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ACOUSTIC TRANSMISSION LOSS BY SINGLE-PROFILE
RAY TRACING (PROGRAM RTRACE)

INTRODUCTION

Long-range acoustic ray tracing calculations tend to be complicated and time con-
suming to make because of the necessity of introducing new depth vs sound-speed pro-
files into the computation as range from the source increases, and because the water
depth must be taken as variable, in a piecewise-linear (or some other) approximation of
the bathymetric profile. In such calculations, one wants to trace as few rays as will suf-
fice to delineate the acoustic field (although the number of receiver ranges may be large
or unlimited), and it is helpful to have advance knowledge of which rays will reach the
receivers.

The situation is different if the ranges involved are short enough so that one sound-
speed profile can be used throughout. If, also, the bottom can be considered flat (or if
bottom interaction is negligible), the program can reduce the computation time by taking
advantage of the periodic form of the ray trajectories, and a large number of rays can be
traced in a small amount of computer time. RTRACE, the program described in this re-
port, is for such flat-bottom, single-profile calculations. The program is useful not only
for the exact solution in such situations but also for quick first approximations in cases
where a more general computer program will be used later. Examples of more general
programs employing range-dependent sound-speed profiles and variable bottom depths are
the NRL programs TRIMAIN {1] and GRASS [2].

The version of RTRACE described here uses unmodified ray theory throughout. All
intensity calculations are made from closed-form solutions for individual ray trajectories,
and it will be seen later that results are sensitive to small variations in the sound-speed
profile. The following summary gives the major characteristics and limitations of
RTRACE:

1. The source language for RTRACE is Fortran-63. The program is compiled and
run at NRL on a CDC-3800, using two memory banks. (The actual program storage used
is 58,100 words.) Peripheral equipment required for the various output options includes
a digital (CALCOMP 565) plotter (with associated software) and an extra line printer, or
a secondary storage unit to save selected outputs for deferred printout.

2. The medium is represented by a single depth vs sound-speed profile; i.e., there
are vertical but not horizontal gradients in the sound-speed field. The user may enter a
profile with as many as 100 depth points. If the profile is entered in depth-temperature-
salinity (DTS) form, the program will compute the sound speeds by Wilson’s equation [3].

3. The program fits the sound speed in each layer of the profile to a curvilinear
interpolating function

Note: Manuscript submitted August 21, 1974.
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This fit is continuous through the first derivative dc/dz. The fitting algorithm includes a
provision for reducing the number of layers in the profile by discarding superfluous inter-
faces, and the user may control this process by specifying a fitting tolerance.

4. The bottom is represented as a flat, specularly reflecting boundary with a re-
flection coefficient varying with the grazing angle but not with range. The user may en-
ter arrays of real-valued bottom loss and phase shift tabulated at 1° intervals of grazing
angle.

5. The surface is represented as a flat, specularly reflecting boundary with a con-
stant user-specified reflection coefficient and a constant phase shift of 180°.

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

44f2

a=3.025(10%)f2 + ————
4100 + f2

where « is in decibels per kilometer, and the user specifies thé frequency f in kilohertz.

7. The user will select the rays to be traced by specifying an upper limit, a lower
limit, and an increment of grazing angle at the source. If the user requests it, the program
will automatically supply a more dense ray distribution for source angles near the hori-
zontal. Any number of rays may be traced.

8.  The user will specify M receiver depths and N equally spaced receiver ranges,
where M < 50 and the product M X N must not exceed 2000. The transmission loss at
the receivers may be computed by either coherent- or random-phase ray summation. The
calculated transmission losses may be listed, printer plotted, or CALCOMP plotted. The
user may also request a listing of the “eigenrays” from source to each receiver, a listing
of the layer-by-layer history of each ray traced, and a CALCOMP trajectory plot of all
rays traced.

9. The user may specify source and/or receiver directivity characteristics by supply-
ing vertical beam patterns tabulated at 1° intervals.

More detailed descriptions of the input/output options, with a sample data deck set-
up, will be found in the third section of this report.
THEORY

Any two-dimensional ray-tracing algorithm begins with the scalar point function
c(r, 2); i.e., with sound speed as a function of range and depth. The use of ray theory to
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solve an acoustic propagation problem implies that the acoustic wavelength is small com-
pared with the distance over which the sound speed may change significantly; i.e., ray
theory is the high-frequency limit of a more general wave theory. The condition Adc/c
<< 1, where dc/c is the fractional change in sound speed over a distance of one wave-
length A in the sound-speed field, is sufficient to make ray solutions valid except near
turning points [4,5]. As noted in the introduction, the use of a single-profile model
neglects range dependence entirely.

Ray tracing without range dependence is then the process of solving the differential
equation of the ray trajectory

Lo | 1)

2 2
Cm —€(2)

where ¢, is the characteristic parameter of the particular ray. For certain functions

¢(z), this equation can be integrated in closed form. To use data gathered at sea in the
form of a sound-speed profile (a set of discrete depth vs sound-speed pairs), an interpolat-
ing function is needed to define c(z) for all depths z. The form of the function used and
the method of fitting the data points define the ray-tracing algorithm.

The algorithm used in RTRACE is based upon the interpolating formula

2 1/2
1- kai(z - zai)

where {zi}is the set of depths of the sound-speed profile. The advantages of this formula
have been discussed by previous authors [6,7]. The fitting parameters {cai, ks 2y } are
chosen so that the resulting piecewise function passes continuously through the profile
points and has a continuous derivative de/dz. Then the ray elements for each profile
layer (i.e., the integrals of range, ray intensity, and travel time for each ray passing
through a layer of the profile) can be evaluated in closed form. The solutions, in the
formulation of Pedersen and Gordon [7], are outlined in Appendix A of this report and

need not be discussed further here.

The algorithm used in RTRACE for fitting the interpolating function to the input
profile is a modification of the “point-slope-point-slope” method [7]. In Fig. 1, z; and
z;,, are depths at which the sound speeds c; and ¢;,; and the gradients y, , are known.
A pair of bridging curves passing through points (z;, ¢;) and (2;41, ¢;+1) with the given
values of slope at these points is determined such that ¢ and dc/dz are continuous at the
depth z, where they meet. The sound speed at the intermediate layer boundary, ¢, =
¢(2,), is assigned arbitrarily, while z, is to be determined. The value ¢, is computed so
as to be intermediate between ¢; and c¢;,,. The interpolated profile derived by this
algorithm preserves maxima and minima on the input profile without the addition of

either maxima or minima.
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Fig. 1—A pair of interpolating curves between two points on the
input profile

This process transforms one layer in the input profile into two layers in the fitted
profile, each having its own values of the parameters c,, k , and z . To avoid doubling
the number of layers in the profile, RTRACE contains prov1s10ns %or discarding input
layers; i.e., if a pair of interpolating curves, bridging several input layers, can be found
passing sufficiently close to the intermediate input points, then these input points can be
discarded and replaced by the one derived intermediate point. The test for “sufficient
closeness’ depends on the depth and gradient, as well as on the error in sound speed, and
can be controlled by specifying a single tolerance parameter.

The parameters calculated for the interpolating function will depend upon the slope
¥; associated with each input point (2;, ¢;). These slope values are not part of the input
mformatlon the program must assign an estimate of the gradient to each input point
computed so as to yield a smooth-fitted profile. In RTRACE this is accomplished by
computing the mean gradients for the layers above and below each input point and assign-
ing their geometric mean as the slope value at the point; i.e., by making

g = ¢~ Cia
btz
and
Yi=V &8sy i 88, >0
or

y;=0 if g8;,4 0.

If g; and g;,, do not have the same sign, the point (2;, ¢;) will be a relative maximum or
minimum on the profile and will not be discarded from the fitted profile. If g; and g;
do have the same sign, that sign will, of course, be assigned to ;-

4
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For the point at the surface, and similarly at the bottom,

£
y;=—, ify,#0
iy, !
or
y;=0 if y,=0.

After this computation, the y; array is smoothed to moderate any large jumps in
slope that it may contain. The fitting parameters are then computed, and the actual ray
tracing can begin.

For this model, the trajectory of a given ray in the range-depth plane is strictly
periodic in range. This holds also for the travel time, phase, and range derivative increments,
T, P, and B, which are the other quantities accumulated along the ray path for the purpose
of calculating intensity at the receivers. When the ray has been traced through one period
and back to the source depth, its entire history to any desired range can be obtained by
repeated addition of the appropriate range, time, and range derivative increments.

Ray histories need to be known for those depths at which transmission loss is to be
computed: i.e., the receiver depths specified in the input data. This information need
be held in storage for only two rays at a time: the ray currently being traced and the last
one traced. The tables are searched for cases in which these two “neighboring” rays, at a
given receiver depth, are interposed by a receiver range (see Fig. 2). Then the values of
T, B, and P at the receiver are found by linear interpolation. This gives an intensity con-
tribution to be added in the appropriate cell of the M X N receiver intensity table.

Thus the nature of the table limits in this program can be seen: storage arrays of
dimension M X N are needed to accumulate the receiver intensities as the rays are traced,
one after another; but there is no limit to the number of rays that can be traced because
information relating to any ray is automatically discarded as soon as two more rays have
been traced. The program is inherently suited to short-range computation (a fact appro-
priate for the single-profile, flat-bottom model). Because the spacing between rays can
be made arbitrarily small, the acoustic field can be computed in precise detail.

Certain computational difficulties can arise in using the closed-form solutions of
Appendix A to trace rays from one interface to the next. These can be put (as in
Pedersen and Gordon [7] into two clases:

1. A ray is horizontal at a layer interface.
2.¢c, = C,i for some layer i.
These are cases where the expression for B; becomes infinite or indeterminate. In some

cases, the expressions can be evaluated in the limit; in others, the theoretical intensity
becomes infinite. In RTRACE most of the trouble is avoided by the following methods:
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Fig. 2—Interpolation of ray parameters. The two neighboring rays are interposed by
the receiver at point (R, 27). The ray parameters of the eigenray between them are
found by linear interpolation. The eigenray reaching point (R, 29) is found by inter-
polation between the two ‘‘grazing ray” crossings.

1. A ray that is horizontal at the source is not traced. When the 0° ray is en-
countered in the source angle distribution, a ray of a slightly different angle is traced in-
stead.

2. A ray that becomes horizontal at a depth where the sound-speed profile has a
maximum is not traced. Instead, two rays, one of slightly smaller and one of slightly
larger parameter ¢, are traced, and trajectory elements are never interpolated between
these two rays. Thus, a ray horizontal at a profile maximum is replaced by two neighbor-
ing rays, with a ‘‘shadow zone” between. The ray trajectory plot of Fig. 3 shows cases
where the ‘‘bifurcating rays’’ are traced.

The remaining cases, where limiting expressions for B; must be used, are programmed
as in Eqgs. (13) and (17) in Pedersen and Gordon [7].

INPUT DATA STRUCTURE

The input data deck for RTRACE may be set up for multiple runs; i.e., for any
number of ray traces to be done consecutively.” For each ray trace the card types shown

6
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SOUND SPEED(M/S) RANGE (KM)
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Fig. 3—This ray trajectory plot shows rays that cycle about the sound channel
axis, and also the split or bifurcating rays corresponding to maxima on the pro-
file. The contracted layer depths are marked on the profile plot.

in Table 1 are used; the variable names and input formats used in the Fortran source pro-
gram are shown. (See Appendix B for a description of the subroutines and definitions of
the most important symbols.)

The number of receiver depths must not exceed 50. The number of receiver ranges
is computed by the Fortran expression (RL-RF)/DR + 1, and the product of the two
numbers must not exceed 2000.

A ray-tracing ‘“curved-earth’ correction to depths and sound speeds [8] is ordinarily
applied, but way be omitted as follows:

1. To omit the correction to source and receiver depths, enter the source depth
with a minus sign.

2. To omit the correction to profile depths and souﬁd speeds, enter the first sound
speed with a minus sign (or in the case of DTS input, enter the first salinity with a minus

sign).

If not omitted, the curved-earth correction replaces each depth z; by 2;(1 + 2;/2R)
and each sound speed ¢ by ci(l + zi/R), where R is the radius of the earth, taken as

6317.2213 km.

If a more dense ray distribution for angles near the horizontal is desired, attach a
minus sign to DGAMD.

The first depth in the sound-speed profile must always be zero (the surface). If a
nonzero number is entered in its place, it will be interpreted as a multiplicative factor for
changing the standard fitting tolerances. The standard tolerances used in the program are

0.1 m/s,
1.0m,
0.0025.

7
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An input point (zi, ¢;) on the profile will be discarded if the calculated values ¢ and g of
sound speed and gradient in the current layer satisfy the relation

le ~c;l <e, +gle, +z¢,)
where ¢ and g are calculated at the depth z,.

The bottom loss table is tabulated at 1° intervals, starting with grazing angle 0°. In-
put is terminated by a blank or zero. The last loss will be extended to all higher angles.
The bottom phase shift table (in radians, to be added to ray phase wt) is read in similarly.
The program interpolates linearly in these tables to get the bottom loss and phase shift
for a particular ray grazing angle.

Source and receiver beam patterns (in decibels, to be subtracted from source or re-
ceiver level) are read in similarly to the bottom loss table. If a pattern has been declared
asymmetric (ITBP = 2 or IRBP = 2), two card sets (first upgoing, then downgoing) are
used, each beginning with 0° and terminating with a blank. Linear interpolation is used
in these tables also.

T I ITY] DATA DECK FER THE EXAMPLE ©F SECTIGON 3 TIITITIIIY

RTRAGE EXAMPLE W[TH BETTOM AN SULRFACE LOSSs) RAYS SUMMED COHERENTLY
15, 15, -] 2 2 200, o1 1. 1,
1 0 0 2 0 ¢9 99
91,44 1v,288 91,44
0, 1490,9 10, 14931,0 20; 1489,6 30, 1480,3 50, 1474,9
75, 1469,6 100, 14¢7,1 125, 1465,5 150, 1463,8 200, 1460,4
250, 1458,1 300, 14%7,0 400, 41455,8 500, 1456,2 600, 4457,1
700, 1458,3 800, 1459,5 900, $4641,0 1000, 1462,4 1100, 1463,9
1200, 146>,4 1300, 1466,9 1400, 4468,5 1500, 1470,1 1750, 1474,4
1850, 1476,0 *1a
1 1, 2y 3. 4, By €& 7, 8, 9, 40,

Fig. 4—Sample input data deck

Figure 4 shows the input data deck for an example in which a bottom loss table
and surface loss are entered and a coherent ray sum is specified. The following printout
gives the computer output. The time required to load the program from a binary object
deck and execute it for this example was 29 s.

11
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SOVRCE 13 1,44 1407,7555
RCY 5 b 1 19,cv FEA U E-R)
]CY 13 H 2 $1,44 $467,7555
(2RgFILE N VELTIITY (Mesu ey L4
JNTERFACE NC, : 4490,90000, 0,0000000404¢
INTERFACE NG, 4 1490 ,94999" ©5,00000006050
INTERFACE AO, 3 1491,00000¢0 0,000000080CE
INTERFACE NG, . 1490,299507 2,76131724000
INTERTACE N0, > 1490,128438 3,59831%64000
INTERFACE NO, ° 3989,600000 21:7306370«000
INTERFACE A€, 7 1484,928159 ©7,42483054000
INTERFACE NG, [} 1480,390000 ©1,29090084001
INTERFACE NG, v 1477592600 5,79878844003
INTERFACE NG, 10 1474,900000 #2,32YR0%504003
INTERFACE N, 11 1472,242845 03,625%6264001
INTERFACE NO, 1t 1469,000000 «3,50947444001
INTERFACE NO, 19 1467,755507 =1,98149640004
INTERFACE NO, 14 $467,545705 «1,08549354003
INTERFACE NG, 13 1465,500000 5,44083564002
INTERFACE NGO, 10 1461,765952 «1,283516774002
INTERFACE MO, 17 1458,100000 06,28902764001
INTERFACE NG, 18 1457 ,549689 »1,23786650002
INTERFACE NO, 1y $457,000000 2,62543024002
INTERFACE NG, 2V 1456,399629 «6,533176754008
INTERFACE NE, 21 1455,8(0000 0,00000004060
INTERFACE NGO, 22 1457,068391 ©2,00637884003
INTERFACE NO, 28 1458,300000 1,31354030093
INTERFACE NG, 24 1462,5081037 1,29949060004
INTERFACE NO, 25 1466,900000 2,14637%524003
INTERFACE NE, 2¢ 1573,258 1471,428896 *2,08275834003
INTERFACE NG, 27 1850,000 1476,000000
CONTRACTED LAYERS CEPTH VELOCTTY LRCVNC
1 0,00 149¢,901000 0
H 10,00 1491,00000C [
3 18,29 149C0,111433 1
. 91,44 1447,755507 2
s 400,00 1459,800000 ]
[ 18%0,00 147¢,000000 ]
CENVERT CAS 2,35949376006 T€ ANGLE 0,017109 0,9803
CENVERT CAS 2,3605000006 TE ANGLE 0,053570 3,0693
CENVERY CAS 2,4745764006 TE ANGLE  #0,305744 =6,0587
CONVERT CAS 2,3817540006 TE ANGLE 0,112400 6,4404
CONVERT CAS 2,1893434008 7€ ANCLE 0,126845 7,2677
CONVERY £AS 2,2034284006 Y€ ANGLE 0,346370 8,3864
CINVERY CAS 2,2016320006 1€ ANGLE 0,347114 8,4290
CENVERY CAS 2,2198394006 TE ANGLE 0,172674 9,8935
CONVERY CAS 2,220531006 TC ANGLE 0,373540 9,943¢
CENVERT CAS 2,2217664006 1€ ANGLE 0,175144 10,0350
CENVERY CAS 2,22278340068 1€ ANGLE 0,176432 10,1088
CENYERT CAS 2,223081006 T€ ANGLE  0,176808 10,1304
GAMLT GAMLE DGAMD RF OR
VBPL AND RANGES 15,00000 1%,c000¢ 0,50000 2000,000 2000,900
1§CP  pAageT IPER IPRAY  1UVRS NSRM NBRM
CONTROL INLICES ! 0 0 0 0 99 99
YOL ATTEN 8 1,103e(00¢ DB/KM AT C,40C KWHZ, SL(DB) ® 31,00 SOURCE LEVEL s 0,0

©

r
@
»
o
CENCUSE UNIO >

BOTYGM
BOTYEM
CEARLCL
BOTTOM
BevYOM
geTTQM
geTTeM
eeTrem
BOTTEM
BOTTEM
gOYTEM
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BOTTEM
B6TTOM
BOTYTOM
807TEOM
BOTYEM
BOTTEM
BOTTOM

-
o

CH SET

CH SET
CM SET
CM SET
SEY
SET
SEY

SEY

12

BRC 3

0,9772

6,7942

G,0330

60,5012

0,39684

G,3162

G.2%12

0,199%

6,588

60,1258

6,000 1

0,000 1

0,1000 1

0,1000 1

0,1000 1

0,000 1

0,1000 1

0,3000 1

0,1000 b

0,40u¢ 1

9.300c 1
°1,05742001

*1,0874=001
*1,7¢81°008
‘wl,7681%001
«31,05742001
*1,0274%001
*1,76819001

w], 7681001

L(ce) ARG(RC)
0,40 =0,00
1,00 =0,00
2,00 0,00
3,00 0,00
4,00 0,00
5,00 0,00
6,00 0,00
7,00 0,00
8,00 0,00
$,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0.00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
0,00 0,00
1475,999843
1476,000157
1490,999734
1491,000266
1475,999843
1476,000157
1490,999734

