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~~~ INTRODUCTION

~~~~This memorandum describes NUSL Program S1441 written in FORTRAN V.
• This program uses normal mode theorysto predict acoustic propagation

over a flat homogeneous ocean bottom.

Program Sl441 is an extension of a”
~~~gram 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 Caleomp plots of the following for any mode ,

• frequency and velocity profile:
Ui

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 .

c. Propagation loss as a function of range.

DISTRIBUTION STATEMENT A
7 Approv d for public r.1e~~~;DistrIbution Unflmft.d
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ii ~ I _______  NORMAL MODE THEORY

Normal mode theory i~ based on the assumption that at large distances
from a sour ce standing wav es formed by energy strik ing 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
amp lLt 5ud e di st 5r ibut , lon of’ the standing waves may be determined . Firs t
one may f ind t .ho s~~I u t i o n  in closed form of the wave equation.

(1)
“C

4 Where 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 equa tion (i) subject to the boundary conditions in the
complex plane and approximat ing the norma l 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.  Li t tl e Inc by means of a computer
program described in References 1 and ~~~.

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 tutegratlon of the Wave Equation

The basis of this program is the direct numerical integration of the
wave equation . This method which is extremely well suited for analysis
by means of a high speod computer is dis cussed below .

When equation (1) io solved for ~~ the incremental pressure p is
found by defini t ion

~~~~~ (5)

~~~~ 
-

Where 4 is the disp lacement potential

f is the mn t .orie.1 density at tht~ po int  ootisidered
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It is found that equation (1) is separable in terms of range r and
depth I so that the pressure amplitude can be written as

(
~ )

and a different ial equa t ion in terms of 
~~ may be obtained .

‘- ~~~~~~~~~~~~~~~~~~~ ~~~~~~ (
~ )

where~~ = the radi al freque ncy

c sound velocity

u u(z) is the pressure amplitude distribution as a functionof dep th

~ç1~= horizontal wave number

~ (5)
where ~ is 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 afunct ion of dep th,~ (~~, whi ch travels unchanged in shape as it progressesin the r direction.

EquatIon (4) may be written as

- ~ C) (6)

where

— 

(r,)

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 particlevelocity in the vertical direction at the bottom in terf ace , it. is necessarythat

~~~~~~ (ga )
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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

~~~ 0 (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 

~~H
(naturally (b must be create r than c )

then

~~~~~~~ ~~~~~~~

mus t hold for all energy striking the bottom,

Since

~~ir

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

\ ~~~~~~~~~ ~ — ~~~~~~~~~ (
~~

)
c-u.

at the bottom interface.

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

-
~~~

for given values of c.jl~j  and ~c, . B is a constant . If~~~) is
• positive ~~) is in the form of a sinosoid. This kind of solution is

obtained for the interference pattern between upgoing and dowagoing
waves in the water. If,~(e) is negative ~~~~~ is in the form of an
exponential. ~~~~~~ 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

4
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continuity of’ pressure in the medium. Thus when there is “total
ref lect i on” at. a level either by vertexiug or reflection from a boundary
and the pressure is f in i te  at that level then at adjacent levels there
may be a decay (whose rat .e Is determined by the boundary condi t ions) ,
hut . not a discontinuou s step to ~t a o  pressure. An example o~’ a dis t r ibu—

Ion inv o lving both exponent -isis is shown in Figure 1 wh I ch shows the
ampl i t ude  d i s t r i bu t ion as a funct ion  ol~ depth and Figur e 2 which shows
the ray equivalent  of ’ the  mode. In Figure ~ it is seen that . the  ray
equivai eat of the norma l m ode vtrt.exes at a depth of 48 fee t .  There fox~
in Figure t h e  pressure ampli tude d ist r ibut ion  is in the form of
an e x p o n e n t i a l  between the  sur face  of the ocean and a dep th of 48 feet.
i t  oun a l so  be seen in Figure 1 that the pressure ampl i tude distribution

• in the bo t. t on is Lu i-he form of an exponential.

in order to  Integrate e~iuat . lon  (~
) numerically formulas relating

‘~~~~~~~
-
~ and i t s  der iv a t ivo~.~~ % wi th  the quantities \~~ and~~~ must be obtained

( l’he suhs ’r ipt .s sigr i l t ’y the dept -h at which they are calculated) . This
is done by writ ing a Taylor series for U~~~ and ~~~ . The details of
this prooedure is given in l~eferences 1 and 2. The results are
sununa r I :~ed in equn tions ( i ) )  and ( l o t

~
. 

