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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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aC =

1 - ka(Z - Za)2

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 10 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 1800.

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

S= 3.025(10-4)f2 + 44f2

4100 + f2

where a• is in decibels per kilometer, and the user specifies the 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 10 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, z); 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 Xbc/c
<< 1, where 5c/c is the fractional change in sound speed over a distance of one wave-
length X 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

dr c

dz Vc -c(z) 2

where cm is the characteristic parameter of the particular ray. For certain functions
c(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

F C2  1/2C(Z) 1= ai _ Zi < z <'Zi+ 1 (2)
- a i ( - a i ) 2 J

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, kai, zai I are
chosen so that the resulting piecewise function passes continuously through the profile
points and has a continuous derivative dc/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, zi and
Z. are depths at which the sound speeds c, and c and the gradients yi, 1 are known.
A pair of bridging curves passing through points (zi, ci) and (zi+1 , ci+1 ) with the given
values of slope at these points is determined such that c and dc/dz are continuous at the
depth z0 where they meet. The sound speed at the intermediate layer boundary, co =
c(z0), is assigned.arbitrarily, while z0 is to be determined. The value co is computed so
as to be intermediate between ci and ci+1, 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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CI C0  Cl.1 l C1 SOUND SPEED

Zi

zo S

N
N

DEPTH
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 ca, ka , and z . To avoid doubling
the number of layers in the profile, RTRACE contains provisions ?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
yi associated with each input point (zi, ci). These slope values are not part of the input
information; 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

Ci - Ci_1

zi - zi_1

and

Yi =X/gigi, I if gigi+1 > 0

or

Yi 0 if gigi+I < 0.

If gi and gi+l do not have the same sign, the point (zi, ci) will be a relative maximum or
minimum on the profile and will not be discarded from the fitted profile. If gi and gi+1
do have the same sign, that sign will, of course, be assigned to yi.
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For the point at the surface, and similarly at the bottom,

2-2 ' if Y2 0

or

Yi=0 if Y2 =0

After this computation, the yi 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. Cm = Cai for some layer i.

These are cases where the expression for Bi 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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RANGE R

2IIII I I z2

Z:

I-

Lii

Fig. 2-Interpolation of ray parameters. The two neighboring rays are interposed by
the receiver at point (R 1 , z1). The ray parameters of the eigenray between them are
found by linear interpolation. The eigenray reaching point (R 2 , z 2 ) 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 Crm 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 Bi must be used, are programmed
as in Eqs. (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
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SOUND SPEED(M/S) RANGE (KM)
1480 1510 1540 0 20 40 60 8s 100
0 0 0.

5000 00 5

1000 '000 .

1500 1500~

`17

2000 2000C

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 sound 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 zi by zi(1 + z,/2R)
and each sound speed c, by c(1 + 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

ec = 0.1 m/s,
ez, = 1.0 m,
ez = 0.0025.
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An input point (zi, ci) on the profile will be discarded if the calculated values c and g of
sound speed and gradient in the current layer satisfy the relation

Ic - ciI <ec + g(& + zie,)

where c and g are calculated at the depth zi.

The bottom loss table is tabulated at 10 intervals, starting with grazing angle 00. 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 cot) 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.

DAIA DECK FER TI"E EXAMPL, OF SECTION 3

RTRACE EXAMPLE WITH OCTTeF ANC SLRFACE LWSSo RAYS
151 15, .5 2, 21 200,

1 0 0 2 0 99 99
91144 1Uov88 91,44

01 1490,9 10, 1491,0 201 1489,6
75, 146V,6 1001 1467ol 1251 1465,5

2 5 0 , 145o11 300o 1457o0 4001 1455,8
7001 1450,3 80o 1459l5 900, 1461,0

12001 14•6,4 1300, 1466;9 14001 1468,5
18501 1470,0 "11
.l 1± 2t 3. 4, 5, to 7, 81 91 10,

SUMMED COH4RENTLY
01 1, If

30,
150,
500,S

1000,
1500,

1480,3
1463,8
1456,2
1462,4
1470,1

50o
200,
600,

1100,
1750,

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.
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RCV 13 2 2 S1,44 1467,755;

1NTENrAcE kr,

INTERrACE NO
INTERrACE Ne,
INTERFACE NO,
INTERFACE NO,
INTERFACE Ne
INTERFACE No,
INTERFACE NO,
INTERFACE NO,

NTERFACE NO
INTERFACE NO,
INTERrACE NO,
INTERFACE NO,
INTERFACE NO,
:VTERrACE NG,
INTERrACE NO,
INTERFACE NO,
INTERFACE No,
INTERrACE Ne,
INTERFACE Ne,
INTERrACE NO
INTERFACE NeO
INTERrACE NO
INTERFACE NeO
INTERFACE NO
INTERrACE Ne,

CONTRACTED LAYERS

3
4
5
6

CONVERT
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT
CONVERT

CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS

V'.ý * TYV(M.,)S C. (
*490,9000,-m
149U,949991
1'91,000000

t90 ?V9907

1 99U118438
14b9,600000
1484,9J8159
140'3U00000
1477,5V2600
1474,9Q00000

1472,242645
1469,oQ0000
1467,755507

1467,545705
1465,500000
1461,705952
1458 1000001457,549689

.0~m000(00

1456,399629
1455,800000
1457,048391
1458,300000
1402,Set037
1466,900000
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1476,000000

o 000 fU0000
05,000 00n*0

2 7E43172.O0•0
3, '59831 ea0 0

1 7306370*000
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* I2909008'001
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.3 ,65 i6t6*0n1
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0,0000000Q00
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RKM v 108,000 .139,6 -85,6
RKM a 110,000 .139,8 -94.9
RKM 112,000 .139i1 -97,7
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RKM a 118,000 -¶46,4 -120,4
RKM 120,000 .147,4 ,113.0
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RKM v 200,000 -200,0 -124,4
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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-
i./g 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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Table 2

INPUT EPSTEIN PROFILE Fui< Pu 67 TLST CAjL

16Z6.3639o67
1623,306473
1619.871246
1616.232963
1612.649723
16u9.420206
16u6.811117

1604*983340
1603.95329U
1603.607779

3 .000
15.000
27.000
39U000
51.000
639000
75*U0O
87.uo0
99.000

109.561

162t.64104:
1622.477bi1
1618197iboI
1615.320:)3b
1011.797 )92
1606./01201
1606.2777:18
1604.653576
1603.603909
1003.603723

b.000
18.000
30.000
42. 000
54.000
06.000
76. 000

90.000
1('2.000

i U 21. o b 7.35/16ZI,627357

i616.062'94
1614.415393
1610.972377
1606,024670
1605.795065
1604.373156
1603.705737

9.000
21. 000
3:1.000

45.000
57,000
69.000
61.000
93.000

105.000

1624.111018
1620.757511
1617.146612
1613*.s24116
1610.178529
1607.394071
1605.363622
1604-140423
1603.639603

FOUR-LAYER FITTED INTERFACLS(STANUARD TOLERANCES)

DEPTrl SOUNDSPELL

O.OwO
33.6bo
69.000
80.432

108.000
109.56i

1626.363967
1616.795560
1607. 394071
1605.495541
1603.609147
1603,603723

ORAL)I ENT

-0.23o4
-0. 312
-0.2021
-0.1301
-0.0069
0.0000

•IXTLLN-LAYER FITTLu INTcRFyLLES(.0i*STANL)AKR TOLERANf4ES)

DEPTh SOUNDSPEED 6RADILNT

0.000
7.827

15.000
22.668
30.000
37.457
45*.Ou
52.184
60.UOU
66.827
75o00Q
81.296
90.000
94#541

102.000
104. 190
108.00o
109.561

1626.363967
1624.417428
1622.477861
1620.265916
1618.062994
1615.788714
1613.524116
1611.468242
1609-420206
1607.846669
1606.277738
1605.324600
1604.373156
1604.039342
1603.705737
1603,654728
1603.608031
1603.603723

-0.2364
-0.2610
-0.2798
-0.2970
-0.3033
-0.3061
-0.2 ý44
-0.2780
-0.2461
-0*2149
-0.1691
-0.1336
-0.0o52
-0.0619
-0.0276
-0.0190
-0.0055
-O.u000

(THt SOURCE DEPTH IS NOT N0i OF THL FITTEO LAYLRS OUT IS ON CONTRACTED PROFILE)

53

17

u.o00
12.000
24.000
36.000
48.000
6U0000
72,000
84,000
96,000

108.000

1
2
3

4

5

2
3
4
5
6
7
8
9

10

12
13
14
15
16
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RANGE (YD)
0000 2000 3000

0
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120C

Fig. 5 - Ray trajectories for the Epstein profile test of
Pedersen and Gordon [71

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 II) 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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2000z
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(a) Range vs ray parameter.
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(b) Ray intensity vs range.

Fig. 6 - Comparison of Epstein profile computations with RTRACE results for the standard
profile fitting tolerances: - = Epstein; x = RTRACE.
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(a) Range vs ray parameter.
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(b) Ray intensity vs range.

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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(b)

Fig. 8 - Transmission loss vs range for the experimental test case: - = experi-
mental data; GI = RTRACE. (a) Stand and profile fitting tolerances (44 layer)
were used. (b) Reduced fitting tolerances (56 layer) were used.
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Appendix A
FORMULATION OF RAY THEORY SOLUTIONS*

1. Characteristic parameter of ray m:

cm = sound speed at which the ray is horizontal
(Snell's law is c = cm Cos 0 .)

2. Parameters of profile layer i:

ci = sound speed at upper interface,

Zli = depth of upper interface,

Z2i= depth of lower interface,

ci kai' and ai parameters of the interpolating function in layer i (see Eq. (2).)

3. Auxiliary quantities defined for convenience in computation:

K 1/2

A. ±cm ± , (negative sign used if cA < 0)

c2 .

D . = al

c2  _ c2
Cm an

c2 + c 2.
E i -= n a tl 3

C2.

Rli = Ai(Zli - Zai),

R2i= Ai(z2i - Zai)

B = cot 0i(Zli - Za),

B 2i =cot 0 i+1 (Z 2i - Z ad)

Tl i =tan 0 (Zli - Zai,
C.

T2i= tan Oi+1 (z2i - Zai), where 0i = cos-1 c IC.

*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:

Ri = (Ai)- 1 cos-1 [Di(BRliR2i- + tan 0i tan 0.i+)]

kai >0;
JRVil + tan 0i

(A)"k R2i] + tan Oi+1

If C2.> 0 anden

. for all other cases.

If the ray forms an apex in the layer, these become

Ri = (Ai)- 1 cos-1[(Di)1 /2 1R2i']

and

Ri (Ai)-f1 n
IDi +-1t2

IR 2i' + tan Oi+1 , respectively.

If the ray forms a nadir in the layer, these become

Ri = (Ai)- 1 cos- 1 [(Di)1 /21Rlil]

Ri = (Ai)- 1Qn
(IR1 il + tan Oi)

IDi 1-1/2
, respectively.

5. Solution for travel time in layer i:

Ti = (2cr)-l(EiRi - Tli + T 2i)

6. Solution for range derivative in layer i:

dRi
Cmdcm =B

= Di(Bli - B 2 i) - Ri

7. Ray intensity at receiver (point h) from a unit source (point s):

I cs cot 0s cot Oh

F c, RIBI

where R = T R. and B I Bi 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 00 and 00 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.

AO, Al, A2 coefficients in Wilson's equation

ATKYD volume attenuation (dB/km)

25



EVAN B. WRIGHT

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

volume attenuation near the source (dB/s)

accumulation of cm aR/a cm for ray being traced

array of layer increments of cm MR/kcm for ray

array of bottom losses in decibels, tabulated by degrees

latitude angle in Wilson's equation

array of c2; square of layer parameter ca

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 cm

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

Cs C2 2m

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

IlL

12

12L

IABOT

IATT

IDBP

IDR

IGRM

ILAT, ILATS

ILG

ILON, ILONS

IM

IN

INTEMP

INV1

INV2

IPER

IPL

IPRAY

IR

IR2

IRBP

ISCP

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

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 Ka

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 depths

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

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

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

RT2 array of accumulated ranges for current ray, indexed by receiver depth
and crossing number

S salinity in parts per thousand (also used for temporary storage)

SD source depth (m)

SDL array of equivalent angles for profile parameters Cai

SIG reduced density at, used to compute seawater pressure

SIG2 square of SIG

SL initial intensity at first receiver range

SLDB surface reflection loss (dB)

SLM1 array of intensity for last ray traced, indexed by receiver depth and
crossing number

SLM2 array of intensity for current ray, indexed by receiver depth and cross-
ing number

SLMIN minimum intensity for a ray (equivalent to -200 dB)

SLVB intensity of forward ray bracketing a receiver

SLVS intensity of backward ray bracketing a receiver

SORLEV source level (dB)

T accumulated travel time for current ray (s)

TIMB temperature travel time of forward ray bracketing a receiver

TIME 1 array of travel times for last ray traced, indexed by receiver depth and
crossing number

TIME 2 array of travel times for current ray, indexed by receiver depth and
crossing number

TIMS travel time of backward ray bracketing a receiver

TIN array of layer increments of travel time for a ray

VBPR array of receiver directivity (transmission factor)

VBPT array of source directivity (transmission factor)

VELF sound speed at profile interface (ft/s)

VELM sound speed at profile interface (ft/s)

VELY sound speed at profile interface (yd/s)

VIL array of sound speeds at interfaces (m/s)

VILC sound speeds of contracted profile (m/s)

VSOR sound speed at source depth (m/s)

VSOR2 square of VSOR

30



NRL REPORT 7815

Zi array of reduced depths for sound speed profile

Z2 array of reduced depths for sound speed profile

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 Cai, kai, Zai 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 k05, is recomputed as (k i/c 2,)1 /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 aniother 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.