1491,000766

0,105743
0,105745
0,176807
0,176809
0,105743
0,109745
0,176807
0,176809

13

3284006
08104006
176614006
2,22176614006
2,21983889006
2,18934344006
2,18175424006
2,20112809006
1,61678480006
2,15493704006
2,1520367+006
2,1520367006
1,9822137+006
2,2046121006
2,1234073006
2,12314244006
2,12061404006
2,1290825+006
2,1193536+006
2,1193536006
2,16050044006
2,4036983+006
1,88791364006
2,1041001006
2,22054094006

24
24
2,2
2,2

AL 1
200000,000

1PL
2

CAL0eN0s =1

KACK
1.095%394e006
(0965694006
«2,78015895=006
453406868000
«4,53400R6e006
.7,9422812e006

7.6729172e006
3,4593192e006
*1,0159089=006
1,87116n9a007
1,4303620.006
1,1279834e006
1,1279834a006
1,0831139.007
1,9827306e007
4,23687084007
4,0394532007
2,3%762054007
=1,4145276w007
30174423007
1,43376340007
©4,5072495e008
5,4274847008
1.,9257096.008
4,78188610008
«5,1544436.008

LRCVN

CO00O000C000CONCOCDORACHOOOO

\:14
0

DATD
«0,000

tRAP
-0

DARD
0,000

DCc/n7
01,0000
0,0200
0,0070
«0,1879
«0,2448
“0,36M8
.y, 4313
=0,5011
20,1997
«0,23%92
12367
«0,1456
»0,0789
=0,0873
©0,0660
«0,0719
«0,0318
“0,0213
=0,0142
»0,01R4
0.0000
0,0426
0,0120
09,0130
0,0155
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COMERENT SUM &F RAYS

SOUND LEvel, RCV At 18,3 91,4
RKM » 2,000 62,8 =60,3
RKM w 4,000 68,3 “74,4
RKM ® 8,000 71, «77,0
RKM » 2,000 «200,0 =84,4
RKM w 10,000 «260,0 8200,0
RKM ® 12,000 ~200,0 «200,0
RKM & 14,000 33,1 84,7
RKM ® 16,000 85,1 89,3
RKM & 18,000 92,2 .51,7
RKM w 20,000 wt?,6 =t4,8
RKM & 22,000 .53, 86,3
RKM ¥ 24,000 94,7 *83,2
RKM w 26,000 «¥7,8 81,9
RKM ® 28,000 «¥7,% 84,3
RKM » 30,000 vd,2 =51 ,4
RKM ® 32,000 ~114,7 .102,2
RKM » 34,000 ~114,7 «be,8
RKM » 36,000 «110,9 =72,%5
RKM & 38,000 ~10%,6 =84,2
RKM ¥ 40,000 ~108,4 *27,6
RKM w 42,000 106,14 100,14
RKM & 44,000 -107,3 *96,8
RKM & 46,000 =109,3 ®92,5
RKM = 48,000 -115,8 *94,4
RKM & 50,000 «113,9 =94,2
RKM & 52,000 ~133,3 =94,7
RKM u 54,000 ~118,5 ®$5,1
RKM w 56,000 «113,0 98,7
RKM w 58,000 -112,1 04,2
RKM & 60,000 ~113,1 «105,7
RKM & 62,000 v124,6 «102,5
RKM & 64,000 »121,9 «104,5
RKM & 66,000 “122,1 103,31
RKM ¢ 68,000 ~124,% «105,3
RKM & 70,000 .122,4 086,95
RKM & 72,000 .124,6 =82.1
RKM @ 74,000 «126,8 95,6
RKM » 76,000 v“120,8 89,7
RKM » 76,000 .123,9 91,0
RKM v 80,000 ~12%,5 «102,9
RKM @ 82,000 ~12%,0 «103,8
RKM & 84,000 ~126,% *106,3
RKM » 86,000 “128,8 «108,5
RKM & 88,000 ~130,0 *113,2
RKM w 90,000 ~133,2 «107,5
RKM ¥ §2,000 ~138,1 «142,0
RKM & 94,000 .132,9 ©130,9
RKM » 96,000 -132,9 .117,7
RKM ® 98,000 ~135,2 «108,9
RKM w 100,000 «135,1 °108,4
RKM & 102,000 »136,0 *109,1
RKM & 104,000 -136,6 69,7
RKM 106,000 »137,5 74,7
RKM w 108,000 ~139,6 “B5,6
RKM & 110,000 ~139,8 94,9
RKM w 112,000 «139,1 »97,7
RKM & 114,000 «139,7 96,1
RKM » 116,000 v144,2 95,9
RKM & 118,000 -146,4 *120,4
RKM & 120,000 v147 .4 *113,0
RXM w 122,000 -147,1 129,14
RKM ® 124,000 .148,3 wl13,4
RKM & 124,000 v147,6 *117,6
RKM & 128,000 -147,4 «125,2
RKM & 130,000 -148,% «117,7
RKM a 432,000 -147,9 »114,5
RKM ¥ 134,000 ~150,2 =116,8
RKM w 136,000 -151,6 «313,8
RKM » 138,000 ~151,6 .117,2
. RKM 3 140,000 -152,9 “71,8
RKM w 142,000 ~155,2 “8p,4
RKM ¥ 144,000 ~158,4 89,6
RKM & 146,000 -158,9 94,7
RKM % 146,000 «160,3 «100,6
RKM 3 150,000 -159,3 «107,6
RKM & 152,000 160,35 *108,6
RKM & 154,000 -162,2 99,0
RKM = 156,000 ~161,8 «119,7
RKM s 158,000 «163,3 =116,9
RKM ® 160,000 -164,8 *115,1
RKM & 162,000 -168,2 »119,6
RKM & 164,000 ~167,2 =123,%
RKM = 166,000 ~169,8 «122,1
RKM ® 168,000 ~171,3 «320,9
RKM ® 170,000 ~187,4 *127.,1
RKM = 172,000 -186,6 *121,9
RKM » 174,000 ~189,6 «d0,1
RKM ®» 176,000 »200,0 77,2
RKM s 178,000 -200,0 04,9
RKM ®& 180,000 -200,0 *$1,9
RKM ® 182,000 =2G0,0 56,0
RKM » 184,000 -200,0 «101,3
RKM ®» 186,000 -200,0 »103,3
RKM » 188,000 -200,0 «113,7
RKM » 190,000 «2(30,0 =118,5
RKFM ® 192,000 ~200,0 *«101,3
RKM x 194,000 ~2§0,0 «126,5
RKM & 196,000 -200,0 «120,5
RKM = 198,000 ~230,0 «128,3
RKM ® 200,000 «200,0 1244

14



NRL REPORT 7815

LEVEL Vo mASNLy

NEQEVED

91,44

sCe

PLUTS AS

RECE|VER 4T [EFTs

18,29
91,44

LEVEL(DB)

R{KM)

20

40

=80

80

100

e140

e e meaea T T T T T T T T T T T T T T,

[V e e e c e e et ce e e e st e~

-

o~
~
-
-
~
o~
o~
o~
- o~
o o~
LR
o~ ~
- ~
< -
-~
~ ~
- - Ny
- N~
~
-
~
L [ -
o~ ~
o~
~
~
- - ~
-
-
-
-
-
- e
-
-
-
-
- 4
- -

P I T I R L

e e e e e et - e e e e a e e =s .o asesmemnaceneese a4 ms e

D T T T T P I T L I I T R e st e e e ae.a.

® e = @ ® o o o e et e e e oo eassan e e e e sa e ...

~
~
~ ~
~ ~ev o~
~
o~
~ o~ ~
~ ~
LY
~
~
~ o~ o~
~ o~ o~
~ ~
~
~ ~
~ ~
~ ~
LU ~
~ ~ o~
o~
P T T T B S TP U P P 4 PR
- w~
~ ~
o~
- ~
- - ~
- o
- o~
o~
- o~

-
o e =M ~ = m e m = = e m e mm e m e mEEeEmee .%o arme e e e mme = n o arhrd =ttt v o d D ot 8w o v rd ot e St o e b o ed ettt b vd b vt P b rd D ot

0000000000000 0000000000 00
COCOCCO00C0OOCOO000O0O00O0O00CO0O
NTOOONTOVOONTODONTOLONT 0D O
NNNNOOVOOOONNAARADD DD DO O
LR = R P PRI b g e e e R

15



EVAN B. WRIGHT
TEST CASES AND DISCUSSION

The way RTRACE works is shown by the sample run of the previous section. In
this section two test cases are described, with a discussion of the results.

The first test case is a theoretical one, described extensively by Pedersen and Gordon
[7], with results that can be compared with those of RTRACE. One reason for includ-
ing the test in this report is to exhibit a theoretical check on the ray trajectory program-
ming of RTRACE. A second reason is that it shows the effect of varying the profile fit-
iﬁg tolerances in RTRACE and how ‘‘false caustics” arise on the range vs transmission
loss curve.

A single-layer Epstein profile was used for this first test because closed-form solu-
tions can be calculated for the Epstein profile [9]. The control profile from Pedersen
and Gordon [7] was entered as data to RTRACE (tabulated at 3-m intervals to the
channel axis and a precision of 10 decimal digits, as shows in Table 2, and a set of up-
going rays was traced to their first recrossing of the source depth. A ray diagram is
shown in Fig. 5.

Figures 6a and 6b compare the Epstein profile computation with RTRACE results
for the standard profile fitting tolerances. In Fig. 6a the solid line represents the range of
the first recrossing as a function of ray parameter, according to the Epstein profile com-
putation. The individual symbols show the ranges of rays traced by RTRACE.

The standard fitting tolerances of RTRACE are intended to be well below the experi-
mental error in a real sound-speed profile; i.e., about 0.1 to 0.5 m/s. In this test case,
using the standard tolerances caused RTRACE to discard 32 of the 36 layers in the input
profile. Such a drastic reduction in the number of profile interfaces speeds up program
execution considerably because the ray-tracing computation time is basically proportional
to the number of layers traversed. Figures 6a and 6b show the price that is paid in com-
putational error: the inaccuracy of the range and intensity computations arises not only
from the interpolation error on the profile but also from the fact that reducing the num-
ber of layers tends to increase the discontinuities of the second derivative at the interface
points on the profile. These discontinuities are, of course, inherent in the inverse-quadra-
tic profile fit. They lead to slope discontinuities in the range curve and discontinuities
(false caustics) in the intensity curve.

Figures 7a and 7b show that the situation can be helped by decreasing the fitting
tolerances. For these figures, the RTRACE computation was repeated with the tolerances
reduced to 1% of the standard values. This increased the number of fitted layers from 4
to 16. Convergence of the solutions to the Epstein curves can be seen, and the ray in-
tensity discontinuities are greatly reduced.

Although it may appear that tightening the fitting tolerances is desirable for accurate
theoretical results (such as calculating a very accurately defined set of eigenrays), a
second test case shows that this may not be necessary for obtaining reasonably good predic-
tive transmission loss curves. This second test compares some experimental transmission
loss data with results from applying the RTRACE model.

In Figs. 8a and 8b, the individual symbols show transmission loss measured at 100
Hz for an 800-mil track in the North Atlantic. The source depth was 4200 m, and the
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Ve000
124000
244000
36000
484000
604000
724000
844000
964000

1084000

INPUT EPSTEIN PROFILE FUR

164643639067

1623306473

16194871248
16164232963
16124649723
16U%4420206
16U6e811117
16044983340
16U3e95329V
1603607779

3000
15000
27000
39000
51000
63C00
75000
87000
99000

109eb61
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Table 2

12604 L00LY
1622477801
16lteyTl801L
1615320035
1611e7970Y2
1608701201
1606277738
16046653576
160380930y
1603603723

©«0Q00
18000
30000
42000
544000
664000
184000
90000
1024000

Pu 67 TLST CASE

locgeviyoyYl
16216627357
1618062994
161464159593
16106972377
1606024870
1605795065
1604e373156
16023705737

FOUR=-LAYER FITTED INTERFACES(STARUARL TOLERANCES)

LEPTH

QeQul
334660
694000
804432

1084000
1094561

SN

w

3IXTEEN=LAYER

DEPTH

QeQUO
Te827
154000
224668
304000
374457
456000
52¢184
604000
66827
754000
8le298
904000
944541
1024000
1044190
1084000
1094561

B e e
CUPUNFOCONOUVEWN W

-
~

SOUNDSPELD

16266363907
1616e795560Q
1607394071
16056495541
16034609147
16034603723

GRADIENT

=De2204
’003312
=0e2021
=0¢1301
=0«0069

00000

FITTEU INTERFACES(eUOL%STANDARL TULERARNCES)

SOUNLSPEED

16264363967
1624417428
16224477861
16204265916
16186062994
1615788774
1613524116
16116468242
16096420206
1607846669
16064277738
1605324600
1604373156

- 1604039342

1603705737
16034654728
16034608031
16034603723

(THE SOURCE DEPTH IS NOT ONE

GRADIENT

=0e¢2364
-002610
~0e2798
=0e2970
~Qe30U3Y
=0e¢3061
=Qe2544
=0e¢2780
=0e2461
=0+2149
=0el6¥%1
=Q0el336
=0e B2
~0e0619
=0e0276
=0+0190
=0e¢0055
=0s0L000

$«000
21000
32000
454C00
574000
69000
£1e¢000
934000
1054000

16240111018
1620757511
1617148612
1613e524116
1610178529
1607394071
16053635622
1604140423
1603639603

OF Thik FITTEL LAYERS BUT IS UN CONTRACTEL PROFILE)
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RANGE (YD)
3000

DEPTH (YD)
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Fig. 5 — Ray trajectories for the Epstein profile test of
Pedersen and Gordon [7]

receiver depth was 244 m. The bathymetric profile, shown at the bottom of the graph,
is not really flat; for this computation it was approximated as a 4500-m flat bottom.

The sound-speed profile entered into RTRACE for this test was derived from a tem-
perature profile taken on station during the experiment and was extended to the bottom

using archival data. The bottom-loss function used (fleet numerical weather central bot-
tom class IT) was determined from consulting bottom-loss classification charts for the
region of the experiment.

Figure 8a compares the experimental data with a random-sum transmission-loss
calculation by RTRACE at 0.5-n. mi. intervals using the standard profile tolerances. Fig-
ure 8b shows the calculation repeated with the fitting tolerances reduced by a factor of
100; this increased the number of profile layers from 44 to 56. It can be seen that the
pattern of convergence zones is essentially the same for both computed curves, with only
the height of the caustic spikes differing. (As noted previously, Program RTRACE does
not incorporate an intensity correction at caustics.) Because very high intensities at
caustics are to be ignored anyway, either curve will serve as a mean approximation to the
data.

This second test was intended to give an idea of how RTRACE is set up for a real
predictive run, and fo the sort of results to expect. The program computed a reasonably
correct transmission loss curve in this case, even though the “short-range, flat-bottom™
criteria were not met, and its use was considerably cheaper and more convenient than
would be the case for a more general model.

In conclusion, one can see that in addition to its use for the computation of ac-

curate theoretical intensities and arrival structures (eigenrays) in short-range cases, RTRACE
can be useful for getting approximate results for more complicated real-ocean problems.
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Fig. 6 — Comparison of Epstein profile computations with RTRACE results for the standard
profile fitting tolerances: - = Epstein; x = RTRACE.
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Fig. 7 — Comparison of Epstein profile computations with RTRACE results for tolerances
reduced to 1% of standard values: - = Epstein; x = RTRACE.
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mental data; @ = RTRACE. (a) Stand and profile fitting tolerances (44 layer)
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Appendix A
FORMULATION OF RAY THEORY SOLUTIONS*
1. Characteristic parameter of ray m:

¢,, = sound speed at which the ray is horizontal
(Snell’s law is ¢ = ¢, cos 0.)

2. Parameters of profile layer i:

¢; = sound speed at upper interface,
z,; = depth of upper interface,
2,; = depth of lower interface,
czi, k i and z, = parameters of the interpolating function in layer i (see Eq. (2).)

3. Auxiliary quantities defined for convenience in computation:

K. 1/2
- Zai —— £ o2
A = *ec, 5 , (negative sign used if ¢7; < 0)
cai
cx
D. =
o2 L2
m ai
2 2
co + ce.
m ai
E; = o
Cai
R1i= Ai(zll zai)’
Ry = Ai(zg; - 25),

Bj; = cot0,(2y; - 2,),
By; = cot 0,4 (25; -2,
T

; = tan 0,(zy; - 2;),
c;

= = ~1 _.l_
; = tan 0, (2,; - 2,;), where 8, = cos c,

*M. A. Pedersen and D. F. Gordon, “Comparison of Curvilinear and Linear Profile Approximation in the
Calculation of Underwater Sound Intensities by Ray Theory,” J. Acoust. Soc. Amer. 41, 419 (1967).
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4. Solution for range in layer i:
= -1, -1 2
R; = (A;)" cos [D;(IR{;R,y;| +tan 6, tan 0.1 Ifcz; > 0and
ki >0;
lRliI +tan 0;

IR,;| + tan 041
If the ray forms an apex in the layer, these become

, for all other cases.

R, =|(4,)

R; = (4" cos™ [(D)2IR,,1]

and
ID_|-1/2
R.=|(A)ltn —— , respectively.
i 7|4 R tan g, | 2 TESPECtively
If the ray forms a nadir in the layer, these become
R; = (A)™ cos™ [(D)YI2IR 1]
and
(IR;I + tan 6;)
R, = (Ai)‘lQn ———— |, respectively.
'Dil—l/z

5. Solution for travel time in layer i:
= -1
T; = (2e,) (BR; - Ty + Ty,)
6. Solution for range derivative in layer i:

dR,

1

c. — =

m dcm i
= Dy(By;-By) - R,
7. Ray intensity at receiver (point k) from a unit source (point s):
I ¢, cotd cotf,
— = =2 W

F ¢

where R = 2 R, and B Z B, are the trajectory element sums for the layers traversed by the
ray. i i
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Appendix B
DESCRIPTION OF SUBROUTINES

In this appendix the function of the subroutines is described and the more im-
portant symbols are identified. A complete listing of all routines is also given.

RTRACE

The main program reads the title card and two parameter cards and initializes the
CALCOMP plotter (if used). It also reads the source and receiver depth card so that
TRACER can be called with the receiver array dimensions determined by the number of
receiver depths used.

TRACER

TRACER is the principal subroutine for ray tracing and computing transmission
loss. It reads the balance of the input data, converts it where necessary, and prints it
out. Then, after the profile interpolation and print-plotting is done, TRACER begins
selecting upgoing rays for tracing. For each angle (ray parameter) selected, SETRIN is
called to compute the layer increments of range, travel time, phase, and intensity. A ray
is traced by using repeated addition to fill in the arrays RT2, TIME 2, PHASE 2, and
SLM 2, which record the values of the four trajectory elements at crossings of the re-
ceiver depths. The arrays NSRL, NBRL, NTOL, and NTUL are used to keep the turn-
around history of the ray. The arrays RT1, TIME1, PHASE 1, and SLM1 hold the tra-
jectory elements for the ray traced just before the current one. For each receiver depth,
eigenrays (arrivals at receivers) are determined by linear interpolation rangewise, wherever
the current ray and the previous ray are found to bracket a receiver range. (The inter-
polation is always between rays having the same turnaround history and never between
the 02 and 0(_) rays, or between any other “shadow zone” pairs.) In addition, single-ray
interpolation is used to find eigenrays where a ray ‘‘grazes’ a receiver depth.

