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A INTRODUCTION

This memorandum describes NUSL Program S1441 written in FORTRAN V.

This program uses normal mode theory:to predict acoustic propagation
over a flat homogeneous ocean bottom.

Program S1441 is an extension of a program written for NUSL by
A.D. Little Inc. (Reference 1 and 2). In the A.D. Little program the
amplitude distribution of an acoustic signal as a function of depth is
determined for a given mode by means of the numerical solution of the
acoustic wave equation for given boundary conditions. Program S1441

calculates and produces Calcomp plots of the following for any mode,
frequency and velocity profile:

a. Amplitude as a function of depth and the ray equivalent of
any mode.

b. Group velocity, phase velocity, excitation pressure, and
angle of incidence of sound waves striking the boundaries.

¢. Propagation loss as a function of range.
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; NORMAL MODE THEORY
.f Normal mode theory is based on the assumption that at large distances
from a source standing waves formed by energy striking the boundaries in
certain preferred directions form the main part of the sound field.
| Solution of Wave Equation

There are three methods by which these preferred directions and the
‘ amplitude distribution of the standing waves may be determined. First
1 one may find the solution in closed form of the wave equation. {

% v - L3 )

Where Q is a displacement or velocity potential and C is the
velocity of sound in the medium considered. This is done in Reference
3 by integrating equation (1) subject to the boundary conditions in the !
complex plane and approximating the normal mode solution for the standing
waves by the evaluation obtained from the residues in the integration.

A second method is the solution of equation (1) by direct numerical
integration. This was done by A.D. Little Inc by means of a computer
program described in References 1 and 2.

Third it has been shown in Reference 4 that one may consider the ray
paths, which undergo total reflection at the boundaries and whose
successive upgoing and downing rays are in phase, as the descriptions of
the modes.

A. Numerical Integration of the Wave Equation

E The basis of this programis the direct numerical integration of the
’ wave equation. This method which is extremely well suited for analysis
by means of a high speed computer is discussed below.

; When equation (1) is solved for Q the incremental pressure p is
| found by def'inition

Where <§ is the displacement potential

‘f) is the material density at the point considered

r
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It 1s found that equation (1) is separable in terms of range r and
depth & so that the pressure amplitude can be written as

Pz Fledu() (3)
and a differential equation in terms of Pa may be obtained.

4’ wioo»

e s “f)“ s (4)

where\w = the radial frequency

¢ = sound velocity

u(z) is the pressure amplitude distribution as a function
of depth

u

K, = horizontal wave number
e 2 % sw © (5)
where © 1is measured relative to the normal to the ocean bottom.

The physical picture presented by equation (3) is that of a
standing wave with a particular pressure amplitude distribution as a
function of depth,u@), which travels unchanged in shape as it progresses

in the r direction.

Equation (4) may be written as

M L o &)
where
Kay» M5 - (7)

In solving equation (4) there are three constraints which must be
imposed upon any solution. These constraints are due to boundary
conditions at the interface between the water and bottom material and at

the waters surface.

First due to the necessity of continuity of pressure and particle
velocity in the vertical direction at the bottom interface, it is necessary

that

\ d\ih £ i k& Y (8a)
Mode _Pu ‘ i
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where the terms having subscript b refer to these quantities in the

bottom material on one side of the interface while those with subscript
1 refer to the water side of the interface.

Second, since we assume a pressure release surface at the air-water
boundary then

e Q (8b)

at this surface.

Third, the modes by definition involve propagation with energy which

strikes the bottom at angles larger than the critical angle so that

"total reflection" occurs. Since the critical angle ©_ measured relative

to the normal to the interface is given by sw O <y
Ce
(naturally ¢, must be creater thanc,)

then

SwWn ° > <
Co

must hold for all energy striking the bottom.,

Since
kq— s \é_h\v\ Q

using euation (7) and the condition of continuity of pressure we obtain
the result that

\ §()\ <« we o oWk (8c)
C\l C:
at the bottom interface.

Upon examining equation (6) it can be seen that a solution of the
equation is of the form

\;\K}) % Be\. m;\ =

for given values of ¢gW and k. . B is a constant. If4(a)is

positive W2) is in the form of a sinosoid. This kind of solution is
obtained for the interference pattern between upgoing and downgoing
waves in the water. If §(a) is negative wuta1) is in the form of an
exponential. $¢3) is negative for the following two cases. It is
negative everywhere in the bottom and it is negative in the water at
depths which correspond to shadow zones caused by vertexing of rays
which form a mode. Both distributions are a result of the condition of

—
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l continuity of pressure in the medium. Thus when there is "total

reflection" at a level elther by vertexing or reflection from a boundary

and the pressure is finite at that level then at adjacent levels there

| may be a decay (whose rate is determined by the boundary conditions),

] but not a discontinuous step to zero pressure. An example of a distribu-

4 tion involving both exponentials is shown in Figure 1 which shows the
amplitude distribution as a function of depth and Figure 2 which shows

{ the ray equivalent of the mode. In Figure 2 it is seen that the ray

‘ equivalent of the normal mode vertexes at a depth of 48 feet. Thereforg

in Figure 1 the pressure amplitude distribution is in the form of

an exponential between the surface of the ocean and a depth of 48 feet.

[t can also be seen in Figure 1 that the pressure amplitude distribution

in the bottom is in the ftorm of an exponential,

In order to lntegrate equation (6) numerically formulas relating
Uawy and its derivativeWa, with the quantities Ww and W4 must be obtained
(The subscripts signify the depth at which they are calculated). This
is done by writing a Taylor series for Uw.. and\{.... The details of
this procedure is given in References 1 and 2. The results are
sumnarized in equations (9) and (10)

( \ A _\S“)\A.\  J \'\u',

v @
o Ny E Sm\ o
(=3
. i \
i N - \‘3 Sv\n\\a\“ = \%_(SVA A Smn o !‘z&AS""\u'\{lO)
Aw 3 Q
\ * © SV\v\
where

\\ is the increment between level vw and level v\ .
S, and Saeare the values of 43 at vi  and we .

FEquations (9) and (10) are recursion relationships such that given
values for M, and M, which are the values of W and ' Just above the
bottom we can calculate \ and ' at all levels in the water.

Since we are interested in normalized values of \ over the water
column we can select My to be any arbitrary value (\a,+\ 1s convenient).
For an arbitrary value of the horizontal wave number k. which is restricted
by equation (8c) we can evaluate M{ by equation (8a). Then we can
determine u for all levels by using equations (9) and (10) repeatedly.