32



NRL REPORT 7815

SOUND SPEED(M/S)
1480 1510 1540
01 , , , ( I , "I , ]

RANGE(KM)
40 60

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-
file. The contracted layer depths are marked on the profile plot.
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PROGRAM RTRACE
COMMON/GRAPH/IDRIR2,iLG,JDY-,JY2.JHGTZBT
DATA(IFIRST1j)
COMM@N/TITLE/TITLE(io)
COMMON/TWO CARDS/GAMUUGAMDDDGAMDRFVDRRLoF KHZ#IATTSLDBSGRLEV
I *ISCPIPERIPRAYeIPLoIMoNSRMINBRM,[TBP 1 IRBPiDATDDARD
DIMENSION PEN CeDES(254)
COMMON/TRAJCT/RTI(200O)#RT2(20OO),TIMEI(200O),TIME2(2000)o

I PHASE1.20 O)IPHASE2(2ooo)oSLMi(2OOo) S0M2(2q00)
COMMGN/HIST/NiRL(2pDo),NSRL(2flDn)NTeL(2ODO)PNTUL(2000)
COMMON/RAY SUM/CEL 2 2 ')#CEL 2 2JJ)
COMMON /MRIN/ VIL(i0OO)Z tOOIZ1(I0O) Z2(10)oKAIOQl0)CAS(100)j

1 CWNj(1OO), RCVN(IOO)DLRCVNC(60)IVILC( 6 0)',ZILC(60bFACIN2(100),
2 RIN( OO}•TlNýiOO),BIN( OO)P~iN( O~oiVBPT(361 , 80 (91)

a #SDRCD(,0), CSBLCMaCBSTF'BL'VSGR.VS0R2,RMEGAaIDRPIAB8T.GAMR,
4 NIS#ZT8,ZTUDNISCINIPCNI8DLNBDLNRCaNLNURNDRsGAZ(98 ) ,GAD(• )

Coo*** RTRACE IS A PROGRAM WRITTEN IN FORTRANw63 FOR THE CDC-38On C8PUTER
C AT THE NAVAL RESEARCH LABeRATORY, IT COMPUTES UNDERWATER ACM8STIC TRANS-
C MISSION LOSS BY SINGLEPPRF'ILEtFLAY-BOTTOM RAY TRACING AND SUMMATISN,
C ThE INPUT SOUNDSPEED PRWFILE IS PITTED TO A STRATIFIED INVERSE QUADRATIC
C FLNCTION OF DEPTH(CF JASA 41,4i9wl967}t COHERENT-PHASE OR RANDOM.PHASE
C TRANSMISSION 4OSS MAY RE PRINTRPLOTTED OR CALCOMP-PLMTYED, CALC•MP PLOTS
C OF THE FITTED PROFILE AND RAY TRAJECTORISS MAY ALSO BE 09TAINED,
C ThIS PROGRAM WAS WRITTEN BY H P BUCKER AND E L WRIGHT, FORMERLY OF NRL.
C F$R FURTHER INFORMATION SEE N R L REPORT ,E B WRIGHT CODE 8167,

2 READ 900,TITLE
IF(EOF,6 0 I.3

i IF(IFIRST EQo)CALL STSPPL4T

3 READ 901,GAMUDGAMDD.IGAMD.RF.DRRLa! KHZaIATTSLDBeS@RLEV
READ 9O2,ISCPIPERIPRAYIPL,|IMNSRMNRRMi DBtR2,lGIJDYJY2,JHOT

1 *ITBPIRBPDATDDARD
IF(JHT.EQ, ,AND,IPLNE ANDIPLNE,3)GO TO 5
IF(CIFIRSTlE8,10CALL PL'STW PENCMDMS254,j7)
IFIRSTY
CALL SY B6L(O,.I,.,,0•,TITLE,90,,80)
CALL PLGST13iOot")

5 PRINT 9n3,TITLE
PRINT 1•

12 NI 4 U
06 NTEMPPNI*9

READ 9014j(RCD(J 6 1),J 3 NINTEMP)
Do 07 J a .l1O
LNRC 0 NI *J
IF (LNRC.LE12) GO TO 07
IF (RCD(LNRC),LT,o.001) G0 TO 08

07 CONTINUE
NI x NI *10
GO TO 06

08 LNRC P LNRC -2
IF(RCD(2),LT.,001)RCD(2)xI
NDEPTHMLNRC
NRANGE20OOO/NDEPTH
NCROSS82OO/NDEPTH
CALL TRACER(NDEPTHNRANGENCRBSS-RTZRT2,TIME1,TIME2'.
I PHASEIjPHASE2,SLMISLM2,NSRLNBR4.NTSLaNTULCELLaCELL2)
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GO TO 2
14 FORMAT (1HOSX, *ALL INPUT TO THIS PROGRAM IS IN METRIC UNITSI.E,

Is METERS, AND METERS/SEC. EXCEPT TEMPERATURE WWICH MAY BE INPUT IN
2 EITHER DEGREES**/#6X,

*C OR DEGREES F THE OUTPUT IS IN METRIC UNIYS

goo FORMAT(IoAS)
9g0 FORMAT(IOF8,O)
902 FORMAT(1514#2F8,o)
9g3 FORMAT(,lCURVILINEAR GRADIENT RAY THEORY *. 1 0 A8/t)

9014 FORMAT (loF8, 2
END
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SOBROUTINE TRACER(NDEPTHNRANGENCROSS.RTIRT2,TIME1' TIME2#
I PHASE1 3 PHASE2,SLMiSLM2,NSRLNBRL,NTOLNTUL,CELLICELL2)
COMMON/GRAPH/IDR,IR2,ILG,JDYJY2.JHGTIZBOT
DIMENSION RT (NDEPTH'NCROSS)hRT2(NOEPTWHNCROSS),TIMEI(NDEPTH,
1 NCROSS), TIME2(NDEPTWINCROSS)aPHASE (NDEPTHPNCROS$)l
SPHASE2(NDEPTHNCR$SS),SLMI (NDEPTH. CROSS)'.SLM2(NDEPTHNCROSS)'
4 NSRL(NDEPTHNCRRSS)NBRL( DEP¶HPNCRRSS),NTOL(NDEPTHNCR8SS)o
4 NTUL(NDEPTH.NCROSS)PCELL(NDEPYHfNRANGE),CELL 2 (NDEPTH.NRANGE)

DIMENSION SDL(I±oo)DBL(5 0 )aINVi(1on)aINV2(iOo),DUML(100),
I EP8LT(91 )tVOP(361 )
COMMON /MRIN/ V n(),ZIL(1 )aZ1(±)aZ•(4)aKA(1An)aCAS(4O)a
1 LCQNL(joohLRC) a s 0 CLR ~(60)fLC( 0 ,I C(6IFrACIN2tl 0 1,
2 RIN(4nn) ,TIN(I g,:CNC aPIN( l BPT(361)oBLTf9i)
3 #Sol (50 )#F oCMCBT POIVW BO.T'2  GA#1TRP#IABMT#GAMR,
4 NISZTOZTUNISCINIOCNIBLNBLNRCNL,NUR',NDRGAZ( 98).GRAD( o0)

REAL 4AT, MMj 1M2 ,M3, LNG
COMMON/TITL ETITLE()
COMMON/TWO CARDS/GA ,GAMDDDGAMDRFiDR,RLF KHZIA7T.SLD8,SOLEV

1 *ICPIPER.IPRAY IPL IMNSR"a NBRM IDBP, IRBPDATD•DARD
DATA (P1z3, 1 4 1 59265),(DTR3S7,2957795)#(MINV2,ioO),(NIUo)'.

I (SLMINa1,E-2 0 )a(NOCLu6o)e(NRRL=10oo,(ISLDuO)
DATA (DEL82 4 10jog0018)DATA RADEATH 221,)

9001 FORMAT (/ OH SD/RCD a 10F11,2 /)
9sOO FORMAT (1H)
9 7 FORMAT ( 20H PROFILE INPUT DATA /)
9000 FORMAT (/24X,5HGAMUDa8Y,5HGAMDDa7XaWHDGAMD 7Xo2HRFa1oX,2HDRDOX,

% 2HRL,7X,4HITBP.SX,4HDATD.3X,4HIRBPSX,4WDARD )
9009 FORMAT (17H VBCL AND RANGES i 2FI2,5j F12,5, 3F12,3a2(I6,FjO,3)/)
9010 FOR MAT(/12H V@ ATTEN v E1O03 9H DB/KM AT F6,3 iSH KWZ, SL(0O) up

"1 F12A2,1H SOURCE LEVL u : ,j /) a a
9011 FORMAT (/ 1 9X, 2HGA,7Xa3HBRCi9X,6HBL(DB),6X,7HARG(RC)
9012 FORMAT (/12 0 H SOUND LEVELt RCV ATfjoF)1•l )
9013 FORMAT (/24R VERTICAL BEAM PATTERN IIH DEPRESSI@Na5Xt

*8HVBPT(DB) 16 X aHVBPR(DB) )
9016 FORMAT (/144R BOTTOM ABSORBS ALL INCIDENT SOUND ENEROY //M
§0C1 FORMAT ( 22HJCSHERENT SUM MF RAYS /0
9018 FORMAT ( 20HIRANDOM SUM OF RAYS /)
9019 FORMAT ( 17H CONTRO. INDICES lls//)

D020 FeRMAT(6H VBPT #1OF 11;6)
90a FORMAT(6W VOPR Fi 16)

9022 FORMAT(lHg/iHn,3KxHCPR@FILE),?X,3HNO,,6X#BHDEPTHCM).GX, 1 5HVELOCIT
IYCM/SEC)p 1 i.H2I 1 3X.3HCASIlX.4HKACA,6X,5WLRCVN.6X'i5HD/0Z

9023 FORMAT C 9H VBP(DB) i j 0 Fj 0 ,2 / 9X Q,2 )FAH 6V
9o25 FORMAT( 3HoTU a 4I5,FI3,6,Fl1,4,F o,6, oXaFio,3)
924 FORMAT( 3HoTe i 415Fj3,6#F~j,4oFQ.,6,iO,3)
9026 FORMAT C 3HoSR * 4!5#F$3,6aFjIt4#F1 0 ,6)
9027 FORMAT C 3HoBR a 41,aFI3.6,r 1.4,F1e6,3 0 X',FIOj3)
9029 FORMAT C j9HoCM SET LT REL MA f .i8,E14,4.F 4.6.Fj6B6 )
9029 FORMAT ( 19WoCM SET UT REL MAX # IE 1 4,4'FI4,6 F1 6,6 )
9030 FORMAT (/22Xa4HISCP,3XSHIABOT,4Xe4WIPER,4XSHIPRAYSXaSHIUVRSs

1 4X,4HNSRM,4X#4HNBRM a5Xo3HIPL)
903$ FORMAT(/// joX, 2 0H LIST OF EIOEN RAYS I
9032 FORMAT (/3X#3HNUR#3X',3HNDR#3X,3HNTO#3Xa3HNSR',3X,3HNTU#3X'3HNBR#5X,

S5HRANGE#.X65HDEPTH,6X',5HGZAqSs6X 5HGZAR a7X.4HTIME#TX.
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2 12H S LEVEL(DB)
90ý5 FORMAT (5XK3HNUR,2X,3HNDRa3X,2HLN,3X#2HINailX,2HCM,6X,5HRANGE,6Xa

l4HGAMR,7X.3HZTO,7X,3HZTU,2XK8HZILC(IN|,2XaSHVIL(NI3)#IIX'a2WS2a12Xs
9O36 OeRMAT (iHioX,.RAY HISTORIES$ ,//)

90a FORMAT (W HTTST V8T . 4I8,P12j2pE14#4
C****$ THIS I THE MAIN RAY*TRAGINa AND SUMMATION ROUTINE FOR RTRACE,
C THE SHORT CALLING PROGRAM IS USED TO SET UP THE VARIABLE DIMENSIONS FOR THE
C RECEIVER ARRAYS,

MAXNRCnNDEPTH
MAXCELmNRANGE
ITBP.IDBP
MINV2@NCR$SS

9100 DO 9102 1 I t, NOCL
91o2 LRCVNC(I) 0

DO 91Q4 I I t• NORL
9 10 4 LRCVN(I) 4 0C**-** CHECK TO SEE IF DEPTH-TEMPERATURE-SALINITY INPUT HAS BEEN SPECIFIED,IF(jMGTq)GO TO 0oo0

PRINT 9o

C***** READ IN A SOUNDSPEED PROFILE# TERMINATED BY A NMN.POSITIVF DEPTH,
NI1 EOW12/70
NTEuPa5 EBW12/?70

2 READ 9909 (ZIL(J)sVIL(J)#J8NINTEMP) EOW12/70
9909 FORMAT(5(FNo, ,F8,4)) EBW2y27 00IF(ZI4(NTEM P ,LE.O.)G@ TO 4 EBW12/70

NI-NI5 EOW12/70
NTEMPPNI*4 EBW12/70
GO TO 2 EBW12TO

4 DO 5 Ju1 5 EBWI2W70
NISINTEMO-J EOW12#70
IF(ZIL(NI8),GTo,)G@ TO 5555 EBW12j70

5 CONTINUE E9W12/70
5555 NECURuo

IF(VI4,LTO,)NECURu1
VILqABSF(VIL)
PRINT 9900,(ZIL(J)aVIL(J)IJ=laNI9)

9908 FeRMAT(* INPUT PR6FILE*5(F 1 ol.FS,2)) EBW12170
6 LNSD v NIB

IF(NECUR.EQ,O)GO TO 12
C***** APPLY THE CURVED-EARTH RAYTRACING CORRECTION TO THE SOUNDSPEED PROFILE,

DO 10JlIgNIS
ZIL (J) zl(I)s:(,*,5*ZIl(J)/RADEARTH)

lo VIL(J)UVIL(J)*(i,*ZIL(J)/RADEARTH)
12 IF(RCVGEo)OO TO 802

C**0*0 APPLY THE CURVEDvEARTH CORRECTION TO SOURCE AND RECEIVER DEPTHS,
RCDuABSF(RCD)
LNPuLNRC*'
DG 801 IUILNP

801 RCD(I)uRCD(I)*(i,*.,5RCD(I)/RADEARTH)
8U2 SDuRC0(j)

ZBMT2ZIL(NIB)
DO 09 NRC 0 i#LNRC

09RCD(NRC) 4 RCD(NRC*6)
PRINT 9001. SDv (RCD(JWt J N 1eLNRC)
IF(LNRCGTMAXNRC) PRINT lit LNRC#MAXNRC
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11 FORMAT(.O NO, OF R5CEIVER DEPTHS*.15#s GTSoI5)

C LNRC8MINO(LNRCPMAXNRC)
C*.*a CALAL THE PROFILE*FITTING AND INTERPOLATING ROUTINE,
C THIS ALSO CAUSES THE INTERPOLATED PROFILE TO BE PRINT-PLýOTTEDa THE SOURCE
C AND RECEIVER DEPTHS TO BE INSERTED INTO THE PROFILEa AND THE CONTRACTED
C LAYERS TO BE STORED IN THE ARRAYS ZILC AND VILC,

CALL PROFILER
C**=** COMPUTE THE LIST SDL OF EQUIVALENT ANGLES FOR ALL LAYERS, THE VALUE
C SLL(LNSD) IS FLAGGED NEGATIVE FOR RELATIVE MAXIMA ON THE PROFILE,

LNSDuo
DO 15 IaILNB
IF(CAS(I)ILT.VSGR2) GO TO 15
LNSDuLNSDol
SDL(LNSD)!ATAN(SQRT(CAS(I)/VSOR2.1,))
IF(I,EQ,1) GO TO 15
IF(VIL (I) GT,VIL(I-).,ANDVIL(I),GEVIL(I*i)) SDL(LNSD)u.SDL(LNSD)