Each eigenray yields a contribution to the receiver intensities stored in arrays CELL
1 and CELL 2. When the upgoing rays are done, the downgoing rays are traced similarly,
to get more contributions.

When all rays have been traced, the intensities are converted to levels in decibels for
all depths, one range at a time, and printed or plotted out. Then control returns to the
main program to read in the next set of data.

The following is a list of the important symbols used in TRACER.

AQ, A1, A2 coefficients in Wilson’s equation
ATKYD volume attenuation (dB/km)
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ATTF

B

BIN

BLT

C2

CAS

CBOT

CELL, CELL 2

CM

CMOLD
CMS
DARD
DATD
DBL
DEL
DGAMD
DGAMR
DGAMRM
DR

DTR
DUML
EPBLT

F
FACIN2

FBL
FCSBL
FKHZ
FSL
GAMB

EVAN B. WRIGHT

volume attenuation near the source (dB/s)
accumulation of Cm oR/0 Cn for ray being traced
array of layer increments of ¢, dR/dc,, for ray

array of bottom losses in decibels, tabulated by degrees
latitude angle in Wilson’s equation

array of cf; square of layer parameter ¢ .

sound speed at bottom of profile

arrays for accumulation of receiver intensity, indexed by receiver depth

" and range

ray parameter (m/s); the sound speed at which the current ray will be-
come horizontal

parameter of the previous ray

square of ¢,

downtilt of receiver beam pattern (degrees)
downtilt of source beam pattern (degrees)

array of transmission losses for plot

a constant barely greater than 1.0 in the CDC-3800
input value of ray distribution increment (degrees)
input value of ray distribution increment (rad)

for saving initial value of DGAMR

range increment between receivers (km)

degrees per radian, 57.2957795

input buffer for beam patterns

array of bottom phase shifts in radians, tabulated by degree of grazing
angle

direct ray amplitude

for each interface i, the quantity

2 2 -1/2
c. |fc ¢
s m m
R I LA B L]
¢ |\c2 c2

3 s

bottom reflection coefficient for the current ray
source intensity with directivity included
transmitter frequency (kHz)

surface reflection coefficient (a constant)

receiver grazing angle for forward bracketing ray (rad)
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GAMDD
GAMDR
GAMR
GAMR1
GAMS
GAMUD
GAMUR
GAZ
GMIN
GRAD
GRZ
IL

12

I2L
IABOT
IATT
IDBP
IDR
IGRM
ILAT, ILATS
ILG
ILON, ILONS
M

IN
INTEMP
INV1
INV2
IPER
IPL
IPRAY
IR

IR2
IRBP
ISCP

NRL REPORT 7815

downgoing ray limit (degrees)

downgoing ray limit (rad)

receiver grazing angle for current ray (rad)
receiver grazing angle for previous ray (rad)
receiver grazing angle for rear bracketing ray (rad)
upgoing ray limit (degrees)

upgoing ray limit (rad)

upgoing layer grazing angle (degrees)

minimum equivalent angle on profile

array of sound-speed profile gradients (fitted layers)

angle used in Wilson’s equation

number of receiver crossings for previous ray
receiver depth crossing index

number of receiver crossings for current ray
flag for bottom loss

flag for volume attenuation

dummy

range increment for numbering plot axis (km)
flag for shadow zone noninterpolable rays
for conversion of latitude in DTS~ input
range axis length for plots (in.)

for conversion of longitude in DTS input
flag for DTS input

profile layer index

- for saving IN when using contracted layer index

array of ray crossings for previous ray
array of ray crossings for current ray

flag for eigenray printout

flag for transmission-loss plots

flag for ray trace printout

depth unit flag for DTS input

range upper limit for numbering plot axis
flag for use of receiver beam pattern

flag for coherent ray sum
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ISLD
ITBP
ITR
IUVRS
JDY
JHGT
JY2

KA
LAT
LCONL
LN
LNB
LNRC
LNSD
LONG
LRCVN
LRCVNC

MO, M1, M2, M3

MAXCEL
MAXM
MAXNRC
MINV2

NBR
NBRL

NBRM
NCROSS
NDEPTH
NDR
NECUR
NIB
NIBC
NIS
NISC

EVAN B. WRIGHT

flag for relative maximum at source depth

flag for source beam pattern

temperature unit flag for DTS input

ﬂag‘ for horizontal concentration of rays

depth increment for numbering y axis of ray plot (m)
height of ray trajectory plot (in.)

depth upper limit for numbering ray plot axis

array of profile fitting parameter K|

“input latitude for DTS input (degrees, minutes)

array of contracted layer flags

index to profile layers

‘number of profile layers including receivers

number of receiver depths

number of layers having equivalent angles

input longitude for DTS input (degrees, minutes)

array of layer depths, flagged for receiver numbers

array of contracted layer depths, flagged for receiver numbers
factors in Wilson’s equation

maximum number of receiver ranges (equal to 2000/NDEPTH)
number of receiver ranges

maximum number of receiver depths (equal to NDEPTH)

maximum number of ray crossings of a receiver depth (equal to 2000/
NDEPTH)

running sum of bottom reflections for current ray

array of bottom reflection sums, indexed by receiver depth and cross-
ing number ”

maximum allowable number of bottom reflections
maximum allowable number of receiver crossings
number of receiver depthé
index of downgoing ray
flag for curved-earth profile correction
number of depths in profile~(=LNB+1 after receiver in insertion)
number of depths in contracted profile
index of source depth in profile
index of source depth in contracted profile
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NOCL
NORL
NRANGE
NRCDR
NRECUR
NSR
NSRL

NSRM
NTO
NTOL
NTU
NTUL
NUR
OMEGA
P

PHASE 1

PHASE 2

PHB
PHS
PI
PIN
R
RADEARTH
RB
RCD
RF
RIN
RKY
RL
RLP
RS

NRL REPORT 7815

maximum number of contracted layer depths

maximum number of profile depths

number of receiver ranges

flag for direct ray depth

flag for curved-earth correction of receiver and source depths
running sum of surface reflections for current ray

array for surface reflection sums, indexed by receiver depth and cross-
ing number

maximum allowable number of surface reflections

running sum of turnovers (apexes) of current ray

array of turnover sums, indexed by receiver depth and crossing number
running sum of turnunders (nadirs) of current ray

array of turnover sums, indexed by receiver depth and crossing number
index of upgoing ray

frequency of source (rad/s)

accumulated phase for current ray being traced '

array of accumulated phase for last ray traced, indexed by receiver
depth and crossing number

array of accumulated phase for current ray, indexed by receiver depth
and crossing number

phase of forward ray bracketing receiver
phase of backward ray bracketing receiver
constant, 3.14159265

array of layer increments of phase for ray
accumulated range in meters for current ray
mean radius of earth = 6,371,221.3 m

k range of forward ray bracketing receiver

array of receiver depths (m)

first receiver range (km)

array of layer increments of range for ray

range converted to kilometers

final receiver range (km)

final receiver range + 70 km (rays are traced to this range)

range of backward ray bracketing receiver
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RT1

RT2

S

SD
SDL
SIG
SIG2
SL
SLDB
SLM1

SLM2

SLMIN
SLVB
SLVS
SORLEV
T

TIMB
TIME 1

TIME 2

TIMS
TIN
VBPR
VBPT
VELF
VELM
VELY
VIL
VILC
VSOR
VSOR2

EVAN B. WRIGHT
array of accumulated ranges for last ray traced, indexed by receiver
depth and crossing number

array of accumulated ranges for current ray, indexed by receiver depth
and crossing number

salinity in parts per thousand (also used for temporary storage)
source depth (m)

array of equivalent angles for profile parameters C ;

reduced density o,, used to compute seawater pressure

square of SIG

initial intensity at first receiver range

surface reflection loss (dB)

array of intensity for last ray traced, indexed by receiver depth and
crossing number

array of intensity for current ray, indexed by receiver depth and cross-
ing number

minimum intensity for a ray (equivalent to -200 dB)
intensity of forward ray bracketing a receiver

intensity of backward ray bracketing a receiver

source level (dB)

accumulated travel time for current ray (s)

temperature travel time of forward ray bracketing a receiver

array of travel times for last ray traced, indexed by receiver depth and
crossing number

array of travel times for current ray, indexed by receiver depth and
crossing number

travel time of backward ray bracketing a receiver
array of layer increments of travel time for a ray
array of receiver directivity (transmission factor)
array of source directivity (transmission factor)
sound speed at profile interface (ft/s)

sound speed at profile interface (ft/s)

sound speed at profile interface (yd/s)

array of sound speeds at interfaces (m/s)

sound speeds of contracted profile (m/s)

sound speed at source depth (m/s)

square of VSOR
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Z1 array of reduced depths for sound speed profile
72 array of reduced depths for sound speed pr;)file
Z BOT bottom depth (m)

ZIL array of profile interface depths (m)

ZILC array of contracted depths (m)

ZTO turnover (apex) depth for current ray (m)

ZTu turnunder (nadir) depth for current ray (m)
PROFILER

This subroutine computes the fitting parameters c;, k;, 2,; for the layers in the
interpolated sound-speed profile.

PUSH

This subroutine replaces the input profile (arrays ZIL, VIL) with the interface points
of the interpolated profile; the receiver depths are included. It also computes the gradient
values at these points (array GRAD). Note that the array KA, which formerly represented
the fitting parameter k ;, is recomputed as (k al-/cfi)” 2 which is a convenient quantity to
use in the calculations that follow.

CONTRACT

This subroutine stores the contracted profile in the arrays ZILC and VILC. (The
contracted profile is that subset of the interface points of the interpolated profile which
contains the source and receiver depths and the depths of all profile maxima and minima,
including the surface and bottom depths.)

PROF PLOT

This subroutine print-plots the fitted profile on the standard output unit, with the in-
put profile points shown to indicate approximately the closeness of fit. Note that if the
depth of the profile exceeds 2000, the portions below 1000 will be print-plotted to a re-
duced vertical scale. If a ray trajectory CALCOMP plot has been specified (JHGT # 0),
the profile is also CALCOMP-plotted to the same vertical scale as the ray plot.

SETRIN
This subroutine computes for one ray per call the ray trajectory increments (arrays
RIN, TIN, BIN, PIN) for one cycle through the contracted profile. It also computes the

depth at which a ray will turn over or turn under, and it interpolates in the source beam
pattern and bottom-loss tables to find the decibel loss levels for the given ray angle.
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PLOTTER

Subroutine PLOTTER produces, if specified on the second option card, a CALCOMP
plot of transmission loss as a function of range, for as many as 20 receiver depths. The
vertical plotting parameters are standard (50 to 130 dB at 10 dB/in.), whereas the hori-
zontal (range) parameters are the same as for the ray trajectory plot. Therefore, to get a
transmission loss CALCOMP plot, the horizontal plot parameters must be specified on the
second option card, even if the ray trajectory plot is not wanted.

PRNT PLTR

This routine makes a printed plot of transmission loss as a function of range for as
many as 20 receiver depths. (The use of this printed plot for more than four or five
receivers is not recommended. A single receiver gives maximum legibility because a bar
graph is produced in this case.)

RAY PLT

This routine makes a CALCOMP plot of all rays traced. Because the number and
distribution of rays for a legible plot, and for a good intensity computation, may be in-
compatible, it may be necessary to do these in separate runs.

RAY PLT uses a cubic function of range to interpolate between points where the
ray crosses contracted layer depths. The slope of the ray trajectory is mapped correctly
at the end points of each segment, except where this would cause the cubic to have un-
natural wiggles. Because the plot is most accurate near the contracted layer depths, it
may be desirable to add receiver depths to the input data to cover the water column
depth better, if an especially accurate trajectory plot is desired. This is another reason
why a separate run for plotting might be used.

The range and depth limits on the ray plot need not be the same as those used for
the ray trace itself.

Figure B1 shows a sample ray trajectory plot with the associated profile.

AXES
This CALCOMP plotting routine draws a set of rectilinear axes with title and labels.

The complete computer program listing is given in the following pages.
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Fig. B1 — This ray trajectory plot shows rays that cycle about the sound channel
axis, and also the split or bifurcating rays corresponding to maxima on the pro-

DEPTH (M)

NRL REPORT 7815

1000{ |

1500

RANGE (KM}

2000

file. The contracted layer depths are marked on the profile plot.
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PROGRAM RTRACE

CUMMON/GRAPH/IDR, 1R2, 1LG, DY, JY2, JHGY, 2801

DATA(FIRSTay)

CAMMBN/TITLE/TITLE (10)

COMMON/THE CARDS/GAMUD s GAMDD ;DGAMD,RF,DR/RL,F KHZ, 1A¥T,SLDB, SORLEY
L, 1SCP, 1PER, IPRAY, 1PL, IM,NSRM,NBRM, [ TBP, IRBP, DATD, DARD

DIMENSIGN PEN CEDES(p54)

COMMON/TRAVCT/RT1 (2000} RT2 (200011 TIMEL (2000}, TINE2(2000).
PHASElﬂz ) )PHASE2(2 15LMy (2 go),SLM2¢2$

 COMMON/HIST IRSRL(2 o).NSSL( 091 N¥L 20000 NPULL2000)

CBMMON/RAY SUM/GELEYS)q y,6ec0d0)

COMMON /HRIN/ VIL(100)" g!L(iOO),22?200)122(100),KA(IOO).CAS(1OO).

Cony (3002 REVY (100}, RCVNC(80) (VI C(60),21 C(40),FACIN2(100),

RIN(T0D), TI éioO),axN(&oO).PxN(ioo;.van(sa15 BLT(91)
SDVRCD(50), FCSBLCM, CBOT | FBL, VSOR VS@Rz.aMEGA.!DBP,IABGT.GAMR,

4  NIS,ZT@,ZTUsNISC,NIBC,NIB,LNB,LNRC,NL NUR,NDR,GAZ(98))GRAD(

(2R

i
Coevuns RTRACE IS A PROGRAM WRITTEN [N F@RVRAN-63 FOR THE CDCw 3889 8aPUYER
T

aaaaooaaan

AT THE NAVAL RESEARCH LABORAYGRY, [T COMPUTES UNDERWATER ACO® 1C TRANS~
M}SSION @SS BY SINGLE~PROFJLE,FLAT=BOTTOM RAY TRACING AND SUMMATION,
THE INPUT SQUNDSPEED PRGUFILE S FIFTED TO A STRATIFIED INVERSE QUADRATIC
FLNCTION OF DEPTH(CF JASA 41,419e1967), COHERENT~PHASE BR RANDOMePHASE
TRANSMISSIGN LOSS MAY BE PRINT=PLOYTED QR CALCOMP-PLOTYED, CALCOMP PLOTS
OF THE FITTED PROFILE AND RAY TRAJECTBR]ES MAY ALSOG BE @BTAINED,
ThIS PROGRAM WAS WRJTTEN BY H P BUCKER AND E L WRIGHT, FORMERLY OF NRL.
FER FURTHER INFORMATION SEE N R | REPQRT +E B WRIGHT CODE 8467,
2 READ 9pq,TITLE

IF(EQF, 2 1103
1 IF(IFIRS? EQ.O)CALL sTePPLAT

STop
3 READ ¥01,GAMUD/GAMDD,UGAMD,RF,DR,RL,F KWHZ,JATT,SLDR,SORLEY

READ 972 1SCP, IPER, IPRAY, JPL, IM,NSRM,NRRM{ IDR, 1R2,1LG;JDY,JY2, HGT

.1793,1Rap DATD,DARD

IF(JHGT ,EG,q.AND, IPL NE,4 +AND,IPL,NE.3)G0O YO 5

1F(IF]RST, EB 1)CALL PLBY&(PENC@DES.254 17)

IFIRST=

CALL SVgB@L(U'al.o.lﬁbtflTLE 90,,80}

CALL PLOT{3ysgeaed)
5 PRINT 9,3,TITLE

PRINT 9
12 N] s 0
06 NTEMPaN] 9

READ 9014, (RCD(J,1),JzNI,NTEMP)

De 07 J = 1,10

LNRGC # NI +J

IF (LNRC,LE,2) GO T@ Q7

IF (RCD(LNRC),LT,p.001) GO TO 08
07 CONTINVE

NI = NI <30

GO TO 06
08 LNRC = LNRC -2

IF(RCD(2),LT.,001)RCD(2)s,4

NDEPTHSLNRC

NRANGE=2000/NDEPTH

NCROSS®20Q0/NDEPTH

CALL TRACER(NDEPTH,NRANGE,NCROSS,RT1,RT2,TIMEL.TIMER)

1 PHASEl,PHASEz.SLMi.SLﬁz.NSRL,NBRL NTBL)NTUL,CELLCELL2)
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GG TO 2 .
34 FORMAT (1M0,5X, eALL INPUT TO THIS PROGRAM IS IN METR]C UNITS;!,E,
3+ METERS, AND METERS/SEC, EXCERY TEMPERATURE WHICH MAY BE INPUT IN
z EITHER DEGREESs,/,6X,
. «C OR DEGREES F THE GUTPUT IS [N METYRIC UNITS
Je)
Sgn FORMAT(10A8)
501 FORMAT(10F8,0)
§02 FORMAT(15[4,2F8,0)
903 FORMAT(#4CURVILINEAR GRADIENT RAY THEQRY #,qA8//)
9014 FORMAT (10F8.2 )
END
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SUBROYTINE TRACER(NDEPTH,NRANGE ,NCRGSS,RT4,RT2, TIMEL, TIME2,

{  PHASEL,PHASE2,SLMY,SLM2,NSRL (NBRL,NTGL,NTUL,CELL,CELL2)
CaMMON/GRAPH/ IDR, LR2, [LG, JOY, J¥2), JHGT, 2807

DIMENSION RTy (NDEPTH)NCROSS),RT2 (NDEPTH, NCRBSS).TIMEl(NDEPTH-

1 Nca@ss;,r}nsg(NnerTu NCR@SS), PHASEk (NDERTH,NCROSS)
2 PHASE2(NDEPTH,NCROSS),SLM, (NDEPTH,RCROSS), SLMz(NDEPTH NCROSS)'
3 NSRL(NDEPTH,NCRASS),NBRL(NDEPTH,NCROSS),NTOL (NDEPTH,NCRASS),
4 NTUC(NDEPTH)NGROSS),CELL (NDEPYH,NRANGE )} CELLp (NDEPTH NRANGE )
DIMENSION SDL(y 8).DBL(50) +INVe(100) e INV2(40g)+DUML(¢80),

EPBLT(91).VBB (361)

CEMMON /MRIN/ VIL(100)sZ1b{sn0)sZ1¢1pa)122t300) 1 XAt100) CASEs0q)
LOGNL (g 000/ LAEY géf.Laéeﬂcioé>}9?L&<§ ATEITY: ?9rac1~z?2303.