[t the value of K. corresponds to a mode, equation (8b) will be
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satisfied at the surface of the water. Each mode has at most one such
solution for a given frequency. There is a low cut-off frequency for each
mode so that at frequencies below the cut-off frequency equation (8b)
cannot be satisfied.

After finding the amplitude distribution of a mode it is necessary
to define the mode number. For a finite frequency the mode number is
equal to the number of nodes in the amplitude distribution. Thus, the
first mode has a node only at the surface. A representation of the
amplitude distribution of the first mode is shown in Figure 1.

B. Ray Equivalent

Corresponding to the definition of a mode discussed above is a
more physical approach in which the ray equivalent of the solution to the
wave equation is considered. This approach has been discussed previously,
References 5 and 6, and in Reference 7.

For simplicity let us consider a two layer medium of constant water
depth H, density_ g, , and sound velocity €, , lying over a infinite
bottom of density _Pa and sound velocity ¢, as shown in Figure 3. At
large ranges from a point source we may consider sound to be propagated
by plane waves. It is clear from Figure 3 that for certain waves whose
direction is defined by an angle © there will be constructive interfer-
ence between it and a plane wave which undergoes one more bottom and
surface reflections. In order for constructive interference to exist the
phase difference between points A and B, Figure 3 must be A(n-\)TT degrees,
or it must satisfy the equation:

g K—‘i-— y = U**G] ~€ - = atw- )W

A Lcos O e d
or
AT | awmco 91 - - X v ACw=y) 7T
p W (11)

where Awis the wavelength of the preferred mode, € is the phase
change undergone by a plane wave upon bottom reflection, v is the mode
number, and the phase change upon reflection from the water surface is
assumed to be =% . If the sound velocity in the water layer varies
with depth the first term of equation (11) would be different from that
given above. However, the discussion below applies to either case.

If for a given wavelength Aw and angle € there is constructive
interference between plane waves suffering different numbers of bottom

N SR
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and surface reflections, then propagation consists of a series of upgoing
and downgoing waves as shown in Figure 4. The left hand term of
equation (11) is the phase change, @A , undergone in the % direction
when a ray makes a surface-bottom-surface cycle. For finite frequencies

W 2 &€ Z o

as
§>920‘_

Therefore, the phase change, & , undergone in the 2 direction over the
water depth is limited by the following

& 4L W (12)

The pressure is zero at the surface, the phase change upon reflection is
~<t , and the direction of propagation is reversed upon reflection from
the surface. Therefore, the sound field in the vertical direction is the
sum of two sine waves, representing the upgoing and downgoing waves in
the 2 direction. These waves are shown for the first two modes in
Figure 5. Because of equation (12) the number of nodes in this amplitude
distribution is equal to the mode number. Thus there is a correspondence
between the definitions of mode number in the solution of the wave
equation and the ray equivalent solution.

When the wave equation is solved numerically values of £a) are
obtained. §(2) is given in equation (7) by
; ~ W s
&QZ\ Fx Xe

(13)
where Xe¢ is given in equation (5) by
kr s % aw © (14)

Therefore given positive i one can determine from equations (13)
and (14) the cosine of the angle of inclination of the equivalent ray

cos® = £ {3 (15)
as a function of 2 .

If the ray between two points 2, and 2, is continuous then
&S« 2 - 2. may be given in terms of the horizontal distance
AR * R, -R,; and one particular value of the tan® over the path.
This relationship is

Pl 2

— \'O\V\G
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sanntin gt A M v -




NUSL Tech Memo
g 2211-296-69
SO .

< ___.“—
HKEbd.co

H

4

'i e

)En:
(o5
«C0s O

: i
where < the vertex velocity = &=
2w

If the value of @ does not vary appreclably between 3, and %, then
| we can approximate tan® by

en
1 Yon® - TS Y w04

E
where ©, and O, are taken at 1sa, and ), respectively. Thus
(Reference 8)

% Vv o v e e, (16)
where < = vertex velocity

C.><a = are the sound velocity at 3, and Ra
8 ,9,~ angle relative to normal of ray at & and 2.

Thus given values of $(a) one can construct a ray equivalent., If
vertexing takes place the depth %y at which this occurs is the level
whose value of sound velocity equals ¢ ,

C. Phase Velocity and Group Velocity

The phase velocity Np is given by the relationship |

Ny =
- Sw\w 9 (17)
‘ where O is the direction of propagation of a plane wave where
v ‘ the sound velocity has a value C. Equation (17) can also be written

Np = Cy (18)

where C is the vertex velocity

The group velocity can be considered from two points of view.
First group velocity Ny may be considered as a measure of the speed
of propagation in the horizontal direction of a number of frequencies
L in a band 4w centered about w . Nq may be given by (Reference 9)

Ng ¢ 22 (19) |
Y o¥
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or by (Reference 10)
A\
7 | T

alk W)

It can be seen that this approach to the calculation of group
velocities involves the calculation of derivatives. This is not
desirable in a computer program since this produces inaccuracies and
makes it necessary to obtain an unnecessarily large number of values of
group velocity as a function of frequency.

Tolstoy (Reference 11) has used a general theorem by Biot
(Reference 12) to show the equivalence of Ng in equations 19 and 20 to
the rate of energy transport in the horizontal direction. The group
velocity is given by

b T g‘: = (21)
where S

\) = S‘;:P¢ld‘ (22)

o. Lo (23)

where P and C are respectively the density and sound velocity
at 2 , and & is given in the equation

(Y Ax -kl
®: dne 5 (24)

where § is the displacement potential in equation (1).

Since by equation (2)

»e ‘.f%?; (2)

and u 1is the value of pressure, normalized to maximum amplitude, as
a function of ® then by equations (2) and (24)

e B (25)
where \@ is the normalized value of q: -

Thus by (25) we can obtain \@ once \\ is known since we are only
interested in the normalized values of \u and Y for given & .

Given _p. in the water and_Py in the bottom and u normalized to
maximum pressure amplitude, in order to obtain QK the normalization of
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Q , we first obtain
\*‘ )““(‘\ . \ﬁ)
%; Gale) = \A&pt\ (253)

where \ and ‘v signify water and bottom and W4 signifies
unnormalized. Since the maximum value of \u 1lies in the water, since
_Pe is greater than p , and because u(a) is normalized with respect
to maximum amplitude we multiply both expressions in (25a) by P to
obtain g normalized with respect to maximum amplitude so that

U NESEEE B
Lo = UL“_}‘/

¢ is the normalized value Tf:x? q; and may be used in place of 'b in
equations (21-23).

