS k ,TALII 

00RN RGTNARSCVANSOOGIT.NSRS G T S9 AVA08ZR3zzjIp(A,) S i ~'START 
ArCVA0Oi9TGR4TGAMtCRA-I') 
ADVA002T!AYwT[.,E(IRAY) 
ACVAO021. *RXPIAbEEIRAY) 
ACVA0022NCTRaNCUNTC IRAf) 
ACVAO023I. ,CE 20 Ig1,NT4 
AC VA0025

C FIND C RECT CAYEA 
rA oo 25

,, , I f t P | O O AL G T. O. J O S T s 2 0 
A CVA 0 26IF(P.,OUO;,GT.I,, GOn TS 20 
ACVAOC27&T RRau 
ACVAOO28.I*- , F(ARS(F)GT,,0O01,'sr,TUR,GT.-RLtt)) U T 30 ACVA002920 GE T 8 
ACVAO031.- S E r c; a u ~~~~~~~~~~~~~~~~~~~~~~~A C A 060 3130 C~mCCT~tTHRj 
ACVA0032IF(IP'RAf,%E,O) PRINT 6 d6 ,jeAYNT9RZRRRTGRNCTR 
ACVAO033

S.TSS? ,VtkkR 
ACVA0034

Z0~~~~Uk~~~~aNT~~~~R: ~AC VA 0 35
C TRAbFUP;1 re P IEo 0C2qCINATES 

ACVA6036-R f u'sZER\Tq) 
ACVAOO37ZRPaCTe(ZR-Zl)*.T*RA-9) 
ACVA0038S : ~~~~~~~~RPaCTm{qH-R)ST*Z9Z0) 

ACVAO 39CS4AA CN ?RR) *d8C NTFn I* )ZRP 
ACVAO40TANTxST/AMAXICCT,1,L-3C0I 
ACVAO041%R0XPTAiSU'lTAT#yG) 
ACVA0042CPISsCb/(gliTGRP*o2) 
ACVAO43C CA6CuLATE PARAdELIC RAY PATM, ALPMA IS TE CURVATURE ACVAJ044ALPA *p5-id (TRR /CmIS 
ACVA;045TA 2 * ALPHA 
AV04C FIND !gTERECT ENS 1I4H LPPER AN OWER LAYER BOUNDAFIES AVAOO47EC 40 11,2 
ADVAn048APNTR4Ae(NTRR#t) 
AfVAJ49RPNTR4q-HTRq, I 
ACVAnO09'ICzATR-iPTq.'RP.fZRF 
ADVAOO51,Px9PNTRwTp 
ACVAO052F(A95(ALPHAJ,GT,lE.25 G Te 303 ACVAOO53C RAY ATW IS LINEAR F TESE STATEMENTS A0VA0054CRPE.C/- 
ACVAOO55

81
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RiPNEh(KjmRRp.Cqp
Dl'NEilK)xZRP-T-JP-FZPNEgC(4 TO1 '£ w,4P. T R P. C F

QKE * ( )CT A:PhEw f 4) * T. PNhEI Ct'RQ

2FNEtti)js4,E30o
RhNE((tl 1 1,F300
RpEw~gtli-l,E303

G T 4u
C Sevcl QU4ACRT15 ECWTIuN PR PARARULIC PAY PATd303 CIsC;P.e*4, ALPmA*C

IFC1D5C1LTO.) G TS 32
CISC .SONTCDSl )
CE 31 J1#2

CRPtFITA
C ITERATI1j T8 I-FAEVE CCL;ACY FSh SMALL CURVATURE PAYS!F(AB5Ci 1L1T, .AzS(F)) CRP4(ALPHA.(CALPAOeP*s7.C)/P,..2.C./P
305 RFNE.(KhvRgP4CRP

ZFNEi t KI RF *CQP * TG P*ALP-AeC PJ
ZNE-(A)*CT*ZPhEw(A)*''TOPNEl(t1¢ZO

31 PNE' ' ) CT-RPNEw( ) ST-ZPNE (K) RC
G T 4U

32 CE 33 J81,2
K5201 *J*2

33 ;NEm(4t1*-,E300
40 CENT INUh

SNL' -ASbtZR-ALNThkg)1.t3gTR1-R,LT,GlANDTGRGT,-P(NTR)

C SE6&UT CRECT !%TE;5ECTGN AS NxT POSITION
IFCNTRRIE~tl G YE 4C53NUP3A(itAL(\TPR.1)-ELcNTRy.I)1R.-ZHLT,.0

1 JA-%01 TGRLT,-dL(kTR-j)
GE T 41

405 CNUPAdttR,,.T,,o1,ACT7G,LT,.,
41 ILP91:X.'

IF(lNST.O.\;'P G YE 411

IFCRNE~ttUP,LT,.RER, SChFEILP),GT,RMAX) UPiO
411 IFCNkTONLw) G8 YE 412

I C NS3
IF(ABSt.RPNE.3)),LT,AbSCRR-RNE'(4))) Ir'N24
IFC'' Iq at 5\) LTRe.EtNEC IC.\3 ,GT, HAX: IDN'0

412 IF(ZLP,.EC) G T 14

PTIYXRMAA
CE 413 l'1.2
IF(RtRNwtl).LTRRe;;rtiEWtl)GTiTRYJ tiS T 413
RTRYRu-;tA I )
I L P 4 

413 CEhTIUC
414 !FVIr.NbEo) GE T 416

I CNO

82

ACVAno56
ADVA0057
ACVA0098
AC VA 6059
ADVA0 60
AC VAM6061
AC VA6 062
AC VA 0063
AD VAO 064
AC VAOC06!
AC VACO66
AC VAO047
AC VA6 068
AC VAnO 69
AC VA0 70
AC VA80 7j
AC VAnO72
AC VA 073
AC VA6074
ACVAO075
AC VA00 76
AC VA 0077
AC VA 007
AC VA0079
AC VA60 80
AC VA60 61
ACVAoo2
ACVA006
AC VA 0084
ACVA0085
AC VAO 086
AC VAC 087
AC VA68
ADVA0049
ACVA090
ACVA091
AC VA (092
ACVA0093

kCVA0094
AC VAOO95
A VAO 796
ACVA0097
ACVA6096
ACVAfO99
ACVA600
ADVA0101
ACVA0102
ACVA0103
ACVA104
ACVA0105
ACVA0106
ACVA8107
ACVAOICS
ACVA0109
ACVA6110
ACVA0111
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PTWY .N4AX
Ct 41> 8J,4

UO T 415
J%' Ir~ I

415 'tNT I Ut
41A UCO 8 ) 6 T 420

i F',0>2FU) Ge r 48
417 I IRIzj:N,

rE T, 4 9
4 IFt^tt9~o@l6t5) GC TC 417
41 ITR~y:wI

it T 4<9
4 0 IF(ILPt f,C) ; T C

. TS 41Y4; F'P\zTA.({Q# (t I TF.)-rkr-TG1P
T!AsT'4A#f*ELRPF.ITRY).ARP.TGRP#TURPN)
T4mTA'SU1{(TnP%,.TAKT)
Q~x TRY~7^=Zt*tITPY.