15 CONTINUE
141
IF (CBOT,6EVSOR) GO TO 16
LNSDs6NSD.1
SDL(LNSD)4-ACOS (VSOR/CBOT)

16 GMINWIO,
Ono
DO 17 J:ItLNSD
IF(ABS(SD6(4)),GEGMIN) GO TO 17
GMINzABS(SDL(J))
JMuJ

17 CONTINUE
IF(I,EQ,.| 0O To 19
IF(ABS(GMIN-ABS(SDL(I-$))),GT,1,E-7) 0O TO 19
IF(SD6(JM),GT,09) GO TM 18
SDL(I.1)=SDL(JM)

1t SDL(JM)=SDL(LNSD)
LNSDpmNSDm1
GO TO 20

19 GMINaSDL(I)
SDL(I)nSD6(JM)
SDL(JM)xGMIN
121*1

20 IF(I,6E,LNSD) GO TO 16
PRINT 24, NIS ZIL(NIS)o VSOR

24 FORMAT (/ 8H SOURCE a18, F12,2.FI4,4 /)
NRC * I
00 26 IN q to NIB
K a LRCVN(IN)
IF (KIEQ.Q) GO TO 26
PRINT 25s IN,NRCmKRCD(NRC)#VIL(IN)

2! FORMAT (/ SH RCV , 310.Fj2,2oFj4,4
NRC a NRC '1

26 CONTINUE
C***a * PRINTOUT OF THE FITTED PROFILE INTERFACESoINCLUDING LAYER PARAMETERS
C AND GRADIENTS AT THE INTERFACES,

PRINT 9022
DO 28 INulaLNB
PRINT 27.iNaZIL(IN)aVIL(IN)aZl(IN)oCAS(IN)aKA(IN)aLRCVN(IN)a
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1 GRAD(IN)
27 FORMAT(15H INTERFACE NMI #17,F14,3aF20.6,7X,3E15,7a16aF14,4)

28 CONTINUE
PRINT 29.NIBZIL(NIB) VtL(NIB) LRCVN(NIB) GRAD(NIB)

29 FORMAT( 1 5H INTERFACE NO I17,F 4, ,26,5XsI6,F044)
Csso* PRIN OUT OF THE CONTAEPROFILEtWHICH CONSI.TS OF THE INTERFACES
C AT WHICH SOURCE AND RECEIVERS ARE LOCATED, BR AT WHICH THE SMUNDSPEED HAS
C A LOCAL EXTREMUM, THIS INCLUDES THE SURFACE AND BOTTOM,

PRINT 30
30 FORMAT(//4X#*CSNTRACTED LAYERS DEPTH VELOCITY LRCVNCs)

Do 31 IN 1,NIBC
31 PRIN 32,IN ZILC(IN)aVILC(IN)#LRCVNC(IN)
32 FORMAT(Ij ajXaFi '.2,F13,6, I1)

PRINT 900 P IN 0
DO I' 1 LNSD
S2 DTR*2S6, I)
S3u(VS0R/COS(SDL(I)))**2

33 PRINT 34,S3#SDL(I)S2
34 FORMAT(* CONVERT CAS *aE1516,a TO ANGLE *,Fli,6#Ftl 4)

COO*** IF THE SOURCE ANGLE INCREMENT DGAMD IS NEGATIVEa THIS SIGNIFIES THAT
C ThE RAY DISTRIBUTION IS TO BE CONCENTRATED AROUND THE HORIZONTAL,
C THIS IS ADVISABLE TO GET BETTER INTERPLATION OF RANGE AND RAY INTENSITY,

IUVRS!O
IF(DGAMDLTjO,)IUVRS1
DGAMDqABSF(DGAMD)

C***** NBRM IS THE MAXIMUM NUMBER OF BOTTOM REFLECTIONSt IF IT IS ZERO, THE
C ROTTOM WILL ABSORB ALL RAYS STRIKING IT# SO NO BOTTOM LOSS TABLE IS READ IN,

IA8QTlo
IF(NBRMEQ,0)IABSTml

RFz1ooo,.RF
DR=looo,*DR
RL '100,qjRL

R*AYS WILL BE TRACED TO RL,*70 KM TO ENSURE INTERPOLATINQ ALL ARRIVALS,
RLPi.R06701000,
PRINT 9008
PRINT 9 0 0 9 s GAMUDeGAMDDaDGAMDeRFaDRaR4,ITBP,DATDoIRBPuDARD
PRINT 903
PRINT 9018, ISCPIABT, IPERaIPRAYIUVRSNSRMNBRMIPL
OMEGA • 2000.gsPIFKHZ

C***.. IF VLUM TTENUATION HAS BEEN SPECIFIED,COMPUTE IT IN DB/KM,
ATKYD m ot
IFF( KHZ,,jTO0jORIATT,EQj0j)Qe TS 37
S2 m FKHZ**2
ATKYDxo,o0o3o25"S2 *44j*52/(4100,*S2)

37 PRINT 9 0 $oiATKYDa FKHZ, SLDOB SORLEV
ATTF a O.o0oiVSeR*ATKYD
FSL c OO=o•e•B

MAXM * (RL .RF *,1)/DR *1I
IF (MAXMLEMAXCEL ) GO TO 39
PRINT 38, MAXM

38 FORMAT (/28H TOO MANY RANGE CELLS REQ, , 16/)
MAXM = MAXCEL

39 GAMUR i GAMUD/DTR
GAMDR z GAMDD/DTR
DGAMR a DGAMD/DTR
DGAMRH z DGAMR
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PRINT 9005
C***** IF LAYER-BY-LAYER RAYTRACE pRINToUT IS SpECIFIED#
C WRITE A HEADER ON LUN i1 THIS UNIT SR OULD BE EQUIPPED TM PR,

IF (IPRAYGT,O) WRITE (1,9036)
IF (IPRAYGT ) WRITE (1,9035)

C*',** CHECK FOR' PARTIALLY REFLECTING BOTTOM,
IF (IABOTNE,l ) GP TO 59
PRINT 9016.
GO TO 69

C***** SET THE BOTTOM LOSS AND PHASE SHIFT TABLES TO ZERO. READ NEW VALUES,
59 DO 60 J a 1#91

BLT(J) 0 't
60 EPBLT(J) a 0,

M=O

61 NTEMP.M+19
READ 02,(BLT(J*j),JuMNTEMP)
M M *2o
IF (MLT?00,ANDBLT(M)IGTO,001 ) GO TO 61

C***,* IF COHERENT PHASE SUMMATION IS NOT SPECIFIED, PHASE-SHIFT TABLE SKIPPED
IF (ISCP,NE1j) GO TO 63
N=O

67 NTEMPuN+19
READ 62,(EPBLT(J,1)aJ=N#NTEMP)
N = N +20
IF (NLT,100,AND,ABS(EPBLT(N))lGT,0 1 001) 0O T@ 67

62 FORMAT ( 20F4,2
63 DO 64 J = 2,91

IF ( BLT(C ) LT O' ) BLT(4) A BLT(Joj)
S2 x EPBLT(J- 1) -EPLT (,J.2)
IF (ABS(EPBLT(J)),GT,0o001) GO TO 64
EPBLT(J) a EPBLT(I-1) +S2
IF (EPBLT(J).GT,o,) EPBLT(J) = OD

64 CONTINUE
C*"*** PRINT OUT THE BSTTOM LOSS AND PHASE-SHIFT TABLES,

PRINT 9011
DO 68 J z I, 91
K =J *1

S2 O BLT(4)
BLT(J) = 10=**(-0,1*S2)

65 IF (KGTM) GO To 68
S3 DTR.EPBLTJ)
PRIAT 66, K, BLT(4)s S2j S3

66 FORMAT ( 13H BOTTOM LOSS s 181 F12,4t 2F12,2
6A CONTINUE
69 CONTINUE

NRCDR a 0
IF (LRCVN(NIS),EQ,OSR7VIL(NIS11),GT,VSeRo,,0001,ORI

1 VII(NIS'I),GTVSOR+ojoUol) 0O TO 85
NRCDR * NISC
PRINT 82, NRCDR

82 FORMAT (/ 1 2H DIRECT RAY f 180)
85 CONTINUE

C****. PREPARE TO CHECK TB SEE IF SOURCE AND RECEIVER BEAM PATTERNS ARE USED,
DO 88 1 = la 361
VUPT(l) z it

88 VBPR(l) x it
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IF (ITBP,EG,O) GO TO 100
IT * QATD
N O0
PRINT 9005

90 NTEMPuN+19
READ 62,(DUML(J*.),IJNNTEMP)
PRINT 9 0 23a(DUML(Jl)aJuN#NTEMP)
N z N 2a
IF (NjLT.280,AND,DUML(N),GT,0O01) GO TO 90
PRINT 9005

93 DO 95 1 = 1#180
J:IT*i
KcIT-1I2
IF (JLT.1) J x 1 .360
IF (K1 LT,1) K a K *360
IF(IAT.NOR,I.GT,1OAND.DUML(I),LT,,o01) 0G TO 94
S2z =0,0**(-0.16DUML(M))

94 VBPT(J) = S2
VBPT(K) a S2
IF(I,OT,N) GO TO 95
PRINT 9050a I#JpKsIT#DUML(I)aS2

95 CONTINUE
J2 q 161

C*.*** IF AN ASYMMETERIC SOURCE PATTERN IS SPECIFIED. READ IN LOWER HALF,
IF (ITBP,EQ 11) GO TO 99
J2 u 361
N 0

96 NTEMPPN.19
READ 62,(DUML(J*.),JmN#NTEMP)
PRINT 9 0 23a(DUML(J~j),JUNNTEMP)
N 2 N '20
IF (NLT,180,AND,DUML(N).GT,0,0Q1,) GO TO 96
DO 98 I z 1#180
K = IT -I q1
IF (KILT.1) K 2 K *360
IF(I.T.NOR.I,GT,10.ANDDUML(I),LT,,o01) GO TO 97
S2 3 %0.0**(-0.OlDUML(I))

97 VBPT(K) c S2
98 CONTINUE
99 VBPT(361) a VBPT(1)

PRINT 9005
IF(ITBPNE,I) PRINT 9020,(VBPT(J)pJal#J2)
PRINT 9n0 5

C**.*' CHECK FOR USE OF A RECEIVER BEAM PATTERN,
l00 IF (IRBP,EQ 1 0 ) GO TO 140

N=O

110 NTEMPPN19
READ 62,(DUML(J*1)*JmNoNTEMP)
PRINT 9023'(DUML(J. 1 )#J*N#NTEMP)
N c N '2n
IF(N.LT,fBO,ANDDUML(N).GT,001) GO TO 1i0
IT z UARD

113 DO 115 I a 1,180
J=IT*'I-
K z IT -I 41
IF (JILT.1) J a J '360
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114

115

C* **

IF (KiLT,I) K a K('360
IF(I,QT,NOR,I,.GT,1o,AND,DUML(I),LT,0o01) 0O TO 114
S2 R 10,0**(-O,l*DUML(I))
VBPR(J) = S2
VBPR(K) a S2
CONTINUE
J2 ; 181

IF ASYMMETRIC RECEIVER PATTERN HAS BEEN SPECIFIED' READ IN LOWER HALF,
IF (IRBP,EQOj) 0O TO 119
J2 4 361
N x 0

116 NTEMP"N.19
READ 62,(DUML(J41),JPNNTEMP)
PRINT 9 0 2;l(DUML4(J4 1 )#JuNNTEMP)
N a N *2
IF(N,lT,18OiANDDUML(N),GT,,o01) Go TO 116
Do 110 I 10180
K = IT -I *1
IF (KILT,1) K a K 4360
IF(I.,,T,NOR,1,GT,1o,ANDDUML(I),LTt,0o1) GO TO 117
S2 3 %0,0**(,0.'DUML(I))

117 VBPR(K) a S2
118 CONTINUE
119 VBPR(461) a VBPR(I)

PRINT 9024,(VBPR(J)#JuhJ2)
Cos*** IF THE INTERP0LATIBN AND PRINTOUT OF EIZENRAYS HAS
C PRINT OUT A HEADER HERE,
140 IF(IPEREQ,0) GO TO 141.

PRINT 9031
PRINT 9032

C

BEEN SPECIPIEDs

C0,,", CLEAR THE RECEIVER INTENSITY ARRAYS BEFORE START OF RAYTRACE,
141 DO 142 IN.1,LNRC

INV2(IN) 0
DO 14R J'4 IMAXM
CELL(INJ) • '
CELL2IN,;,) O

.142 CONTINUE
Co**** START SELECTING RAYS WITH THE FIRST UPGOING ONE, DOWNS6ING INDEXRO,

NUR • 1
NDR x 0

C"*"** IGRM IS A FLAG TO INDICATE THAT INYERPSLATION AT A RECEIVER BETWEEN
C THE CURRENT RAY AND THE LAST ONE TRACED IS NOT VALID(SHADOW ZONE),

IGRMug
CMOLDrVSOR

C*"*"' IF GAMUR IS NON-PSSITIVE THERE ARE NO UPGOING RAYS SPECIFIED,
IF (GAMUR) 175#175#143

C**"'. THE ZEROSDEGREE RAY IS NIT TRACED, START WITH ,000001 RADIANS,
ý143 NSD I 1

QAMR 1 .- 6
C**"** IF GAMDR IS NEGATIVE THE RAYS ARE ALL ABOVE THE HORIZ@NTAL* BEGINNING
C AT -GAMOR,

IF (GAMOR) •144,145,145
144 GAMR v -GAMDR

GB TO 202
C"'.'* COMPUTATION OF RAY PARAMETER POR GAMRm,000001 RADIAN,
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145 CMaVS$R*DEL
GO TO 203

C**."' CHECK FOR A RELATIVE PROFILE MAXIMUM AT THE SOURCE DEPTH,
.150 IF (ISLD,6911) GO To 153

C""s'$ CHECK TO SEE IF THE RAY DISTRIBUTION IS TO BE MADE MORE DENSE NEAR Do
IF (IUVRS.EQ,O) aO To 151
DGAMR 9 (0,01 *5,O8GAMR)*DGAMRH .1,Em6
IF(DGAMR,GT,,5'GAMR) DGAMR.,5'GAMR
IF (GAMR*DGAMRGTGAMUR*,oooo1,ANDNURGEt) D0AMRvQAMJRvOAMR
IF IGAMR*DGAMR,GT,GAMDR*,ooool,AND,NDRGE,1) DGAmR*GAMARGAMR

151 GAMR v GAMR *DGAMR
152 S2 4 ABS(SD6(NSD))

C*""'4 WHEN THE RAY DISTRIBUTION REACHES A VA4UE CORRESPONDING TO A RELATIVE
C MAXIMUM ON THE PROFILEt A RAY JUST BE6OW THAT VALUEa AND ONE JUST ABOVE IT
C WILL BE TRACED, THIS IS THE BIFURCATINQ RAY, WITH SHADOW ZONE BETWEEN,
C THE RAY DISTRIBUTION MAY BE CHANGED FOR MORE UNIFORM COVERAGE IN THIS AREA,