(25b)

D. ExcitationPressure and Propagation Loss

The sound field produced by a simple harmonic source in a two-layered
half-space (shown in Figure 6) with a free surface at ®»© and the
boundary between two fluids at 2w is given by the solution of equation
(1). This is given in Reference (9) by

SRR, TE TelRmr -0t - T
T Swmak e (26)
where v = horizontal range
w = radial frequency
w = mode number
%w = horizontal wave number, for mode m.
" X
Put P 5 W) Yl ) (27)
-

where R, is the water density at the source
Qo a)is the normalized displacement potential, a function of
depth
2, 1s the source depth
2 1is the receiver depth
wi 1is the mode number

P is the excitation function given by

P+ AxC P S ‘_2(___ (28)
\>~V\ ‘w\

10
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where P, is the water density
. 1s sound velocity at the source
S is the power output ofan omnidirectional source'
wwa 18 the horizontal wave number

and

v
D = P32 (29)
e
where B\, is the normalized displacement potential.

If the source produces a unit sound pressure level then the following
relationship (Reference 9) must be satisfied

e, - “Y“ -\ (30)
AW

Substituting (30) into equation (28) we obtain the exitation '
pressure ¥_ such that

\
e, . _Plamt (31)
The exitation pressure is the sound pressure amplitude produced by
a source which generates a unit source pressure level at unit range
when both source and receiver are at antinodes. It is essentially a
measure of the source level of mode m for a unit source.

From equation (26) we determine the pressure amplitude character-
istics of the sound field and this amplitude, Y. , 1is given by

Pa -j_):. i‘i P cos e - Y\S‘\ll (32)
0= ~ 3 3\
\ \'2_ P\,“ S (K“\" - “\*)1 3

Since Q. is the sownd pressuré‘amplitude at range ¥ from a generator
with unit source level, the value of propagation loss \\. at range v for
a given depth of source and receiver is given by

W AR N (33)

It can be seen from equations (27) and (32) that once \Rgwis known
one can easily determine the effect of the source and receiver depth
on the sound field at a given range. If the source depth is such that
WQwl2) , where 2, is the source depth, is a node the mode w will

lThe quantity is represented by the symbol of capital T¥ in Reference 9.

11
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be suppressed in the sound field. Likewise, if %e is such that Ru(Ra)
is an antinode the sound field of mode m will be greater than at any depth
for which WQ{®) 1is less than Rw(w) . The preceding also applies to a
discussion of the effect of the receiver depth upon the sound field.

It can also be seen from equations (27), (28), and (29) that the
pressure amplitude determined does not depend upon the normalization
of Lx)

For small attenuation of individual modes equation (32) may be
rewritten to include losses at the boundaries as a function of range
O. for mode v so that

g U

welwar - M)

g x Y
v ii. P\“ \o Ve S Ok - W\\‘k 1

where O, is given in db of loss per unit increment in range.

(34)

DESCRIPTION OF PROGRAM S1441

Program S1441 uses normal mode theory to predict acoustic propagation
over a flat homogeneous ocean bottom. The program may be used with any
of three options, each of which provides different information about the
sound field in a medium for a given frequency, velocity profile, and mode
number,

The three options provide as output the following calcomp plots:

A. The first option produces two plots for each mode analyzed.
One plot gives pressure normalized to the maximum amplitude as a function
of depth. Another plot gives the ray equivalent of the mode.

B. The second option produces two plots for each mode. One
plot gives three quantities: phase velocity, group velocity, and
excitation pressure. These quantities are plotted as a function of
frequency. Another plot gives the angle of incidence of energy at the
two boundaries for the given modes. These angles are plotted as a function
of frequency.

C. The third option produces a plot of propagation loss versus
range for any combination of' modes. These plots can be produced for any
source or receiver depth or frequency.
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For any of the three options used, two plots of the velocity
profile, shown in Figures 7 and 8, are produced. The first plot
(Figure 7) shows the sound velocity in both the water and the bottom. The
second plot (Figure 8) shows in more detail via an expanded velocity scale
the sound velocity in the water.

The format of the input data is shown in Tables I to IX. In Table II
it is shown how to obtain either of options A, B, or C. The mechanics of

the individual options are described below.

Option A

In option A the numerical solution to equation (4) or (6) is found
subject to the boundary conditions given by equations (8a), (8b), and
(8c). Then the ray equivalent of this solution is obtained.

For a given velocity profile inputed (Table IV) the sound velocity
is calculated at N (Table V) levels equispaced between the surface and
bottom by interpolation between the values given.

The value of the horizontal wave number kp is varied subject to
the restrictions given in equation (8c) and for each value of % yuWA) is
calculated over the water column of W equispaced levels by means of
equations (9) and (10). The values of \W(3) is restricted such that u(a)
never exceeds \Uw, (Table V). Mode ™M must have ™M zero crossings.
Afteru@)is calculated for a given 'we, % is incremented by ®xa so as
to obtain the smallest possible value of \) at the surface.

If the conditions necessary for the existence of a given mode
cannot be met, the statement "No Mode Found" is printed out.

Once Wa) has been found for a given mode the ray equivalent can be
found by equation (16). Sample calcomp plots of the amplitude distri-
bution normalized to maximum amplitude and ray equivalent are found in
Figures 1 and 2.

For a large negative velocity gradient high frequency sound is
trapped near the oceans bottom., Under these circumstances, it is
difficult to obtain a good approximation to the boundary condition at
the surface. Then it is necesgsary to decrese the value by which & is
incremented. This is'done by using a large value (up to about 10) of
IEX (Table II). A large value of IEX will increase the program time
since it decreases the increment of W by a factor of jog-IEX. Under
most circumstances, a value of IEX of zero is adequate.

13
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Option B

In option B group velocity, phase velocity, excitation pressure,

i

NUSL Tech Memo

and angle of incidence at the boundaries relative to the normal to the

boundary are fouud over any frequency range (Tsble VI). For a given
frequency, group velocity is determined by equations (21), (22), and
(23); phase velocity by equation (18), and excitation pressure by
equation (31). The angle of incidence at the boundaries is given by
equation (15). If the ray vertexes before striking a boundary, the

angle of incidence is given as 90°, Sample plots obtained from Option B

are shown in Figures 9 and 10.