C ' tC F SFACt AOU dTTEm ITS, TNVERS AND TRNUNDERS
f~ rk R f,. I , E 44
i(\TrRjT,o GS T 46

G\ r 44
43 NCTRzCj-4*
4 I- ! P( fI T YI;TO2) C rE <5

%Tw~3%TN1s

I F t N r R ; To t3 @) r 4 6
%744sl

k .CTx CI \

"IQ ?-T.N I

46 ;,z T ju

45 \TRK=%T"/R*j

!FiGT 3uLt,.oTl) E 45

T0IFANzSIANu(*TUr..,L(S71T6

i (VT/lty) N519
Pp r PR I I . .S) i T()-S*ePST1N*1}}
TCF2,TAN'_3um TGnAZc ,bL (TRI ) 
IF (TlPL~j-jlLCTl4I)) 8 c.Jo

<6 TCqzrTlRN
r,a TS 3u

C CA4CULAlt: -AY INTERSECTtiSK WTH VERTICAL BUNDpARY, PIPMAX
50 JF(A9StiT),LT,2,F-4 G T 60

V 9 C T 5T

A 'i tR ? AlJ YO) /T

83

ADVAO0112
ADVA0113
ADVAO1t4
ADVAOlI5
ADVA0116
ACVA O17
ADVA18
ADVA4I9
AD VA O120
ADVAO121
ADVA0122
ADVA0123
AD VA 0 124
AD VA 0125
ADVA0126
ADVA0127
AD VA 0128
ADVA0129
ADVA0130
ADVA0131
ADVA0132
ADVA6133
ADVAO134
ADVA0135
ADVA0136
ADVAO1J7
ADVA0138
ADVA0139
hijVA0140
ADVA0141
ADVA0142
ADVA0143
ADVAO144
ADVA0145
ADVA0146
ADVA0147
ADVA0148
ACVA0149
AD VA 0150
AD VA 0151
ADVA6152
ADVA0193
ADVA0154
ADVA0195
ADVA 0156
ADVA0157
ADVAC0S
ADVA0159
ADVA0160
ADVA0161
ADVA0162
ADVA0163
ADVA0164
AD V 0165
ACVAo166
ADVA0167
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r AV* .4, *to V. Zi~p

IC A ;15 (A Xi4A)1, r, 1, c I. 2. G! 7rS 5cI
C ,IA rilq P AYS

TT SW r~ ,5cl ,

7Z503 izl,2
F 'j T-, j*5

C~ PAN) l C g1AoC

?cx rsT4L1(4P,.sRTC, .

5 F G'I CL iJ S s r;i

C 2% ''&~ ~ L C~

54
z 2~

C IOEPSECTLISN 

55 S(jA:SST21X

ZIc A I'I I . L Q T ) jS(ZE 2 Z
(

1
yirTZ ~ lP)#~c

!G ; % a TA 5jl T 

-C *'t S':^ i t; IF :1ST^5*#'LE?3 OAO P8SE?

c 5LAr , , P :1-4 I L R'E S r u A'~ VT L A N L', CCASE

5C ' G VALL E>' 1flT7I!5

SO ?r 71:1,Z

C SEE T CC t" C I R T'.T^

. T k~ 4 Rt t I .i CP 1 9 4 

C C-cC i' T- T yi^.~r . WN TU-ErNLCPERLIIT

I ( r , P ' ,T A ) ., TE 53

53 VL TA: 2

54 SJqrX iAYZS Sixi Lf 'T-itl As rr ) =.4C 

L -- h S 1'. 74 ZFic AT O :2! TA .1A IE T , O ATT F R SE T CIS tAT '.<,SI R, T-,,*O"Ib A, IERT IVE SOLUTl r r S9A CSE

6 C e 1t, 0

84

ACVA0168

AC VA 0169
AC VA 0170ACVAO 71
ADVA0172
ADVA0173

.4CvAo6174ACVA0174
ACVA0176
ACVA0177
ACVA 0178
ACVAOI 79
AEVAol80
ACVA 081
ACVA0182
ACVA0183
ACVA0184
AC VA 0185
ACVA0186
AC VA0 187

AC VA 6:68ACV^' 89
ACVA019
ACVA0191
ACVA0l92
ACVA0193
ACVA0194
ACVA 195
AcVAoI96
ACVA0197

AC VA 0198ACVA019
ACVAO 00

ACVAI92C1ADVA0202
ACVA0203
ACVA0204
ACVA0205
ACVA 0206

)ACVA0207
ADVA0208
AC: *0209
ACVA0210
VA 0211

ACVA 212
ACV.0213
ADVA0214
ACVA0215
ICVA02%6
ACVA0217
ACVA0218
AC VA0219
ADVAn220
ACVA0221
ACVA0222
ACVA0223
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5, dA
5, ^ 006 0/7 

ZhW2mCTLP'w.5?.Rps .ZC ACVAM224. 2^"2~~~~CSZ.2.ZT-,.) +2 ACVA0225
IF (I ,L0to) ora ArVA0226

47 ZN-AZNwie ACVA0227
C C 'k , N VcF'5ECt ACVAf228

1; G5 ,4T a TS ) U C G. ACVAO229
. (0r, 1, *J:) G. T4 6E ACVA n230
pIiISTg..s ArVAO231
GE du ACVAt232

GE T u5 ACVA ~234
C r 'q C4RT MSSAZE ACVA0235
80 S 1001 , LCVA0236

Pkl!NT A ArVAM247
A I % T get :?MAAaC),jI GRA, ACVAO238

A CVAn239
666 FaRIOAT(a .kAy.,15,* LPk AVEO15 Z FiOs2i* Rv*#FIO.2,4 TGR2.dFACVAs1240

51 nSi*C.N 4AY 4 TE~M!~ATECS,5X,.!~IST3.IZSX.START!N~ ACVAn241
El F12 1i,5A , .AY TE~m12,TE[s~x, ITA$TX-,125x YAN S.TA.,rT2.6 P~GACVAr242

18,Fl~A7l5X.AYU 9~~..F?25PS~~N RANGE1'I~sF12,5 g!%r)o~
t~~~~~~~ 5, ~~~~~~~~~~A A 245

G0 E T 5~ AZVAC246
too CE'.Tl~~~~~~~~~~~~jc ~~~ACVA'9247

rE;% ACVA0248
ACVA ^249

I

I

[ ~~~~~~~~~~~~~~85
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DS AC2VANCE 06/04/73 ED 0 I-

ICENT ADVANCE
PHCGRA LNT 01720
ENTRY PEINTS ADVANCE 00:25
PLFCK AMS

TRIA!, 02261
PAYS level
ItjF6 OC024
P I rF OC003
M X arms oc621
AdC 0C026

EXTEPNAL SYfrstLS

IOTlr tic 0

01^03o'
CO:71

c8iLIC T,

HAX1F
STk,

,SI NGL,

86

� ��, 
- I



= g . - a7 -- ,¶.rvrn-?7 , T-.;. .. . .cr17- -c -

C ::

r-

-n

t._NRL REPORT 7827

*4A

SL9R@STJNI CANNEL(I T#ZTC#?TU)
CUMMeN /VSPRpF N(10CIjCC100)
CALL ViLCALC

20 O 2 l2,N
UF(ZR,0eIII)) G T 25

!I(ZN.II.1))#EZ@jjiCIs11l) 'C)s)
0 T 3U

25 C6NtN'Jt
2TUizTSei.I
RETYRN

3 u NNIZ61
31 IFCC(JNI,TCM) G T 35

IFfINtNt) 0 T 31
ZTefio,
G ! 4U

35 P(MC~l JCI)C?4~ZstCeSzN*tl 1 .PC~th-(INh61I

40 NhIIZ
41 IF(C(jN),,CTCM G T 45

INS NOi~a
IF(INLkN) G6 T 41
ZTUIZ(N)