~- ——---— — (9)

2 

- ~~~~~~ ~~~~~~~~~ S~~ t~~~~~
’
~~~~l0)-i

where

~~ is t h e  inc r emneti t het -weeu level ~ and level ~~s

.~~~~~ and ~~~ are the va l ues of .4~~) a t - ~ and ~~~

ions (L)) and (10) are recursion relationships such that . given
values for ~~ and ~~ which are the v a lu e s  of ’ ~ and ~~ ju s t above the
t’o t • t o rn  we can cal on I a to ~ and ~~ at a l l  levels in t.he w a t e r .

Inca  we are m t-ores ted in normal I~ ed values ot ’ ~~ over  the  water
Cot Uman We oan select ~~ to he any arbi. t rary value (

~ -r i is convenient . )
For an arb i i-rn cv v a lu e  o t’ the  hor i ~on t a l  wave number 

~ r whi ch is ron tr I ~‘ted
by e~ua t. ion ~. ~ o ’t we onu evall un t - t ’ \~~ by equs t ion ($a)  . Then we can
dot-ermine u for all levels by using equntions (°~ and (10) repeatedly.
I t ’ t he value ot’ ~~~~~~ corresponds to a mode , wtt .ion (sb) will be

C-,
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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 (sb)
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 def inition 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~p~ , and sound velocityc % , lying over a infinite
bottom of dens ity ,p.

~ 
and sound velocity C,. 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 defin ed 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 ~.(~~-~ )1T degrees ,
or it mus t satisfy the equation:

~~ 

‘

~~~~~~ 

~~~~T

or

‘

(11)

where ~~~1s the wavelength of the preferred mode, ~ is the phase
change undergone by a plane weve upon bottom reflection, r~ 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 )~ and angle e there is constructive
interference between plane waves suffering different numbers of bottom

6

- . 5 - - 5 -



r 

- 

-: 
----—- -

~
-
~

--- 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
-i - - 

-

NUSL Tech Memo
2211—296.-69

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 (ii) is the phase change, ~ 4 , undergone in the Z direction
when a ray makes a surface-bottom—surface cycle. For finite frequencies

~~~
. , €_ ~~~o

as

Therefore, the phase change, A , undergone in the ~. direction over the
water depth is limited by the following

(12)

The pressure is zero at the surface, the phase change upon reflection is
and the direction of propagation Is reversed upon reflection from

the surface. Therefore, the sound field in the vertical direction is the
sums of two sine waves, representing the upgoing and downgoing waves in
the ~ 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 ~(1
’$ are

obtained. ~~i) is given in equation (7) by
— 

(‘3)

where ~~~,.. is given in equation (5) by

\ç ,. : ~~~~~~~~ (14)

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

H (15)

as a function of t

If the ray between two points 1., and 1, is contisuous then
• 1. - I~~. may be given in terms of the horizontal distance
2 ~~ and one particular value of the tan~~ over the path.

This relationship is

— ‘I~c.$..,A G
A~~ . . 

-

-
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~~~~~~~~~ ~~~~~~~~~~~~~

C-
5—

C.- .4 C.(~~~ G

where c~ the vertex velocity =

If the value of ~ does not vary appreciably between 14 and ~&,. thenwe can approximate tan i) by
4
~ta.~~G~ ~i ~~~~~~~~~~~~~~~5-—

where ~ and G,. are taken at I.e 
~ and L~ respect ively. Thus(Reference 8)

5—. —.~-— ~~~ ~t ‘- 5.
’—

c..,~ ~~~~ 
(16)

where C.~~ vertex velocity
are the sound velocity at a.~ and ~I..

~~~~ ~~~~~~~~~~ angle relative to normal of ray at 14 and 1.~.