Option C

In Option C propagation loss for a source level at a one yard

reference is obtained as a function of range for any given frequency and

combination of modes. Propagation loss may be calculated by equations
(32) and (33). The ranges over which loss is plotbted and source and

receiver depth are inputed by a card described in Table VII. Values of

Ow are inputed as shown in Table VIII and the modes which make up t
sound field are inputted as shown in Table IX. A sample calcomp plot
is shown in Figure 11l.

CONCLUSIONS

Program S1441 is designed to calculate and plot many quantities o
interest in the study of a sound fleld in an ocean bounded by flat
parallel boundaries. The problem of acoustic propagation is approache
from the standpoint both of physical and ray acoustics.

It is possible at high frequencies when the velocity profile has
more than one "channel" to obtain solutions of the differential equat
(6) which are physically unrealizable. This can only be detected by
observing the values of %®) which are shown in the printout from this
program. If two depths which have positive values of K@\ which indica
propagation of rays are separated by negative values of =2) which
indicate a "shadow zone" one has a physically unrealizable situation.

he

£

d
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te

Since the velocity profiles taken over the BIFI range show in general

a monotonically decreasing or increasing sound velocity with depth thi

8

limitable does not severely handicep analysis. However, caution should

be taken in analysis when complex velocity gradients are used.

dlarw) T karade
WILLIAM G. KANABIS
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FORMAT (20A4)
HEADING ON EACH PAGE OF THE OUTPUT
TABLE I
Heading Card
CARD 1
FORMAT (I10, F10.0, 4I10)
INPUT
PARAMETER COLUMNS
NUMV 1-10 Number of velocities in profile
VEL 1 11-20 Velocity at origin of calcomp
plot of velocity profile
Ivgp 21-30 If IRP = 0
When IVOP = O Option A
When IVOP = 1 Option B
when IVOP = 1
IRP 31-40 If IRP = 1 Option C
IVRP 41-50 IVRP = 1 Velocity profile not
plotted
IVRP = 0 Profile plotted
IEX 51-60 IEX changes increment of Kr by a
factor of |n-IEX. Values from 0-10.
TABLE II
CARD II

Bl St it i i
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FORMAT (5F10.3)

INPUT

PARAMETER COLUMNS

™ 1-10 Water depth (ft)

CB 11-20 Velocity of sound in the bottom
(ft/sec{

RO 21-30 Density of water (grams 1 cm3)

RB 31-40 Density of Bottom
(grams 1 cm?)

FsC 41-50 Maximum Depth Plotted in velocity
profiles and plots in option A is
200#FSC

TABLE III
CARD 3
FORMAT (2F10.3)

INPUT

PARAMETER COLUMNS

Z(I) 1-10 Height above bottom at which
sound velocity is C(I)

c(1) 11-20 Velocity of sound in (ft/sec)

at 2(I)

I=1, .... NUMV
in order of increasing 2
TABLE IV

GROUP 4
NUMV Cards

{ S g ——
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FORMAT (110, 2F10.3) g
INPUT
PARAMETER COLUMNS
N 1-10 Number of intervals into which
depth is to be sub-divided in
integration of differential 1
equations
M 11--20 Maximum value of wu(a) !
FQ 21-30 Frequency (Hz)
1
TABLE V
CARD 5 i ,
e |
FORMAT (4I10) - '
INPUT ;
PARAMETER COLUMNS | W
ISFQ 1-10 Highest frequency to be analyzed i
IEFQ 11-20 Lowest frequency to be analysed
NMOD 21-30 Number of modes analyaed |
Mode numbers analyzed =1, ... NMOD }
INCF 31-40 Decrement in frequency from

ISFQ to IEFO
Options A and C ISFQ = IEFQ = FQ
Option B Range of frequencies is selected by
ISFQ, IEFQ, INCF
TABLE VI

CARD 6
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FORMAT (4110, 3F10.3)

INPUT
PARAMETER COLUMNS
IRST 1-10 Lowest range in feet at which
propagation loss versus range
will be plotted
IREN 11-20 Largest range in feet at which
propagation loss will be plotted
IRIC 21-30 Increment in range to be plotted
in feet
NPS 31-40 Number of propagation loss versus
range plots
ZS 41-50 Source depth in feet
ZRC 51-60 Receiver in depth in feet
MI 61-70 Increment of range on the calcomp
plot per division in nautical miles
TABLE VII
CARD 7
For Option C
FORMAT (4F10.5)
INPUT
PARAMETER COLUMNS
DD(J) 1-10 DD(J) is the loss at boundaries as
a function of range in db per foot
for the mode J.
11-20
21-30 J =1, NMOD where NMOD is the
number of modes analyzed
31-40

SR PR S W
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The number of cards in this group is the integer greater than or equal
to the quantity NMOD

4 |
TABLE VIII
GROUP 8 *
For Option C l
-3
{ b
Card a. ;
FORMAT I10 !
INPUT .
PARAMETER COLUMNS
NMS 1-10 Number of modes to be summed in
the plot of propagation less
versus range(NM&NMOD)
Card(s) b.
FORMAT 6110
INPUT
PARAMETER COLUMNS
MDS(J) 1-10 J =1, NMS
The value of MDS(J) are the
11-20 mode numbers of the modes to be
summed in the propagation loss
21-30 versus range plots.
MDS (J )¢ NMOD
31-40
41-50
51-60

Number of card(s) b. is the integer greater than or equal to NMS
6

Cards a and b form a set. There is a set of cards for each plot in

Option C. (NPS sets)

TABLE IX

GROUP 9
For Option C
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165
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DOUBLE PRECISION FoUsUP
DOUBLE PRECISION K2y W2o)P2oHe 2P C2¢GoH2oDEN

OOUBLE PRECISION SoK20:DK2¢GAM,BA

OOUBLE PReCISION E,V

DOUBLE PRECISION uUMAX

DOUBLE PRECISION ¢0S2 » CCCc ¢ CV

DIMENSION EV(20)¢2(200)+C(100)9F(500),uP(500) ,u(500) ,
1 ZMP(1000), XMP(1000)» COS2(500)¢ CCC(500)

1y ZZP(500) » 2PP(500), VV(S500)» DATA(1024) , UU(500)
1 »PM(5000) DOT(100)

1 » ZR(500) ¢ CR(500) »RP(100) »2ZBT(5) , 2BF(5)
1,00(100) »PPT(1000),PCT(1000)¢PST(1000) yMDS(L100)»USR(100)»URR(100),
1 PMM(100),FMR(100) LFDS(100)

1 »GVEL(40UQ)» PVEL(4000)» FQP(4000), T1(4000), T2(4000)
COMMON MS, jMoU

COMMON UMS

CALL PLOTS ( DATA(1), 1024, 6 )