45 P.(CmvCIN-.1f/(CCN).C(INo1))
ZT~aPSZC INI*(f 1. IN m~)
RETYRN
ENTRY RA6C
IPFZT.uT,7 G T 5C
RCYCL§O 1 6sl%
RETWRh

50 INUa
RCYCLESU.
?G2o01
CO 0 IliN

IF(CLNaEiCj) G T-0
RCYCLhU~CYCLE(ZTIZ(I.))/(,5STGI)
PE%~RN

55 TG1,SQRI}CCCI4CdI)?.2-j1,
IF(Islos1 e T ss
IF(IN 151,, 06 T 50
CRCZI1-Zt1-1) )1,51TG1'TG2) 
G T i

56 CR(ZII j.ATQ)j(,5-TG1)
57 RCYC6LkRCYCLCE*CR
59 7G2iTGI

IN?2
60 CONTINUk

RETON -
ENTRY WUENS
IF(RCYCL6GT,1,E100) G T 71
INue2

65 IFCZIIN),gTZR) G T 70

06,04/,3
C1Ah 0 0
C1AhOOOL
ChAN0002
CAN0003
ChAN0004
ChANO005
CMAN0006
CkAN0007
ChAN0008
CNAN0009
COAND010
ChAN0011
ChAN012
CMANO3
CHAN0O4
CM4NO015
CM^NO016
CHAN007
CHMAN001
CHAN019
CbAN0020
ChAN0021
ChAN 022
CHANO023
CbAN0024
ChAN025
CHAh026
ChAN0027
ChAN0028
ChANO029
ChMAN030
ChAN0031
ChANOO12
CHAN0033
CHAN 034
C1HANO35
CMAN0036
ChAN 037
ChAN0038
ChAN0039
CHAN0040
CHAN0041
ChANO042
ChANO043
CkAN0044
CHANO45
ChANC046
ChAN0047
CMAN048
CHAN0049
CHANC050
CHAN0051
CHAN0052
CHAN0053
CHAN0054
CkAN0055

87
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04A
06,4/,73

If 2(1*Llc~lal 6 ?E 75 hhO~I~~~~s j% * I ~~~~~~~~~~~ChOAND056
iF(SNuc.N) 6 to 71 CHANOO575C T 6 

C4hNmops70 lF(Z(1s1.3L6E,ZR) CC TB 74 CHANooI9INg1 %. 
ChN0o6o

1F!,t~j GS T3 COrAND0617 F a 
ChA N 0062

P-1L6RN 
tI4ANO06J74 INNI&NI CkAN00:4

,~~~~~~7 T *0IC 1 S R T ( Cr / V ) CO *1 k 1 R C- ;C L E N Ch hO C 54iT;RN 
CMAN0068

END CiAN0eg
ChAhoot9
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S CWANNEL 06/04/73 ED C

PRSGRAm LENQTP4 00506 JCENT
ENTRY PN¶5 CWANNEL 0C003

RCA.C 00151
BLeCK( AM~ES wrKS 00257

VELPAF ocll
EX7EPNAL SYM'BOLS

VELCALC
soQTr

89
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5,4A 06/04/,3

S48RCLTINE VELCALC V
rr /INFO/ CbCj9MAXDCDCC5C8) VELC 2

C6MPGN /VELPRF/ NZ(1CO),C(Io00 VELC 2CEYM6e /THIANG/ AP(IC012) eBPl1Oa2),AL(10Q),BL(1Og)ZZEAelgO ,. VELC 4
1 RZEqRI(1C00 AA(C0} l(10) SS(lgOJ CC$T(100IT 8lNTRI VELC 5C6MMCN/A~g/PthCMob (16)#INCRNBRSNSStALMFTlFTI VELC 6CATA (MRLUP1,EJCU)I (UFT250. 2;'wO VEL

~3 IF fIFTi,k.g,13T2) GO Te 'll S VELC 

If E lr~s~~ ce *e 0 VELC a
I f T 2 a; I I I V LC 91 3 IF (Frll3jogCejlEHECj) GE T 3 VELC 0RELCf4q 1EJOO VELC 12

3 IFCA65CMAX RECOLDLTle G T6 20 VELC 12
PEL~~~~~~~o~~~~mix ~~~~~VELC 15SNzTP -i VELC 16

CE 10 :!qiN VELC 17
IF(IEI1 2

) G T 1 VELC 17
'Jalal ~~~~~~~~~~~~~~~~~~VE LC 19ZZ9ALIJj-L(4J)RMAX VELC 20

06 r 2 VELC 21
VELC 22

n-;, ~~~~~~~~~~~~~~~~~VELC 222 ~)Z.CC(RJ)*ZZ-ZZEHCtt))*5S1t@)*(RMAX-RZERecJ5) VELC 24
C(l)v4./SURT(AA(J)*8e(.)*Zp) VELC 2520 Z(). ZVELC 262 0 SE' PN VELC 27END VELC 26

90
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OS VFLCALO

PRSQRAM LENqTF'
ENRY PE:NT$ VELCALC

LeCK NAMES
INrfi
VEL PR

40C
EXTERNAL SYMBOLS

0sCLIcT,
sowRer

VELCAL CICENT
0ie±32

OCO1f

0226 X
0 02 6

91
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FTNS.4A ~~~~~~~~~~~~~01/02/75S.'SrOUTINE INTESTY
C J010 149 ~~~~~~~~~~~~~~INTE 1C JUNE 14 1971 LLOfYuS MIRROR AEO FOR ALL RECEIVERS AD TYPIS INTEC UONSESU I TH qLLVI6mSISRNR'OW LLMR, 0 FOR NO LLOYDS M RROR, AN R NTEC NON.ZER F~ LL ~ J~ROR* T I wITCH IS THE COLUMN AR IT 4C IPER ON TE INP.JT LARDS 

INTE 5C 6/15/71 RECEIVE'S WELOW BOTTOM FIXED INTE 6COMMON LOUDNESS/ LNkCuRCO IlO),TY1'EISc(100,rYPEIRp(IOO, INTE 7I TYPrqjfloo TVPEI!I(I001 
INTE BCOMMCN ,TLE/STITLE i, 
INTE 9COMMON /RAYS/ NAY' GAM(180 0)O'ZZ ~pooo)'SSloot)'OTIME(loo0,II NCOJNTI60o )PHAS01 O S 0 ) INTE IFCOMMON /INFO/ RSTARTo MAXOHERA:ATTIlpRAV:ITNAI T~2, ITN3 .1RIO, INTEr 12ISC-pITI ITZIT ER, LLM ,ORT,LTER LT4 L IN IATT INTE 13COMMON /FIDEF/ 1' DTR#TWOPIICOMMON VELPRF /NN Zloo*)C(lOo, 
INTECOMMON T,4PSTR; DU)(1I2) 
1NTE 16DIMENSI N 0UAOUt001 ,IPlns0o0,SINT(loo,

4, SSL1OO0,°USfIOo ,TyP5(loI TE 1710) 
INTE 18EQUIVA.ENCE Ctsl#CoUI 
INT 10COMMON/ABC/PiNCHUM 4 102)INCR.NERS6NSRSALIMFTtIFTI 
INTE aDATA IENT .3,lFT'#0',(!5.OHgIP. 100cc)' INTE 21SEC(T"NFVA S IfjTIT 