Thus given values of ~~~ one can construct a ray equivalent. Ifvertexing takes place the depth 1..~ at which this occurs is the levelwhose value of sound veloci ty equals C.1

C. Phase Velocity and Group Velocity

The phase velocity~4~ is given by the relationship

‘
~~~~~~~

‘ 

~~~~~~~ (17)
where G is the direction of propagation of a plane wave wherethe sound velocity has a value C. Equation (17) can also be written

(18)

where (~ is the vertex velocity

The group velocity can be considered from two points of view.First group velocity ‘¼ may be considered as a measure of the speedof propagation in the horizontal direction of a number of frequenciesin a band ~~ centered about ~ . ‘4~ may be given by (Reference 9)

(19)

8
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or by (Reference 10)

~ ~,. ~S.. ) (20)
~~~~~~ ‘sb ’)

It can be seen tha t 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 Blot
(Reference 12) to show the equivalence of~~~ in equations 19 and 20 to
the rate of energy transport in the horizontal direction. The group
velocity is given by

._.L 
~
- (21)•S

~ b-,. ~~

where

‘~ (22)

- ~~~~~~~~~~~~ ~~~ (23)- ..)~~~~~~ ‘-
~~

where~~~ and c.. are respectively the density and sound velocity
at ~ , and 4~ 

is given in the equation
~~~~~~~~~

~ (24)

where is the displacement potential in equation (1).

Since by equation (2)

2 (2

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

~~~~ ~~~~~ -? (25)

where ~ is the normalized value of ~ i .

-

- 
- Thus by (25) we can obtain 

~
.( once ~~ is known since we are only

interes ted in the normalized values of ~ and for given ~~
Given in the water and,fb in the bottom and u normalized to

maximum pressure amplitude , in order to obtain ~~ , the normalization of

9
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we f irst obtain

~~~~~ )‘~~~~t11’~ 
~

(25a)

where ~ and ‘o signif y water and bottom and ~~~ signifies
unnormnalized . Since the maximums value of ~~ lies in t.he water , since
J ,  is greater than p~, and because ~~~~~~ is normalized with respect
to maximum amplitude we multip ly both expressions in (25a) by 9~ to
ohta i~ ~.q normal iced wi th respect to maximum amplitud e so that

2 

(2 5b 1

~ is the normalized value fo~ 4, and may be used in place of 4 in
equations (2l—2~ ).

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 ~~.‘ o and the
boundary between two flu ids at 1-~~ is given by the solut ion of equation
(1). This is given in Reference ~9) by

2 -‘ ~~~~~~-
‘~~~~~ ‘-“a - 

(26)

where r horizontal range
radial frequency

= mode number
= horizontal wave numsber~~ for mode m-

k 
(27~

where is the va t-er dens i ty at the source
~~~~~~~ the normalized displacement potential., a function of

dept-h
a~ is the ~ouroe depth

is the receiver dep th
.‘.~ is the mode number

is the exc i t at ion  function r iven by

• ~~~ L 9. c.,~ S ~~ (2~t)

10
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where ~~~~~~. is the water density

~~~ is sound velocity at the source
.s is the power output -  of an omnidirectional source1

~~~ is the hor izonta l  wave number

and

~~~~~~~ c ? ~~~
- (29)

where is the normalized displacement potential.

If the source produces a unit sound pressure lev el then the following
relationship (Reference ~) mus t he satisfied

,
‘ (30)

Substituting (30) into equation (28) we obtain the exitation
pressure ~~ such that

• (3’)
~~~~~~~~~~ 

ç:~;5~
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 ( ‘ c) we determine the pressure amplitude character—
istics of the sound field and this amplitude , ~~ , is given by

~~~i - -~~~~~
_ ‘~~~

_
~~L -tI~~~ 

(32 )

~~~~~~~~~~~~~~~~~~~~~~~ ~4~T1 ~Sinc e ~~~~,. is the soind pressur~Thrnplitude at range r from a generator
with unit source level , the value of propagation lossL r at range ~

- for
a given depth of source and receiver is given by

- ~~ \c~~ \~~ (~ 3)

It can be seen from equations (2T ’
~ and (32) that once ~~~is known

one can easily determine the e f f ec t  of the source and receiver depth
on the sound field at a given range. If the source depth is such that

where ~~ is the source depth , is a node the mode ~~ will

‘The quanti ty is represented l’y the symbol of’ onpi ta l  iT in Reference °.