JPM = 25

READ(3+1)HED

FORMAT (20a4)

READ (3,112) NUMV, VELL ¢ INVOP +IRP » IVPL » IEX
FORMAT ( I110¢F10,0,4110)

NUM = O

READ(392) 2ZMeCB,RO,RB ,FSC

FORMAT (5F10¢3)

M3 = (200,0%FSC «2M)/(20,0*FSC)
ZBT (1) = 2m

ZBT(2) = Zm

ZBT(3) = 200+0 »FSC

2BT(4) = «20.0%FSC

2BF (1) = g,0

ZBF (2) = 19,0

2oF(3) = ,0

ZBF(4) = 1,0

00 3 I=1,100

2(1) = 0,

C(1) = 0,

I=1

READ (3,30) Z(I),C(I)
FORMAT (2F10,3)
IF(DABS(Z(1)=2M)=401)60697
I = 1I+1

60 T0 5

i1 =13

IF (1VPL.EQsl) GO TO 8
00 130 K = 1, Numy
CR(NUMY =K +1) = C(K)
ZR(NUMV =K +1) = 2(K)
ZR(NUMV #1) = ZM =),01
ZR(NUMY +2) = IM +50,0
CR(NUMV +1) = CB
CR(NUMY 42) = Cp

Lo 185 NINY = 1, NUMV
ZR(NINY) = 2ZM = ZR(NINY)
ZR(NUMY 43y = 200,0%FSC
ZR(NUMV +4) = =20.,0*FSC
CR(NUMY +3) = Vell
CR(NUMV 44) = 50,0
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CALL PLOT (0¢0¢0,0,=3)
CALL LINE (CReZReNUMV 42, 1,0,0 )
CALL LINE (28F+287,201¢0,0) 1
< CALL SYMBOL (10,25,2M590,34,6HBOTTOM¢0,000 )
i CALL AXIS (04010400 14HSOUND VELOCITY,14,10,¢0.0,CRINUMY +3) o
1CR(NUMvV+4),10,0 )
CALL AXIS (Ue000,0,11HWATER DEPTH¢11910,0,90,00ZR(NUMV #3) o
{ 1ZR(NUMV+4),10,0 )
i CALL PLOT (15:000,0s=3)
1 ZR(NUMY +1) = 200,0*FSC
ZR(NUMY +2) = =20,0#FSC 1

1 CR(NUMV +1) =VEL1
! CR(NUMY +2) =10,0
1 CALL LINE (CReZRINUMV,19000) !
: CALL LINE (2BF+2B742+140,40) 3
; : CALL SYMHQL (10,25,2M3¢0,14,6HBOTTOMs0,006 )
{ CALL AXIS (06000409 14HSOUND VELOCITY 14,10,00.0,CR(NUMV 1) I -
, 1CR(NUMV42),10,0 ) ’
CALL AXIS (040¢040,11HWATER DEPTHe11010,0090,002ZR(NUMV +1)

? 1ZR (NUMV+2),10,0 )

; CALL PLOT ( 15,000,0, =3)

| 8 JP = 3

{ 188 WRITE(4,9)4ED

¢ 9 FORMAT (1MH1,9X020A4)
WRITE(4,10)

3 10 FORMAT (1HO, 15X 4HZ,,FT,5X¢8HceFT/SEC)
H 11 WRITE(W4,12)2R(1)eCR(])
i 12 FOKMAT (1H0,9%»F10,3,F12,3)

IF(DABS(Z(1)=2M)=401)14014,13
13 1 = 14}
! JP = JPel

IF (JP=UPM)11¢8¢8
14 ReAD(3+15)Ne UM oFQ
15 FORMAT(110,2F10,3)

NNN = N
151 READ (3,1%y) ISFQs IEFQy NMQD, INCF
150 FORMAT (4110)

IF (IRP,NE,1) 6O TO 120

ReaD (3,12)1) IRSTe IRENe IRICs NPSe &S ZRC  LFMI
121 FORMAT (41100 3F10,3)
‘ 2S = M = 2§
&1 ZRC = 2™ = ZRC
| READ (3¢122) (0D(JU) e J= L1eNMOUL)
| 122 FORMAT (4F1045)
| 120 00 158 M= 1,NMOD
‘ 00 155 L= ISFO, ILFQ,=INCF
IF (IVOP Neel) GO To 162

a L
loc P2 6,2831853u6
(PRepg)e(P2aFy)
NNN
FMQL = ™
IRel = 0
, IF (N}29,4, .9
€Y K20 = ((W2a(CB=C(1))e(C+C(1)N)/7(C(L)nC())aCualy))
OK2= «099mp 20
= ~K20
3l K2 = K2 ¢+ un2

=
N
nun
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IF (K2=K20) 100 32,32

ARLTE (4,33)

FORMAT (1HO, 1 3HNO MODE FOUNUL)
Itb@ = | ¢+ INCF

IF (1VOP,kusl) GO TO 160
60 TO 111

FLu = FLOAT(N)

H = 2ZM/ DBLE(FLB)

v = 0,

CZ = (C(I)a(2(141)=ZP)+C(101)2(LP=2(1)))/(&(Jed)=2(1))
CCety) = ¢2
S=(W2e (((1)=C2)*(C(1)+C2))/(CLeC2Ze(C(1)eC(1))
F(J) S K2 - 6
IF (ZP=2M) 20021,21
J=y+l
FLA = FLOAT(JV =1)
ZP = ZMaDBLE(FLA)/DBLE(FLB)
60 70 17
Ull) = 1,0
UP(1) =(RO/RB)®DSART ((W2*(cB=C(1))=(CB+C(1)))/7(C(1)e(C(1)sCBeCB))

1=K2)

J =1
P = 3
FLA = FLOAT(V =})
FLb = FLOATIN)

2P =  ZMepBLE(FLA)/DBLE (FLB)

IF (U=N=1)27,34,27

IF (DABS (U(yJ) )=UM) 28, 34 34

J = J+)

JPz JP+d

H2= H*H

DEN = 1,0 ¢ (H2eF(yu))/0,0

U(J)= ((1,0=(H2/3,0)¢F(J=1))*U(Y=1)+HaUp(J=1))/0DEN
UP(JIS((1,0=(HReF () ) /73,0)eUP(Jml)=(F{JU=l)eF(J)=(HReF (J)SF(JU=1))/
16,V0)¢HeU(y=1)® 0,5)/0EN