22TIF ZIFTlEQFT21 CQo T 2 S 113H *0 S IFT2=IFTI INE22 IF IFTIEQ.0.ORIHEQ-1 G To 3 S IENTl S Ru1 INTE 243 FVA=I, 
INTE 25IFCIATT.EQO.OA'4D.ATT.IEco.Q FVA-loc*.t.oooEATTRMAX) INTE 26CAL. VrLCALG hAAVJ. TOPICl)/MEGA SAK TIOPI/IAVEL S FLl. INTE 700 I ;lLRC 

BNE25 TyPEl EI:( JETyPEI5PCIr>TPEIT(lITYPEIII(I).OJID(IO 
fNTE 29IF(oTI.EO..ANO.I72.E..O) GO TO 60 INTE

SZO 
INTE 32UO 1 12,NRAY 
IhTE 33"AM~lNI SS(I, SS:I-1) 
INTE 34SDZa5Oz.UO*AaS zZ1I,.zdI I-l) INTE 3510 SNKSWd 
INTE ?6UZBARxSDZ/SW 
INTE 37IF(DZR.LT0.4VEL) OZdARx*AVEl- 
INTE 19CALL CINEL(l..100. ZSZq) 
INTE 39DZMw78/S(RT(FLOAT(SRA'f)) 
INTE 40IF(LZvaRD.GI.,oZ4) U At{xVZ 
INTE 41IFjT F ) GO 70 5 
INTE 420° 1- hNRAY 
INTE 43Nx$.CoU'4T I I) 
INT 44MN: T 
INTE 45N To N- 4*I TN 
INTE 46Nam/ITN 
INTE 47NSRxm-.vITN 
INTE 49M'N/IT ' 
INTE 49NTUz3N-q*ITN 
INTE 50NRoM 
INTE 51IF(I.E.l) GO 19 
INTE 52NOTU03TABS(NTO-NTO)1A8S(NTU-NTUO) 
INTE 53NOSBREIABS(NSR-NSRC AE*IS(NePR-14RO) 
INTE 54IODNDS3R 
INTE 55IoxIO.NOTuO 
INTE 56

92
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p ~FTN5.4A o~ZT ,lFT~~~~~~g.AA ~~~~~~~~01/02/75

IN T ~u ." N T 1 0 3 3 I N T E 5 7W5At4IN1I 5 t IiiSSj *1 ° INTE S8!F(W.LE.ALIM.OR#Nla}o~t.NBRSOOR.&4SR.GT.N ) TP110.3 INTE 59NCOUT(D*3NCOUNT4II)qljU*IRG INTE

1°1-0 S 1°Z-0 S la3.o ~~~~~~~INTE 7

19 NSROGNSR I:NBROuN;RIT

D lS sEC X TGAM s X } } Ss ( ~~~~~~~~~I ))s0INTE 62 '

NTUONNTU 
6

INTE 63
NUT G T I I } eT GI INTE 6420 CONTINJE S DO 21 Z-SLNRC INTE 65F-tzR.0.t~z S D~l-Zf~e;X-ZZ(I) S Fl-{zR-Zz~l)ZZ~zI INTE 66ask5(11 0.0 INTE 67

21 TYPS(J)ao.o 
INTE 68IHP(I). 0 S pA.0 INTE 

3ZIN NC3To(ADlP-/I N¢ABIG~u} 333 INTE g9

De I N 26 INTE 75NCOUZT(I, UNCOUNTE I) Iaw~IBIG INTE 72INXTuN~.OUNT(I*I?/I9q.G S IFC1I2.LE.NPAY) INXTTaNCOUNT(1*2)/ISIG INTE 73
IFCINtl.GEs2) GO T 10 INTE 74101. 0 1023 S I03,0 INTE 75

INTE 76

TlTIM+F-O1) SIF(O O1}I~J- NTE 100 

I SECTGAM(I-1T I INTE 79INTE 8

I-TL8IM!( FI2-IN)R4*G/OT~@;-*X) INTE 10
T-TIMEF*DT 

32

INTE 81

IF TGl~uAM os6NTz IQoo I1~J^- INTE 1

-TGuTGAN(IZjTG IS Jui}cS]Q. 102.0 INTE '05DFZ(ZRz)'OZ S fjo 2L(I.~lNRCI S Qx s Ia430 NTEZRMRCOtJ) SIF(ZR*GTai( GO T INTINTEF- Z-Zl)DZ SOZ~vj(I4).Z(I) FlaZR-L(I))DZIINTE 85IF(F LT..o. 3 O4;F.8Tj!1?;G T 25 INTE 86
IF (d _Q *N LN~*F* ) I.O.AND.F.GE.O..AND.IHP(J),EQ-02 23,24 INTE 8723 181.1 26JE 

8824 IF ('F3T.1.OANDOINW.69.O INDNINTTNE2IEWeAD-IH NJ @5IN03'2INE 9031 IQ2zI 
INTE 92GO T 26 INTE 9U FLT.0U.AN.IPR.NEINW.ANO.INW.EQ.o) 33t34 IT 

q 93:L_. T)26 INTE 9634 IU1O 1022 S03=0ITE9
GO T ?5 INTE 97

26 SLu(S1.FOS)/cqMA*4A9:,Z)) 
INTE 97IF (SL.LE.0.0) GO T 5S IF (A SF(DZ).LT..INTE O O 9S IF hI01.E . I (J).1 IT TH=DTR.ATANF(TG S IF(INW.rE.I.AND.INXT.GE.1) GO 10D 25 INTE 100

IF('LLMR.NE.0) FLmx2.SI!ZRAKTG/SRT(.TG.
2 ,... INTE 10;

IF (I EQ.1AND.SITI.:; ZQo( SINTCJ,4).FL4 IT 0IF I~j:EQ. J AND:SINTijI)- .EJQ 8 INT(J' ).mIT 0IF (I*E * A'DO INT~j. *-EQ **AND-SINT j, ~t. *ANSITJINTE 185
I3h.EQD0.SINT (j'4T8FLM ) 0INTE 107IF ( 2 E I1.ANO.SINTlJg1).EQ.O.0,AND.SINT(J,2 E)OOANoSNTCJgINTE 108
131 .EQ.0.01 SINT(J'Z:IUSL IT oIF 113-EQI.Ao.SN~tol)EU.O.O.AND.SINT(J,2)E.0.0.ANO).SINT(J,INTE 11013).EQaDO.SINT(J,'IUILM INTE IIIIF( * .ANO. INT.AOi.I(,.O.Ar.S.NT0,AN

0 *SI.NCSNT(JINTE 112

93
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r~~

.,B. . ROBERTS 6

01/02/75

13).EO.oIo SINT(Jt3)U5L
IFlIPEq;!U;. GO TO d
IF IENT.EQO ) RIT (I6TfR IR99):STITLEIF (IENT.EQ09 WR TS( 9,1879 STLE

1879 FORMAT (lOAGI
1899 FORMAT (IM.9 EIGENRAY SET 0'10A8

AF(INT;EO@o0 RITEILTERod99
R-1.0 LOGIO (SL)

NwNCOU4T (I)
IENTMI
M9N/JT4
NTO-N- 4 1 TN
NUM/IT4d
NSRmM. 40 1 TN
M7N/ITq
NTUUN-,4*TN

IF t I0Q3Ea*l IALP3
IF (IQ2.EQ.I) IQUAL*2

IF (I .IcE,1) IQUAL1
IREMm I
IF ( 3 .EQl.AND.SINT(Jv3)NE.O.O) IREM2H*
IF (SItTJ3.N.Od.AND.ltj.EQ.1) IREM2H**
WRITE(..TER,900) 8R.NTuNS5RNTORMAXZRTHT.PRIQUALTREM
RMKM.R-qAX/1 0 0 0.
RITE (4991879 I l *NUR4NTU9NSRtNTOvRMKMZRlTH#TPR