R TN PIN BPY(364),8
,éS‘kBB%é §.éégﬂg.cnwcéﬁq’#ath§89" enz.gnééi.%fap.ancr GAMR,

xs.zrm.ztu NISC,NIBC,NIB,LNB{LNRC(NL,NUR:NDR,GAZ98),GRAD(¢qq)
REAL LAT, M Ma,ns. LoNG
COMMON/TITL /T TLE( )
COMMON/TWO CARDS/GA#BD GAMDD,DGAMD,RF,DR,RL,F KWZ,1AYT,SLDB,SGRLEY
. 1SCP, |PER, IPRAY,1PL, IM,NSRY,NBRM, | DBP, IRBP, DATD DARD
DATA (”*3.14359265)v(DTR'57.2957795)|(HlNV2'1oo)r(N!la)n
nArxs%;éE'i'E 30).(NOCLIéué;tN@RL’ioo).(!SLD'o’
22001 1
DATA (RADEAgngggg 80000
9004 FORMAT (/ 8H SD/RCD , 10F11,2 /)
9009 FORMAT (1M )
?387 FORMAT ( 20H PRBFILE INPUT DATA /)
9008 FORMAT (/24X,5HGAMUD,8X,5HGAMDD,7X,5HDGAMD,7X, 2HRF, 10X, 2KDR, 8X,
1 2HRL.7X.QHlTBP.SXlQHDATD,JX,4H1RBP.5X.4HDARD )
9009 FOQMAT (17H yBolL AND RANGEg o+ 2F12,5, F12,5, 3F12,3,2(16,F10,3)/)
9010 regnar(/izu vof ATTEN s E10,3 9H DB/KM AT, re 3,15H KHZ sL(nB) «,
4  F8,2,164 SBYRCE LEVEL s, F6,4 /)
9914 FORMAT (/49X, 2HGA,7X,3HBRC,9X,8HBL(DB),6X,7HARG(RC) )
9912 FORMAT (/720H SQUND LEVEL, RCV AT;é Fi101 ?
9] 013 FORMAT (/24 VERTICAL REAM PATTERN }11H DEPRESSION', 53X,
$8HVBPT(DB) 4 qXs8HVBPR(DB) )
9916 FORMAY t//44ﬂ BOTTOM ABSORBS ALL INGIDENT SOUND ENERQY /7)
9017 FERMAT ( 22H4COHERENY SUM OF RAYS /)
9 038 FOGRMAT ( 29HiRANDEM SUM OF RAYS /)
?019 FORMAT ( 47H CONTROL INDICES To111872)
902p FORMAT(6H VBPRY ,10r11 6)
9921 FORMAT(6W VBPR %
9922 FORMAT(4Hg/ .3x,3Hc RGFILE)n7X:3HN0..ex.aHDEPTHtN).6X.é5HVEL@CIT
Y(M/SEC).% } guzio13x.3HCAs,11x,4HKAc4.6x.5HLRcVN 6X,5HDE/DZ )
9023 FORMAT ¢ 3H VBP{DBY , 1pF10:2 7 9%, gnF10.2 )
9023 FORMAT(  3HaTU 4:5.:13 6,F11.4:F1g, o.%ox 1Feg+3)
9024 FORMAT(  3HTO , 415,F43, 6.F11.4cF10.6: 103
9026 FORMAT 3HGSR 4 415,F13,6,F11,4:F¢g.6)
9027 FGRMAT 3HgBR , 415,F13,6, rﬁl.a,Fi 630X Fege3)
9028 FORMAT {9HgCM SET LT REL MA 'E14,4,F14,6,F(6,6 )
9929 FORMAT ¢ 19uocn SET GY REL MAX v 18,E14,4,F44, 6.F16 6 )
9030 FORMAT (/722X ,4HM[SCP,3X,5HIABAT 4%, 4HIRER, 4X,5HIPRAY,3X,5H]UVRS,
14X 4HNSRM,4X, 4HNBRM ,5X,3HIPL)
34 FORMAT(/// 49Xs 2gH LIST 6F EIGEN RAYS )
903; FORMAT (/SXoSHNURo3X.SHNDRaonSHNTO 3IX, 3HNSR, 3X, 3HNTY, 3X, 3HNBR,5X,
1 SHRANGE :6X,5HDEPTH, 68X, 5HGZA-S.6X.5HGZA=n.7X.4HT!HEo7X'

F R NE g E o

~ o~
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2 124 S LEVEL(DB) )

9038 FORMAT (5X, INNUR,2X,3HNDR, IX 4 2HLN 33X, @HIN, 11X, 2HCM, 6X, SHRANGE, 6X,
14HGAMR:7X|3HZT9.7X.3HZTU.2X.8HZILC(!Nl.zx.aHVlL(Nla)}11X}2H52c12X.
z}HB.12Xa1NP)

9036 FEORMAT (1M1,6gX.*RAY HISTORIES» ,//)

9050 FORMAT (1pH 8st yer 418,F12,2,E34,4 )

Coevee TH]S Ig THE MAIN RAYeTRACINA AND SUMMATION REBUTINE FOR RTRACE,
c THE SHORT CALLING PRGGRAM IS USED YO SET UP THE VARIABLE DIMENSIONS FOR TWE
o] RECEIVER ARRAYS,
MAXNRCENDEPTH
MAXCELSNRANGE
178P=|DBP
MINY2aNCR®SS
9100 DO 9102 I s ¢, NeCL
9402 LRCYNC(I) = 4
DO 9104 ! = 1, NORL
9404 LRCYN(I) 8 ¢
Cessse CHECK TO SEE IF DEPTH-TEMPERATURE<SALINITY INPUY WAS BEEN SPECIFIED,

PRINT 900
Ceeses  READ IN A SOUNDSPEED PROFILE, TERMINATED BY A NONePOSITIVE DEPTH,

Ni= EBNWL2/7¢
NTEMPaS EBW12/70
2 READ 99093 (ZILCU)sVIL(J) JENT NTEMNP) EBW12/70
95,9 FORMAT(5(F8,0,F8,4)) EBW12/7
1F (Z1L(NTEMP),LE,p.)60 TO 4 EBW12/7¢
NisNIe5 EBW12/79
NTEMPEN]+4 EBW12/70
6o 10 2 EBW12/70
4 D0 % Jyr1 9 EBWL2/70
NIBaNTEMPay EBW12/70
IFCZIL(NIB),8T,0,)6@ TO 5555 EBW12/70
5 CONTINUE EBW12/70

5555 NECURsp
IF(VIL.LT,0,)NECURRY
VILEABSF(VIL)
PRINT 9908,(ZIL(J) VIL(J) J2lN]B)
9508 FORMAT(s INPUT PREFILE®5(Fgg,1:F8,2)) EBW12/7¢
4 LNSD = NIB
IF(NECUR.EQ,0)68 TO 12
Ceensn 6 APPbY T:T CURVED<EARTH RAYTRACING GORRECTION Y@ TME SOUNDSPEED PROFILE,
D a1 N8
ZiL 3,'2‘L(J?‘(1.‘.5'2!L(J)/RADEARTH)
10 VILCUISVILC(J)I*Cq . ¢2Z]L¢J)/RADEARTH)
12 IF(RCD.GE, )68 TO 842
Cesven APPLY THE CURVEDSEARTN CORRECYIGON T® SEURCE AND REGCE]VER DEPTHS,
RCDaABSF(RCD)
LNPsLNRC+}3
DO 8031 Izy,LNP
81 RCD(I1)SRCD([)e(y,¢,58RCD(1)/RADEARTH)
8p2  SDERCD(y)
ZBOTaZIL(NIB)
DO Q% NRC ® ¢,LNRC
0® RCD(NRC) » RCD(NRC*q)
PRINT 9001, SD» (RC%(JM J 8 1,LNRC)
IF(UNRC,GY MAXNRC) PRINT 144+ LNRC,MAXNRC
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11 FORMAT(«0 NO, OF RECE]JVER DEPTHSe,15,« GT¢,I5)
LNRC'MINO(LNRC +MAXNRC)
c
Coenns CALL THE PROFILE«F]TTING AND INTERPOLATING ROUTINE,
C THIS ALSO CAUSES THE INTERPSBLATED PROFILE 7@ BE PRINT-RLOTTED, THE SOURCE
€ AND RECEIVER DEPTHS TG BE INSERTED INTO TWE PROFILE, AND YHE CONTRACTED
c LAYERS TO BE STPRED IN TWE ARRAYS ZILGC AND VILC,
CALL PROFLER
Convsan COMPUTE THE L 1ST SDL OF EQUIVALENY ANGLES FOR ALL LAYERS, THE VALUE
€ SLL(LNSD) IS FLAGGED NEGATIVE FOR RELAT[VE MAXIMA 6N TWE PROFILE,
LNSD=Q
DO 45 Isy,LNB
IF(CASCI),LY.VS@R2) GO TO 45
LNSDaNSDe1l
SDL({LNSD)SATAN(SQRT(CAS(1)/VSBR2s1,))
IF(].EQ,1) GO To 15
IF(VIL(I).GT V!L(l-1) AND,VIL(2),GE,VIL(1®4)) SDL(LNSD)s«SDL(LNSD)
15 CONTINUE
154}
IfF (CBOT,LE,VS@OR) GO TO 16
LNSD= NSDeg
SDL(LNSD)®~ACOS (VSOR/CBOT)
16 GMIN=30,
JME(
D@ 17 J=I,LNSD
IF(ABS(SDL(J)) .GE,GMIN) GO T@ 47
GMIN=ABS(SDL(J))
JM=)
17 CONTINUE
IF(],EQ,1) GO T 419
1F (ABS(GM]NeABS(SDL(I~4))),GY,4,E~7) GO TO 19
IF(SDL(JM),GT,0,) GO T9 18
SDL(I-1)=SDL(JH)
18 SDL{JM)=SDL(LNSD)
LNSD2LNSDuy
GO TO 20
19 GMIN2SDL(])
SDL(I)=aSDL (JM)
SDL(JM)=GMIN
laleg
20 IF(1.LE,LNSD) G@ T@ 16
PRINT 24, NIS, ZIL(NIS), VS@R
24 FSRMAT (/ BH SBURCE , 18, Fq242:F14.4 /)
NRC =
D@ 26 lN s 4, NIB
K = LRCYN(IN)
IF (K,EQ,Q) G TO 26
PRINT 25, IN,NRC.K,RED(NRC),VIL(IN)
25 FORMAT (/ BH RCV ., 318, Fg2,2,Fg4.4 )
NRC = NRC ¢4
26 CENTINUE
Coansase PRINTOUT OF THE FITTED PROGFILE INYERFACES, INCLUDING LAYER PARAMETERS
c AND GRADIENTS AT THE |NTERFACES,
PRINT 9022
DO 28 IN=3,|NB
PRINT 27, IN)ZILCINY G VILCINY g 22 CIND 2 CASCIND  KACINY LRCVN(CINY,
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1 GRAD(IN)
27 FORMAT (15K INTERFACE NO®4y +17.FL4,3,F20,6,7X,3E15,7,]6,F14,4)
28 CONTINVE )
PRINT 29,NIB,ZI1L(NIB),VIL(N]B)},LRCYN(NIB),GRAD(NIB)
29 FORMAT(45M INTERFACE NO, 417,F 4,3.r2°.6.52x;le.r§4.4)
Coosen annﬁsuf OF THE CONTRACTED PROFILE(WHICK CONSISTS @F THE INTERFACES
C AT WHICH SOURCE AND RECEIVERS ARE [BCATED, R AT WHICH THE SOUNDSPEED HAS
C A LOCAL EXTREMUM, THIS INCLUDES TWE SURFACE AND BOTTOM,
PRINT 30
30 FORMAT(//4X,«aCONTRACTED LAYERS DEPTH- VELOCITY LRCYNCs)
DO 34 IN=zgq,NI1BC
3¢ PRIN 32.? NiZILCCINY ) VILCCINYJLRCYNC(IN)
32 F@RHAT(I1& ioXaFi 2:F13.6,141)
PRINT 949 PR[N 9002
DO 33 l' +LNSD
sasnra-sﬁucx)
S3=(VSAR/COS(SDL(])))ew2
33 PRINT 34,53,SDL(1),S2
34 FORMAT(e CONVERT CAS #,E15,6,¢ T0O ANGLE #,F1q,6,Fy
Crewus |F THE SQURCE ANGLE INCREMENT DGAMD ]S NEGATIVE, #H!s SIGNIFIES THAT
C TRE RAY DISTRIBUTIGN IS TO BE CONCENTRAYED ARGUND THE H@RIZBNTAL,
C THIS IS ADV]SABLE T® GET BETTER INTERPOLATION ©F RANGE AND RAY [NTENSITY,
IUVRS®0
IF (DGAMD,LT,0,)IUVRSE]
DGAMDSABSF (DGAMD)
Ceeses  NBRM 1S THE MAXIMUM NUMBER OF BOTTGM REFLECTIONS, IF IT IS ZER®, THE
C RGTTOM WILL ABSGRB ALL RAYS STRIKING Y, SO NO BOTTGM LOSS TABLE S READ IN,
[ABGTS
1F (NBRA £, 0) 1ABOTsY
RF34000.RF
DR= 1000#0R

RLs
Coesnsn %Agg HILL BE TRACED TO RLe7g KM TO ENSYRE INTERP@LAT!NG ALL ARRIVALS,

RLPRLS70000 0
PRINT 9008
::lNT 30094 GAMUD,GAMDD,DGAMD,RF,DR,RL,]TBP,DATD, IRBP,DARD

INT 3
PRINT 901 1SCP,1ABOT, [PER, IPRAY, IYVRS NSRM,NBRM, 1P|
OMEGA *sPleFKMZ

c“‘..ATK$g VGLU"& RTTENUAYIQN HAS BEEN SPECIFIED,COMPUTE 1T IN DB/KM,
L ]
0

IF(F KWZ,,7,,001,8R,1ATT,EQ,0,)G0 T& 37
S2 3 FKHZee2
ATKYDap, 0003325-82 +44 ,052/(4400.*52)
37 PRINT @ 010,A KYD, FKHWZ, SLDB; SORLEY
ATTF ® 3.004*VS@ReATKYD
FSL = 10.0"( 015,08}
MAXM ® (R|, »RF ¢,1)/DR o1,
IF (MAXM,LE,MAXCEL ) GO T8 39
PRINT 38, MAXM
38 FORMAT (/28H TOQ@ MANY RANGE CELLS REQ. ) 167)
MAXM s MAXCEL
39 GAMUR # GAMUD/DTR
GAMDR 3 GAMDD/DTR
DGAMR = DGAMD/DTR
DGAMRM 3 DGAMR
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PRINT 9005
Coesen  |F LAYER=BY-LAYER RAYTRACE pRINTQUT 1S SpECIFIED,
C  WRITE A HEADER @N LUN 1, THIS UNIT SHOULD BE EQUIPPED 1A PR,
IF (IPRAY,GT,0) WRITE (1, 9036)
CIF (IPRAY,GT.o) WRITE (1,9535)
Connan ' outoR fon D pARTIaL Y ABRCECTING BoTTON,
If (1ABOT,NE,1 ) G T8 59
PRINT 9p16.
GO TO 69
Cossss  SET THE BOYT@M L@SS AND PHASE SHIFT TABLES T ZER®, READ NEW VALUES.
59 D8 65 J = 1,91

BLT(J) = g
6a0 EPBLT(J) s 0,
M = 0
61 NTEMPz2M+19
READ 62, (BLT(J*1)aJIN.NYEMP)
M =M+

IF (M, L% 100,AND,BLT(M},GT,0,001 ) GO TG 6%
Couwes IF COHERENT PHASE SUMMATIGN 1S NOT SPECIFIED, PHASE«SHIFT TABLE SKIPPED
IF (ISCP,NE,y) G@ TO@ 63
N =0
67 NTEMPEN+19
READ 62, (EPBLT(Je1),J=N,NTEMP)
N = N +2q
IF (N,LT,100,AND,ABS(EPBLT(N}),GY,0,001 ) GO TO 67
62 FORMAT ( 20F4,2 )
63 DO 64 U = 2,91
IF ¢ BLT(J) LTy, ) BLT(Y) = BLT(Jay)
S2 = EPBLT(J-1) QSéchq 2)
IF (ABS(EPBLT(J)),GT,05001) GO T@® 64
EPBLT(J) = EPBLT(J=1) 52
If (EPBLT(J).GT,p.) EPBLT(J) = o,
64 CONTINUE
Csessr  PRINT BUT THE BBTTOM LOSS AND PHASE-SHIFT TABLES,
PRINT 9g11
DG 68 J = 1, 91
K:J-l
s2 = BLT(J)
BLT(J} = 10,0%%(«0,19S52)
68 IF (K,GT.y) Gg Tp 68
DTR-EPBLT Jy
PRIHT 66, K, 8714y, s2, S3
66 FORMAT ( 43H BOTTEM LOSS , 18, F12,4, 2F32.2 )
6R CONTINUE ° ’
69 CONTINUE
NRCDR s 0
IF (LRCVN(NIS).EQ,0,0RTVIL(NIS«1),GT,VSOR*0,0001,8R,
1 VIL(NIS+1),G6T,VSOR+0,0001) GO TO 85
NRCDR = NJSC
PRINT 82, NRCDR
82 FORMAT (/12H DIRECT RAY , 18/)
85 CONTINUE
Cessess  PREPARE T® CHECK T®@ SEE IF SOURCE AND RECEIVER BEAM PATTERNS ARE USED.
Do 88 1 = 1, 3641
VEPT(]) = 1,
88 VBPR(]) = 1,

40



NRL REPORT 7815

1F (17BP,EG,0) GO TO 100
IT = DATD
NEe 0
. PRINT 9005
90 NTEMPsN+19
READ 62, (DUML (Je¢t)«JBN,NTEMP)
PRINT 90231(DUML(J¢1),J=N INTEMP)
N 3 N ¢
IF (N,LT, 230 AND,DUML (N),GT,0,004) GO T& 90
PRINT 9005
93 DO 95 1 = 1,180
J21Te]
KelT~]#2
IF (JLT,8) J = g 360
IF (K,LT,1) K = K +360
IFCT GT.N,®R,§.GT,10.,AND,DUML(1),LT,,001) GO T@ 94
S2 = 10,0**{-0,1DUML(I))
94 VBPT(J) = S2
VBPT(K) = S2
IFCI,GT,N) GO T 95
PRINT 9050, 1,J,K,1T7,DUML(]),S2
98 CONTINUE
Ja 3 381
Cessans IF AN ASYMMETERIC SGURCE PATTERN 1S SPECIFIED, READ IN LOWER MWALF,
J2 ¥ 361
N =20
96 NTEMPaN+1§ ,
READ 62, (DUML(Je1),JaN;NTEMP)
PRINT 90230‘DUML(J‘x)pJ!NuNTEHP)
N = N 020
IF (N,LT,180,AND,DUML(N),.GT,0,004) GO TO 96
DO 98 I = 1,180
K = IT -1 ¢
If (KyLT7,1) K = K +36
IF(]., GT N.GR 1.G7.,10., AND.DUML(') LT|-001) GO T® o7
S2 = 10,08%(=0,18DUML(1))
97 VBPT(K) = §2
98 CONTINUE
99 VBPT(J361) = VBPT(L)
PRINT 900%
IF(ITBP,NE, 1) PRINT 9020,(VBPT(J),Jsl,J2)
PRINT 9005
Covsos  CHECR'FOR USE ©F A RECEIVER BEAM PATTERN.,
N=2DO
110 NTEMPaNe+19
READ 62, (DUML(Je1),JeN,NTEMP)
PRINT 9023:(DUML(J‘1"J'N'NTEHP)
N = N ¢2
IFIN.LT, ?80 AND,DUML (N}, GT..OOl) GO Y90 110
1T = DARD
113 DO 115 I = 1,180
JElTel=yq
K e IT =1 ¢}
IF (JyLT.1) J = J +360
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IF (KyLT,1) K = K -+360
IFC1,GT,N,@R, [ ,GT,10.AND,DUML(]),LT,.001) GO TO 114
S2 3 10,0%*(~0.1#DUML(I))