IF (JP=UPM)25:2202%

JM = J

CALL COUNT

IF (MS=M)3)],35,35

K2 = K2 = K2

DK2= OK2 /7 10,0

IF (DK2= ,0p0001aK20 *10%a(=[EX))30¢30¢31
J=2

S = H*J(1)aUll) /240

S2= H*U(1)eU(1)/(2,0eCcCC(L)eCCC(Y))

IF (U=JIMS) 019390 38

S = H*U(J)eUWJ) @S

S2z HeU(J)sUIJ)Z(CCCIU)*CCC (V) ) ¢S5

J = Jt)

GO TO 37

S z(HeU(J)eUlJ)/72,0) ¢ S

S2= HeU(J)eUJ) /(2,08.CC(U)eCCC(VY)) o5
IF (IVOP.Egel) GO TO 1ow

A<3
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1

WRITE(Qo23)HED I NeRZoUNMIFQoM

€9 FORMAT (1ML ,SXo<0A8 /792X e 30N S, 1502X08HR2 =oF15:802X,4HUM =9F6ed 0

12A,6HFREQ = ¢FL LloeXe3HM =,15)
WRITE(W,47) ZMyCBIROIRD

47 FORMAT (3XoHEMAX = sF10,304HCB = 1FL10.3,4HRO = +F15,804HKB = o

Py
L)

4
40

49
Y]
lo4

103
104

105
100

4l

48
49
20
50

1

1F15.48)

WRITE(4,24)

FORMAT (1HY . 1 TX e 4HZ )FT, 10X e 1HV» LUX e SHOU/ZDZ 0 11X, 4HF (2))

2P = IZMe( FLOAT (JU=1)/ FLOAT(N))

28 = ZM = 2P

WRITE(4:20)Z00U (V) 4UP (J)oF (J)

IF (J=N=1)us5,84,45

IF(DABS(U(y))=UM)bpoly by

J = J*l

JP = JP+)

IF (JP=UPM)q3042,43

WRITE(4,40) S

FORMAT (1Hye10X, 3nS = »F15.5)

UMAX = 0,0

NM = N o1

DO 104 K= 1» aM

IF  ( DABS (V(K)) « UMAX) 104,104,103

UMAX = DABS(U(K) )

CONTINUE

DO 105 K= 1¢ NM

UU(K) = U(K)ZUMAX

D0 106 K= 10 NM

24P (K) = ZMe (FLOAT(K =1)/FLOAT(N) )

GAM = OSQKT (K20 = K2)

BA = (RO®C(1))/(2+.0*RB*CR*GAMaS )

WRITE(4,)41) BAIGAM

FORMAT (1HO, 10XeSHB/A = »F15,5:5X¢e THGAMMA = ¢F15,5 )

SS=  RO#*S/ (UMAXeUMAX) +RO® RO®U(1)*U(1)/ (UMAX&UMAX®2,04GAM&RE)
SS5= RO#*S2/ (UMAX=UMAX) + RO*ROwU (1) *U (1) / (UMAXEUMAX
1%2,0%6AM*Ry#CB=CB)

IF(IVOPsEw, 1) GO 7O 153

E = DEXP(=yAMh)

ZP = 0,0
V=1
NN =1
ZPP(1) = 0.0

Wi(l) = uul)
WRITE(4923)HEDINIK2oUMPFQIM
WRITE(4o47) ZMiCBIROIRD

WRITE(4,48)

FORMAT (1HO, 17X 0 4HZoFT, 10X 0 1KV )
WRITE(4,20)2PeV

FORMAT (1H0,F22420F13,3/F13,3°F1045)

V = VeE

NN = NN ¢}

VV(NN) = VV(NN =}])ec

ZPP(NN) = 2P = N

2P = 2P=H

IF  (ZPP(NN) ¢ 90,0) 1300 11U 49
CALL PLOT ( 5,000,430, =3)

DO 184 WNINXA = 1, NN

A-4
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ZPP(NINX) = 2ZM = (PP (NINX)
NINV = N ¢ )
00 183 NINW = 1, NINV

LLP (NINW) = ZM = 22P (NINW)
VV(NN ¢1) = =1,0

VVANN #0) = u,5

ZPP(NN +1) = 200,0FSC

ZFP (NN +2) = =¢0,0sFSC

2&P (N +2) = 2L0,04FSC
CLP(N +3) = =<0,0aFSC
UU(N+2) = =1.0

UU(N+3) = 0.b

CALL  AXIS (Veur0e0r YHAMPLITUDLY Yo%e000.00UU(N®2)9oUU(N®3)010.0)
CALL AXIS (0e¢000,0,15HAATER DEPTH (FT)016910,009000,22P(N+2)¢
b 2P (N ‘3)01000)

CALL LINE (UU» 2210 Nelr 210000)

CALL LINE (vVe 2PP, NNy 1,090 )

CALL LINE (28F220T792010040)

CALL SYMBQL (10,25,2M8,0,14,6KLCTTOM0,0006 )

CALL SYMBOL(1¢709¢25¢0.1000HVERSUS» 0,00 p)

CALL SYMBUL (1¢099,0000,14¢SHOEPTHIO0,005)

CALL SYMECQL (0400847590140 19NFREQUENCY HZ2¢0.0019)

CALL NUMBLR(2020807500.1“!FQ'000'-X)

CALL SYMBOL (1¢%0845090,1404HMO0E2 QU0 %)

CALL NUMBER(2¢1¢8¢5000614¢FMODeVeVr=1)

NUs = NUg *+1
= 0.0

ZMP(1) = 0.0

NM = N 41

00 170 K= jeNM

IFFLL1) Gy, 0.0) 60 1O 179

IF (F(X),67,0.0) GO TO 1T

IRTB = K

COL2(IRTB 41) = F(IRTA +1)ecCCCIRTE +1)«CCCUIRTE +1)/W2

CV = CCC(IRTL +1)/0SuRT(1,0 = COSZ(IRTB +1))

ZMP(2) = Ha(CV « CCC(IRTH +1))/(CCC(IRTB)=CCC(IRTD +1))
XMP(2) = (2MP(2) = ZMP(1))»(CCC(IRTL +1) ¢ CV)/(CVa(DSQRT(COS
1 (IRTB +1))))

IMP (1) = FLOAT(IRTpo)en = LNPL2)

ZMP(2) = zuP (1) + ZMP(2)