11
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he suppressed in the sound f ie ld.  Likewise , if ~~ - is such that ¼~~4~~e\
is an ant inode the sound f ield of’ mode in will be greater than at any dep th
for which ~~~~ is less than c’~~i . The preceding also applies to a
discussion of’ the effect of the receiver depth upon the sound field.

It can also he seen from equations (2’7 ’) , (28), and (~)~) that the
pressure amplitude determined does not depend upon the normalization
of ~~~~~~~~~~~

For small attenuation of individual modes equation (
~~ ) may be

rewritten to include losses at the boundaries as a function of’ range
~~~ for mode •~ so tha t

$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~ (34)

~ ~o
-
~~~

-J
~

c 
~~~~~~~~~ - 

~ 1 ‘

where ~~~ is given in dh of loss per unit increment in range .

D~~CRIPTII3N ~F PROGRAM S14h.1

Program S1441 uses normal mode theory to predict acoustic propagation
over a flat homogeneous ocean bottom . The program may be used with any
ol’ three opt-ions , each of wh ich provides d i f fe rent  information about the
so~u-~d f ie ld in a medium for a given frequency, velocity profile, and mode
number.

The three options provide as output. the following calcomp plots:

A. The f i rs t  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 opt ion  produces two plots for each mode. One
plot gives three quantities: phase v e l o c i t y ,  group velocity,  and
excitation pressure. These quantities are p lot ted as a f\ inot -ion of
frequency . A: tc th er  plot gives the ang le om ~ incidence of energy at the
two boundar ies for the given modes. These ang les are pl ot -ted as a function
of frequency .

C. The third op t ion  produces a plot ot ’ propagation loss versus
range for any combination ot ’ modes. These plots can be produced for any
source or receiver depth or t’re~ uency .

1~~

________  -
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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 Thbles 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 (Se), (Sb), and
(Sc). 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 k. is varied subject to
the restrictions given in equation (Sc) and for each value of ~~~~ is
calculated over the water column of %‘~ equispaced levels by means of
equations (9) and (10). The values of W.i~ is restricted such that ~.&(1’~
never exceeds ~~~ (Table V). Mode ~“i must have ~~~ zero crossings.

~~ter~~(’a~is calculated for a given ’v.r)~~~ is incremented by ~~~~ so as
to obtain the smallest possible value of ~ at the surfaces

If the condit ions necessary for the existence .f  a given mode

L cannot be met , the statement “No Mode Found” is printed out.

Once~~~)has been found for a given mode the ray equivalent can be
found by equation (16). Sample calcomp plots of the amplitude distri—
hution 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 necessary 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 ~~ by a factor of 10—tEX . Under
most circumstances, a value of IEX of zero is adequate.
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Option B

In option B group velocity, phase velocity , excitation pressure,
and angle of incidence at the boundaries relative to the normal to the
boundary are foufld over any frequency range (Table vi) .  For a given
frequency, group velocity is determined by equations (21), (22), and
(23); phase velocity by equation (is), and excitat~on 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 900. Sample plots obtained from Option B
are shown in Figures 9 and 10,

Option C

In Option C propagation lose for a source level at a one yard
reference is obtained as a function of range for any given frequency and
oomb~nation of modes . Propagation loss may be calculated by equations
(32) and (33). The ranges over which loss is plotted and source and
receiver depth are inputed by a card described in Tabl e VII. Values of
D~ , are inputed as shown in Table VIII and the modes which make up the

sound field are inputted as shown in Table IX . A sample calcotnp plot
is shown in Figur e 11.

CON CL US IONS

Program S1441 is designed to calculate and plot many quantities of’