114 VBPR(Y) = S2
VBPR(K) = S2

115 CE@NTINUVE

Je 3 381

Ceeven IF ASYMMETRIC RECEIVER PATTERN HAS BEEN SPECIFIED, READ IN LOWER WALF,
1F (IRBP,EQ,1) G® TO 149
Je s 363
Ns=20

116 NTEMPENe+19

READ 62, (DUML(J#4),JuN,NTEMP)
PRINT 902;n(DUHL(J*;);J!N'NTEMP)

N =N eop
TF N+ 72280 ,AND,DUML (N) \GT,,004) GO T@ 116
D6 116 1 s 1,180

K = IT -1 ¢4

IF (KyLT,(1) K = K +360
IF(I,GT,Ny@®R,1,GT, 10, AND,DUML(!),LT,,001) GO TO 117
S2 = 30,0**(~0.1#DUMLC(]))
117 VBPR(K) = S2
118 CONTINUE
119 VBPR(361) = VBPR(1)
PRINT 9021, (VBPR(J) ,J31,J2)
Cresse IF THE INTERPOLATION AND PRINYOUY @F EIGENRAYS WAS BEEN SPEC!PIED.
c PRINT @UT A HEADER HERE,
140 IF(IPER,EQ,0) GO TO 141
PRINT 9031
PRINT 9032
c
Ceesann CLEAR THE RECEIVER INTENSITy ARRAYS BEFGRE STARY OF RAYTRACE,
141 DO 142 INmi,LNRC
INV2(IN) =
DG 142 U v YJNAXH
CELLC([N,J) = g,
CELL2(IN,¥) =7¢,
442 CONTINUE
Cesvern START SELECTING RAYS WITH THE FIRSY UPGSING GNE, DOWNGOING INDEXsO,
NUR 3 ¢
NDR = 0
Ceooun IGRM IS A FLAG T@ INDICATE YHAT INVERPELATION AT A RECEIVER BETWEEN
[ THE CURRENT RAY AND THE LAST ONE TRACED IS N®T VALID(SHADGW ZONE),
IGRM=Q
cMOLDEVSER
Ceavses IF GAMUR IS NON~POSITIVE THERE ARE N@ UPGOING RAYS SPECIFIED,
IF {GAMUR) 175,175,143
Cesvan THE ZERG=DEGREE RAY |S N@Y TRACED, START WITH ,000004 RADIANS,
443 NSD = 4
GAMR 8§ 1.,E
Crevsns IF GAMDR {s NBGAT!VE THE RAYS ARE ALL ABGVE THE HBRIZONTAL, BEGINNING
C AT ~GAMDR,
IF (GAMDR) 144,145,145
{44 GAMR ® -GAMDR
G6 T8 202
Cossse COMPUTATIGN B8F RAY PARAMETER FOR GAMR=,000001 RADIAN,
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145  CMsyS@RsDEL
Ge Te 203
Ceswss  CHECK FOR A RELATIVE PREFILE MAXIMUM AT THE SBURCE DEPTH,
150 IF (ISLD,EQ,1) GO T9 193
C#sses  CHECK T8 SEE IF THME RAY DISTRIBUTIEN 1§ TO BE MADE MORE DENSE NEAR 0,
IF {IUVRS,EQ,p) G6 YO 154
DGAMR ® (0,01 *5,8%GAMR)#DGAMRM 41 ,Eef
IF(DGAMR,GT,,5%GAMR) DGAMRS ,5sQAMR
IF ({GAMR+PGAMR,GT,GAMUR®, 90001 +ANDNUR,GE,4) DGAMREGAMUR~GAMR
IF (GAMR+DGAMR,GT,GAMDRe,00001 .AND.NDR,GE,1) DGAMRsGAMDR=GAMR
154 GAMR ® GAMR «DGAMR
452 S2 = ABS(SDL(NSD))
Ceeosns  WHEN TME RAY DISTRIBUTION REACHES A VALUE CORRESPONDING T® A RELATIVE
C  MAXIMUM 6N THE PREFILE) A RAY JUST BELGW THAT VALUE, AND ONE JUSY ABOVE It
C WILL BE TRAGED, THIS IS THE BIFURCATING RAY, WITH SHAD®W ZONE BETWEEN, -
C THE RAY DISTRIBUTIEN MAY BE CHANQED F8R M@RE UNIFGRM COVERAGE IN THIS AREA,
IF (ABS(S2 ¢GAMR),GT,0764DGAMR) GO Y8 137
IF (SDL(NSD}.GT,q,) GB TO 56
ISLD & 1
GAMR 8. §2 =4 ,En6
CM s YSBR/CBS(GAMR)
PRINT 9028, NSD,SDL(NSD),CM,GAMR
GO T 154
153 ISLD =0
GAMR 8 ABS(SDL(NSD)) #%,Ev6
Cy 3 VSpR/CES(GAMR)
PRINT 9029,NSD,SDL(NSD),CM,GAMR
1GRM=}
1%4 IF (NDR,EQ,D) 0GB T® 15%
NDR = NDR %
80 16 253
15% NUR a3 NUR -¢%
89 T8 203
156 GAMRsS§2
137 IF {S2,GT,GAMR,8R,NSD,GE,LNSD) GO T8 3158
NSD = NSD %
Ge Te 152
458 IF (NDR,EQ,0) Ge Te 160
NDR = NDR -+1
IF (GAMR -«GAMDR -=DGAMR «0,00004)252,400,400
16 NUR =z NUR -eg .
IF (GAMR =GAMUR ~DGAMR ¢0,00001)202,475,175%
Ceeees  START SELECTING DOWNGBING RAYS, THE UPGEING RAY [NDEX=p,
179 NDR = g
NUR = 0
CM@,D=VSBR
IF (GAMDR) 400,400,176
176 NSD = 4
GAMR ® 1,En6
IF (GAMUR) 177,178,178
177 GAMR ® -GAMUR
66 Te 252
178  CMayS@R=DEL
66 TO 253
Ceesse  COMPUTE THE RAY PARAMETER CM AND START RAYTRACE AY S8URCE DEPYH,
Cessss  CM IS THE PROFILE VALUE AY WHICH THIS RAY TURNS AROUND,
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202 CM = YSOR/CBS(GAMR)
1F(CMiE«CM@; D) Cu=DE, #Cye; D
203 CMS f M"M t " LR
CMBLD=sCM
IN 3 NISC
Casvme SETRIN COMPUTES THE RAY TRAJECTGRY INCREMENTS FOR GNE CYCLE THREUGHM
c THKE CONYRACTED PREFILE,
CALL SET RIN(CMS)
NSR =
NBR =
NTO =
NTU =
0
0

- nu
o
-

-4 VWD

Ceesws  THIS CALL INITIALIZES THE RAY PLET FER AN UPGBING RAY,
CALL RAY PLT(g.,SD,VSER,CM,NDR) |
Ceesws  ACCUMULATION 8F TRAJECTBRY INGREMENTS FOR A LAYER ENTERED A BOTTEM,
210 LN = IN =g
R 2 R RINC(LN)
B 2 B +BIN(LN)
P a P +PINCLN)
TR T STINGN)
e
Cosswe  IF CM,LT,VILC(LN) THE RAY WILL N@T REACW INTERFACE--{ E TURNS GVER,
IF (CM~VILC(LNY) 2017204,204
201 N1 = NT@ +
CALL RAY PLY(R,2T8,CH,CHNDR)
IF (IPRAY,EQ.q.8R,R,LT;RF 8RR, GT,RL) G0 T8 264
NRITE (1,9024) NUR,NDR)LNsINICM,R1GAMR,ZT0
Ge 76 269 )
204 CALL RAY PLT(RyZILC(LN)sVILCILN);CM,NDR)
Cosses  CHECK FER A LAYER PRINTOUT, [P IPRAYsy,
IF (IPRAY,EQ.0.6R,R,LTIRF 8R,R,GT,RL) G0 T8 298
s2 = rCsBLeFARINZCINI/CROB)
WRLTE (1,205) NURNDR (LN, LN R0 QAMR) Z1LC(IN),52,B4P
5 FORMAT g ' 415,413X, Fj, 141F4016,2 X|F1 -3:& X,SE*
P S TR L A A SRR TR IMAT PR LTI L 2 dABULATIEN,
206 IF (LRCYNG(IN).EG,q ) 68 78 212
INTEMP= N
INsLRGYNC IN)
12 5 INV2C(IN) #1
IF (12,6T,MINV2) G8 T 300
RT2(IN,12) =R
PHASEZ(IN,12) = P
TIME2(IN,12) = T
NSRL(IN,12) = NSR
NBRL(IN,12) = NBR
NTBLCIN,12) = NT®
NTUL(IN,12) = NTU
S23ABS(FCSBLwFACIN2(INTEMP)/(ReB))
lF(RIEQDO', 52‘1'
IF (S2,LT,SLMIN) G8 Te 300
IF (IRBF,EG,0) G8 T8 211
§£360,~GAZ(INTEMP)
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NsS
S2 3 32« (YBPR(Ney) «(S»N)®(VRPR(N*2) gVBPR(Nel1)))}
211 SLM2(]N,12) = S2
INV2(IN) & ]2
INSINTEMP
212 IF (IN.,GT,1 ) GO T8 218 )
Creven RAY HAS BEEN TRACED TO A SURFACE M]T, CHECK T® SEE IF 1Y SHOULD BE
[o} CENTINVED (REFLECTISN WITH LOSS) 6R TERMINATED HERE,
If (NSR,EQ,NSRM) G& Te 300
FCSBL ® FGSBLeFSL
NSR = NSR ¢}
P 2 P +P]
If (IPRAY,EQ,0.8R,R,LT RF,OR,R,GY,R,) GO T® 263
WRITE (1,9026) NUR,NDR,LN,IN,CM,R,GAMR
Ge Te 265
21% IF ( R-RLP) 210,300,300
292 CM = YSBR/COS(GAMR)
IF(CM,LE.CMOLD) CMsDELe«CMELD
2593 CMS = CMes2
Cessne INITIAQIZATION FOR A DOWNGOING RAY,
IN 3 NISC
CMOLD=CM
CALL SET RIN (CMS)
NSR
NBR
NT®
NTU

0000

VDT

OCOOO U M NN
-

Cessee TH]S CALL INITIALIZES THE RAY PLSY FOR A DOWNGOING RAY,
CALL RAY 'LT(Ol,SD'VSOR CM,NDR)
Cosese ACCGUMULATIGN @F TRAJECTBRY INCREMENTS FSR A LAYER ENTERED At toP,
260 LN = |N ]
R = R *RIN(
B 3 B +BIN(
P =z P ¢PIN(
T a2 T «TINC
IN 3 LN ¢}
Cessee 1F CM,LT,VILCCIN) THE RAY MUST TURN UNDER BEFORE REACHING INTER?ACE'
IF (CM~ VILC(!N)) 251,254,25%4
294 NTU = NTU #
CALL RAY PLT(R,ZTVU,CM, CH NDR)
If (1PRAY,EQ,,.8R,R, LT RF.®R,R,G?,RL) GO T® 210
WRITE (1;’025 NUR, NDR LN: IN CM R)GAMR,ZTY
GO Te 219
294 CALL RAY 'LT(ROZILC(!N).VILC(IN)}C"anR)
IF (IPRAY,EQ.,.0R,R,LTRF,8R,R,G?,RL) GO TO 256
S2 = rCSBL‘FASINQ(IN)/(aOB
WRITE (1:255) NUR NDR, LNolNoRnOANRnZlLC(lN):S2'BoP
295 FORMAT ( ¢ 415,13%X,Fe1,4,F49, 6,20XsF1p: 301°X13513 4)
256 IF (LRCVNC(!&) EQ.g) GO TO 262
INTEMPs N
IN=LRCVNC(IN)
12 = INV2(IN) +3
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IF (12,67 ,MINV2) GO T@ 300
RT2(IN,12) =R
PHASEQ(IN,12) =P
TIME2(IN,J2) = T
NSRL(IN,12) = NSR
NBRL(IN,12) = NBR
NTBL(IN,12) a NT®
NTULCIN,12) = NTU
S23ABS(FCSBLeFACIN2(INTEMP)/(ReB})
lF(R:EQ.0|) 52’10
IF (S2,LT,SLMIN) G668 TO 300
IF (IRBP,EQ,0) GO TO 261
S=GAZ(INTEMP)
N =S
S2 = S2¢(YBPR(Ne4) ¢(S-N)*(VYBPR(N+2) aVBPRIN#+1)))
264 SLM2(IN,12) = S2
INV2(¢IN) = ]2
IN2INTEMP
262 IF (IN.LT,NIBC) GO TO 265
Crenne RAY HA& BEEN TRACED TO A BOTTOM KWIY¥, CHMECK T@ SEE I!F T SHOULD BE
c TRACED ANY FURTHER (REFLECTION WITH LESS) OR TERMINATED WERE,
IF (1ABOT,EQ,3.0R,NBR,EQ,NBRM) GO TO 309
FCSBL = FCSBLeFBL
NBR = NBR +3
1F (1PRAY,EQ,0,8R,R,LT RF,BR,R,GY,RL) GO TO® 264
Cossese RAYTRACE PRINTGUT oN LUN i FBR BBTTOM REFLECTI®ON,
WRITE(L, 9027) NUR,NDR,LN,IN,CM,R,GAMR,VIL(NIB)
S = DTReACES(VILC(NIBC)/CM)
N =S
P = P +EPBLY(N#1) +(S~N)s(EPBLT(N*2) sEPBLT(N+1))
GO T@ 215
265 IF (R =RLP) 260,300,300

3 IN
;8g IN : YN +31

IF (LRCYNC(IN).EQ,0 ) GO TO 350
INTEMP=]N
IN2LRCYNC(IN)
c I2L = INV2(IN)
Coenas PREPARE T@ INTERPOLATE AT A RECEIVER, F IT IS NOY CONTRAINDICATED,
IF ( NUR,EQ,1,9R,NPR,EQ,1,08R,12L,LE,0,0PR.IGRM.EQ,1) GO TO 340
I1L = INVI(IN)
1F ¢ JiL.LE,0 ) Ge T8 3790
12 = ¢
310 12 3 12 «%
Coaves SINCE THE PARAMETER ARRAYS ARE INDEXED BY DEPTH(IN)AND BY CROSSING
c NUMBER(]2), INTERPAOLATION 1S AUTOMATICALLY BETWEEN TW@ RAYS HWAVING THE SAME
c TURNAROUND WISTORY, NON~INTERPOLABLE CASES WAVE ALREADY BEEN ELIMINATED,
R = RT2(IN,12)
Ry = RT{(IN,I2)
IF (Ry,LT,RF.AND,R2,LT:RF) GO 1O 339
IF (R2,GT,R1) G8 T8 316
RS = R2
RB = R1
SLVS = SLM2(IN.,I12)
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SLvB = SLML1(IN,I2)
PHS = PHASE2(1N,!12)
PHB 2 PHASEL1(IN,12)
TIMS = TIME2(IN,12)
TIMB & TIME4(IN,I2)
GAMS = GAMR
GAMB = GAMRY
Gé Te 320
316 RS 3R}Y
RB =RZ
SLVS = SLMi(IN,12)
SLVB ® SLM2(IN.,12)
TIMS TIME4(IN,12)
TImMB TIME2(IN,12)
PHS 3 PHASEL(IN,]12)
PHA = PHASE2(IN,I2)
GAMS ® GAMRy
GAMB » GAMR
Cessae  NGW FIND THE EIGENRAY PARAMETERS BY LINBAR INTERPOLATION,
320 RBS = RB sRS
S2 = (SLVB ~SLVS)/RBS
S3 = (PHB ~PHS)/RBS
S4 = (TIMB =TIMS)/RBS
1If (RS,GT,RF) G Te 33¢
Ma g
R3 s RF RS
Ge 18 332 )
324 FORMAT(616,F10.0,F11,1,2F11,5,F14,6,F32,1)
33p M = (RS «RF)/DR o2,
R3 s RF ¢(Mrg)eDR =RS
‘332 IF (R3,GT,RBS,6R,M,GT,MAXM) GO TO 339
P4 = TIMS +R3eS4
SL & 19,0%0(vg.19P4sATTF)*(SLYS sRIeSQ)
Ceeses |[F THE EJGENRAY PRINTQUY IS SPECIFJED, THE INTERPOLATED SOURCE ANGLE
c AND ANGLE AY THE RECE]VER OF THE E!GENRAY ARE COMPUTED AND PRINTED,
IF (IPER,EQ,0) G® To 335
PS5 = 10,00AL0GL0(SL) +8BRLEY
P3 & QAMS «R3e(GAMB «GAMS)/RBS
S5aDTR#ACES(VILC(INTEMP)«COS(PY)/VSER)
P3 s DTR»P3
P2 = RS +R3
PRINT 324, NUR,NDR,NTOL(IN,J2) ,NSRL{IN)I2),NTUL(IN,]2),
NBRL(INs12)sP2,2ILC{INTEMP),P3,55,P4,P3
IF (IPER.,EQ,¢) GO TQ 338
Ceavee IF COMERENT PMASE SUMMATIGN ]S SPECIFIED, SINE AND COSINE COMPONENTS
C  ARE SUMMED [N SEPARATE ARRAYS,
33% IF (ISCP,NE,1) G® Yo 336
PSsSQRT(SL)
S5 & «PHS <~R3#S3
CELLCIN,M)SCELL(IN,M)+P5#COS(SS)
CELL2(IN,M)SCELL2CIN,M)sP58SIN(SS)
GG TO 338
Ceeser SUM RANDEM-PHASE CONTRIBUTIONS IN A SINGLE ARRAY,
336 CELLCIN,M) = CELL(IN,M) oSL
330 M = M ey
334 RY = R3 +DR