NM = NM =IxTB +1

DO 172 K = J3ivM

THY = 90,0

KO = IRTB =] +h

CUS2(KQel) = FIKQ «1)CCC(KO =1)*CCC(KO =1)/nw2
COS2(KO)=F (KO)*CCC (KO)»CCC(KO) /w2

THe = (ACOS(SONT(COS2(NM +IRTH =1))))eb7,2958

IF(CCC(KO) ,GEsLV) GO TO 142

XMP(K) = XuP(K  =1) #He(CCC (KO =1) ¢ CCC(KO))IZ(CVR(DSARTICLS2(An0=]
1)) ¢ USQRT(COS&(K0))))

EMP(K) = (KO =1l)sN

Nz N™m =y

60 TO 173

COn2(1) = ABS(F(1))eCCC(1y*CCC(L)/we

CVv = CCC(1)/70SQ@RT(1,0 = CO0S2(1) )

DO 140 K=  2¢\M

CUS2(K =1) = ALS(F (K «1))eCCC(R =1)eCCC (R =1)/a¢
A-n
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C052(K) = ABS(F(K))#CCC(K)*CCC(K) /w2
THL =(ACOS(SURT(CO52(1)))) 57,2958
THe =(ACOS(SART(COS2(1M) ) ) ) 65T ,2958
IF( CCC(K),GE.CV) GO TO 142
XMP(K) = aAMP(K =1) 4 H#(CCC(K=l) + CCC(K))/(CV*(DSQRT(COS2(K=1)}+
1 DSGRT(COS2(K))))
140 ZMP(K) = (K=l1)xH
173 DO 141 K= 1,i
XMP{NM +K) = 2,0%XMP(NM) = XMF(NM = K)
141 ZMP(NM ¢K) = ZMPINM =K) .
G0 TO 143 3
142 ZMP(K) = 2ZMP(K =1) + Ha(Cv = CCC(K=1))/(CCC(K) = CCC(K =1))
Tha = 90,0
XMP(K) = XMP(K =1) + (ZMP(K) = ZMP(K=1))#(CCC(K=1) + CV)/(CVs(
1 O0SQRT(COs2(K =1))))

N = K =}

NM = K

DO 1484 K= 1wy

XMP (N+14K) = 2,0%XMP(N+1) = XMP(N+1=K)
144 ZMP(NM +K) = ZMP(NM =K)
143 XMP(2*NM) = 0,0

182 XMP(2#NM +1) = 1000.0 9
NI2Z = 2sNM =1 1
DO 186 NIng = 1, N122
186 ZMP(NINZ) = ZM =« ZMP(NINZ)
ZMP(2*NM) = 200,0%FSC
ZMP (2%NM +1) = =20,0%FSC
WRITE (4,145) TH1,TH2
IF (IVOP.t@.,1) GO TO 157
145 FORMAT (2F10.3)
CALL PLOT (15.0y0,400s=3)
CALL LINE (XMP+eZMP,NM +Nyl,0r0)
CALL LINE (Z2BFs2BT9201¢0,0)
CALL SYMBQOL (10,25,2MB¢ 0,14 6HBOTTOMeU,Qe6 )
CALL AXIS (0¢000,0910HRANGE (FT)0100124000,00XMP(2%NM) ’
1XMP (2%NM +1)010,0)
CALL AXIS (04000,0,16H DEPTH (FT)»216910,009040,2ZMP(2%NM)
1 ZMP(2%NM 41)010,0 )
CALL SYNBQL(S.OogoSOOUol“'l“HRAY EQUIVALENT?0,0,14) ;
CALL SYMBOL (5600942500414 19HFREQUENCY HZe040019) i
CALL NUMBER (6¢499425¢0+14¢FQ?r0400r=1)
CALL SYMBOL (5¢51940090414+4HMODE*0,004)
CALL NUMBER(64209400+0414¢FMOD¢0¢0s=1)
CALL PLOT (154090600 =3)
IF (IVOP(NE,d) Go TO 154
157 Ti(L) = TH}y

o i e e dec a i st Al b aad e chiatnl o

T2(L) = TH2

FMr = SQRT (P2%FQ /(30,48%CV) )

PM(L) = SQRT(P2)= RO/ (FMH®2,0%(SS) ) 4
GVEL (L) = §S/(LVeSSS)

Far(L) = L

wWRITE ( 4,166) PM(L) » FMH, SS » GVEL (L)
166 FORKMAT (4F1(,3)

IF (IRP,EQ,1) PM(M) = PM(L)

FMR (M) = pP2sFQ/CV

125 = ZS»*F d/2ZM +1,0

I1ZR =ZRC*f | B/ZM +1,0

USK (M) = U (1ZS)/UMaX

oo cn o ocdale Ll ol b o e 2o 4 o o
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URR (M) = U(IZR)/UMaX

PMM(M) = Pm(M)®USR (M) «URR(M)/RO
Pvel(L) = ¢V

IF (IRP,EQ.1) 6O TQ 154

1UF = (ISFU = IEFQ)/INCF +1
LIFQ = IDF =1

00 161 LLL= 1. IDF

ILL = (LLL ~<=1)*INCF

FaP(LLL) = FOP(IcFQ+ILL)
Gvel(biL) = OVEL(IEFQ+ILL)
TLI(LLL) = TL(IEFQ+ILL)
T2(LLL) = T2(IEFg+ILL)
PM(LLL) = pPM(IEFQ ¢+ ILL)
PVEL(LLL) = PVEL(IEFQ+ILL)
WRITE(49163) (PVEL(J)» GVEL(U)y FQP(V)e PM(J)e J= 101DF)
FORMAT (4F1003)