IF (ABS(S2 -GAMRtGT,O06*DGAMR) GO TO 157
IF (SDL(NSD),GTo,) GO To 196
ISLe I 1
GAMR 4 S2 .- ,E-6
CM q VSOR/COS(GAMR)
PRINT 9020# NSDiSDL(NSD)PCM#GAMR
GO TO 154

153 ISLe w 0
GAMR ! ABS(SDL(NSD)) *IE-6
CM q VS9R/C6S(GAMR)
PRINT 9029,NSDS DL(NSD)tCMoGAMR
IGRMv%

154 IF (NDREgO) GO TO 155
NOR 0 NDR *1
GO TO 253

155 NUR a NUR '1
GO TO 203

06d GAMRRS2
157 IF (S4,GTtGAMR,9RgNSDtGE,LNSD) GO TO 158

NSD x NSD 41
GO TO 152

15S IF (NDR.EQ,0 GO TO 160
NOR x NDR+ i
IF (GAMR vGAMDR--DGAMR *0,00001)252,400e400

160 NUR z NUR *+
IF (GAMR wGAMUR -DGAMR *0,00001)202j?75,179

C**"o" START SELECTING DOWNGOING RAYS, THE UPGOING RAY INDEX4g,
j75 NDR x I

NUR a 0
CMOLDwVSOR
IF (GAMDR) 400*400#176

06 NSD c 1
GAMR a 1,i-6
IF (GAMUR) 177.178,178

177 GAMR P -GAMUR
GO TO 252

178 CM=VSOR*DBL
0G TO 253

C""'** COMPUTE THE RAY PARAMETER CM AND START RAYTRACE AT SOURCE DEPTH.
C***** CM IS THE PROFILE VALUE AT WHICH THIS RAY TURNS ARIUND,
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202 CM z VSOR/COS(GAMR)
IF(CMI•E.CMOL') CMRDE*CMOLD

203 CMS = CM M2 L~C LML
CMOLDuCM
IN m NISC

C**"o" SETRIN COMPUTES THE RAY TRAJECTORY INCREMENTS FOR ONE CYCLE THROUOH
C TNE CONTRACTED PROFILE,

CALL SET RIN(CMS)
NSR a 0
NOR a 0
NTO a 0
NTU a 0
R 0 01
B * 0,

P = O1
T 2 0,

C""*** THIS CALL INITIALIZES THE RAY PLOT FOR AN UPGOINO RAY,
CALL RAY PLT(o,,SpVSORCMNDR)

C""'op ACCUMULATION OF TRAJECTORY INCREMENTS FOR A LAYER ENTERED At BOTTOM.
210 LN v IN ,1

R * R +RIN(LN)
B * B *BIN(LN)
P = P *PIN(LN)
T T *TIN(LN)
IN 4 LN

C"**"* IF CM.LTVILC(LN) THE RAY WILL NOT REACH INTERFACE-- E TURNS OVER.
IF (CM-VILC(LN)) 201'204,204

201 NTO s NTO +
CALL RAY PLT(RvZTOsCMCMNDR)
IF (IPRAYEO,oRR,RLT;RF,ORR,,GTR) GO TO 260
WRITE (1P9024) NUR#NDRLNINCM#R#GAMRZTO
GO TO 260

204 CALL RAY PLT(RZILC(LN),VILC(LN),CMNDR)
C***** CHECK FOR A LAYER PRINTOUT, IF IPRAYvi,

IF (IPRAYIEGQ. .R.RLT7RFORRGTtRL) 00 TO 206
S2 a FCSB4'FA8 IN2(IN)/(Rs8)
WRITE ( .R25) NURNDRLNINiRtQAMRZIlC(IN).52,BP

Wn FORMAT ( ~H UP 415, 1 3XFj614,FFIn ,6,$2nX'Flnt3.InX'.3E13,4)
Co* 0" IF THIS 19 NOT A RECEIVER DEPTH SKIP OVER THE RAMET ER TABULATION,

206 IF (LRCVNC(IN),EO,0 ) 00 TO 212
INTEMPzIN

INaLRCVNC(IN)
12 q INV2(IN) *1
IF (12,GToMINV2) GO TO 300
RT2(INI21 ER
PHASE2(INaI2) P P
TIME2(IN,12I • T
NSRL(IN,12) * NSR
NBRL(IN,12) * NOR
NTOL,(lNe2) • NTO
NTUL(IN#I2) * NTU
S2uABS(FCSBL*FACIN2(INTEMP)/IRSB))
IF(R.EQo,O) S281,
IF (S2.LTASLMIN) 00 TO 300
IF (IROP.EOo) GO TO 211
Sx360,-GAZ(INTEMP)
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N S
S2 = 52*(VBPR(N*I) *(S-N)S(VBPR(N*2) oVBPR(Npl)))

211 SLM2(IN.12) 2 S2
INV2(IN) P 12
IN;INTEMP

212 IF (INGTi I) GO TO 215
C""'** RAY HAS BEEN YRACED TO A SURFACE HIT, CHECK TO SEE IF IT SHOULD BE
C CONTINUED (REFLECTION WITH LOSS) OR TERMINATED HERE,

IF (NSR.EQNSRM) GO TO 300
FOSBL a FQSBL*FSL
NSR z NSR 41
P 2 P *PI

IF IIPRAYEQ.O.BRRLTRFRRTRlGIR|) GO TO 265
WRITE (1.9026) NUR#NDRLN INoCMHR.GAMR
GO TO 265

215 IF (R-RLP) 210#300,300
252 CM o VSOR/COS(GAMR)

IF(CMLE.CMOLD) CMEDEL0CMOLD
253 CMS a CM'42

C**"*" INITIA6IZATION FOR A DOWNOOING RAY,
IN 1 NISC
CMOLDuCM
CALL SET RIN (CMS)
NSR 2 0
NBR a 0
NTO s 0
NTU v 0
R = 0,
B * 0,

P * O,
T 0 0,

C"*"'* THIS CALL INITIALIZES THE RAY PLOT FOR A D@WNOSINS RAY,
CALL RAY PLT(g.iSD.VSOR#CMNDR)

C""'** ACCUMU6ATION OF TRAJECTORY INCREMENTS FOR A LAYER ENTERED At ?OP,
260 LN * IN

R • R *RIN(6N)
B 2 B *BIN(LN)
P • P *PIN(LN)
T 2 T *TIN(LN)
IN a LN #1

C$,"$$ IF CM.4TVILC(IN) THE RAY MUST TURN UNDER BEFORE REACHING INTERFACE.
IF (CM-VILC(IN)) 251'254o254

2jNTU a NTU 'j
CALL RAY PLT(R#ZTUsCM#CM#NDR)
IF (IPRAYEQ, .R,RLT7RF,OR,R,Gt,RI) GO TO 210
WRITE (1,902;5 NUR#NDR#LN#INICM#R#GAMR'*ZTU
GO TO 210

254 CALL RAY PLT(RZILC(tN),VILC(IN)ICMNDR)
IF (IPRAYlEO. ,.R,R LT:RF,OR,RoGT,RL) GO TO 256
S2 x FCSB'FAC iN2(IN)/(R*B)
WRITE (1#255) NUReNDReLNINRoGAMRZILC(IN) S2,BP

255 FORMAT ( 3HgDW o 415'13X#F1194 FjO.6#20X'FjO.3#10Xo3E13.4)
256 IF (LRCVNC(I ).EO, 0 ) GO TO 262

INTEMP|IN
IN*LRCVNC(IN)
12 a INV2(IN) *1
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IF (12,GTMINV2) GO TO 300
RT2(INI2) ER
PHASEJ(IN#I2) NP
TIME2(IN,2) T
NSRL(IN#12) w NSR
.NBRL(IN,12) x NBR
NTOL(IN,12) a NTO
NTUL(IN,12) a NTU
S2=ABS(FCSBL.FACIN2(INTEMP)/(RaO1)
IF(R,EQ.,O) S221,
IF (S2.,LTISLMIN) GO TO 300
IF (IRBP,EQO) GO TO 261
SaGAZ(INTEMP)
N a S
S2 x S2*(VBPR(N*I) *(S-N)'(VBPR(N+2) nVBPR(N+1)))

261 SLM2(IN,12) x S2
INV2(IN) a 12
IN=INTEMP

262 IF (INLT NIBC) GO TO 265
C"o'** RAY HAd BEEN TRACED TO A BOTTOM HIT, CHECK TO SEE IF IT SHOULD BE
C TRACED ANY FURTHER (REFLECTION WITH LOSS) OR TERMINATED HERE,

IF (IABOTEQ,1,OR,NBREQ,NBRM) GO TO 300
FCSBL a FCSBL*FBL
NOR a NBR +1
IF (IPRAYIEQ,.O.R,RLT;RF,OR,RGT,RL) GO TO 264

C***** RAYTRACE PRINTOUT ON LUN I FOR BOTT@M REFLECTION,
WRITE11, 9027) NURNDRLNINCMHRGAMRVIL(NIB)

264 IF (ISCP,NEII) GO TO 205
S 2 DTR'ACOS(VILC(NIBC)/CM)
N S
P P *EPBLT(N+I) *(S-N)*(EPBLT(N*2) wEPBLT(N.I))
GO TO 215

265 IF (R "RLP) 260#300,300

lgIN ? N ~
3 IN

IF (LRCVNC(IN).EQ,0 ) GO TO 350
INTEMP=lN

INxLRCVNC(IN)
I2L m INV2(IN)

C
C***"' PREPARE TO INTERPOLATE AT A RECEIVER, F IT IS NOT CeNTRAINDICATEDs

IF ( NUREQ,1,BR.NDR,EpiI,OR,I2LLE,0,OR,IGRM.Eg,.) 0O TO 340
IlL c INVI(IN)
IF ( ]IL.LE,o ) GO TO 37o
12 z g

310 12 m 12 #1
C"***" SINCE THE PARAMETER ARRAYS ARE INDEXED BY DEPTH(IN)AND BY CROSSING
C NLMBER(12), INTERPOLATION IS AUTOMATICALLY BETWEEN TWO RAYS WAVING THE SAME
C TRNAROUND HISTORY, NMN-INTERPOLABLE CASES WAVE ALREADY BEEN ELIMINATED.

R2 * RT2(IN,12)
RI ! RT1(IN#12)
IF (R1 ,LTRF.AND,R2tLT;RF) GO TO 339
IF (R2,GTRI) GO TO 316
RS a R2
RB x RI
SLVS a SLM2(INI2)
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SLVB ! SLM1(INI2)
PHS a PHASE2(IN#I2)
PHB a PHASE%(IlNI2)
TIMS 4 TIME2(IN,12)
TIMB 4 TIMEI(IN#12)

GAMS 4 GAMR
GAMB F GAMR1
GO TO 320

316 RS aRl
RB uR2

SLVS F SLMI(IN#12)
SLVB P SLM2(IN#12)
TIMS ; TIME (INp12)
TIMB L TIME (INI2)
PHS m PHASEV(IN*12)
PHB x PHASE2(INI2)
GAMS P GAMRI
GAMO P GAMR

C***** NOW FIND THE EIGENRAY PARAMETERS BY LINEAR INTERPOLATION,
320 RBS z RB mRS

S2 a (SLVB "SLVS)/RBS
S3 9 (PHO -PHS)/RBS
S4 ; (TIMB -TIMS)/RBS
IF IRS,GTIRF) GO TO 330
Mu.
R3 4 RF -RS
GO TO 332

324 FORMAT(60eFlO,0oFlIl,2Fll,5r,14,6#F12,1)
330 M a (RS -RF)/DR '2.

R3 v RF *(MwI')DR -RS
332 IF (R3,GT,RBS,OR,M,GTMAXM) GO TO 339

P4 a TIMS *R3*S4
SL * 1O,0"(-0,1aP4*ATTF)O(SLVS *R3sS2)

Coo*** IF THE EIGENRAY PRINTOUT IS SPECIFIED, THE INTERPOLATED SOURCE ANGLE
C AND ANGLE AT THE RECEIVER OF THE EIGENRAY ARE COMPUTED AND PRINTED,

IF (IPER,EOO) GO TO 335
P5 P j0,O*AQOIO(SL) *SORLEV
PS v QAMS.*R3*(GAMB .GAMS)/RBS
S5UDTR'ACOS(VILC(INTEMP)OCOS(P3)/VSOR)
P3 q DTR*P3
P2 ! RS #R3
PRINT 324, NURNDRNTOL(IN,12) NSRL IN.12)'hNTUL(IN,12),

1 NBRL(INi2),P2,ZILC(INTEMP)oP3,S5,P4,P5
IF (IFPEREOGI GO TO 338

C****" IF COHERENT PHASE SUMMATION IS SPECIFIED, SINE AND COSINE COMPONENTS
C ARE SUMMED IN SEPARATE ARRAYS,
35 IF .(ISCPNEII) GO TO 336

PS*SQRT(S,)
95 1 ePHS.-R3*S3
CELL(INM)*CELLCIN,M.*P5'COS(SO)
CELL2(IN,M)uCELL2(INM).P5'SIN(S5)
GO TO 338

C""'** SUM RANDOM-PHASE CONTRIBUTIONS IN A SINGLE ARRAY,
336 CELL(INM) 4 CELL(INM) .SL
338 M a M *I
334 R3 a R3 *DR
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GO TO 332
Z39 IF (I2,LTI2L,ANOvI2,LT,IlL ) GO TO 310

Coo*** THE CURRENT RAY NOW BECOMES THE OLD ONE, BEFORE TRACING THE NEXT,
340 INVI(LN) 4 INV2(IN)

INV2(IN) 9 0
DO 342 12 1 #,12L
RTI(IN,12) RT2fINI2)
SL, 1 (IN,12) * SLMZ(INpI2)
PHASE ( IN,2) • PHASE2(IN,I2)
TIMEtIN#.12) 2 TIME2(INI2)

342 CONTINUEIN=INTEMP

350 IF (INLTINIBC) G6 TO 305
GAMRI a GAMR
IGRMzo
GO TO 150

370 12 a %
372 IF (1241,4TI2L) GO TO 340

C""*** SINGLE•RAY INTERPOLATION IS FOR THE CASE WHEN THE CURRENT RAY CROSSES
C THE RECEIVER DEPTH, BUT THE PREVIOUS ONE DID NOT,