[ N}
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GO YO 332
139 IF (12,LT,12L,AND,12,LT,14L ) GO TO 310
Crozen THE CURRENT RAY N@W BECGMES THE 8LD eNE, BEFGRE TRACJNG THE NEXT,
4y INVLCOIN) & INV2(IN)
INV2(IN) & ¢
DO 342 12 s g,120L
RT&(IN:IZ) s RT2(IN,12)
(IN,12) & SLM2(IN,12)
PHASEq (INg;12) s PHASE2(IN,12)
TIME1{IN,12) = TIME2(IN,I2)
342 CONTINUE
" INsINTEMP
350 IF (INJLT,N]BC) GE@ TO® 305
GAMRY = GAMR
[GRM=g
GO T8 150
370 12 = 3§
372 1F (12e1, GY 12L) GO Y@ 340
Coeser S!NGLE-RAY INTERPOLATION IS FOR THE CASE WHEN THE CURRENT RAY CROSSES
c THE RECEIVER DEPTH' BUY THE PREVI®GUS BNE DID NOT,
RS s RT2(IN,12)
RB & RT2(IN;12¢9)
RBS = RB sRS
IF (RB,LT,RF) Ge Te 390
SLVS ® SLMZ(!N.IZ)
SLVB & SLM2(IN,12¢4)
S2 = (SLVB =SLVS)/RBS
PHS s PHASER(IN,I12)
PHB = PHASE2(IN,12¢4)
S3 = (PHB -PHS)/RBS
TIMS ® TIME2(IN,12)
TIMB & TIME:(IN.IZ* )
S4 2 (TIMB «TIMS)/RBS
If (RS,GT,RF) GO T@ 389
M3l
RY a RF «RS
GO T8 3863
380 M = (RS ~RF)/DR «2,
R3 & RF #(Mey)eDR «RS
383 IF (R3,GT,RBS,8R,M,QT,MAXM) GO T8 399
P4 = TIMS *R3JIsS¢
Sk % 40:0%*(vg. g *PASATYF)*(SLVS #R3InS2)
Ceases IF IPER®y, P%lNT A LINE OF THE EIGENRAY PRINTOUT,
IF (IPER, EG. ) GO Te 385
P5 = g0, onAL8610<SL) «SORLEV
P3 = DTRe«GAMR
P2 3 RS ¢R3
SS'O'
PRINT 324, NUR,NDR,NTOL(IN,}2),NSRLCIN,J2),NTULCIN,]2),
b NBRL(IN:J2)sP2,21LCCINTEMP),P3,S5,P4,PS
1F (]pER, Eq.l) Gg 7 388
38% IF (I1SCP,NE 80 ge
Coevss ACCUMULA*E A CONTRIBUTIGN T® COHERENT=PWASE INTENS|TY,
P3eSQRT(S})
S% = #PHS =RIeS3
CELL(IN,M)SCELL(IN/M)+P5¢COS(SS)
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CELL2(IN,M)BCELL2(IN,M)eP5aSIN(SS)
Gg Tq 388
Cavese A@CUMULAYE A CONTRIBUTION T® RANDOM.PHASE INTENS]TY,
386 CELLC(IN,M} = GELLC(IN,M) oSL
J68 M = M o4
R3 = RY «DR
Ge To 383
390 12 o ]2 «2
G 1o 372
400 éF(X:gR.EG.1.AND.1PL.EO.0) ae Ye 500
=
Cessvwes  PRINT QUT A HEADER FOR COMERENT QR RANDOM TRANSM|SSI@N L6OSS,
IF (1SCP,EQ,q ) 66 T® 4p2
PRINT 9018
GO TO 404
402 PRINT 9017
Ceesee  PRINT QUY THE RECEIVER DEPTHS,
404 PRINT 9912, (RCD(K), K = 3, LNRC )
PRINT 99053
M=}
VELAT = 0,
430 RKY = 0,004%R
NRC = ¢
DO 429 IN = 4, NlBC
J2 ®# LRCYNC{IN)
IF (J2,EQ,0) GO Y6 429
Ceeses  SELECT COMERENT @R RANDOM [NTENS]TY FOR UTPUT,
IF (1SCP,NE,4) GO T8 42g
S2 s CELL{J2,M)
S3 8 CELL2(J2,M)
Cessee  [F A DJRECT RAY MAS BEEN FOUND,ADD A TERM FOR [TS COHERENY INYENSiTY,
IF (INJNE,NRCDR) GG TO 445
S4 » »OMEGASR/VSER
Fag,
IF(IRBP,NE,g) FuFeVBPR(Y)
FRSQRT(F)
$25S24FeCPS(S4)/R
S3aS3+FeSIN(S4)/R
4153 S2 ® $2ve2 «S53ne)
GO YO 424
420 82 ® CELL{JZ,M)
Ceeses |F A DJRECT RAY HAS BEEN FBUND,ADD A TEAM FBR |TS RANDOM INTENSITY,
IF (IN=NRCDR) 424,422,424
422  Fey,
IFC]TBP NE Q) FaFeVBPT(L)
[F(IRBP,NG,0) FuPeVBPR(Y)
: S2x52¢F/Rus2
424 DBLINRC) » «290,
IF (S2) 428,428,425
425 DBL(NRC) ‘8 40,0%ALOGY(S2) ¢SORLBY
428 NRC s NRC o
429 CONTINUE
PRINT 430, RKY,(DBL(J),J %4,LNKC)
43 FORMAT (6H RKM ® 4 F9,3, 5Xs 39Fg1+y )
CELL2(g M)®RKY
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DO 431 Jxi,LNRC
1F"{R,0,1,GT;RL) GB 7 500
M 3 M &f
R 3 R «DR
1F (M. LE,MAXM) GB T@ 410
500 C@NTINUE

Cesens  ]F THE RAY TRAJECTBRY PLBY WAS BEEN MADE, TME PEN MUST BE SPACED 8VER,
IF ¢ JHGT,NE, )CALL PLOT(ILG*3y1gs2°3)
1F (1P, EQ z g9 16 99

coesas  caLL ThOPLeTTER PReDUcES A CALCOMP OF TRANSMISSION LBSS VS RANGE,
1FCJABS(1PLe2) ,EQ, 1) CALL PLOTTER(SD,RCD,LNRC,RF, DR R, MAXM, TITLE,

CELL,NDEPTH) NRANGE)

Coesss  THE FIRST CALL INITIALIZES THE PRINT-PLOT OF TRANSMISSION LOSS VS RANGE
IFCIPL.GE,2) CALL PRNTPLTR(SD/RCD/LNRG)
e 5 5 Iag, MAXM
RKY# ELLz?;:!)
DO 54 JLNRC

%49 DBL(J 'CE Lt 1)

Cesese  SUBSEQUENT CALLS PRINT BNE LINE(RANGE [NCREMENT) EACH,
1F(1PL,GE,2) CALL PRPL®T{(RKY,DBL)

5,3  CONTINUE

¢

Creven END OF RAYTRACE AND TRANSMISSION LESS GUTPUY, RETURN FOR NEx? CASE,
899 RETYRN "

c

c

Craven DEPTH=TEMPERATURE»SALINITY INPUT, LATITUDE AND LONGITUDE ON FIRSY CARD,
c THE FIRST CARD MAY ALSO CONTAIN FLAGS PQR DEPTH AND YEMPERATURE UNITS, .
c Z MAY BE IN YARDS(IRs=1),FEET(IR#2),0THERWISE IT IS ASSUMED T® BE [N METERS,
c T MAY BE IN FANRENNWEIY DEGREES([TR=g),OTHERWISE 1T 1% ASSUMED CENTIGRADE,
[ S IS ALWAYS IN PARTS PER THOUSAND,
1000 INsy
READ $015%, Z,T,S,IR,ITR,LAT,LONG
21Ln2
230 :
Cosenr iF THE FIRST SALINITY VALUE ]S NEGATIVE, CURVEDEARTH CORRECT!EN USED,
NECURa
TFa Y, 0, NECURRS
SaABSF(S)
Ge 10O 1042
1008 Iy = |
C““' SUBQEGUENT INPUT CARDS MAVE ONLY DEPTH, YENPERATURE|SALINXTY.
12 READ % 0151 1:TyS

15 FORMAT (F3,0,2F5,2,212,2F6.2 )
c'c--- BLANK ARD SIGN!F!ES THE ENU er THE PRBFILE INPUT,
1042 [ = IR
' IT = JTR
ILAT & LAY

S2 » AT el{AT
1LATS = 100,01%S2
LAT = I1LAY #82/p.6
ILEN = LONO

S2 s L GNG «[LON
ILONS = 100,03e82
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LONG & ILBN .sZ/o )
PRINT 1045, 1 AT,1 ATS,] eNa! onNSs 10T

1049 ronnav (723K bEPTH veup SaL theQy ,SHLAT, 16,4+ DEG,16,4H MIN,4X
1 (4HLONG,l6,4H DEG, I8, 4H HiN 5X,5HFLAGS,21% /)

PRINT 4
1060 FORMAY ?/57u I FT, 8X, 5H Z YD, BX, 4HI M , 7X, 4HYEMP,
13X SHTEMPF 4X 3JHSAL 9X
2 7HYEL F/S, 8%, INVEL ¥/S)6X,7HVEL M/S,9X,8HPRESSURE ,2X,*DENSITYs

I/
€g = CBS(z aAT/DTR)
GRZ = g 216 *2,9928En30C2 +6,9E«60(02C2
1090 1F (1,EQ, ? l s 0.9144uz

IF (1,€EQ, 2) = 4807
IF (IT EQyg ) T l (?-32,)'5./9.
IF (S) 10920109201094
1092 S = SAVS
GO Te 4100
1094 SAVS & S
Cheses WILSON EQUATION AS IN TOLSTOYSCLAY, OCEAN ACOUST]CSIMCGRAW=KILL $1966)P6
1100 S2 #SeS
. S3 aSeS2
T2 sTeY
T3 avTeT2
T4 3TeT3
SIG » »9,34450863E02 «8714087688E~¢*S #4,8249644E-4282
. 46,7670644E=6083
slaz . SiGeS!a
Ag = (3,1186330E=6 ¢4,5317457Eu3aT «5,459393E~4sT2
. vg 9824828E=60T3 <4 4385354E-¢ T4 )/(67,26 T )
Ay = ; gE-S *4,7867E=62T 49,8185E8872 oy ,B43E~90T3
A2 = ;E-!-T -8, 1648-10072 t1,667Ev11073
TMSSP; = Ag 0A1‘SIG *A285]02 4,0
T10 = «2,2072E«7 +3,673E=8aT <4, 635-10-T2 ¢4 ,0E=12073
Ty = 1.725E-8 ~s.2aE-1o-r ol.aE.12-T2,
T42 s «4,9Enqy a4,0E=i20?
Mi ® Tqp 6T41SIG ¢T12eS51G2
T20 = =6,08E~14 »1,24004Ew 20T ¢2,14Ev14eT2
T24 ® «4,248E~143 ¢1,208E=14¢T 2 ,0EeqbeT2
T22 = 1,88+45 «6,0FBuy7e7
M2 @ TZg ¢721'SlG 0722‘S!G2
M3 8 §:5Eng7eT
IF (2} 112001110:1120
1110 P s 10 1328

0g T 1150

sf 4% 101827607 ogM1 1)8(y ogMY )
P apha FRMissa z 2 LI

MO # 4,0 wd,886E=69P/ (1,0 o3, B3Ee50P )

R n Tu3SPL/(u0 euiep eyBePep su3ePspep )
P = 991 *0,5#(R #Ry1)eSE

1120

1150 MO & ud BB6E«bOP/ (1,0 o1 ,B3EgSeP )
R = TMSSP;/(Mo eMiSP oMZ2uPaP MIePuPap )
RMy =R
PMyL =P
My w7

P = Ps0,101971
1200 P2 = Psp
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P3 = P#P2
Pé4 = P2ePy
VP 8 1,60272E-19P +1,3268E«5#P2 43,5216E~9¢P3 ~3,3403Er120P4
VS ® 1,39799¢(S5-35,) +1,69202Ew3#(Se35, )ne2
VT 3 #4,572197 «4,4532E»2872 =2,6045E«4eT3 «7,9851Evb6eT4
VSTP 8 (S «35,)8(v1,4244E~2¢T 47 ,7711E~7472 ¢7,7018Ex5eP
1 .a,29435-7uP2 #3,1458nE=00PaT ¢4 ,5790F-0ePsT2 )
¢ *Pe(my ,B607E-4sT ¢7,4842F 69T 44 ,5283Ew8eT3 )
I +P29(-2,5294E~7T #1,8563Ee9072 ) =y ,9646En1gsPInT
VELM 2 1449,44 +VP #V3 +VT +VSTP
1225 VELY = VELM/0,9144
VIL(IN)=VELM
VELF = VELYs3,0
IY 8 1/5.9144
IFCINGGT, 4)ZILCIN) =2
ZF = 7Y»3,p
TF = 1,8#7 #32,
Crsons PR}NT BUT THE CALCULATED PRAFILE AND JUMP BACK YO THE MAINSTREAM,
PRINT 1250,2F,2Y,2,1,TF;Ss VELF,VELY,VELM, P,R
1250 FORMAT (3(F9.2+3X)s9Xs2F7424F8,944X3(Fqq,2:2X), 3%y Fq2,4 ,F9,5)
GG TO 1909
1260 NIB = [N »i
Nl = @
Ge Y0 06
9959 STEP
END
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SUBROUTINE SETRIN(CMS)
CURRENY 7/2/70 STATEMENY 177 AND SECTION AT 30 FIXED

SEYR0000
SETRODOL

COMMAN /MRIN/ VIL(100),2740200):21(200?,22¢100),KA(100),CAS(100),s SETROpO2

LCONL (3000 »LRCVN(gypn) s LRCYNC(60) ¢ VILC(6g)1ZILC8gY (FACINZ (1001,

b
§ RINC10Q), YINCLOO),BINCLI00) ,PIN(L100),VBPY(361),BLTIPY)
q

15D/rCD(50),FCsBL,CM,CBAT,FBL,VSOR,VSOR2,BMEGA, lYBg + JABOT,GAMR,SETR0003
8

NIS ZT8,ZTU,NISC NIBC,N1B,LNB, LNRC NL, NUR,NDR, GAZ{
REAL KA
DATA (DTR857,2957795)
DATA (WA=,16666666667),(Wbn,66666666667),(C1s,33333333333)
DIMENSION TINT(9),DR(9),DT(9)/,DB(9),VS(9)
AG@S(X):ACGSF(S!GN(AM;N;¢ABS(X).1.):!)>
NIiB=| NBe
TGSqA&S(*ANF(GAMR))
[Da=2
FACINQ(NIS)®4,/T7GSee?
INSNIS
VOLDsVSOR
TG1aTGsS
LN3IN®]ID/2
INEIN#ID+y
VaVIL(IN)
D=21,ER00
IF(CM,LT.V) GO YO 13
TG28SQRT({CM=V) e (CMaV))/V
IF(ABS(VOLDeY),LY,1 ,E~7eV) GO TO Jg
IF(TGy . GE, ,75¢TG2,AND,TG2,0E,,75¢TGy) GO T8 3¢
CTamy,/TG2
GO 10 12
T62aCT72=0,
1F (ABSC(CMS=CAS(|N)),GT74 . E«30%CMS) DECAS(LN)/(CMS=CAS(LN))
E3(CMS*CASCLN))/CAS(LN)
A3CMaKA(LN)
IF(ID,GT,mg) GO TB 125
DZ18Z2(LN)
DZ23Z4(LN)
GO TO 126
DZ1aZi(LN)
DZ2aZ2¢(LN)
R1sAwDZ1
R25A*DZ2
B18D21/7Gy
B2=D22sCT2
T1=DZ1*TGy
T23D22%762
IF(CM,GE.Y) GO TO 15
R2R}
IFCKACLNY yLT.0.) GO YO 13
RIN(LN)=AGOS(SQRT(D)#ABS(R))/A
GO YO 17
géN(LN)SABS‘AL@G((ABS(R)#TGl)‘SORT(lBS(D)!)/A)
T0 17
JF(KA(LN) GO To 16
I T TTITE TR 038 N
GO T0 ¢7

53

), GRAD(100)SEYR0006

SETR0007
SETR0008
SETR0009

SETRog10
S
ssrnSBis
SETROO14
SETR0013
SETRgg16
SETRO0L?
SETR0018
SETRO019
SETR0020

.SETROD2Y

SEYR0p22
SETR0023
SETRO024
SETR0025
SETRpp26
SETRgp27
SETR0028
SETRO029
SEYRO030
SETRpg3¢
SETR0p32
SETRpg33
SETRO034
SETR003S
SETR0036
SETR0037
SEYROQ 38
SETR0039
SETRpg40
SETRog 44
SEYRO042
SETRO¢3
SETRQg44
SETRQq43
SETROD‘G
SETROQ4?
SETROQ48
SETRQg4Y
SETR0050
SETRop%14
SETR0052
SETR0053
SETRppS4
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RIN(LN)=ABS (ALOG((ABS(R1)TGL)/(ABS(R2)eTG2))/A)
TIN(LNY=(EORINCLN)«(1D*1)9(T4=T2))/(2,sCM)
IF(CM,LT.V) GO T8 173
BIN(LN)=RIN(LN)«ABS(De(B2=81))

GO To 477

BIN(LN)=RIN(LN)~ABS(DeB1)

IF(D.GT,1,Eq80) BIN(LNISRINILN)+,54GHSaABS(By*(1,/(TaLaVOLD) vs2

1./(TGgeV)nmw2}))
PlN(LN)STIN(LN)tQMEGA
IF(CM,LT.V) GO T8 2q
FACINZ(IN)SYS@R/(TGSwTGLeV)
FACINQCIN)EVSQR/(TGSaTG2eV)
vaLpsy
T6457G2
IFCIN,EQ, 1) GO TO 19
IFCIN,EQ.,NIB) GO TO 9g0
GO T@ 10
1Ds0
GG TO 9
[FCID,LT,nl) GO TO 2%
2TUaZ]L(LN)Y# ,58RIN(LN)#TG]
ZTUSZIL(LN)=Z4¢UN)Y g,/ (KAC(LN)*SQRT(ABS(D)eCMS))
GO TO 22
ITOsZIL(LNeL)~,SeRIN(N)=TGL
27032 ]L(LN)»23 (LNY =1 /(KACLN)*SQRTCABS(D)OCMS))
IF(LN,EQ, k) GO T8 19
IF(UN,EQ.NIB) GO TE€ 990
LNs NelDey
RIN(LN)=0,
BIN(LN) =0,
TIN(LN)=0,
PIN(LN}=0,
G TO 22

MODIFIED 6/29/70 FGR BEYTER NUMERIGCAL [NTEGRATION
[La[NelD~=y
F=0,
DO 35 Is4,7
FaFa,
ZlNTtiIL(lL)¢F'(ZlL(IN) ZiL(!
BE(KA(LN)O(ZINT«Z4 (IN)=ZIL(LN
B=BeCAS(LN)
IF(KA(LN)|L1n°-) B"B
VS(])ECAS(LNI/ (1, B)
TINT(])aSQRT((CMS»VS(]))/VS(I))
DR(])=g,/TINT(])
DY(I)uDRCIZVS(])
DBCI)INDTC(L)/TINT(])ew2
D=ABS(ZIL(INY~ZIL(IL))
DRAZDO(WA/TGL+WBeDR(4)¢WA/TG2)
DRBa,5¢ (DRAsDs(WBe(DR(2)+DR(4))=CLsDR(4)))

DRC3,5%(DRBaD*(Cy#(DR(1)+DR(I)I*DR(5)¢DR(7)I-WA®(DR(2)¢OR(6))))

ERA®(DRA-DRB) /15,
ERBz(PRB-DRC) /15,
DRAB=DRB~ERA
DRACapRC~ERB
ERAB=(DRAB«DRBC) /63,

54

SETR0055
SETR00%64
SETRog%?
SETR0058
SETRpg59
SETRO060
SETRopéq
SETR0062
SETRO063
SETRop64
SETRO06S
EBW 3 73
SETR0g66
SETROQ&7
SETR004S
SETR0Q6&9
SEYRO070
SETROO7L
SETRO072
SETR0073
SETROO 74
EBW 3 73
SETRog73
SETR0076&
EBW 3 73
SETR0Q77
SETR0Q78
SETR0Q79
SETRO080
SETRO08Y
SETR0G82
SEYR0083
SETR0Op84
SETR00BY
SETR0Q86
SETR00B7
SETRO0SBSE
SETRpp8Y
SETR38