FAr(LIFQ +2) = 0,0

FAP(LIFQ +3) = ISFQ/10

PVELI(LIFQ +2) = 3500,0
PVEL(LIFQ +3) = 250,0
GVel(LIFQ +2) = 350040
GVEL(LIFQ +3) = 250,0

PM(LIFQ +2) = 0,0
PM(LIFQR +3) = 0,1
CALL PLOT (15,090,09=3)
CALL LINE (FOP!PVEL/LIFQ +1,1,10014)
CALL LINE (FQP»GVEL,)LIFQ +1,1,10028)
CALL LINE (FOP/PMy_IFQ +191,10,4)
CALL AXIS (0000040, 14HFREQUENCY (HZ)9»14,10.000,00FQP(LIFQ +2),
1 FQP(LIFQ +3),10,0)
CALL AXIS (04000,0,27HSOUND VELOCITY (FT PER SEC)9127¢10.0+90.00
1 PVEL (LIFQ +2)¢PVEL(LIFQ +3)910,0)
CALL AXIS(104050,0,18HEXITATION PRESSUREs=18910,+90,00/PM(LIFQ +2)»
1 PM(LIFQ +3)010,0)
EAkL SYMBOL (2499450004140 38HSOUND VELOCITY AND EXCITATION PRESSUR
1E+ 0400 38)
CALL SYMBOL (447¢9.25¢0410/6HVERSUS»0,0¢5)
CALL SYMBNL (4¢499.0000¢14¢9HFREGUENCY»0,0,9)
CALL SYMBOL (445+84750041494HMODE?0,0,4)
CALL NUNMBER(S5¢2+8¢75004149FMOD90e00=1)
CALL SYMBOL(4¢798,5000,10014HPHASE VELOCITY?0,0,14)
CALL SYMBOL (4¢208¢500041001490,00=1)
CALL SYMBOL(4¢7¢8¢2500¢10014HGROUP VELOCITY?0,0,14)
CALL SYMBOL (4¢208¢2500¢1002800,00=1)
CALL SYMBOL (4¢7¢8¢0000,10019HEXCITATION PRESSURE 00¢0019)
CALL SYMBOL (4¢29860000+100490,09=1)
TI(LIFG +2) = 99,0
TI(LIFG +3) = =1¢,0
Te(LIFQ +2) = 90,0
T2(LIFQ +3) = «10,u
CALL PLOT (15.000409=3)
CALL LINE (FQOP» T1,LIFQ #191010,4)
CALL LINE (FQP» T2,LIFG 4191010/95)
CALL AXIS (0¢000,0, 14HFREQUENCY (HZ) »=1491060040sFUP(LIFQ +2)
1 FQP(LIFQ +3)911,0)
CALL AXIS (0+990,0,28HANGLE OF INCILENCE (UEGKLES) 1289 940090400
1 TL(LIFQ +2)s TL(LIFy +3),10,0)
CALL SY"iDUL(so-’OgobOOUcl“'lBHANGLE OF InwCIULENCE,0.,0,18)

A-7
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CALL SYMBOL(467¢9¢25¢041006HVERSUS0,008)

CALL SYMBUL (4e%996000061409HFREQUENCY20,0,9)

CALL SYMBOL (Ue598, 7500140 4HMODEP0,004)

CALL NUMBEK (5¢<€08475004140FM0D00400=1)

CALL SYNBOL (4¢9906,5000.10025HBOTTOM ANGLE OF INCIDENCE?0.0025)
CALL SYMBO_(44U98,500041004,0,09=1)

CALL SYMBUL (4598425004100 26HSURFACE ANGLE OF INCIDENCE,0,0,26)
CALL SYMLOL (46098,2500¢1005,0,0,=1)

CALL PLOT (15¢0,0,00=3)

IF (IRP,NE.1) GO 70 111

DO 124 IRP= 1.NPS

READ (3,125) NMS

FORMAT (110)

READ (3,126) (MOS(J)s J=1,NMS)

FORMAT (6110)

00 131 IR = IRST, IRENe IRIC

IREO = (IR «IRST)/IRIC +1

PCT(IREQ) = 0,0

PS](IREO) - 0.0

D0 127 Iz 1/NMS

M= MOS(I1Q)

DO 129 IR = IRST» IRENe IRIC

RR = IR !
IREQ = (IR =IRST)/IRIC <}

ODT(M) = 10,0%%(=0p(M)*RR/2040)

el sl Bl il e Sl (Sl e e e o iadin o

PST(IREO) = PST(IREQ)+PMM(M)%u0OT (M) *SIN(FMR (M) sRR=P2/8,0)
PCT(IREO)= PCT(IREQ) +PMM (M) 2DDT (M) #COS (FMR (M) »RR=P2/8,0)
CONTINUE

CONTINUE

DO 132 IR = IRSTs 1RENe IRIC

RR = IR

IREO = (IR =IRST)/IRIC +1 ]
PPT(IREO) = SQRT(PCT(IREO)*PCT(IREQ) + PST(IREQ)#PST(IREO))sRO/

1SGRT(RR/3,0)
PPT(IREO ) ==20,0#ALOG10(PPT(IREQ))
RP (IREOQ ) = FLOAT(IR)/6000.0

WRITE (40128) (PPT(J)y, J= 1¢IREO )

FORMAT (10F10,5)

RP(IREO +1) = 0.0

RP(IREQ +2) = FM}

PPT(IREO +1) 30,0

PPT(IREO +2) 10,0

ZS = ZM = 28

ZRC = ZM « ZRC

CALL LINE (RPoPPTyIREQCIL010,4)

CALL AXIS((0e000,0013HRANGE (MILES)¢13+20¢0¢0,0/RP(IREO +1),
i RP(IREO +2)010,0) ]
CALL AXIS(0+000,0021HPROPAGATION LOSS (LB) 0210104009060,
1 PPT(IREO +1)PPT(IREO +2),10,0)

CALL SYMBOL (86909¢5000,14916HPROPAGATION LUSSsV.0016)
CALL SYMBOL(9¢719¢25010.1006HVEKSUS»0,U06)

CALL SYMBOL (9¢79940000,1405HRANGE»04005)

CALL SYMBOL (8998475004140 18HFREQUENCY HEs0,0,18)
CALL NUMBER(10+3¢8,75,,14+FQr0,0.=1)

CALL SYMBOL (8¢6+8¢5000614020HSOURCE LEPTH FTe0,00c0)
CALL NUMBER(10:¢5¢8,50,0,1%4925¢0,00=1)

CALL SYMBOL (86698,2500,14022HRECEIVER VEPTH FTs0e04s22)

CALL NUMBER(10:608,25,0,24,2RCo060y=1)
A-8
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CALL SYMBOL (8.608,000,14¢5HMODES006005)
00 187 Jz 1,NMS
FUS(Y) = MDS(J)
187 CALL NUMBER (9¢l +0,58J08,000,140FUS(JV)20,00<1)
CALL PLOT (15.000,00=3)
12¢ CONTINUE :
CALL PLOT (15.000,00=3)
111 gALL PLO? ‘15.000.00.3)
ND

|
{
o
|




Sl

- N &N GO

SUUROVUTINE COUNTY
DIMENS10iN u(500)
OUUBLE PRECISION V
COMMON MS, MoV
COMMON UNMS

MS=0

=)

1S=1

JMS=1

IF (U(J)) 10203
1S1=1S

1S=1

IF (IS=1S1) %e2,4
MSz=MS+)

JMS=J

NENTSY

IF (J=JM=1) 596,5
1S1=1S

15=0

60 TO 7

RETURN

END
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