1878 fORMAT (I5SFIO*4 ,FlU.4FlOs.4Fl52,F1O.1)
899 FORMATtOUNRAY NBR NTU NSR NTo*,1OX,*kANGE DEPTH T

I Tl4E. 9X,*SL(DBI *OSX,*IQUALo,4XeREMI
900 FORMAT(5l5,Fl5.o0FI0.4,Flo.4F35oFlO.l,6^,lIS55XA2)

22 FLMSif4T Jt
IF SINTcJo, .NEO., SL-SINTCJ,1)
IF (SI4T(J.v2.NE*0.4A DSINTIJvj)EQo0o0 SLOSINTXJ,,)
IF (I4T(J93).NE*.0.A D.SINT(J91l.OQOOI SLuSINT(J,3
IF SI4T(J93).EQ.0.0) GO TO 27
IF (1.EO..AND.SINT(Jl2.NE.0O0) 71.72

71 TYPEIRD(J)*SSL(J)
IF (IS-P.EQ.O 00 TO 7
TYPEIS:(J-TYPS(J)
QUAO (JiuoUS(j)
GO TO -7

72 SSL(JIzTYPEIRpCJ)
27 TYPEIR-7Js)TYPEIRP(Jt.SL*FLM

4FUSC.EQ-O) Go TO d
RSRTR SL )

PUOMEGA4T*PHASEI Z)
IF 1Q3 EQl.A4Q.IQl.EO.03 QUS(Jl 0UAD(J)
QUAO(J).QUAU,,:*PR*SIN(P)
IF (I03.EQ.1 ANDI;tI*EO.0) TPSIJ)*TYPEISC(J)
TYPEIS:(JIUTYPEISC(J)#PI*COS(P)

25 IF (INXT.GE.1.OR.IPR.NE.INW.AND*INW.NE.INAT)IHP(J)sO
29 IPRNINd

INixINXT
IF (INdEQ.OO.RlINIeLl.1AN.1NXTT.LT.1I GO T) 30
DO 28 .LIP*LNRc
SINT(Li 1)40.0

INTE
ItNTE
INTE
I "TE

INTS
INTE
INTE
INTE
INTE
INTE
INTE
I NTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
I NTE
INTE
INTE
INTE
INTE
INTE

THETA INTE
INTE
INTE

IN TE I
INTE

INTEI
INTEI
INTEI
INTE
INTE I
INTE 1
INTE 1
INTE
INTE
It:TE 1
INTE 1
INTE I
INTE I
INTE I
INTE I
INTE 1
INTE 1
INTEI
INTE
INTE 1
INTE I
INTE 1

94
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113
114
115
116
117
118
119
120
121

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
L42
L43

L44
45
L46
.47
48
"9
.50
51
52
53

56
157
58
59
60
61
62
63
64
65
66
67
68
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fi FTNSA Z01/02/75
SINT(LL*2)80.0 

INTE 169

SINT(LL3) '0.O SNTE 177
SINT(LL, 230.0 

INTE I11lo

28 CONTINJE T 1

30 CONTINJE INTE 173

35 D 3 1u1LNRC 
INTE IT

TYPEISC(IsTYPEISC( ")2 .OUAOC).*2 ,NTE 1'7
37 QUAO(Il)EXP(.RCO(I)DZ8AR, INfE 176

IF(MT2.EOO) GO TO 00 INTE 177

Fn2,*R4AXODBAR INTE 178

EdugAP,ZB/0ZBAR) INTE 179 
DO 0 1,NRAY INTE 179

IF(ABS(SS(iI)LT.ALII GO TO So INTE 181
EZ-E P ZZ (lI OZ A INTE 181

SL-SlC(TGAM(I *SS(I)ZF INTE 183

SGKaT0aN 1 SIAK/SQRTI 11*TGAM I) *2 INTE 18
SLxu5/(1...Sf.E(/EZ*El 18
00 0 J,LNRC IT 8

IF(RCD(J.GT.Z8) GO TO s oNTE 186E R U O U A~~~~~~~~~~~~~~~~C J ) ~~~~~~~~I N T E 1 8 7
IF LLM.NE. 0 ) FLM*2 s*SINCRCC(J[*SGK)4*2 INTE 89
IF (ER.3T.EZ) GO TO 19 8NTE 190

S-SL*ER/EZ INTE, i9,
GO T 40 

INTE 191

1 39 S'SL*EZ/ER INTE 

0 YPEIIJEjTYPEII (J).SFLM INTE 192

50 cONTINJE 
INE 9

60 IF(IT3.E,.)o) RETURN INTE 196

" 7 119NRAY INTE 197

CALL 5dANNEL(ZZInvT(;AM(I)ZTO9ZTU; INTE 198 
CALL ALC 

INTE i98

IF(LLM;.NE.0) CALL WOENS(ZZ(I)'CT9R) INTE
SL:FVAOSS( 4AX INTE /
oo 65 JlsLNQC IT ';

IF RCOCJ).GT.ZTU) GO T 70 INTE 203

IF(14CU(JI.LT.ZTO) - T 65 INTE 203

CALL ,ENS(9CO( J, INE 20S

IF(LL44.E0O.O GO TD 64 IN'E 260

TGBTGA'41 I)CTPR/S 'Z' 
FLMP42.eSINCAK.:0UJl*TG/SQRT(I.*TGe*2) 1*-2 INTE 208
S-SOFL4 INTE 209

64 TTPEIII(J)zTYPEI IJI*S-SL INTE 20
65 CONTINJE
70 CONTI.NJE IT 1

RETUtRN INTE 213

END 
INTE 214

:~~~~~~~~~~~~~~~~~~~~~r
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5.4oS INTENSTY

PROGRAM LENGTH
ENTRY POINTS
BLOCK NAMES

Q3451
INTE4STY 01540

LOUDNESS
T E
RAYS
INFO
PI0EF
iELP~tF
TMPSTR

EXTER4NAL SMiOLSAB
U2207 111
rHEND-
OBODrCT-

V ELC AL C
CHANNEL
RCALC
W DENS
AL'JGIO
SQRTF 
S!NF
M141F
EXPF
cO:r
ATANF
ST,4.
SLO.
GNSINGL.