SETR0g91
SETRpg92
SETRog93
SETRO0 94
SEYR0Q95
SETR0096
SETR0QS7
SETR00®8
SEYRgg99
SE?RUiOG
SETR0101
SEYRp402
SEYRp103
SETR0104
SETR0105
SETRO106
SETR0107
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RIN(LN)=DRBC=ERAB

DTAsDeCye(WA/(V] (lb)“2‘701)‘HBQDT(4)¢HA/!V!L(Ini"Z'TGZ))

D718y .5-(DTA DeCMs (WBe (DY (2),DT(6)) _CLlabDT(#))

DTCs, s-«ovsan-cn-tc1.<nr<1;ouvcs)oﬁrcg).nvc7)>-uA-(nvt2>-ov<e;»)|

ETAR(DTA=DTB)Y/45,
ETBa(DTB=DYC)/15,
DTAB=QTB=ETA
DTRG=QTC-ETB
ETABs(DTAB=DTBC) /63,
TIN(LN)=DTBC~ETAB

SETRO408
SETR0409
SEYRO0{10
SETRO144
SETRO(12
SETR0143
SETRO344
SETROL45
SETROL16

SETR0¢47

DBA!DQCHS'(HA/(V!L(IL)"2'761‘!3)‘HO'DB(C}«HA/(V!L(lN)“Z'TGZ"S))SETROgiG

DBBw.58(DBASDSCMS* (HB* (DB (2)¢DB(6))nCqapBi4)))

DBCg.5t<DaB¢n-cns-(c1-toa<1)ﬁDs<s>¢D9}

EBAR(DBA=DBB)/15,

EBBm(DBB«DBC)/ 15,

DBABsDBB~EBA

DEBC2[BC=EBB

EBAB®(DBAB«DBEC) /63,

BIN(LN)aDBBG=EBAB

Ge TO 18

LN s 0

LNC = 0

LN B N +}

LNC = LNC &3

RIN(LNC) 8 RINCLN)

BIN(LNC) - BINCLN)

PIN(LNC) 8 PINCLN)

TINCLNC) & TINCLN)

FACIN2(LNG) ® FACINZ(L )

lF LN.EQ,LNB Te 930
fLCoNCiENed) Ba 0y 68 To 910

LN 3 LN +}

RIN(LNC) 8 RINCLNGC) #RIN(LN)

BINC(LNC) = BINCLNG) ¢BINCLN)

TIN(LNC) & TINCLNC) #TINCLN)

PIN(LNC) ® PINCLNC) #PIN(LN)

GO T8 920

FACIN2(LNG#4) ® FACINZ(LN1)

LNC2LNCe1

DO 940 IN = 1,LNC

GAZ(IN) = g,

IF (CM,GT,VILCCIN)) GAZ(IN) = DTR*ACOS(VILE(IN)/CM)

CONTINUE

FCSBL = 1

IF (ITBP,£0,0) GO T@ 960

S = GAZ(N}SC)

IF (NUR,GT,0) S ® 360, =S

Nas§

FCSBL = VBPT(N+1) +(S=N)e(VBPT(N#2) <VBPT(N+1))

N = GAZ(N]BC)

FBL = BLT(N#4) +(GAZ(NIBC) =N)@(BLT(N#2) =BLT(Ne1))

RETURN

END
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5)0DB(7))-HA'(DB(2)*DB(6))))SETRoizo

SEYRO0421
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SETR0429
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SETR0433
SETROL34
SETR0435
SETR0436
SETR0437
SETR0438
SETR0439
SETRO4140
SETRO1414
SETR0442
SETRO143
SETROL 44
SETROL45
SETRO146
SETROt 47
SETRpy 48
SETYR04149
SETRp150
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SUBROUTINE PRBFILER

PROFO0000

ComMmBN /MRIN/ VlL(IOO)oZlL(100);ZI(100)'ZA¢100)oKA(100)aCAS(iOD); PROFO0GOL

LCONL (300),LRCYN(400),LRCVNC(60),VILC(60),2ILC(60Q)FACINZ2(100),

,SD:RCD(BQ)cFCSBL}CM.CB@T}FBL.VSSR,VS@R;.@HEGA,IYBF;lABOTnGAMRoPR0F0°°4

1
Q RINC100),TIN(100),BINCL00),PINCL00),VBPT(364),BLT(91)
3
4

NIS,ZT@,ZTUsNISC,NIBC,NIB,LNB,LNRC;NL+C1(40g’)¢GRAD(qgp’ PROF g5
REAL KA 100 toe Paer3386
IPLOTSEY PROF0Q07
IF(ZILt1),LY,0,) IPLOT=Q PROF0008
ZIL(L)=ABS(ZIL(L)) PROFO0Q09

Cessss  THE STANDARD FITTING TOLERANGCES YIGHMTENED 8Y E B W 5/73
EPSY=,4 § EPSZ®si, § FEI=,pp25
IF(Z1L(,),EQ.0.) GO TO 5 PROFOD
EPSVsERrSvaz]| (1) PROFOOLS
EPSZcEPSZaZIL (1) PROFOQL4
FEZaFEZeZ]L(1) PROFO001S
ZlL(Li=g. PROFOp16
D8 10 !=3,NIB PROFODLT
G=(VIL(Ta2)=VILCI=g )/ (2IL(1~2) a2l feg D) PROF 048
G2x(VIL(Ied)}-VIL(I))/Z¢Z]L(Tmg)=2ILL])) PROFDQL9
GRAD(]~1)¥S|GN(SORT(AMAX1(0,4G1%62))+G1) PR8F0Q20
IF(GRAD(2) NE,g,) G8 TO (5 PREF 02
GRAD(1)=0, PREF0Q2
GO 10 17 v PROFO0p23
GRAD(LI=((VIL(2)aVIL{2))/(2IL(2)uZlL(3)))9a2/GRAD(2) PROF D024
IF(GRAD(NIB~g1)/,NEyg,) GO TO 49 PREF 029
GRAD(NIB)=0, PROF0026
ge 1o 20 PREF0027
GRAD(NIB)S{(VIL(NIB)=VILINIB=1))/(ZJL(NIBYaZIL(NIBal)))wa2/ PROF0028
1 GRAD(N]B=1) PROF0029
D@ 30 I=2,NIB PROFO0Q30
GBa(VIL(I)=VILC(I=g )/ ¢2IL¢) 2L (1=1)) PROF 34
TV24,%GBes2 ' PROF 0§32
IF (GRAD(I)*GRAD(I~1),LT,TV) GO TO 3 PROF 0033
IF(ABS(GRAD{I1)),LT,ABS(GRAD(1=¢))) 8@ T8 2% PROF 034
GRAD(1)=,9*TV/GRAD(1n1) PROF0Q3S
GO 1O 3Ip PROF( 36
GRAD(]=1)%,9%TV/GRAD(I) PROF 0037
CONTINUE PROF 38
NL=0 PROFOD39
Cley)ysVIL(1) PROFO040
I1AEERLYAINES) PROFOQ41
134 PROFOQDA42
J=2 PROFO043
Viag ,/VIL(T)ee2 PROFOG44
V324, /VIL(J)en2 PROFpp45
vaa(yyev3i/e, PROF 46
Zi=z10tD PROFDO47
2322140 PROF0Q48
G13-2,*GRAD(1)#ve/VILLT) PROFDQ49
G3ax2,#GRAD(J)*y3/VIL(J) PREF0050
223(24+23)/2, PROF 0051
DGBs(G3-G3)/2, PRBF0Q52
IF(DGB,EQ,0,) GO 7O 45 PROF0Q53
Fa(24423+(V1-v3)/DGB)/2, PROFOQ54
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D=FaFeZ18Z3«(Z1e(V2aV3)4Z3e(Viay2))/DGR
D=SQRT(D)

2=F+«D

{F(ZZ,GT.Z3J 223F«D
Ge2x2,8(V1-V2)/(21-22)-G1
DD=(G3~G21/(21~22)

ZAA=2}

IF(DDyNE,Q+) ZAA®Z1xG1/DD
CASASL,/(Vi=,5%DDs (21 ~7AA)se2)
AKAs-,5+DD*CASA
DD=(G2-G3)/(22-23)

ZAB=Z3

IF(DD,NE.O,) ZAB=23=G3/DD
CASB=1,/(y3=,59DD*(Z3~2AB)**2)
AKBs- 5#DDasCASB
1F(l1+d,LT,J,AND,G29(G14G3),LT,0,) GB T 70
Kaley

1IF(K.GE.J} GO To 75

ZK3ZIL(K)

IF(ZK,LT.22) GO Y@ 55
VK=SQRT(CASB/(1,-AKB*(ZK~ZAB)*e2))
GK==AKB» (ZK~2AB)/CASB

GO T@ 69
VK=SQRT(CASA/(1,vAKAR(ZK=-ZAA)*u2))
GKarAKA®(ZKeZAA)/CASA
GKzABS(VKeu3sGK/2,)
IF(ABS(VIL(K)-VK) GT ,EPSVSGKe(EPSZ+FEZeZIL(K) )) GB Y0 7,
K=K#+q

Ge T 50

1=J-1

NLaNLe2

IF(I.EQ,N1B) GO YO 100

GE YO 49

CI(NL¢2)=1,/SQRT(V2)
CIHINLe3)sYILtY)

ZL(NL®2)=22

ZI(NL43)=23

ZA(NLe1)=ZAA

ZA(NL¢2)=ZAB

CAS(NL+1)8CASA

CAS(NL+2)8CASB

KA(NL*1)=AKA

KA{NL*2)=AKB

JEJeL

IF(GRAD(Je1},EQ,0,) GO 7O 70
IF(J-1.EQ,NIB) GO T8 70

G0 TO 490

IF(IPLOT,EQ,1) CALL PRAFPLOT
CALL PUSH

CALL CONTRACT
RETURN
END
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SUBRQUTINE PRQFPLOT PROF000N

COMMON /GRAPH/IDRy IR24 ILGyJUDYJY29JHGT(ZBOT

COMMON /MRIN/ VIL(100)9£1L(100)+Z1(100) 92ZAl104)+KA(100)9CAS(100)v PROFQqgqy
LCONL (100) yLRCVN(100) yLRCYNC (60) 4VILC(60) ¢7TILC(60) +FACIN2(100) ,PROF000
RIN(goo).TIN(loo)oBINtloO).PIN( no) »VBPT (341) 9BLT(91)
S0 ¢ sFCSHL«CMICROT 4FBL sV QR.VSORZ.QMEGA.ITePolAeoToGAMR,Oq8F0004
Nxs,zT »LTU,NISC, NIGC,NIB,LNg, LN“CiNL 1C1100)+GRAD (100, R“F000s

DIMENSION LINE(, 2 )'IDO (; YeICS() REAL Kja ZMAXELT (NL®]) PROF 000k
THIS RcUTINE P INT=PLO g THE IN FRPOLATED SOUNpSPEED PROFILEYALONG

TH THE [NPUT POINTSe IF A RAY=TRAJFCTORY PLOT HAS BEEN SPECIFIEDsA

LCOMP PLOT OF TWE FITTED PROFILE IS a(SO PROD!CEDS

CMINSCMaX=CI(1) $ pO 10 [=1sNL § c=ap(Ie1) § yp(CeGEeCMAX) CMaXsC pROF0007

[E(co F.C~1Nl ﬁmlN‘C N N " 8;000“
UE § cM 1 210, wat® ;c 1"/10,) s C Axslo.snl T(CTAXR/L10,014) RYF 0009
Sc"CMAX-CMIN /120e § IF ZMAX.GTe20n0." GO TO 13 DROF001°
DZL=DZHsZNAX/100, $ GO T0O 1 PROFO011
95L=20. $ DZN=(ZMAX=10004)/°0, ggorooxz
INT 9009CMIN,CMAX OF0011
1F (JHGT, 80.0)60 To 17
XSCALE-
?ALE-FLOAT(JH?T)/JYZ
s(Cleocg8X0 ) 729,
0 (00005"3)
KC =KC& l
klGa3
KDC=®19
| CALL AXES(KClyKDCIKCZ9KLGYJY2y= DYy " .Jgsr'
BQGOUNDSPFED(M/SEC)SoGHuEPTH(M)s.. )
NPEN
po ls r=1,121 PrOFO16p
LINE(I):IH $ C=CMIN § NDOTagQ PROFQO017
Icn(CmCMIN) /Sceqe5 8 NDOTINDOT¢] $ 1poTI(NDOT)=IC $§ C=C*)10, PROFQ01A
IF(CoLE, C~Axo1.) G0 Tgud? 20, § TLsIN=] gn8F001°
IN=Z+DZL § tc:l $ C= (CAS(IU) /7 (1 aKA(IL) w (7e2A (IL) ) #82)) RYF 0020
DO 26 Ix]1eNDOT ™ U=1p0T(I) pnoFoo§;
LINE() =lHe § 1c=(c-cM1N)/5col S § 1esiNIC)=le 998500
IF(IC,GE.1.AND, IC.LE,121) ; E(I1C)=1HX F0023

IF(ZNeLTeZIL(INY) 'GO"TO 35

JF{ZILUIN) 2Z4GToZN=2ILHIND) GO TO 35 pnoroog‘
F(ZIL<1N)-GE-Z:(1L" 60 1o 3 3

$ !L‘IL'I s IF(IL'GT‘O)NGO Y8 4 8;00
70 32 § 1Lallsl $ TF(IL.LE,"L) G 70 37PRCFo02¢

IF(ZIL(I7) JLE,ZI(IL4l)) G

TL=NL 990F8827
V-SQRT(cAS(IL)/(1.-Kg(1L)'(ZIL(1N) Za0IL))%*%2)) § pVaVIL(N)I =V PROF
I1C=(C+DV=CMIN) /SC*1+” S NICENIC+l $ yCcSINIC)=yC gp8F002°
IF (IC,GE,1,AND,IC,LE,12]) LINE(IC)=1KI § INaIN,1 RYFQ01349
Cav

IF(xN.Le-AIg)Go T0 29
IF (JHGT,EQe )60 To 3¢

X=XSCALE* (C*K¢

YaYSCALE* (JYCeZ)

&;(X.GT.'- SAND e XoLToKLG*+SeaANDeYoGraOodcaALL PLOT (XY sNPEN)

PRINT 9010 'L INE

00 37 I=s)oNIc § IC=ICS(I) % IF(1CeGFa}sANDeIC,LEe12]1) LINE{IC)=)H °R°F003§
CONTINUE § Z=Zn PROF003
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IF(ZeLT4ZI(IL®1)) GO TO 45 $ ILzILey $ GO TO 39 PROF 0036
IF(ZeGgTe1000,) DZL=DZH $ IF(Z.LEeZMAX) GO TO 25 8 PRINI 902 PROF0037
IF (JHGT NE,0)CALL PLOT(KLG,3 , . 5yu3)
FORMAT (30PRINTER PLOT OF PROFILFe AN X MARKS THE VELOCITY, AN I Mpaoroo}4
1oRKS AN INPUT POINT gXTRAPOLATER TO THE NEAREST LINE«#/%0ngPTH®y  PROFO0
F9,0,111Xx4Fl0,0) , ”Q°F0016
FORMAT<F14.2.1x,1z1A1) PROF 0039
FORMAT (1HO) PROFOOM
RETURN $ END proF 0034
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SUBROYTINE PUSH . PUSHOO000
CEMMON /MRIN/ VIL(100),21L€100),21(100),74¢100),KA(L100),CAS(100), PUSHOOOL
1 LCONL(300),LRCYN(100),LRCYNC(80),V]ILC(60),Z1LC(60),FACIN2(100),PUSHOD02
2 RINC(10g?s TINY Y.BlN(ag !uP!N(é },VBPT(364),BLT(9¢)

k] +SP(5, 'F%ggL}CM,C ?.FBL;V 8 .VSORzoGHEGA.ITBP.IABMT.GAMR.PUSH0°Q4
AREAEI:‘Z;DQZIgéglSCgNégcéNgﬂuLNB.LNRC.NL:C!(100):GRAD(100) :3::0002

a2 . LY}
LRCYN(1)=0 § DO 1%0 {a,,N § éRigg(X) $ H'NL*l $ DO 10 JlinM $ JZIJPUSH8887

IF(ABS(ZI{ ,}=DR) Yy T,,0 N Go Te 40 PUSHOO08
IF (21 () .47, DR, AND, DR LT, 21 (Jel),. 004} GO TO 20 PUSHO009
CONTINUE'S &0 To 100 PUSHO010
NLsNLe, § DO 2% KeJdZ,NL S JeNLeJZ=K S 21(Je 3321(J) PUSHOQ

cic eadecic 0% casi’enrachs (278 cat etra ke PusHO0id
20¢3,8022A¢d) S 21(J¥.1)aDR ° PUSKOOLS
Cl1(JZe1)uSQRT (CAS(JZo1)/ (1, aKA(JZo1) o (2] (J2o1)mZA(JZo4))un2)) PUSHOO1 4
IF(NIS,GT,JZ) NISSN]Sey § JZaJZeg , PUSHp15
IF(I.NE,4) G8 TO 43 § VSORCI(JZ) § NiSsJZ S GE TG 00 PUSHOD {6
LRCVN(JZT 8l ey PUSHODE?
CONTINUE § GRAD(8) Gl 8)audukA(tyn 21 41224 (8))/CAS (1) PUSHO018
D0 200 1=3,nL 8viCcriatleny siziu izl PUSHO019