RS 9 RT2(IN,12)
RB 1 RT2 (IN.12* 1 )
RBS a RB vRS
IF (RB,LTRF) G8 TO 390
SLVS P SLM2(IN,12)
SLVB P SLM2(INI2#l)
S2 P (SLVB uSLVS)/RBS
PHS • PHASE2(IN,12)
PHB a PHASE2g(Nj12*t)
S3 v IPHB -PHS)/RBS
TIMS P TIME2(INpI2)
TIMS @ TIME2(IN,12'l)
S4 ; (TIMB 1TIMS)/RBS
IF (RSGTRF) GO TO 38o
Mu%

R3 4 RF -RS
GO TO 383

360 M a (RS oRF)/DR *2,
R3 v RF *(M-$)*DR -R$

363 IF (R3,GTRBS,OR,M,GTMAXM) GO TO 39o
P4 P TIMS *R3'$4
SL 4 O,O**(:Oi'*P4*ATTF)*(SLVS *R3mS2)

C**"*" IF IPERx$i PRINT A LINE OF THE EIGENRAY PRINTOUT,
IF (IPER,EQ,O) Go To 305
P5 ; ;0,00AL GIQ(SL) *SOR4EV
P3 4 DTR*GAMR
P2 a RS *R3
SsO,
PRINT 3241 NURNDRNTBL(IN,12),NSRL(IN,12).NTUL(IN,12),

SNBRL(IN,12),P2,ZILC(INTEMP),P3,S5,P4,PS
IF(IpER.E,1) GoT; 388

365 IF (ISCPNE1I) GOT 386
Coo**$ ACCUMULATE A CONTRIBUTION TO COHERENT-PHASE INTENSITY,

P50SORT(SL)
SO P ,PHS -R3'S3
CELL(INM),CELL(INM)*P5'COSIS()
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CELL2(INM)uCELL2( INM)*P5SSIN(S5)
Go TeC388

Csss*s A CUMULATE A CONTRIBUTION TO RANDOM.PHASE INTENSITY,
386 CELL(INM) 4 CELL(INM) *SL
388 M x M *I

R3 4 R3 *DR
GO TO 383

390 12 q 12 '2
GO TO 372

400 IF(IPEREQ.1,ANDIPL,EO,0) GO TO 500
R a RF

C*"**" PRINT OUT A HEADER FOR COHERENT OR RANDOM TRANSMISSION LOSS,
IF (I5CP,EQOI ) Oi TO 4Q2
PRINT 9010
GO TO 404

402 PRINT 9017
C*""'s PRINT'OUT THE RECEIVER DEPTHS,

4g4 PRINT 9012, (RCD(K), K 4 1i LNRC
PRINT 9005
MwI
VOLAT 9 O0

410 RKY a 0,001*R
NRC a I
DO 429 IN I t, NIBC
J2 I LRCVNCIIN)
IF (JW,E0,0) GO TO 429

Cse'es SELECT COHERENT OR RANDOM INTENSITY FOR BUTPUT,
IF (ISCP.NE11) GO TO 420
S2 u CELL(J2,M)
S3 Q 6ELL2(J2#M)

Cos'** IF A DIRECT RAY HAS BEEN FOUNDtADD A TERM FOR ITS COHERENT INfENSfT
IF (IN,NENRCDR) 0O TO 415
S4 U wOMEGA*R/VS@R
Fall
IF(ITOP,NE,Q) FvFOVBPT(I)
IF(IR4P,NEvo) FUF0VBPR(1)
FSQORT(F)
S2aS2*F*C$S(S4)/R
S3"S3F*'SIN(S4)/R

415 S2 4 $2"*2 &S3402
GO TO 424

420 S2 P GELL(J2vM)
C""'so IF A DIRECT RAY HAS BEEN !OUNDtADD A TERM FOR ITS RANDOM INTENSITY,

IF (IN-NRCDR) 424#422#424
422 Fait

IF(ITVP NE,0) FRFOVBPT(l)
IF(IRBP:NE,0) FR7oVqPR(jj
92xS2*F/R*o2

424 DBL(NRC) 1 '200,
IF (S2) 4281428o425

425 DBL(NRC) v 1O,OSALOGIo(S2) oSOR6LV
428 NRC a NRC *1
429 CONTINUE

PRINT 430, RKY#(DBL(J)oJ hl#LNRCI
43 0 FORMAT (6M RKM P # F9,3, 5X#•o loF • I

CELL211#M)NRKY
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DO 431 JxlLNRC
431 CELL(j.M)!DBL(J)

IF (R.0,,GTRL) GO TO 500
M a M 41
R s R *DR
.IF(M,LE,MAXM) GO TO 410

500 CONTINUE
C""*** IF THE RAY TRAJECTORY PLOT HAS BEEN MADE, THE PEN MUST BE SPACED OVER,

IF(JHGT,NE, ,)CALL PLBT(ILGQ3it, 01,3)
IF(IP6,EQ•o G; TO 599

C"o*** CALL Tg P LOITER PRODUCES A CALCOMP OF TRANSMISSION LOSS VS RANGE,
IF(IABS(IPL-2),EO,1) CALL PLOTER(SDRCDLNRC,RF,DRRLMAXMHTITLE,

1 CELL,NDEPTHNRANGE)
C""'** THE FIRST CALL INITIALIZES THE PRINT-PLOT OF TRANSMISSION LOSS VS RANGE

IF(IPL,GEo2) CALL PRNTPLTR(SDRCDoLNRC)
DO 55 I I ,MAXM
RKYRCELL2 1. 1)
DO 5n JaiONRC

510 DBL(J)3CE LCJI)
C**""' SUBSE0UENT CALLS PRINT ONE LINE(RANGE INCREMENT) EACH,

IF(IPL,GE12) CALL PRPLOTi(RKY#DBL)
515 CONTINUE
C
C""',, END Or RAYTRACE AND TRANSMISSION LOSS OUTPUT, RETURN FOR NEXT CASE,

599 RETURN
C
C
C***** DEPTH-TEMPERATUREPSALINITY INPUT# LATITUDE AND LONGITUDE ON FIRST CARD,
C ThE FIRST CARD MAY ALSO CONTAIN !LAGS FOR DEPTH AND TEMPERATURE UNITS,.
C Z MAY BE IN YARDS(IRmj).FEET(IR2)',OTHERWISE IT IS ASSUMED TO BE IN METERS,
C T MAY Bi IN FAHRENHEIT UEGREES(ITRfl)#OTHERWISE IT IS ASSUMED CENTIGRADE,
C S IS ALWAYS IN PARTS PER THOUSAND,

1000 INal
READ 1015, ZaTSIRITRLAT#LONGZlLuZ
Z=0,

C""' IF THE FIRST SALINITY VALUE IS NEGATIVE, CURVED-EARTH CORRECTION USED,
NECURvn
IF(SLT,0,)NECURRI
SvABSr(S)
GO TO 1042

1005 IN P I

C""'* SU9EQUENT INPUT CARDS HAVE ONLY DEPTHTEMPERATURESALINITY,
1012 READ ±0• Z,T,S
j015 FORMXA (rP'o,2FS-2s2I2s2F6.2

C***** A BLANK QARD SIGNIFIES THE END OF THE PROFILE INPUT,
IF (ZE gO o,AND,T,EO,ooo,ANDS,EQ,Og) 1260,1090

;042 I 6 IR
IT a ITR
16AT P LAT
S2 0 LAT aILAT
ILATS 8 1i0,010S2
LAT m ILAT *S2/O,6
1LON v LONG
S2 x LONG -ILON
ILONS a 100010$S2
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LONG P ILON &$2/0,6
PRINT 1045, ILATilATSI ON1! ONS'I1IT

1045 FORMAT (/23H bEpTH TEMP jAL IkPUY O3HLAT,16#4H DES, 6,4W MIN#4X
I ,4HLONg,16,4H 90Q,1674H MINOSX5HNFLAGS#215 #)
PRINT ?$,

1060 FORMAT /H Z FT, 8X, 5H 7 YD, 8X, 4HZ M , ?X, 4HTEMPt
I 3X SHTEMPr 4X 3HSAL 9X
2 7HfEL F/S,&XfHVEL t/S:6X,7HVEL M/S,9X,8HPRFSSURE 12X#*DENSITY*
31 /)

C• U OOS(, ioLAT/DTR)
GRZ 0,98 16 6 .2,5928ER3sC4 "6,9E.6*C2*C2

1090 IF 01,EQ1  Z 0 0,91 44OZ
IF (I•EG.2) Z 0 DO 48'Z
IF (IT,EQog ) T a RT-32j)*9,/9,
IF (S) 1092,1092.1094

1092 S a SAVS
0G TO 1100

1094 SAVS v S
Co""e' WILSON EQUATION AS IN TOLSTOYmCLAYi OCEAN ACOUSTICS(MCGRAW-WILL 1966)P6
;100 S2 #SOS

S3 ISOS2
T2 qTOT
T3 @TOT2
T4 NTOT3
SIG u -9,3445863E-2 *87148765SE-lIS .4.82496 1 4E=-4*2

4 *6o767061 4E.6aS3
S102 u SIGMSIG
A0 s (3,g186330E=6 04o53 1 7j1 5Ew3*T -5,4593903E-4*T2
a -a19824828E-6oT3 -1;43853546 -OT4 )/(67,26 .T )

Al i 1 , 0 Eu3 -4,7867E-6*T-*9,OO±6-85 .8 t1 843E-9%T3
A2 6 1,,80 E-O? =8,164E.1O'T2 *%,66?EwleT3
TM3SPj a A0 *Aj'SIG *A2*SIG2 *+Io
TIO a -2.2072E-7 *3,673E8OeT "6,63E-10*T2 *4,01-12*T3
T11 a 1.725E.-8 -3,28E"IoT *4,oEs.24T2-
T12 a -4,E611 *j1oE-j2'T
Ml v T1 0TIIeSIG *Tj2mSIG2
T2o a * ,68E 14" ,24o64Ew12*T *2,14Ev14?T2
T21 a 04,24BE-13 *l'2 0 6E-34*T o2,0E'16eT2
T22 0 1,06-15 -6, 0 E;17'T
M2 v T2 0021OSIG *T22oSIG2
M3 a I,gE@17*T
IF (Z) 11201110#1120

1110 P 10,1325
al TO 1150

1120 S *PM RM1; jE.7T(Z *ZMI ))$(Z oZMI )
P PMI MI SG
MO 1 ,,0 v4o866E-6*P/(1 0 *l,83E,5SP )
R * TM3 SPI/(M0 *M1'p *Ml.pop *M3ispopo )
P i P1 * O,0*(R ORMI)eSO

1150 MO U T.0 641886E.64P,#(1 *lK3Ev5*PI
R a TM3SP1/(M0 *3.lop *MiMPP -M3sPopop )
RMI *R
PM1 OP
ZMI NZ
P a P60,101971

1200 P2 U POP

51



EVAN B. WRIGHT

P3 z P*P2
P4 U P2*P2
VP 1 1,60272E±l*P +1 , 0 268E-5*P2 *3J52 6E-9*P3 -3,36 0 3E' 1 2OP4
VS * 3,39799*(S-35,) *1,692 0 2Em3*(S-3i,)**2
VT ; 4.57210T -4,4532e-2*T2 m2,6045E-4*T3 *7,985jE-6*T4
VSTP U (S -35,)*(-jij244E'2*T *7,77±3E-7*T2 *7.7 0 1AE-.5P

I "1 ,2943E-7*P2 *3,1580E-8*P*T *',5790F.-gP*T2 )
2 *P(;i;!6o7E-4*T *7@48 1.2E'6OT2 +4j5R83Ev*8T3 )
3 *P24(-2 5294E-7*T *a±8563E-9 T2 ) j,9646Epla*P3*T

VELM q 1449,14 +VP *V3 *VT *VSTP
1225 VELY ; VELM/0,9144

VIL(IN)=VELM
VELF ; VELY3,0
ZY 9 Z/ 0 ,9144
IF(INGT,1)ZIL(IN)=Z
ZF a ZY*3,o
TF U 1,8'? *32.

C***** PRINT OUT THE CALCULATED PROFILE AND JUMP BACK TO THE MAINSTREAM,
PRINT 1250,ZFZYZT',TF,S, VELVELYVELM, PaR

1250 FORMAT (3(F9,2,3xlXp2F7,2EF8,l,4X,31FI1,2,2X), 3Xj F 1 2,4 IF9,5)
GO TO 10oO

1260 NIB a IN 91
NI ! D
GO TO 06

9999 STOP
END
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SUBROUTINE SETRIN(CMS) SETROOOO
C CURRENT 7/2/70 STATEMENT 177 AND SECTION AT 30 FIXED SETRO00i

COMMON /MRIN/ VIL(±OO) ZIL,(lOO),ZI(100)Z2(lOO),KA(IO)CAS(iOo)f SETRO002
SLCONL(1 00 ) LRCVN( .uo)aLRCVNC(6g),VILC(6O),ZILC(6 )IrACIN2(lool)

2 RIN(lOQ)TIN(100 )jBIN(100 ),PN(100)oVBPT(361)oBL 191)
a ,SDRCD(50) FCsRLCMCBOTFBLVSORVS8R2pMEGAITBO IABOTGAMRSETRO0oS
4 NIS ZT$ ZTUNISCN CNIBLNBLNRC, NL,NURpNDRGAZ( 98),GRAD(iOO)SETRO006

REAL K4 , C SETRO007
DATA (DTR457,2957795) SETRO008
DATA (WA=1b6666666667)o(W~n,66666666667)#(Cia,33333333333) SETROO09
DIMENSION TINT(9)iDR(9),DT(9) DB(9),VS(9) SETRo0o0
ACOS(X)xACOSF(SIGN(AMINI(ABS(X)bI,,)IX)) SETRo00 jN19.LNB. SETRo812

TGS AOS(iANF(GAMR)) SETR 3
IQ=-2 SETROo14
FACIN2(NIS)fi,/TGS**2 SETRO00

9 INmNIS SETRo016
VWLDBVSBR SETRO01?
TGjqTGS SETRO010

10 LN=IN*ID/2 SETROO19INxIN*ID*i SEORo020

V=VIL(IN) SETROO21
D41,ERQ0 SETROo22
IF(CMtLTV) GO TO It SETRO023
TG2ySQRT((CM-V)O(CM*V))/V SETRO024
IF(ABS(VOLD-V),LT,jE-7*V) GO TO 39 SETRo025
IF(TGI•,GEI,75'TG2,AND,TG2,GE,,75.TG1) GO TO 30 SETRo 0 26
CT24II/TG2 SETRoo27
GO TO 12 SETRO028

11 T02uCT2=0, SETRO029
I. IF(ABS(CMS-CAS(LN)),GTT1,E-1O*CMS) DVCAS(LN)/(CMS-CAS(LN)) SETRO030

Ea(CMS'CAS(LN))/CAS(LN) SETRO0 31
A:.CM*KA(LN) SETRO032
IF(IDGT,ol) GO TO 125 SETRo 0 33
DZIqZ2(LN) SETRO034
DZ24ZO(LN) SETRO035
GO TO 126 SETROo36