IDENT INTENSTY

00765
J00 IZ
13561
00024
@003

0031 1
00266
00026

96
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A

06 /04 /7~3

SL84 66TI.t IPIAT (NIN?) ITNP
CLS8m.% /I.NFLJ STAT,RFAX,EG,T#IPRAVITrN,ITN2,IYN3#IUIG, ITNP

1 ISCP.lltl12,l23,lPEHirTIMS.LtRTLTERLIQPDLPINIATt ITNP
CEmMG% /TrPI:Tk/ OLCldI |TNP

C0MS%/eLIMI....... / I '1CX, q (1o)l R2 (0) ITNP

C0WE/AtiC/PkrNCH01 (162)aINCAN9RSNSR5.ALIMIFTIFTI ITNP
CC8MM% T4E/51ITLt (10) ITNP
CATA(|'-iL.Wx 1TNP
CIkNSbIwN L%E(90),[CE(4),FT(6)4AAL(400),1S(4),ABDDD(1P2) ITNP
E'.UIVALcCE (LINEoCLC) ITNP
CE-?'.N L2UUDNESS LC.RCD(lCQ)AL 0,4) ITNP
ECUIVALthE AL.SAL) ITNP
CATA CA613?4A7. 2(I.Fe1siF7.1, 2, Ce9lH , ISvHS#HZWRR ,1W3) ITNP
CATA (FTl)sek(Fa.3,),(FMT(6)18B16x,90A1)) ITNP
CIm\SIb ITTM4) ITNP
'UIVALCL (ISCPITT) JTNP

CATA ( 1t.TI 3), (FIez( 21lasC ITNP
IF (IF Tit., IFTz2 GE T 3 I B S IF T2 ITI ITNP

3 IF dIFT2^,IR.IFM.cC,1) GE E 2 5 INcRa S ENT3 S WA6x3HA7, ITNP
b46s5I-F/,1, I bl SISCI()lES S S(2)NiHR S IS(3,1iH2 SjS(4)mjW3IfNP

FPT(uo'4(F8.3, S FPY)w8CV6X,90AI) S lwal IT No

2 IF(%INTLE.,1 G TE 40 AoU, D 10 11,400 ITNP
F (AA6 I t , ,AP2 A2AAL ( I ) ITNP

10 C'%TI%.ut I aF!AI0oAlhT(AL110(AP)) S DLoDBM.90. ITNP
R4sjoc~ietlAX ITNP

I5(K0 ITNP
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913 FeR'AT 1- RANICM FSE VLLES*./,OA8) ITNP

IF I , , ANOITT!(3),GTC) RIt 47,914 ,STITLE ITNP

97

.-- �-..--�-,'-, - - � �

i:

He

A:*

A:

An;

of

Ll

-

a

A{

-

;
t

-

.

A:

-

14A

.FI

I
2
3
4

5
6
7
8
9

1t
t1

12
13
14
1 5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

41
42
43
4
'5
46
'7
48
'9
0

51
52
53
54
5

5 6

.li
- - . . . 1-4- -

q

I

- al

I&,



B. G. ROBERTS

9 c

; C

9 0
4 1

M0

4 6

9 

9
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PLNCL4dINC4!!AdFF(UCDfJ))
AbDV0(JJ:llChd1 IPC9)
lNC9%jNLWe1
IF ILRILT,17) GE T 45
t.XCRXI
I.'!TE (C561909) (PkCI.0E (TI)#ll ll6)

45 CENTINut
IF I.ELul¾,AC.ITr(l)jCT.o) 6AlTE 450911) ABDDJ)J.If CIE!,2,AC.ITTc2),GTO) RITE 46,911) ABDDDJ)#J.
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IF (GM TO,2 c3.AUNSEC,250o) GF rE 17 RAYP 47
N=\CZU'T(K) imNNITN $%NzYIjTh NSRsM.NN*ITN SZNN/ITN SNORsM RAYP 48
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P.EGRAM TIPLr TPLT I
c TmIS vERSIGN S C6uPAIIABLE WITH 4-/2 VERSION eF TRIMAIN TPLY 2
C ohlb VSIVI' f TRIPFL TPLT 3
c IF INFr -ILL IT I COHE DiSX IS N4T P~NED TPL? 4
C T'15 tTkwmfNED Y NAX A ME NaER SV RAYS TO PLOT TPLt 9
C TPLT 6

CL;M2, /lFE/ IUNd ,QMAX,AX. SCALEALoRR2000)Z9T(2000),ICN4 TPLT 7
DI-E'blk 6 ITLEC1U),RUr(2>4),.RPL8IT(512), ZR(I1o0 T(1000loO )SS(lOOTPLT a

),Nc9z1NT(lio) TPL 9

CL4"2'4 // slefi163841 TPLT 10

9uG F6R-Aclfr.A TPLT 12
9U1 bqMAfc2eoI.CALcO P l lot r~ r HAY TAPE ,10AS) TPLT 13

9U2 Feq4AT 2Fde,,4,61,s to.J TPLT 14
90! FbRYAT(bwuLEzT|*FIC.?,3XIGHWAX nEP'.F12,1,Xt4WNe, F RECSRDTPLT 15

JS, 1jflX,.JK.M .- l3,51'.Ie4mCss, 13,5xeNFSKze,13,5XeITTRs,3,ol/ TPLY 16

klx,*Dcf LI?'ITx2.F8.3,5A,'SAXIlUM NUMBER eF SURFACE PEFLECTIONSse, TPLT 17
JI7,5Xf-MAIVLM LtPqRR S dT1Tc4 QFLECIENSx.,I5) TPLT 18

9U4 FiRMAT2flI4) TPLY 19
9U5 FbR'A1(5mURAY,20I5) TPLT 20
9ut iF-MAT(11.Cq TV HA9'SI6. ,3Xl.JLENGTF4 2F dLOCK.I6#3X,12HN9 r LSCTPLT 21

KSI16) TPLT 22
9 U3 9y FLP4Al(24HCPAziITY EVt-Q Irx ECARn ,16i TPLT 23

ILF3: S IC::W SRjAO 4,IT 'E.N I TPLT 24
4 F:RY,!t (12) TPLT 25

CALL TLST5 rLar54.1) TPLT 26
2 RtA5 Yu2. ALMAX,?,itMAXIA,:.M5.%FSKITTRKSR ,NBhl$ALIMI TPLT 27

I (EF,6i2,/ TPLT 25
7 IL'fuI1aq-1 TPLT 29

D . jl.rFS( TPLT 30
3 CALL V(IPFILE ( I TPLT 31

RtAO 1),TITLtALP',.triS.SRFlS, ITSIF(ITTRLTG)READ 900,TTLE TPLT 32
IF ALI %oE.u..oAl.PU.ALlMri. TALlM) ALIMtPewRFfln o,(;lM/loo))TF.T 33
IF (L1ml1 E ..u.j ALt 1s-;0,39^L9Glo(ALlm) S PRINT 90 ,TITLE TPLT 34
IF (NbR1 .%E.,.AND0.11lRLT.%5bQ) NJSRsNSP TPLT 35
IF I ll Su.9Ri PLT 36
PkIN' 9C3,ALLeAXP NtAYISOMIFMC,NFS,ItTR.ALIHINSRSNBRS IPLT 37

I1fAL,LE.0..'..AL.GT,120.J SLP IF ZMAXLE.0.) STSP S ILM1 TPLT 39
1 (NRIAX.L.E, '.'4.%hAX.GT.2LDU) STIP TPLT 39

5 lm=IL-19 TPLT 40
IF(IW,GT.!)I: ST8i TPLT 41
PtAD VD4,lNRPLaltli:ILIs) TPLT 42
PHIT 95,('PPLdTCII),llL#IHi TPLT 43
I F EGF .65 10,15 TPLT 44

lU I":iL-1 TPLT 45
G6 T 25 TPLT 46

1 Itm1'CL h.EQ0,0 s T 20 TPLT 47
16=IL-20 TPLT 48
Gd T TPLT 49

7L IH:IH-1 TPLT 50
IF ( ' PL T j.! U G r 2 TPLT 51
IF (lw,GT.U) ' T U TPLT 52

2) NrPLY - TPLT 53

IF (It,U) Sf` TPLT 54

TPLT 55

.Md,!: %R'~AE-i I/i..EL'f.1 TPLT 56
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04/7 5/ , F . . - -72 -. '7 P '