GRAD([#4)8C|(1og)on3aKA(1)@(2I(Jag)wZA(1))/CASCI) S BaKA(])/CAS(1)PUSHO020
KAtx):sﬁnt(Aasté)) S IF(BLT 0,) KAl magAtDY) 8 Z1(1VRZ2I(1)-2A(]) PUSHOO2L
ZACD)IAZICled) ZAC1) 8 VIL(NLGL)RCTI(NLa1) § ZIL(NLLL)uZ1(NLo1) PUSH0D22
NIBaNL*1 § LNBENL $ VSOR23VSORwe2 § CHOTsYIL(NIB) $ RETURN § END PUSHO0023
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SUBROBUTINE CONTRACT . CenTooo00
COMMON /MRIN/ VIbtion).Zl (100),21¢400),ZA(100),kA(100),CAS(100), CENTOOOL
i LCONL(300),LRCVN(100),LRCVYNC 60),VILC(60),Z1LC(80),FACINZ(100),
V3 RINC10D) ; TIN(LCO),BINCLO0),PINCLOO),VBPT(361),BLT(94)
3 +SD/RCD(50),FCSBL,CM,CBOT,FBI,,VSER,VSOR2,OMEGA, | TBP, 1ABOT,GAMR,CONTO004
4 le,ZTQ,ZTU.NISC,NIBC,NIB,LNB;LNRC,NL.C!(100),GRAD‘100) CONTDO00S
INz[NCs1 : CONTO0006
D8 5 [#1,40 CONTO0007
LRCYNG(])ug CONTpqgo®
Gé YO 290 ce~70089
IF(IN,NE,N]S) GE TO 43 CeNT0010
NISC=]NC CONTDOL1
GO TO 20 CONTOD1L2
IF(LRCVYN(IN) ,NE,0) GO TO 20 CONTO0043
LCONL(IN)EY CONTOO0L 4
JFAVILUIND JGT,VIL(IN#1)) GO YO 1% CGNTO0O0LS
IFC(VIQUINY JLY VIL(INS2)) GO YO 20 CONTO0046
GO T 12 ' CONTO0O0L?7
IF(VILCIN),GE,VILC(IN®Y )) GO TO 20 CONTOO18
IN3INey CONTOOQLS
IF (INNE(N]B) GO TO 10 CaNT0020
NIBC=]NC CONTOO0R1
VILCCINC)SVIL(IN) CeNT0022
ZILCCINCIBZILCIN ) CONTO0D2Y
LRCYNC(INC)= RCYN(IN) CeNTOp24
LCANL(IN)®O CONTO0025
INCEINCe1 CONTO0026
IF (INJEQ,NIB ) RETURN CeNT002?
GO TO 12 CONT0028
END CeNTO0029
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SUBROUTINE PLOTTER(SDyROINsRZyDRyRMAX s MAXs TITL EeCELLINDEPTHY
1 NRaANGE)
DIMENSION CELL (NDEPTHsNRANGE)
DIMENSTON TITEG « 8
ODIMENSION Rp(Z ).sthf )
ORMENSTON §° ¢ 00) syl (400)
INTEGER Sy
CO"M?N/GRAP?/IDR'IRQ'I%Q;JDY'JYZlJHGT
DATALLY1=50) o (LpYX=10)s (LY25130) 4 (LHgTumg)
DATA (SYM'OOIob-;vl9%.6i7.8.9,10,11?1?,1¢,19,21'25.0,1,2,
cesnes THIS ROUTLNE PRODUCES A CALCOMP PLOT OF TRaNSMISSION LOSSy IF sPgCIFlEp
LLHGT=LHG] "
XScaLe= (901w 5) /1R
7 ys Ae(ned)el
CALL SYMBOL(GQOY!QI“3H§DIQO .3)
CALL NUMBER(496,Y9,14,5D404+%HF5,2)

EIY-.‘ R

ALL SymBOL (,12,Y,,14,3HR¢cD,0,,3)
CALL SYMBOL(.96'Y'.1‘.3'_‘.‘SYH'O.'3)
Do 1¢ 1-10N

YmYw b
CALL NUMBSR:O.,Y,.lOS.RQé!).o..&HF?.Z)
CALL SYMBCL(]1408°Y24105°SYM(I)9peq?my)

10 CALL PLOT(#!:.gp-3) 10 0:07=1
CALL_AXES(geIDRyIR29ILGILY29=LDYsLY ¢LHGTrqs

12,RANGE IN KMS?24HTRANSMISSION 0SS IN DBS+#)
CALL SYMBOh(.G'ILG-‘.o9g'.?loTITLEon.oe‘)
X1aXSCALE#RZ
DX=XSCALE"DR
D0 31 1=2yMaX
31 xl(zi-xlfl-l)oox

Do Is® 9N
00 “0 JslomAx
vltJ)-l?.¢.1ac LL(I,J)
IFlyp o) atTee2' v1tulm,2
IF(Y () o GToLLHGT) Y LU BLLHGT

40 CONTINUE

. CALL LINE(X)1oY)1oMAX9]sSYM(I)0e1gS95)
1 conTINuE

CALL PLOT(ILG®*3e00e93)
RE TURN
END
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SUBROUTINE PRNTPLTR(SDsRCDyN)
COMMON/TWC CARDS/GAMUDY GAMDD 1 DGAMDYRF s DRoRL9F KHZs IATTeSLpReSORLEV
2 ISCPyIPERYIPRAY s IPLY IMyNSRMoNgRM, 1 TP 1RGP 4pATD I DARD
TYPE INTEGER BUFvSYMoogTogLNK
DIMENSION RCp(20)sSYM(€D) ygur (121
DATA (BLNK=1IH ).(SYM31H1OIHZ.IHBoIHA.IHS.1H6.1H701H3’1”991HA0
1 1HBYJHC*IHD 1 HEY JHF Y LHG? LHHY HI# 1 HJY 1 HK) o (nOT= He
ceeese  PRINT=FLOTS TRANSMISSION LOSS FOR S MANY S 20 RECEIVER DEPTHS, gUT
c THIS PRINT=FLOT 1S NOT RECOMMENDEpD FOR MORg THAN FOUR OR FIVE DEPTHA,
c IF THERE 1S ONLY ONE RECEIVER DEPTH TWIS wILL BF A BAR GRAPK,
cHeaen NOTEOEHAI THE SYMBOLS FOR DEEPER RECEIVERS MAY OVERLAY SHALLOWER ONES.
PRINT 9
PRINT 901¢SD9e (RCO(I)9SYM(T)sT=],4N)
NREFg(SORLEV‘IO')/ 0.
REFaNREF#20
BUFENREFT160
PEG VALUE=}6)e5~NREF
po 10 12247
1o SUF(I"BUF(I'1)°2°
RINT 902y (BUF (1) 9121,7)
RETURN
ENTRY PRPLOT,;
BUF=00T
11=1
00 20 1=lsl2
DO 15 }JSI'Q
II=1]+
1s BUF (I11)=sgLNK
11=1]e1
20 gUF(11)=p0T
po 30 1=l,N
JEPEG VALUE*RCD(I)
HANNRRENLY
IF(JegT,121) yal2l
BUF (J) =SYM(T) )
IF(NeGT, 1260 TO 30
po 25 Jysley
25 guUfF (gy)aSYMID)
30 CONTINUE
PRINT 9¢39SDeBUF

ReTURN
90? FSRMAT(1H§O30X’“RE£EIVEU LEVEL VS RANGE®)
90 FORMAT (#0SDS#,Fl0. /'oRchIVER AT DFPTH PLOTS AS%//

1 (8x¢9F10,2412y9A1)) )
902  FORMAT (#gRTKM) 8,60Xy®LEVEL (DB) #//114+6120//)
903 FORMAT(FB8e295X9121A1)

END
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oénansxon EPTH(20) +GRAD (20)
COMPON ,GRAPH/IDRyIR2,1LGyJDY s Jy2+JHAT, ZBOT
DATA(DG=408 + (GMAXE3,057 » (NHE=4) ¢ (IFIRST=})
ceeses  RaY TRAJECTORY PLOTTING SUBROUTINE FOR RTRacEe A PIECEWISE cUplc IS
c FITTED FOR EACH LAYER SEGMENT WITH PRpScRIRep POSITION aNp SLOPE AT gNpe
C POINTS. E B WRIGHT MARCH 1973,
c*esee  SINGE THE INTERPOLATING FUNCTION IS NOT THg REAL RAY SOLUTIONs THE
¢ PLOTTED TRAJECTORIES ARgp NOT THE gXACT RAY PATHS, THE PLOTTED POSITIONS
c WILL BE MOST ACCURATE NEAR DEPTHS ON THE CONTRAATED PROFILE.
IF (JHGTeEQe 0) RE TURN
RaRR
IF(ReGT.00) G0 To 100
conaen THIS SECTION FOR INITIALIZING EAcH RAY.
XLG®ILG
RSCALE®=(,001n] )/ IR2
ZScaLg*FLOAT (yngT) 7uY2
RzagSe (R)
RL=R
ZL=2
NFIpOLE=?
IF(IFIRSTegWe0) 0 TO 50 ,
crunes IF THIS IS THE FIRST RaYs pRaW anp Lagel Twe PLOT aXgES.
1F1RST=0
CALL PLOT (0.’.5.-3)
CALL AXES(QyIDR,IR2,ILGyJY2,*JDY,0,JHGT,0,10HRANGE (KM)$,
1 9HDEPTH(M)SsNH)
50 x=R®RSCALE
Y-zSCALEﬁiJYZ-Z
CALL PLOT (Xry93
SECANT=CM/C
GL=SQRT (SECANT#SECANT=14)
IF {NDR«NE+0) gLE=GL
YLsY
Rg TURN
creene " cOMPUTE THE MEAN SLOPE FOR TWe SgGMENT AND THE NORMALIZED SLOPgS AT
c THE ENDPOINTS.
100 GRAR=(Z~2)7 (R=RL)
IF (NFINDLE «NE,0)GO TO 86
110 gecanTacM/C
GESQRT (SECANT#SECANT=14)
120 1¢ (6BAR,LT404)Gu"G
G, =GL/GRAR

=G/ GBAR .
c""'G A s?DE DISPARITY IN THE NORMALIZgp ENpDPOINT SLOPES MAY CAUSE UNNATURAL
¢ Hxsetﬁs IN THE INTERPOLATED TRaJECTORY, ApJUST g0 OR G! IF NECESSARY.
¢ THE INTERPOLATING CuBIC wiLL uSyAlLy rE WELL-BEHAVED BECAUSE THE KNOts ARE
C ON Ao SET OF DEPTHS INCLUDING aLL EXTRgMA ON THE SOUNDSPEED PROFILE.
Iq(GO.GT-DGqOR.GI.LT.GMAX)GO TO 140
130 glegmMax
G=G1*GRAR \
NFIODLE=NF IODLE ¢
GRAD (NFI1DDLE) AR SF (G)
DEPTH (NFIDDLE) =Z
6o To 1s0

64



NRL REPORT 7815

149 IF(Gl GTeDG+OR,GOLT+GMAX)GO TO 150
IGMAX

NFIDDLE=NFIDpLE+!
GRAD (NFIDDLE) 24pSF (GO®GBAR)
DEPTH(NFIDOLE) =ZL

pese  PLOT IN STEPS OF 01 INncH

150 N=l10 e® (ReRL)*RSCALE*eS
ov-ézb-Z)'ZSCALE

Il oN
X'X‘og
xNefFLOAT (1) /N
c*****%  THIS IS THE INTERPOLATING CUBIC.

v-YLoxuoteooxN'((a.-Z 'Go-slaoxN-(so.sl-z.)’)oov
IF(XeGToXLGe oaév.Lr. .)60 To 20
CALL PLOT(XsY,

290 CONTINUE

TZ'EQOOOOORQZ EQ.ZBOT)GL-.GL
RL-R
ZL =2
YL =Y
RETURN
86 00 300 NO®)sNFIDOLE
IF(Z.NENDEPTH(ND))GO 10 300
G=GRAD ("D
60 TO 120
300 CONTINUE
G0 TO 110
END
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SUBROLTINE AXES(IX$,1DX,1X2,1LG6¢JY3,JDY,JY2,JHET, AXS00400
1 #ABEL.LABEL XeLABEL Y/NK) AXS00200
Covsss H|S SUBROUTINE PLBTS A SET OF RECTILINEAR AXES WITH LENGTH_ALENG THE
C  XsAXIS EQUAL T® ILG ANL REIGKY ALENG YeAX]S EQUAL TO JHGY (BOTH IN INCHES),
C THE XsAXIS |S NUMBERED AY EQLAL INTERVALS FROM {X{ T® IX2,WITH STEP 1DX,
C  THE YaAXIS |S NUMBERED AT EGUAL INTERVALS FROM JY4 T® JY2 W]TH STEP JDY,
C NBTE YHAT THESE INPUT PARAMETERS ARE ALL TYPE INTEGER,
C THE ARRAYS LABEL(32 CHARACTERS) AND LABELX AND LABELY(24 EACH) ARE USED Te¢
C TITLE TWE GRAPH AND 7@ LABEL TKE AXES, THE PARAMETER NH CENTROLS THE
€ HEIGHY OF TWE LETTERING ANL 8THER SPACING PARAMETERS, IF NH»D THE Xw=aAX!S
C 1S LABELED ALONG THE BETYONM ANEC THE TITLE APPEARS AT THE TOP, [F NW<O
C THE XwAX]S ]S LABELEL ALENG YHE TGP AND THE TITLE APPEARS BELOW THE GRAPM,
€ IN EIYHER CASE THE LETTYER WEIGKT IS ITABS(NN)®»,035 INCHES,
C ANY ©F THE LABELS CAN RE TERMINATED BY THE CHWARACTER § ©R OMITTED ENTJRELY
C BY MAKING TWE FIRSY LOCATIEN €F THE ARRAY CONTAIN ZERQ,
C PROGRAMMED BY E B WRIGMT NRL CEDE 8160 . JAN 1972,
DIMENSION LABEL (4),LABELX(3),LABELY(3), ICHAR(32) AXS800300
DATA(MAX®I2), (MAXA®24), (NFERMATR2H]4) AXS00400
Cesses  THE FIRST SECTIEN CEMPUTES SPACING PARAMETERS,
NNHETABS (NH) AX$00500
1F(NNN,GT, 20 )NNH® 258 JkGTe2, AXS00600
KENNHS, 035 §  ThO HeMeH §  HALF HE,25eTWO M AXS00700
DTa3, ¢HALF H AX800800
Dy ,25eD7 AXS00900
TWO DsDeD AXS01000
TCHYTHE DeH AX501400
NX={1X201X1)/1DX AXS$01200
NYs(JY2aJYY)/uDY AXS01300
DX®FLEAT(ILG)/NX AXS01400
DYSFLOAT(JHGT)/NY AXS01500
Cswsen  THE NEXT SECTION LRAWS AND NUMBERS (]F SPECIFIED) THE LOWER XwAXIS,
XXuuTHO H AXS01600
YYugD AXS01700
Ne NUMBERS4
TF (NN GT,0)CALL NUNBER(XX,YY,H,1X1,0, NFORMAT) AXS01800
NsIX1s]DX AX801900
XX®XX4DX AXS02000
CALL PLET(0,,0,,3) AX$02100
XsDX AXS02200
DO 3100 I=2,NX AX802300
CALL PLET(X,0,,2) AXS02400
CALL PLBT(X,;DT.2) AX802500
IFCNM¢GT,0,AND,NO NUMBER,NE,1)CALL NUMBER(XXsYY,HsN,0, NFERMAT)
N6 NUMBEREwNO NUMBER
CALL PLEBT(X,0,,3) AX$02700
NeNe DX AX802800
XX®EXX#DX AXS02900
100 XexsDX AXS03000
CALL PLOT(X.0,,2) AXS03400
YFONH GT(0)CALL NUMBER(XX,YY,H,N; 0, NFORMAT) AXS03200

Coenvne THE NEXT SECTIGA LRAWS THE RIGHTaHAND YwaAXIS, THE THREE COMMENTS
c ARE SYATEMENTS WWICH CEULD BE ‘USED TO NUMBER THIS AXIS,

XX8XaN AX503300
YYSuHALF H ' AXS03400
¢ CALL NUMBER(XX,YY sk s Y100, )NFERNAT) AXS03500
NsJY1eJDY AXS03600
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YYaYYeDY AXS03700
CALL PLOT(X,0,,3) AXS03800

YsDY AXS03900 -
XCTaxaDT _ AXS04000
DE 200 Jm2,NY AXS04100
CALL PLOT(X,Y.2) AXS04200
CALL PLUT(XDT,Y,2) AXS04300
c CALL NUMBER(XX,YYak,N,0, NFECRMAT) AXS04400
CALL PLOT(X,Y.3) AXS04500
NENe JRY AXS04600
YYSYYwDY AXS04700
200 YsYaDY AXS04800
CALL PLET(X,Y:2) AXS04900
o CALL NUMBER(XX,YYsk ,Ny0, ) NFORMAT) AXS03000

Conves THE NEXT SECTION LRAWS AND NUMBERS (IF SPECIFIED) THE UPPER XeAX]S,
NE NUMBERe1

XXeXeTWO W AXS0%400
YYsYsDeH AXS0%200
JFCNK,LT,D)CALL NUMBER(XX,YY,H,I1X2,0,)NFORMAT) AXS0%5300
NelX2alDX AXS0%5400
XXaXXuDX AXS0%500
CALL PLOT(X,Y.3) AXS05600
XsXeDX AXS08700
YCYsYaDT AXS0%800
De 300 |=2,NX AXS08900
CALL PLOTIX,Y,2) AXS06000
CALL PLOT(X,YDY,2) AXS06100

TFANM LT 0,ANC,N? NUFBER,NE,$)CALL NUMBER(XXy)YY,H N,0, ;NFORMAY)
NE NUMBER®=NO NUMBER

CALL PLOT(X,Y,Y) AXS06300
NaNelDX AXS06400
XXEXXaDX AXS06500
300 X=XaDX AXS08600
CALL PLOT(X,Y,2) AXS06700
ITF(NH, LT, 0)CALL NUNBER(XX,YY,H,N )0, NFARMAT) . AXS06800
Cosnns THE NEXT SECTI@N CRAWS ANLC NUMBERS YHE LEFT=HAND YwAX!S,
XXug5, oK ‘ AX§06900
YYsYekALF H AXS07000
CALL NUMBER(XX,YYusbp Y210, ,NFGRMAT) AXS07400
NEJY29JDY AXS07200
YYaYYaDY AXS07300
CALL PLOT(X,Y.3) AXS07400
NE NUMBER®1
YsYaDY AXS07500
DE 400 J=2,NY AXS07600
CALL PLUT(O,,Y,2) AXS07700
CALL PLBET(DT,Y,2) AXS07800

IF(N® NUMBER,NE,L)CALL NUMBER(XX,YY HN,0,,NFORMAT)
NE NUMBEREwN® NUMBER

CALL PLOT(O0,,Y,3) AXS08000
NsNeJDY AXS08400
YYaYYeDY AXS08200
400 YsYeDY AXS08300
CALL PLOT(0,,0,,2) AXS08400
CALL NUMBER(XX,YYab A,0, NFERMAT) AXS08500

Cesvne THE NEXT THREE SECTIONS WRITE THE TITLE AND AXIS LABELS,
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500

501
599

600

6014
699

700

701
900

EVAN B. WRIGHT

1F(LABEL,EQ,0)%501,49¢

NLEMAX

DEC@DE (MAX; 900, LABEL) ICHAR

DE 500 JudiNL

IF(JCHAR(]) BQ, 1S INL®] ot

CENTINUE |

XX%,581LGe, 0150 NNHsNL

YYR JHGToH

IF(:H?GToO.AND.JHGTAGT.2)YY!.9!JHGT
(NH,LT,0)YYsaTHE

éiLL EMH MMM T

JF(LABELX,EQ,0)601,569

NXEMAX A

uecgn5<nAxA.9oo.LAeeL X) CICHARCT ), 184, MAXA)

pe 600 [=l,NX

1F(TCHARCT) B, 1HS)NX®]ng

CENTINUE

XX®, 58] Gn,015¢NNmeNX
TP (NN LT 0)YYOJHGT4TEH
CALL SYMBOLIXX,YY kyLABELX,0,/NX)
IFCLABELY ,EQ,0)701,6499
"MAXA
ggc;n;(MAXA.OOO.LAEEL Y)CICKAR(D) et MAXA)
DE 700 }=i,NY
IFCJCHAR(]) ,EQ, 1HS)NYS ]y
CENTINUE
XX897  wH
YY" 5aJHGTe 42857 sNeNY
CALL SYMBOL(XX,YYsk LABELY,90,,NY)
RETURN
FERMAY(32A%)
END
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AXS08600
AXS08700
AXS08800
AXS08900
AX$09000
AXS09100
AX809200

AXS09300
AXS09400
AXS09500
AXS09600
AXS09700
AXS09800
AXS09900
AX810000
AXS10400 -

AX810200
AXS10300
AXS10400
AXS10500
AXS10600
AXS$10700
AXS10890
AXS12900
AXS11000
AX$11100
AXS11200
AXS11300
AXS14400