125 DZ1:ZZ(LN) SETRO037
DZ2RZ2(LN) SETRO038

126 RI;A*DZ1 SETROo39
R24A*DZ2 SETRoo4o
Bj*DZ1 /TG1  SETROO41
B2nDZ2'CT2 SETROO42
TizDZi*TGt SETRo 0 43
T2aDZ2*TG2 SETRo 0 44
IF(CMGE,V) GO TO 15 SETRo 0 45
RaRl SETRO046
IF(KA(LN)ILT,O,) G0 TO 13 SETROO47
RlN(LN)=AQ6S(SQRT(V)mABS(R)f/A SETROO46
GO TO %7 SETRo049

1a RIN(LN):ABS(ALGf((ABS(R)*TGI)*SDRT(AB$(D)))/A) SETRO050
GO TO 17 SETROoSi

15 IF(KA(LN) LT,0,) GO TO 16 SETRO052
RIN(LN):AtOS(D.(ABS(RIaR2)*TGI.TG2))/A SETROO53
GO TO 17 SETRo054
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16 RIN(LN)=ABS(ALeG((ABS(R1)*TGI)/(ABS(R2)*TG2))/A) SETRO055
17 TIN(LN)x(b*RIN(LN)-(ID*1)*(TI-T2t)/(2,'CM) SETRO056

IF(CMLTV) GO TO 173 SETRo057
BIN(LN)zRIN(LN)*ABS(D*(82-Bj)) SETROO58
GO TO 177 SETRo 0 59

173 O1N(LN):RIN(LN)-ABS(D*S1) SETROO60
177 IF(D.QT,,EIg50) BIN(LN)uRIN(LN)*,ý'CMSABSfBI(±,/(TG1*VOLD)"*2 SETRO0 61

1 I./(TGR*V)**2)) SETROO62
18 PIN(LN)xTIN(LN)*SMEQA SETROO63

IF(CMLTV) GO TO 20 SETRo 0 64
C FACINZ(IN)EVSOR/(TGS*TGI*V) SETRO065

FACIN2(IN)9VSOR/(TGS*TO2*V) EBW 3 73
VeLDaV SETR0066
TG3ITQ2 SEORO067
IF(INIEQ,1) GO TO 19 SETRO060
IF(INEQNIB) GO TO 900 SETRO069
GO TO 10 SETROO70

19 ID0 SETROO71
GO TO 9 SETRO072

20 IF(IDLT,oI) Ge TO 21 SETRO073
C ZIU4ZIL(LN)*,5*RIN(LN)*TG1 SETROoV4

ZTUIZIL(LN)mZI(LN)*I,/(KA(LN)*SQRT(ABS(D)*CMS)) ERW 3 73
GO TO 22 SETRo075

C 21 ZTOsZIL(LN*I)-.,5RIN(LN)*TG1 SETROOT6
21 ZTOZIL(LN)aZ±(LN)P1,/(KA(LN)'SQRT(ABS(D)SCMS)) EBW 3 73

22 IF(LNEQ, 1) GO TO 19 SETRo077
IF(LNEQ.kIB) GO TO 90o SETROO78
LN0LN'ID*4 SETROo79
RIN(LN)0Ot SETRO080
BIN(LN)20o SETROOBI
TIN(LN)aOs SETRO082
PIN(LN)=Oi SEOR003
GO TO 22 SETROO84

C MODIFIED 6/29/70 FOR BETTER NUMERICAL INTEGRATION SETR0085
30 I•=1N,10-i SETROo86

FaO, SETROOB?
DO 35 I1l17 SETROOGO
FaF*.•25 SETRo889
ZINT ZIL(IL)*F*(ZIL(IN)-ZIL(IL)) SETR 090
Ba(KA(LN)u(ZINT*Zi(LN)=ZIL(LN)))**2 SETRo091
B*BoCAS(LN) SETRo092
IF(KA(LN) LTo,) BauB SETRo 0 93
VS(I)PCAS(LN)/(I,UB) SETRO094
TINT(1)xSQRT((CMS-VS(I))/VS(I)) SETROo95
DR(I)h3,/TINT(I) SETRO096
DT(I)vDR(I)/VS(1) SETRI097

35 DB(I)qDT(I)/TINT(I)"*2 SETRoo98
D=ABS(ZIL(lN)-ZlL(1L)) SETRo099
DRA;D*(WA/TGI*WB*DR(4)*WA/TG2) SETROJOO
DRBz.'*(DRA*D,(WB'(DR(2)*DR(6))-CIDR(4))) SETROiOl
DRCq,ý*(DRB*D*(C 1 *(DP(J)*DR(3)*DR(5)*DR(7) -WA*(DR(2)*DR(6)))) SETRoi02
ERAp(DRA-RB)/05, SETRojo3
ERSo(DRB-DRC)/15, SETRo004
DRABoDRS-ERA SETROIO5
DRSCaPRC-ERB SEOR0106
ERABv(DRAB-DRBC)/63, SETROI07
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RIN(LN).DRBq-ERAB SETRO.08
DTA;D$CM*(WA/(VIL{IL)e*2*TG1)*WBODT( 4 14WA/(VIL(IN)"*2*TG 2 )) SETROiO9
D0B1 ,5.(DTAeD*CM*(WB*(DT(2)*DTj6j) .ISDT(4)) SETROlO
DTC•, *(DTBD*CM*(Cis(DT(I)eDT(3)+DT(1),DT(7))-WA'(DT(2).DT(6)))I SETROjiI
ETAq(DTA'-TB)/j5, SETRoj$2
ETB4(DTBS-Tq)/I5, SETRojt3
DTABnOTO-ETA SETROII4
DTBRCQTC-ETB SETROiSO
ETABv(DTAB-pTBC)/63j SETRO116
TIN(LN)xDTBC-ETAB SETRojJ7
DBAUDOCMSo(WA/(VIL(IL)$*2*TGi*3)*WBg*DB(4)*WA/(VIL(IN)**2*TG2**3))SETROt38
DBBI,.'(DeA*DCMS'(WB*(DB(2).DR(6) )uC 'Dot))) SEtRoti9
DBCu.O'(DBBoD*CMS'(C 1 '(DB(I)*DB(3)* 8 5).B(7))-WASCDB(2)*DB(6))))SETRO12 0
EBAl(DBA-DBB)/1$, SETRO121
EBBR(VBB-0BC)/15, SEtRO122
DBABI.BB-EBA SETRO123
DBRCaDBC-EBB SETROJ24
EBABw(DBAB.DBBC)/63, SETROJ25
BIN(LN)vDBBQ-EBAB SETRot26
GO TO 18 SETROt27

900 LN v 0 SEtR0128
LNC x 0 SETROt29

910 LN v LN .+ SETRO130
LNC a LNC *' SETRO131
RIN(LNC) u RIN(4N) SETROI32
BIN(LNC) . BIN(LN) SETRO133
PIN(LNC) • PIN(LN) SETROI34
TIN(LNC) i TIN(LN) SETRO03S
FACIN2(LNC) a FACIN2(LN) SETRO136

920 IF LN,EOQLNB) GO TO 930 SETRO137
IF ILQONL(LN* ),EQo) GO TO 910 SETROt38
LN u LN *' SETRO39
RIN(LNC) U RIN(LNC) ,RIN(LN) SETROJ40
BIN(LNC) P BIN(LNC) #BIN(4N) SETROJ41
TIN(LNC) ; TINCLNC) *TIN(LN) SETRO142
PIN(LNC) ; PIN(LNC) #PIN(LN) SEtROj43
GO TO 920 SETROI44

940 FACIN2(LNQ*l) n FACIN2(LN*I) SETROj45
LNC;LNC.3 SETROI46
DO 940 IN x l,LNC SETROi47
GAZ(IN) a o, SETRo140
IF (CM,GTVILC(IN)) GAZ(IN) x DTR*ACOS(VILC(IN)/CM) SETROj49

9 40 CONTINUE SETRo150
FCSBL x I SETRO151
IF (ITBP,3Q,O) GO TO 960 SETROIS2
S m GAZ(NiSC) SETRO153
IF (NUR,GT,O) S P 360, wS SETRO±54
N x S SETROQ55
FCSBL x VBPT(N+I) *(S-N)*(VBPT(N*2) -VBPT(N*i)) SETRO156

960 N x GAZ(NIOC) SETRO157
FBL = BLT(N*') .(GAZ(NIBC) -N)O(BLT(N*2) aRLT(N*1)) SETRO5s
RETURN SETRoiS9
END SETRO160
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SUBROUTINE PROFILER PROFOOOO
COMMON /MRIN/ VIL(±OO),ZIL(±Oo),ZI (IO),ZA(IOO),KA(IO),CAS(1O0)• PROFO001

1 LCQNL(100) LRCVN(30),LRCVNC(6O)oVILC(60),ZILC(60),FACIN2(±O0),
2 RIN(±0O),TIN(1tO),BIN(100)PIN(00)oVBPT(361),BLT(93)
a 6SD)RCD(5IFCSBL',CMCBOTFBLVSORVSOR2,OMEGA,!TBPIAB@TGAMRPR0Fo 0 0 4
4 NISAZTGP UNISC1 NIBCNIBLNBLNRCoNLCI(ioo),GRAD(3 00 ) PROF8889

REAL KA PROF 60

IPLOTPI PROFO007
IF(ZIL(1)tLT.0,) IPLO7TO PROFO008
ZIL(I)UABS(ZIL(1)) PR@Fo009

C""'** THE STANDARD FITTING TOLERANCES TIQHTENED BY E B W 9/73
EPSVxa, 5 EPSZo±, S FEZU,0Q25
IF(ZIL( )nEO,0,) GO TO 5 PROF02
EPSVmEPiVqZIL(±) PROF00H
EPSZmbPSZ*ZIL(1) PROFO014
FEZoFEZ*ZIL(.1) PROFO0$S

"5 ZIL( O PROFo016
DO 10 oi3N19 PR.Fool?
G12(VIL(I'2)-VIL(I-1|) (ZIL(I-2).ZIL(I- 1 )) PROP0018
G23(VIL(Ial?-VILCI))/(ZIL(Ie1)aZIL(J)) PRF 0o0 1 9

10 GRAD(1-I))SIGN(SORT(AMAXt(oaGI'G2))#QI) PROF0020
IF(GRAD(2),NE,o. ) GO TO 15 PROFo021
GRAD(l)=oO PR@Fo,2
GO TO 17 PROFO023

15 GRAD(3)=((VIL(2)-VILI±))/(ZIL(2),ZI(i))),.2/GRAD(2) PROFO024
1I IF(GRAD(NIB-i),NEol) GO TO 19 PROFoo29

GRAD(NIB)0, PROFO02
GO TO 20 PROFO027

19 GRAD(NIB)a((vIL(NIB)-VIL(NIB.I))/(ZI4(NIB).ZIL(NIB-1))) '2/ PROFO028
1 GRAD(NIB-±) PROFO029

20 DO 30 I:2,NIB PROFO030
GB=(VIL(I)-VIL(I-1))/(ZIL(I)*ZIL(I-I)I PROFo031

TV=4,*GB"*2 PR@FOo32
IF(GRAD(I)'GRAD(I-3),LT,TV) GO TO 3 T PRSFo033
IF(ABS(GRAD(I)),LT,ABS(GRAD(I.1)))GO TO 25 PR@Fo034
GRAD(I):,9*TV/GRAD(1-.) PROFOW3S
GO TO 30 PR@Fo036

2) GRAD(I')v,9,TV/GRA0(I) PROFOO37
30 CONTINUE PROFo038

NL=O PROFO039
CI(1)VILf±) PROFO040
Zl(l)uZILCl) PR@FO041
=1: PROFO042

J=2 PROFO043
40 Vlmj,/VIL(I),,2 PROFO044

V3mi,/VIL(J)**2 PROF0 045
V2v(V1*V3|/2, PROFo046
Z±=ZIZ (I) PROFo047
Z3sZzl(J) PROFOO48
Glz-21*GRAD(I)*VI/VIL(I) PROFO049
G3=-2o*GRAD(J)*V3/VIL(J) PROFO0O9
Z2'(ZZ*Z3)/2, PROFO005
DGBz(C3-Gl)/2, PROFO052
IF(DGBEQO.) GO TO 45 PROFO053
F=(ZI*Z3+(V±-V3)/DGB)/21 PR@FOo54
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D=F*FaZI*Z3-(Z±*(V2eV.3).Z3a(VlV2))/DqB PR8FOO55
42 D:SQRT(D) PR@FO056

72=F*p PROFO07
1i(Z2,GT,Z3) Z2gF-D PROFO058

45 GZa2,*(V±-V2)/(ZI-Z2)-Gi PROFO059
DD=(Gi-G2)/(Z±-Z2) PROFo 0 60
ZAA=Z± PROFo06I
IF(DDNE,O,) ZAAxZiwG±/DD PROFO062
CASA=1,/(V±-,5*DD'(Zi-7AA)**2) PROFo063
AKA:- 5*DD*CASA PRBFo 0 64
DD=(G2-G3)/(Z2-Z3) PROFo069
ZAB=Z3 PROF0066
IF(DDINE,0,) ZAB=Z3,G3/DD PROF0067
CASB=j,/(V3-.5'DD'(Z3-ZA8)**2) PROFO68
AKB• -5*DD*CASB PROFO069
IF(I*i,LTIJ.AND,G2*(G±*G3),LT,0,) GO TO 70 PROFO070
K=I*i PROFo071

50 IF(K.GE.J) GO TO 75 PROFO072
ZK=ZIL(K) PROFO073
IF(ZKLT.Z2) GO TO 55 PROF0074
VK=SQRT(CASB/(±,-AKB.(ZK-ZAB)**2)) PROFO075
GK=-AKB*(ZK-rZAB)/CASB PROFo 0 76
GO TO 60 PROFo077

55 VK:SQRT(CASA/(±,-AKAS(ZK-ZAA)0*2)) PROF078
GKO-AKA$(ZK-ZAA)/CASA PROFo079

-60 GKzABS(VK'*3*GK/2,) PROFooSo
IF(ABS(VIL(K)-VK),GT.EPSV*GK'(EPSZ.FEZZILtK) )) GO TO 70 PROFo081
K=K÷i PRFFoo82
GO TO 50 PROFOO83

70 I:J-I PROFO084
NL:NL+2 PROFOOS5
IP(I.tO,NIB) GO TO 100 PROFOO86
GO TO 40 PROFOO8?

75 CI(NL*2)=lo/SQRT(V2) PRSFOOO8
CI(NL,3):VI4(J) PROFOO89
ZI(NL.2)=Z2 PROFO090
ZI(NL*3)=Z3 PRFOF091
ZA(NL*.)=ZAA PROFO092
ZA(NL$2)=ZAB PROFO093
CAS(N6*1)ACASA PROFO094
CAS(N6*2)aCASB PROFO095
KA(NL+I)=AKA PRIFO096
KA(NL#2)=AKB PROFO097
J=J*l PROFOO98
IF(GRAD(Jwl),EQ,O) GO TO 70 PROFO099
IF(J-I.EQONIB) GO TO 70 PROF0100
GO TO 40 PROFOI01