0 4 /05/ 72
PEI NT 9GolhTEPLT#L9LK-mdLK TPLT
NIISK.MHBLrtLRL.(.NT8PL I TPLT
li(14DISK.CGT2*dO SP TPLT
I (86XEQ It.URlICF.t L I) tA 40 TPLT
I LFel TPLT
CALL Oe6Pkh(2,3hRANO) TPLT

C PLdT TITLE AND Z.AAIS TPLT
3U CALL SYM8eL1 . *o,,.14.TITLE.9U,,v8O TPLT

CALL bYMBbL(2,8#9,9J, ,j4.1WC#UV ) TPLT
Zro. TPLT
Ob 31 zl#Ic TPLT
CALL HLSTI3 TPLT
CALL PLBT13,.10, *,2) TPLT
CALL LST(3,0,10,-lo,) TPLT
CALL PL8Tt2,95.10,-I .dI TPLT
ZzZ*ZMAX/10, TPLT
CALL NUMf!E(2,32,V.93-I,.4,Z,, 4h'5,n) TPLT
i (I E0,5.ANU.IFMCCtc.u) CALL sYM6eL (2.,4.5,.1l49HDEPTw Mh).9.,TPLT

1 9 ) TPLT
If (I,EQ.!.A'*U.lF'IC.Ll.U) C.L SSBL 2.,4.5,.14,IOWOEPTH (VTi, TPLT

19U, ,1u ) TPLT
31 CbNTlNUE TPLT

If (IFMC.LT,o) ZAXm LAX-0,3U46 TPLT
NshRhiAX TPLT
M=1 TPLT
IREC:U TPLT

3 08 5 ILBLK TPLT
IRECxIREC1 IFEFco TPLT
PiAD)(1) hA,P(IEC,7u3TIIPC),TRI),Ixl,NhkAl,IZPI),IlNA)TPLT

1,(SSCflIlo.MAY),CNCuUNT(I),llNQAY) TPLT
IF(EOF1,) 36,J8 TPLT

30 IfEFu1 TPLT
I CNRMAXLT.IREC-1) P T 2 TPLT
NkPAXIREC-1 TPLT
NkzNIRAX TPLT
GL TO 52 TPLT

3d IF(IOTb4EC(,1) 39,4C TPLT
3'v PHINT 9039, lpC TPLT
4' vL 45 I:li,.T"PLT * KtNh;PLbT(l) SJ:LBLr5Ul).IR 1 7STSQ(J)xZQCI) TPLT

If (NSRS.E ,?7c CA'J.NPRS.Ei25c) GP T6 41 TPLT
NN NCo'JNT (K)SIMaNN/Il lNiuI"'/ I SH3$FN/INIt 40RHM TPLT

41 1'-JKtAlooZieRitRFd GtPs)ZST8R(j)=--Z(K) TPLT

If ZH(XKLT.U.G) ZSToCj~ad~C'() TPLT
4> TSTORCJ)=-TP(rK) TPLT
5u CbkjTTp.UE TPLT
5k IF eMBLP.FG,l) G T0 U IL:zdLKLBL( TPLT

MUlSKS(h-1)-LbLKt TPLT 

CV 55 I=l,'.THLT TPLT
CALL KLCATE(llbK) TPLT
J:e1-1) LeLK-1 TPLT
K=J+LcLK-1 TPLT:

CALL tw0I LfrLStSwRj).'STUP(K)) TPLT
TPLT

CALL LC&TE(tID!z) TPLT
CALL L;KoP!fEtTS7ORNJ), T ST t(w)) TPLT

5) ,3 ~ SlV~b= TPLTt

5 7
568
5 9
6 
61I
62
6 3
6 4 
65
6 6
6 7
6 8
6 9

71

72
73
7 4A
7 5

7 7
7 8

830

8 4
8 5
e 6
8 7 e~~~~~~~~

9

94'

9 6
9 7
9 8
99 

104

Ica~~~~~~~~~~~~c~

1059

107 
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5 A o4/05/72 r

6i) li(c. n. jlv FfLv. ir 6 5 TPLT 113
TPLT 114

C.s T ... J1 TPLT 115
o5 %NF~z32.( (' hAY. ^/.S.1; TPLT 116

TPLT 117
r ,' L t AL7;M~x / ATPLT 118

CA'.L I'L'.Ter TPLT 119
E C''i4L#I..,' L r, PU TPL T 120

ILl' TPLT 121
TPLT 122

Cji 70 I:XN.TpHLT TPLT 123
CALL gLU r UYbK TPLT 124
CALL , ; ,SfkCO,;C) TPLT 125

uS':~lOJ lS* !_FL TPLT 126
CA. TS! LAIF C! tPLT 127
CA L /F A, ( TbT(1 () I'TN(NO CL)) TPLT 128

TPLT 129
CALL r'AYP6itT(FSTON. TSsI-) TPLT 130

7!j ~~~~~~~~~~~~~~~~~~~~~~~~PL T 1 3 1
G, T'q 90 TPLT 132

p ! .:2 TPLT 133
.' 5s S5 ':1," TtHLT TPLT 134
L:C Lll-*)-LoL~T tPLT 135

CALL zAYPLrT<r .eTSTbPL) TPLT 133
tPLT I 3 7

9 C-LL TL6!4L-_l.,U.,-3) tPLT 136
1t C li E .t'.h; ) 8f .2 9.~ j I'C3O TPLT 139
;IPCIPEC*. TPLT 140

; Sc~~~~~~~~qAI;) *S4vLf,;liNEC).7bSIll"LC)#(TR~ll12llRAYI#lZatf)ll NA)TPLT 141
1. *$51 CIC.L7,IX1wC AY1¢ r.NT)#Ivl#NQAY1 TPLT 142

SI EF.11 9,9 TPLT 143
1 li I L . L , TC C T TPLT 14 4

rALL bT&PPLET TPLY 145

_ S lP TPLT 146
_~~~~~~~~~~~~~~ F;. TPLT 14 7
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TI IF L I
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^btTRY
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CbUICT,
PLS S
SKIF IL
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Sw4R?,T|'.c PTW°T TPLT 148CQwM"3, IsrO IP.-l,5tliX,tr4AtlSCALEALPR2nOOdol86T(rPOOoDlset TPLT 149R18AMIN. &L-1@84Q@5) TPLT 150
PMA . y 

TPLT 151
l ; P r'AALT.a%1.05; TPLT 15250 IQ-A./PT TPLT 153Ii('iTL .TmI 5/ TPLT 154a :2 .9wr r 

TPLT 155'.I: R A / T 
TPLT 156

IP(,iTL'E.sTml GG TM / 
TPLT 157

? 1 =2 , @ T T P L T 1 5% I :;0A'./ 
TPLT 159

LG ,',?T S*; AXIS 
TPLT 160Qlz2.ST 1 
TPLT 161

X :3 6 
TPLT 162C PLoT S69F5uF AX1t 
TPLT 163Si -ALL P'LUT(3_10h5jL 
TPLT 164

X3, 
TPLT 165

TPLT 166I~ j J~%'~.LT,)i NSLALE~u1.a52.HS~ALEPTpLT 
167

Ia A:CA LT L SS 
TPLT 168

CX=4T-qCAT{tb! > 
TPLT 169

R:C 
TPLT 1C79

Irz:Q 
TPLT 1705z CALL 0LST

1 X#L'U.s2
1 TPLT 171CALL l'LETX9.:,je) TPLT 172PK~~~~q/lrc'r, ~~~~~~~~~TPLT 173

CALL :~-PQX.4l.514-IKo#w4O 
TPLT 175

IF (R.LT .0AN / ) iAq Tu 9 
TPLT 176

IF(1 
3 Er.,) d T 59 

TPLT 177
IF1XI'.LT.Q)C^LL Y°L(X-,3QU10.25el,4.IHANGE WS,140,#10) TPLT 178litlKP-.Ct.0ILALL SYbt4Llx-,3ull:.250,14,1rHPANGE 00;0,1O1o2 TPLT 1791 :1 