100 IF(IPLOT.EOQ,) CALL PRMFPLOT PROFOi02
CALL PUSH PROFO0o3
CALL CONTRACT PROF004
RETURN PROFOFOS
END PROFO±06
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SUBROUTINE PROFPLOT PqOFoo00
COMMON/GRAPH/IDRIR2,IL(oJDYJY2,JHGT.ZBOT
COMMON /MRIN/ VIL(IoO)tLIL(Ioo),ZI(Ioo),ZA(IO),KA(100)OCAS(100)0 PROFo001
I LCONL(100)tLRCVN(iO0),LRCVNC(60),vTLC(60),7TLC(60),tACIN2(100),PROFOOO
SRIN(IOO)tTIN(1oo).BIN(1oo).PTN(Ino),VBPT(3A1),BLT(91)

tS(5t 1) ,FCSHLCMCROTFBL VSoR,VSOR2,0OEGAITBPtIABOTGAMR,PQFOOO4
4 NISZTC,LTUNISC,NIUCtNIHLNRLNPC NL,CI(InoO,GRAD(l0o) PP Fo00S

DIMENSION LINE( 1 2) ,IDOT( O)9ICS(Ioi REAL KA ZMAXuLI(NLO1) PROFo 0 00
c***** THIS ROUTINE PRINT-PLOTS THE INTFRPOLATED SOUNOSPEE) PROFILEtALONG
C WITH THE INPUT POINTS. IF A RAY-TRAJFCTORY PLOT HAS BEEN SPECIFIED9A
C CALCOMP PLOT OF THE FITTEU PROFILE IS ALSO PROo!!CEOD

CMIN=CMAXCCI(i) S DO 10 I8l.NL 5 CxCI(I*I) S YF(C.GE.CMAX) CMAXUC PROFO000
I(CL;,CPIN) ýMINzC N1 FCMINOO.) M ANTMAAp8o.A10 Cu" IU 4k•=O-AN C A~x=lO TIN~ CMAX/IO , ) PAUFo009

SC=(CMAX-CMIN)/120, S I$ ZMAXGT.2ono.) GO TO 13 PROFOolo
~ ~ 0.ppOFO011DZL=OZHsZPAX/1O09 $ G0 O to 19POFO011

13 04Lm•O. $ DZH=(ZMAx-1O00.]/ O.-•OO1

15 INT 900,CMINCMAX OFO011
IF(JHGT,:Q.o)GO TO 11
XSCALE=, 5
YSCALE.FLOAT(JHT)/jY2
1~:CI*5x 00 /200KCXKCI*C 0

CALL PL •(O., ,5,.3)
KC =KC # 0
KLGa3
KDC=lO

CALý AXES(KC 1 KDCKCZKLGJY2,JDYnJHGTO,
NPEN18SOUNDSPED(M/SEc) $gHDEP TH(MI,) 4

17 Do0 le mll12l PPOF016r

18 LINE(I)%IH S CacMIN $ NUOTzo PROFooi7

20 ICm(C-CMIN)/SC*1e5 $ NOOTUNDOT, 1 5 TDOT(NOOT)=IC I C=C*CO. PROF00A
IF(C5LE ,CpAXj,) GOT TqUK S JO., s LaININ=I &F8FOal25 ZNuZDZL $ NICmj $ Ca -- ICA (IL)/il,"KA(IL)*(Z-ZA(IL))**2))_ q 0020

DO 26 Iw1,NDOT J -IOOT(I) pNOFo0 -2F
26 LINE(J)zlM, $ ICX(C-CMIN)tSC*1,9 I TCS(NIC)RIC PR8F00Z

IFNICGE,1,ANo.IC LE,121) L NE(IC)aIHX PR F0023

;9 IF(ZN:LT9ZIL(IN)) GO TO 35 1 F(ZIL(IN)lZGT97N-ZIL(IN)) GO TO 35 PROFo004
31 IF(ZIL(I )LGEOZI(IL1) 3GO0 $ IL=IL-1S IF~ILGT*O) GO T 30 PFOO2%
31 IF(ZIL(I ),GLE,zI(ILI)) Gu T0 32 $ TLmIL,1 S YF(IL.LE. L) G8 To 31PRF0026

IL=NL PROF8
32 VmSQRT(CAS(IL)/(I,-Kg(IL)*(ZIL(IN)-7A(IL))**2)) S DV=VIL(IN)-V PROF828A

ICN(C#OV-CMIN)/SCOI,@ S NIC=NIC*l $ ICS(NIC)KIC PP8FO02Q

IF(ICGEIANDOIC.LE,121) LINE(ICjtxHI S INmINPI F0030
COV
IF(INLEhIg)GO TO 29

35 IF(JHGTEQ, )G TO 36
XzXSCALE*(C ?=

YuYSCALE*()Y.Z
4F(XoGT.'m-.ANDXLTKLb',SANDYGFO.)CALL PLOT(XYNPEN)

36 PRINT 90lZLINE
0O 37 IalvNIC $ IC=ICS(I) S IF(YC.GE*1,AND.ICLE,121) LINE(IC):IH PPOF003

37 CONTINUE S ZRZN PpOFO03n
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39 IF(ZLT.ZI(IL'I)) GO TO 45 $ IL=IL*i 5 GO TO 1q PROFO036
45 IF(ZoGT.IOOUe) DZL=DZH $ IF(ZoLE.ZHMX) GO TO ?5 $ PRINI 9n2 PROFO037

IF(JHGT NE O)CALL PLOT(KLG,3,9,5,.3)
900 FORMAT(ZOPAINTER PLOT OF PROFILFo AN X MARKS THE VELOCITY. AN I MPROFOO14

'ARKS AN INPUT POINT EXTRAPOLATED TO THE NEAREST LTNE*e/eoDEPTHeo PPOFOO 1
2 F9.o0lllxF1OO) PPOF0016

901 FORMAT(FI4,2,1XI21A1) PROFo030
902 FORMAT(1HO) PROF003R

RETURN $ END PROF0 0 3Q
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SUBROUTINE PUSH PUSHO000
COMMON /MRIN/ VIL(100),ZIL,(100),ZI(1O0),ZA±O0),KA•C0O),CAS(iO0)# PUSHO000
I LCVNL(100)oLRCVN(O0O)0LRCVNC(60),VILC(60),ZILCt60).FACIN2(Q0) ,PUSHOOO2
2 RINla )ITIN(lg)',BIN(•op)PIN(1 I),VBPT(361),BLT191)
3 ISD(51 ,# SLICMCB T9BL,VS ,VS R2,SMEGAsITBPIABOT,GAMRPUSHo 0 0 4
4 NIS#ZTeoZTU#NISCNINRCNIBOLNBLNRCINLCI( 3 OO),GRAD(loO0 ) PUSHo 0 0 5

REAL KA S NqLNRC*l S DO 5 I I00 PUSH8 086
5 LRCVN(I)0 S DO , 00 In IN 9 DR. ,1.s ) S M.NL+, S DO t 0 Jai , JZ*Jz.puwo 7

IF(AOS(ZI( I;uDRILT,,061) GO TO 40 PUSHO008
IF(ZI(J),L DR.AN .,DRLT,ZI(J.1)v,0O1j GO To 20 PUSHOO09

10 CONTINUE &O• TO 100 PUSHOOIO
20 NLENL* S DO 2 KmJZoNL S JONL*JZ-K $ Zl(j* )'ZS( PUSHO0

CUt *11 C ( )S CAS( ,*1) CAS( i) S KA *)qKi( j) PUSH0OIH
25 ZA(ý,1 1 ),ZA(ý) S 7I(JZi3),DR - PUSHOO3

CI (JZ*3.)*S0RT(CAS(JiZ*±)/(1,aKA(JZ')'(ZI (JZ.)-ZA(JZ.) )'2)) PUSHOo04
IF(NIS,GTJZ) NISUNIS*i S JZPJZ*1 PUSHo 0 15

40 IF(INE, ) GO TO 45 9 VSeRuCI(JZI S N|SsJZ S GO TO 0 PUSHO0
45 LRCVN(JZ I-1 PUSHO07
±00 CONTINUE S GRAD( *ClI.1*'3'KA(1 'tZ -ZA(±)/CAS(1) PUSHO01O

DO 200 x#N GRAD( L,, Z LIM 1) PUSHOO19
GRAD( I' )@CM*(I )**3*KA() I0 )(Z (I1*)'ZA(I) )/CAS(l I) SO8KA( I /CAS( I)PUSHOO2O
KA(Ij)S6RT(ABS(i)) S IF(BLT,Oq) KA(IINKA(I) S ZI(IlZI(I)-ZA(I) PUSHOO2

200 ZA(I)gZI(jj).ZA(I) S VIL(NL,1),CI(NL,1) S ZIL(NL,)1?ZI(NL*,) PUSHO022
NBUNL*1 5 LNB*NL S VSMR2qVSORa*2 S COTE VIL(NIB) 9 RETURN S END PUSHO023
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SUBROUTINE CONTRACT CONTO000
COMMeN /MRIN/ VIL (OO),ZIL (100),ZI(100)ZA(±OO),KA(I0O)ICAS(100), CONTO00Q
I LCWNL(O0) #LRCVN(0 6)pLRCVNC(60),ViLC(60),ZILC(60|,FAeIN2(100),
2 RIN(10)ITIN(300)BIN(100)tPIN(ICO),VBPT(3613)BLT(91)

SSPRCD(50),FCSBLCMCBSTFBLVSORIVSOR2,tMEGA.ITOPIABOTGAMRCONTO004
4 NISZT$,ZTUNI$CNIBRCNIBLNB1 LNRCgNLCI(1OO)$GRAD 100) CONTO005

INzINC*± CONTO006
0O 5 |=±,O0 CONTO00?

5 LRCVNC(I);O CONTo008
GO TO 20 CONTO0 9

10 IF(INNENIS) GO TO 13 CWONO3
NISCINC CONTO001
GO To 20 CeNTOO02

jý IF(LR9VN(ZN),NEO) GO TB 20 CONTOO03
LCONL(IN)!l C9NTOo14
IF(VIL(IN),GT,VIL(IN.1)) 0O TO li CONTOOiS
IF(VIL(IN),LT,VIL(INw)) GO TO 20 CONTOOI6
GO TO 12 CONTOOI?

11 IF(VI6(IN),GE,VIL(INw1 )) GO TO 20 CONTO018
12 INaIN*1 CONTO019

IF (IN,NEINIB) 0O TO 10 CONTO020
NIBCzINC C9NTO021

20 VILC(INC)YVIL(IN) CSN0022
ZILC(INC)!ZIL(IN ) CSNToo23
LRCVNC(INC)mLRCVN(IN) CONT0024
LCONL(IN)!O CONTO025
INCuINC*1 CONTO026
IF (IN,EQsNIB ) RETURN CNTO02?
GO TO 32 CONT02O0
END CONTO029
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SUBROUTINE PLOTTER(SDRDoNRZDRRMAXMAXoTITLEOCELLNDEPTHo
I NRANGE)

DIMENSION CELL(NDEPTHoNRANGE)
DIMENSION TITO ( 8)
DIMENSION RD(4 )'SYl(42)
DAMENSJON A ( 4 00)9Y1(40O)I TEGER SYm

COMMON/GRAPH/IDROIR 2 'ILG'JDY'JY2?"JHGT
DATA(LY*50). (LDX1OX'(1Y2l30), (LHGT;B)
DATA (SYM8O91. 0 t, 7,0,9,10, 11l,1 14,19921.25,0,1,2)

C*o*** THIS ROUTINE PRODUCES A CALCOMP PLOT OF TRANSMISSION LOSS9 IF SPECIFIED
LLHGT LHGI-o
XScALEa(. l*ILG)/IR2

7 Yoe4*(N, 3 ),1 3
CALL SYMBOL(O ,•Y 3HSDO9, 2)
CALL NUMBER(. 69Y,.1 ,SO9o., HFq9.)

ALL SYMBOL( 12,Y,,14M3HRCD*,O3)
CALL SYMBOL(.96,Y9*j4,3RSYMo*93)
DO 10 INlON
Y.Y-*4
CALL NUMBER(oYo.1ostRD(I),0,,4MHF7.2)

10 CALL SYMBOCL(I o8qY',Io05SYM(I)vo9Otf 1 )
CALL PLOT(4.,* 8 ,3)
CALL AXES(o#IDRIR2,ILG9LY29wLDYLYijLHGT9 0o
I 12 HRANGE IN KMSq 2 4 HTRANSMISSION LOSS IN D9I,4)

CALL SYMBOh(.5*ILGm4 .. 9 .9 2 1,TITLE0,f,64)
XIaXSCALE*RZ
DX=XSCALE DR

31 DO 31 I=2tMAX
Xl(luifmxlJt)oDX
Do 40 I= 9N

DO jO jultMAXYIIJ)7I•..*i!c fLLIIJ

IF Y J J.LT .*2 Y1 J .2
IF(Y (J),GT.LLHGT)Y (J)uLLHGT

40 CONTINUE
CALL LINE(X1,YlMAXvISyM(I)l,10595)

41 CONTINUE
CALL PLOT(ILG*3.0093)
RETURN
END
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SUBROUTINE PRNTPLTR(SDRCDN)
COMMON/TWO CARDS/GAMUD9GAMUDDGAMORFDRRLtF KHZIATT9SLrB9SORLEV
1 *IScPCIPERtIPRAYtIPLtIMtNSRMNBRMITBP,IRBPDATDDARD

TYPE INTEGER BUF9SYM,DTBLNK
DIMENSION RCD( 2 0),SYM( O),BUF(121)
DATA (RLNK=IH ),(SyM=IHlqIH2,1H3,1HAlHSlH6,IH7,1H8I IH9,IHAl
1 IH,91HCIHDOIHEIHFOIHGIHH91HIVlHJ91HK)*(nOTuIH.•

C***** PRINT-PLOTS TRANSMISSION LOSS FOR AS MANY AS 20 RECLIVER DEPTHS, BUT
C THIS PRINT-PLOT IS NOT RECOMMENDED FOR MORE THAN FOUR OR FIVE DEPTHf'•.
C IF THERE IS ONLY ONE RECEIVER DEPTH THIS WILL BF! A SAR GHAPw.
C***** NOTE THAT THE SYMBOLS FOR DEEPER RECEIVERS MAY OVERLAY SHALLOWER ONES.

PRINT 90 -

PRINT 9O1vSD, (RCD(j)SYM(I),9IalN)NREFz(SORLEV1.{RD 0)/oSM 0.~ l

REFXNREF*20BUFzNREF'160

PEG VALUE=161 *5-NREF

0DO 10 1=2,710 JF(I)=BUF(I-1)*20
PRINT 9O29(BuF(I)qIulq7)

RETURN
ENTRY PRPLOT!
SUFsDOT
11m1
DO 20 1.1,12
DO 15 1julo9

15 BJF(II)=BLNK
11=1101

20 B(JF(II)=DOT
00 30 IuloN
JxPEG VALUE#RCD(I)
IF (JoLT. 1) Ju
IF(JGT. 1 2 1 ) jul 21

BUF(J)=SYP(I)
IF(NGT.T GO TO 30

25 DO 2 JJ= 94
30 BUF(jj)=SYM(I)

30 CONTINUE
PRINT 903OSDoBUF
R FTURN

0 F9RMAT(HI,3 0oX,*REiEIVEU LEVEL VS RANGE*)
901 FORMAT(*OSDc*,FIO, /*ORECEIVER AT DFPTH PLOTS AS*//

1 (8 Fl0 02,12X9Al))
902 FORMATO(*ORKM), *,60X,*LEVEL(DB) *//!1496120//)

903 FORMAT(FOB295X, 1 21AI)
END
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C M ON/GRA H/IDRIR2,?LGJDY.JY2,JHGTZBOT
DATA(DGa.0BS .(GMAX=3.05.'(NHa-4) (IFIRSTal)

c***** RAY TRAJECTORY PLOTTING SURROUTINE FOR RTRACE. A PIECEWISE CURIC IS
C FITTED FOR EACH LAYER SEGMENT WITH PRFSCRIRED POSITION AND SLOPE AT END"
C POINTS. E B WRIGHT MARCH 1973,
C*e*** SINCE THE INTERPOLATING FUNCTION IS NOT THE REAL RAY SOLUTIONITNE
C PLOTTED TRAJECTORIES ARE NOT THE EXACT RAY PATHS, THE PLOTTED POSITIONS
C WILL BE MOST ACCURATE NEAR DEPTHS ON THE CONTRACTED PROFILE.

IF(JHGTEQeO)RETURN
RmRR
IF(RGT.o0 )GO TO 100

C***** THIS SECTION FOR INITIALIZING EACH RAY,
XLGRILG
RSCALEU(.OO1*ILG)tIR2
ZSCALENFLOAT(JHGT)/jY

2

RNABSF(R)
RLuR
ZL=Z
NFIDDLEm0

IF(IFIRSTEUO)GO TO 50
C IF THIS IS THE FIRST RAY9 DRAW AND LABEL THE PLOT AXES,

IFIRSTRO
CALL PLOT(0.,5,.3)
CALL AXES(OIDRIR2,ILGJY2,UJDYoJHGTo,1OHRANGE(KM)$5

1 9HDEPTH(M)$,NH)5o X=R*RSCALE
YwZSCAl'E*(JY2-Z)
CALL PLOT (X9Y 3
SECANTmcM/C
GLRSQRT(SECANT*SECANT-'l)
IF(NDR.NE.O)GLa-GL
YLBY
RETURN

C***** COMPUTE THE MEAN SLOPE FOR THE SEGMENT AND THE NORMALIZED SLOPES AT

C THE ENDPOINTS.
100 GrBAR(ZL-Z)/(R-RL)

IF(NFIOoLENE.
0 )GO TO 86

110 SECANT=CM/C
GUSQRT(SECANT*SECANT-I,)

120 Ig(GBARLT.09)G=.G,
G,:GL/GBAR
G1 .G/GBAR

c**** A WIDE DISPARITY IN THE NORMALIZED ENDPOINT SLOPES MAY CAUSE UNNATURAL
C - ADUS GOO-lINCSAY

C WIGGLES IN THE INTERPOLATED TRAJECTORY.ADJUSTG 0 OR G1 IFNCESARY.
C THE I TERPOLATING CUBIC WILL USUALLY ;4E WELL-BEWAV ED BECAUSE THE KNOTS ARE
C ON A SET OF DEPTHS INCLUDING ALL EXTREMA ON THE SOUNDSPEED PROFILE.

1 I!(GO.GTeDG9OR.GILT.GMAX)GO TO 140130 G =GMAX

G=GIOGBAR
NFIDDLEmNFIDDLE'+
GRAD(NFIDDLE)aABSF(G)
DEPTH(NFIDDLE)mZ
GO TO 150
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14 IF(Gl.GT.DG.OR.GO.LT.GMAX)GO TO 150
G~uGMAX

NFIDDLE=NFIDDLE+1
GRAD(NFIDDLE)uARSF(G 0 *G6AR)
DEPTH(NFIODLE)EZL

C***** PLOT IN STEPS OF 9" INCH
150 NmlO .*(R.RL)*RSCALE#95

OYmAZL-Z)*ZSCALE00 20 0 =9N
X=x+981
xN=FL AT(I)/N

Ce THIS IS THE INTERPOLATING CUBIC,
YNYL'XN*(GO+XN*((3*-2.*GO.GI)+XN*(G0*GI-2.)))*DY
IF(X.GT*XLGsORY.LT.O.)GO TO 200
CALL PLOT(XtYo,)

2OO CONTINUE

IF TZ9EQ.O.9OR*Z.EQ.ZBOT)GLo-GL
RLxR
ZLSZ
YLEY
RETURN

86 DO 300 NDW19NFIDDLE
IF(ZoNEADEPTH(ND))GO TO 3 00
G.GRAD( 0)
GO TO 120

300 CONTINUE
GO TO 110
END
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SUBROUTINE AXES(IXIIDXIX2.ILGJYIeJDYJY2,JHGT, AXS0aj00
1 LABELABEL XeLABEL YNk) AXSO0200

C****! THIS SUBROUTINE PLOTS A SET OF RECTILINEAR AXES WITH LENGTH ALONG THE
C X.AXIS EQUAL TO ILG AN CHEIGhT ALONG YwAXIS EQUAL TO JHGT (BOTH iN INCHES),
C THE XvAXI5 IS NUMBERED AT EGLAL INTERVALS FRSM IXi TO IX2sWITH STEP IDX,
C THE YaAXI$ IS NUMBERED AT EGLAL INTERVALS FROM JYJ TO JY2 WITH STEP JDY,
C NOTE THAT THESE INPUT PARAPETEAS ARE ALL TYPE INTEGER,
C THE ARRAYS LABEl(32 CHARACTERS) AND LABELX AND LABELY(24 EACH) ARE USED To
C TITLE TNE GRAPH AND TO LABEL THE AXESg THE PARAMETER NH CONTROLS THE
C HEIGHT OF THE LETTERING AND OTHER SPACING PARAMETERS, IF NHN0 THE X-AXIS
C IS LABELED ALONG THE BETTOP AND THE TITLE APPEARS AT THE TOP,. IF NH<O
C THE XvAXIS IS LABELED ALONG THE TOP AND THE TITLE APPEARS BELOW THE GRAPH,
C IN EITHER CASE THE LETTER HEIGHT IS IABS(NH)s,035 INCHES,
C ANY OF THE LABELS CAN BE TERMINATED BY THE CHARACTER S OR OMITTED ENTIRELY
C BY MAKING THE FIRST LOCATION OF THE ARRAY CONTAIN ZEROs,
C PROGRAMMED SY E B WRIGHT NRL CODE 8160 JAN 19729

DIMEN$IUN LABELf4)',oLABELX(3),LAELY(3), ICHAR(32) AX9O0300
DATA(MAXu32)hCMAXA.24),(KFSRHAT,2HI4) AXSO0400

Cos*** THE FIRST SECTION COMPUTE$ SPACING PARAMETERS,
NNHNIABS(NH) AXSO0500
IF(NNNTj1 20)NNHU,25*JHGT#2, AXSOO600
H*NNHG,035 S T6O HmH#H S HALF Hu,25sTWO H AXS00700
DT41,*HALF H AXBOO800
Dfi 1 256DT AXSO0900
TWO DlD*D AXSOI00
T;HvTWO DPH AXSOI100
NXu(IX2uIXI)IIDX AXSOi200
NYs(JY2IJY1)/JDY AXS0300
DXPFLOAT(ILG)/NX AX8OI400
DY*FLOAT(JHGT)/NY AXS0i5O0

C.*.** THE NEXT SECTION rRAWS AND NUMBERS (IF SPECIFIED) THE LOWER X.AXIS,
XXXOTWO H AXSOM6Q0
YY'uD AXS017O0
NO NUMBERRI
IF(NHGTo)CALL NUMBER(XXYYD•HIX1,0,NFORMAT) AXSOI800
NPIXi.IDX AXSOI9O0
XXPXX*DX AXS02000
CALL PL@T(0,,0,,3) AXS02100
xtgDX AXS02200
DO 100 1u2sNX AXS02300
CALL PLWT(X0,,,2) AX502400
CALL PL@BTXDT,2) AX$O2O0
IF(NHGT¶,0AND,NO NU0BERNE,1)CALL NUMBER(XX#YYHaNgO,.NF6RMAT)
NO NUMBkRlWNO NUMBER
CALL PLNT(XO,,3) AXB02700
NPN*IVX AXS029B0
XX@XX*DX AXS02900

100 XFX*DX AXS03000
CALL PLWT(XOi,2) AXS031bC
IF(NHIGT,0)CALL NWVBER(XXfYY0HlNO,,NF@RMAT) AXS03200

Co**** THE NEXT SECTION DRAWS THE RIGHTwHAND YuAXIS, THE THREE COMMENTS
C ARE STATEMENTS WHICH CCULD BE LSED TO NUMBER THIS AXIS,

XX!X*H AX503300
YYquHALF H AXS03400

C CALL NUMBER(XXYYH,,,Yl0,,NFORHAT) AXS0300
NaJYI*JDY AXS03600
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YYnYY*DY
CALL PLTIX#,o,,3)
YaDY
XCT!XnDT
D6 200 Jm2oNY
CAL6 PLWT(XsY,2)
CALL PLWT(XDT,Y,2)

C CAL6L NUMBER( XXYYo#Npm0.NFeRMAT)
CALL PLOT(XtY#3)
N*N*JDY
YYuYY*DY

200 YmY*DY
CALL PLWT(XY,2)

C CALL KUMBER(XXoYY#HNp0, NFOAMAT)
Ce40*1 THE NEXT SECTION CRAWS ANE NUMBERS (IF SPECIFIED) THE UPPER X

NE NUMBLRwi
XXwX-TWW H
YYPY*D-H
IF(NHILTgp)CALL NUMBER(XXYYsHIX2,0,#NF0RMAT)
NaIX2mIVX
XXRXX DX
CALL PLJT(XYo3)
X;XuDX
YC•T@YDT
DO 300 l,2oNX
CALL PLJTIX*Y#2)
CALL PL0T(XYDTs2)
IF(NkLT,0,ANC.N0 NUWBERINE,I)CALL NUMBER(XXYY#WNOj0NFORMAT)
NS NUMBERoPNO NUMBER
CAL4 PLOT(X#,V3)
NaNv I DX
XXNXXRDX

300 XmXmDX
CALL PL@T(X,Y12)
IF(NHILTO)CALL NýPBER(XXYYHsNj0jI#NFORMAT)

C***b* THE NEXT SECTIOK rRAWS ANC NUMBERS THE LEFT-HAND Y-AXIS.
XX§5, *M
YYvY-WAWF W
CALL NUMBbR(XXlYYH,.Y2oO,NFGRMAT)
N'JY2oJDY
YYVYYvDY
CALL PL)T(XY,3)
N6 NUMBERPl
YGYIDY
DO 400 On2oNY
CALL PLWTl0,sYt2)
CALL FLUT(DToY,2)
IF(NO NUMBERNESI)CALL NLM8ER(XXYYVHjNOmNFeRMAT)
NG NUMBERE.NO NUMBER
CALL PLOTIO,,Y,3)

YY'YYsDY

400 Y;YuDY
CALL PLO1TjT0,0,2)
CAL6 NUMBER(XXYYsHsKs0oNFeRMAT)

C**** THE NEXT THREE SECTIONS WRITE THE TITLE AND AXIS LABELS,

AXS03700
AXSO3800
AXS03900
AXS04000
AXS04$O0
AXS04200
AXS04300
AXS04400
AXS04500
AXS04600
AXS04700
AXSO4800
AXS04900
AXSO0O00

,AXIS,

AXSOSIO0
AXS05200
AXSO5300
AXSO400
AXS505500
AXSO60O
AXSO0700
AXS05800
AXSO0900
AXS06000
AXSO61O0

AXS06300
AXS06400
AXSO6500
AXS06600
AXS06760
AXSO6800

AXS06900
AXSODOO0
AXSO7l00
AXSO0200
AXSO300
AXS07400

AXS07500
AXS07600
AXS07700
AXSO800

AXSOeO00
AXSO8100
AXSO8200
AXS00300
AXS06400
AXS08500
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IF(LABELEQO,)501,499 AXS0600
499 NLMAX AXS08700

DECODE(MAX900oLABEL)ICHAR AXSOso00
DO 500 |I!eNL AXS06900
IF(ICHAM(|)#,EQIH)NLSIuI AXS09000

500 CONTINUR AXSO9O0
XXSoSIl6Go,0l5*NNH*NL AX309200
YY'JHGT*H
IF(NH GTmgANDJHGT CT.2)YYEgiJWGT
IF(NH LToO)YY uTWO H
CAL6 SYMB6L(XX,YYHLAEELv,0#NL) AX509300

501 IF(6AlE6X,Eoo)60#,959 AXS09400
599 NX'MAX A AXS09500

DEC6DE(MAXAg900,LAEEL X)(ICHAR(I).IsMAXA) AX309600
VS 600 I'1,NX AXSO@700
IF(ICHAR(DI), EQ,H)NXuj-I AX909800

600 CONTINUE AXo09900
XXwsIlQwo015*NNN*NX AXS1l00
IF(NHoGTo)YYU.TW6 D AXIIOIO0
IF(N LToQ)YYoJHGT#TrH
CALL $YMB@L(XX#YY#HLABELX#0,#NX) AXSI0200

601 IF(L&BELYFQ,0)70l,699 AXS10300
699 NYMMAXA AXS10400

DECODE(MAXA,900LAPEL Y)(ICHAR(U),I#tMAXA) AXSIO500
DC 700 '~j#NV AXSI!'600
!F(ICHAR(I),EQ,1S)NYvIuI AXS10700

700 CONTIN.IE AXS10800
XXRX7n*w AXSIý9M

YY" 1S*JMGT',428571*H*NY AXS11O00
CALL SYMB@L(XXsYYHLAFELY,90,,yY) AXSlilO0

701 RETURN AXS1I200
900 FORMAT(M2A1) AXS1i300

END AXSli400
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