TPLT 1805, CALL LOTCX1jc.a5) TPLT 181IF r 'ie r 6U TPLT 182x:x-x TPLT 183R~a~r 
TPLT 184.. TO 58 TPLT 185C PLoT PtTT'. CNTjLU, TPLT 186FQ ^,6 63 I:-,\w 
TPLT 187
TPLT 188y:I~1. .C1 -ZrC.(tlZ9.&Ax TPLT 189

X=QP(Kl@RiC'Lc-3. 
TPLT 190IY:2 
TPLT 191

lI' .O.1 I:3 
TPLT 1921t F Y.4E.0.) Tr 64 TPLT 193I.-,-j 
TPLT 194r n , TPLT 1956.? CALL PL3TCXoY,IP) 
TPLT 196
TPLT 197
TPLT 198
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PHNWAM LEN5TH
EhTFkY PINTS
BLCLK NAMES

EXTLRNAL SOLS

I|:Nt PLOTCT

PLeTBET rJOU1u

I NF U7647

PLOT
%w-WER
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PM .1F
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iA^A4 /0 5i 72

Sri¾sT: .: (ISl 4STf TPt 1.99
Dl i~alo' ZSE'cI"2jflul .?/?bQ(?b0u) TPLT 200
Ol'*EZ(bld' 212>),R17>) TPLY 20CQ4Mq /]%rF, 1 I ihN&Ftix.Z4AXCALEALRRlt20o0OltZR(200o) .NM TP.T 202
JI:xl S 19N:L IPiu I ITzU IRIo S IS 157g t.jl TPLT 203

IF tO,0.0) % .~1 r2 \ s r (NIP.NF.1) Ppml YPLT 204
Zd:A& S~l~s~d lN"i'IJ (STosT lj).LTV.0) RETURN TPLT 205
Tv,4 S R ( I TPLT 206

TPLT 206zob :C f ( 7PLT 20'
K=u?-stSCALE I QF-nT.4qU 7ZZI TPLT 209
Y=1 J . * 1 1. -7314'AX } TPLT 210
IF (Y.6T.C 1 ) :r., TPLT 211CALL f`L9TIX&'..Y, ) TPLT 212
Co 9C LL,%R TPLT 213
I IDI,GT.O) 56 Tf 7 TPLT 214
Lr^ R-LL.l TPLT 215
SW r.- 74 TPLY 216

7J LZLL ?PLT 217
4 -4At ZF T z(L ) rL TTSTdR (L) NzRRCLI SZ8aZBAT Lt l ftRN-Re T-" T 216

IF IeGT.Z9N Z~viq- I IF If tSTIRILI,LT ,.O. AND, IPR,EOo1) 9,9J TPLT ?,19
3 If 94.95 TPLT 220

v4 X!-'4SC?.LE TYzlo.1*( -e/7MAX)sIF (Y,LT.,.) Yg0 0 TPY.T 221
CALL L3T Cx...,Y,3) Z...1llCRsoilP;:lcslr(ZSrR(S ).rE.o,)ISlT PLT 222, Zr'Z Z-D-Ts TPLT 223
Z.'sZ4.-CQ-T3 TPLT 224
If W*.GF0 P Te 7p TPLT 225
18 I,?'.G=,O} , rn T1 7TPLT 226

TPLT 227
7 &~~~~~~~: - t 'N I~~~~~~~~~~~PLY 228

TPLT 229T~ 1i: s~ E - T j TPLT 230

IFZN,.LaZ;N) G T P TPLT 232
R ;3 TI 16 TPLT 233

tFiZW-Ze TPLT 234
TPLT 235
TPLT 236
TPLT 237
YPLT 238

G4 T3 7 TPLT 23970 Zv:2..*Z3-ZS TPLT 240
r-- Tb TPLT 2417/ 'eXR-pe TPLT 242
Z~VzxsZ;+Dc-rs. TPLT 243Z%^tZ .-DQ.TN TPLT 244

.*c >^:AYSID%SCD A&Lt 'TPLT 245
%z'X/,22.. TPLY 246

r !TkrPtL;TJ'.T F rirTtkTmS ,!lLL F DE TPLT 247
If ~~~~~~~~~~~~~ ~~~~~~~ ~~TPLY 248Ii ~~~~~~~~~~~i TPL~~~~~~~~~~Y 249

t& :1 t/C~.u TPLT 240
TPLT 251

C SPLINE FIT T C14TJ'Q¢ LI.eAq INTERPLCLATION TPLT 252
,D L Z ,I ^ s 7 :- i-. T P L T 2 5 3~~~ :j ~~~~~~~. -/ b ~~~~~~~~~TPLT 254
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0 \ Za 2TL 5

TPLT 257

TPLT 258
G:1. -i TPLT 259
Z4zG~iZd.F 22 T-0T 26 0

Z~~~='Soil-FvZS ~~~~~~~~~~~TPLT 261

7 i'.) zG-'Z4.F .15 TPLT 2 62
RJI) zw3..F *I TPLT 263
11=1141 TPLT 2E4
VrF .O) TPLT 265

IPU11,LE.N) 5,i T'n 79 TPLT 26 6

De 9 11:1.!v TPLT 267

IN~ TPLT 2 6 

IF (2(11 ).LT.!. 1.z IP1.T 2,59

I (7( ) oT Zc.(j(1)-'. T-3 T :- PLT 27 0

111 1lE~)q-1Tr ; TPLT 2 71
I F (1,4 Q 10 T.ir 82 TPL T 2 72

IF C I li %E I ALl . Ir IJE . 1 Gd TOs iC TPLT 27.

Rri[T= 1too . (l-l.(1 C 11-1)).(Z(I1)*7(11.1fl/(Z11)ZTPLT 27 4
_ii))) NRLTPLT 27 5 

X:qIT.RSCALElIPz35TIF (1ff SC1)P~~1PT276 
Ck L L 'LOTiYo.,j,1C,,P) I (75T6Q(L),GS.o, 0 ) '30 TOl- t12 I[PRz1 TPLT 27 7

G T 91 TPLT 278
I Id II((1 )LCI -. l'I - I C II -I T- TPLT 27 9
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Appendix B

COMPARISON OF CALCULATED AND EXPERIMENTAL RESULTS

A comparison was made between the calculated results from TRIMAIN and someexperimental data which was furnished by Cdr. P.R. Tatro of the Maury Center forOcean 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 ofMGS class IV for the entire track, type 11 intensity calculations, a source depth of152.4 meters and a receiver depth of 762.0 meters. Figs. Bla, Bb, and Bc are printplots of input sound-speed profiles, Fig. B2 is a Calcomp plot of profiles and the bottom
track, Fig. 3a 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 rayevery 150), and Fig. B5 is a Calcomp comparison of experimental and calculated intensityvalues. Good agreement exists between the two sets of values.
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Fig. B5 - Comparison of experimental and calculated intensity values
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