interest in the study of a sound field in an ocean bounded by flat
parallel boundaries. The problem of acoustic propagation is approached
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 equation
(6) which are physically unrealizable. This can only be detected by
observing the values of ~ (‘t b which are shown in the printout from this

- J program. If two depths which have pos it ive values of ~(I~ which indica te
propagation of rays are separated by negative values of -

~(~~~ which
indicate a “shadow zone” one has a physically unrealizable situation.
Since the velocity profiles taken over the BIFI range show in general
a monotonically decreasing or increasing sound velocity with depth this
limitable does not severely handicap analysis . However , caution should
be taken in analysis when complex velocity gradients are used .

~-v44~s.’j ~7 ~~ d .l lw l~~~
WILLIAM G. KAN ABIS
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FORMAT (2oA4)

HEADING ON EACH PAGE OF THE OUTPUT

TABLE I

Heading Card

CARD 1

FORMAT (110, F1O.O, 4110)

INP UT
PARAMETER COLUMNS

-r N~1lV 1—10 Number of velocities in profile

‘(FL 1 11—20 Velocity at origin of calcomp
plot of velocity profile

1VØP 21—30 If IRP = 0
When IVOP = 0 Option A
When IVOP = 1 Option B

IRP 31-40 When IVOP = 1
If IRP 1 Optton C

IVRP 41—50 IVRP 1 Velocity profile not
plotted

IVPP = 0 Profile plotted

IE~C 51—60 IEX changes increment of Kr by a
factor of 10—IEX. Values from 0—10.

TABLE It

CARD II 

ii i
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FORMAT (5F10.3)

INP UT
PARAMETER COL(JMNS

724 1—10 Water depth (ft)

CB 11-20 Velocit7 of sound in the bottom
(ft/sec)

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

RB 31—40 Density of Bottom
(grams 1 cm3)

FSC 41-SO Maximum Depth Plotted in velocity
profiles and plots in option A is
200~FSC

TABLE III

CARl) 3

FORMAT (2n0.3)

INP UT
PARAMETER COLUMNS

- I z(i) 1—10 Height above bottom at which
sound velocity is c(i)

c(i) 11—20 Velocity of sound in (ft/see)
at Z(I)

I = 1, .... NUMV
in order of’ increasing Z

TABLE IV

GROUP 4
NUMV Cards 

-- _ ~~~~-
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FORMAT (110, 2F1O.3)
INPUT
PARAMETER COLUMNS

N 1—10 Number of intervals into which
depth is to be sub-divided in
integration of differential
equations

UM 1]..-20 Maximum value of uh(,~~
FQ 21-30 Frequency (Hz )

TABLE V

CARD 5

FORMAT (4110)

INPUT
PARAMETER COLUMNS

ISFQ 1—10 Highest frequency to be analyzed
IE?Q 11—20 Lowest freq uency to be anal yzed
NMOD 21-30 Number of modes analy zed

Mode numbe rs analyzed = 1, ... NMOD
INCF 31-40 Decrement in frequency from

ISFQ to IEFO

Options A and C ISEQ = IEF~ = EQ
Option B Range of frequencies is selected by
ISEQ, IEFQ, INCF

TABLE VI

CARD 6
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FORMAT (4110, 3F10.3)

INP UT
PARAMETER COLUMNS

IRST 1—10 Lowest range in feet at which
propagation loss versus range
will be plotted

IRF2J 11—20 Largest range in feet at which
propagation loss will be plotted

IRIC 21—30 Increment in range to be plotted
in feet

NI’S 31-40 Number of propagation loss versus
range plots

ZS 41—50 Source depth in feet

ZRC 51—60 Receiver in depth in feet

FMI 61—70 Increment of range on the calcomp
plot per division in nautical miles

TABLE VII

CARD 7
For Option C

FORMAT (4F10.5)

INP UT
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 1, NMOD where NMOD is the
number of modes analyzed

31—40



NUSL Tech Memo
2211—296—69

• The number of cards in this group is the integer greater than or equal
to the quantity ~~~~4

TABLE VIII

GROUP 8
For Option C

Card a.

FORMAT 110
INPUT
PARAMETER COLUMNS

NMS 1-10 Number of modes to be summed in
q the plot of propagation less

versus range(NM4NMOD)

Card(s) b.

• FORMAT 6110

INP UT
PARAMETER COLUMNS

MD5(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 ~~~
6

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

Option C. (NI’S sets )

TABLE IX

GROUP 9
For Option C
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DOUbLE P~L1SI()N ~.U.UPDOUULE PRt.CLSIOW K2 . *2,P~,h.ZP, Cz.G.H2,DEN
OOUL~LE PRL~ IS1ON S.K20,0K2.ciAM, dA
DOUBLE PRtCISION ~.VDOUBLE PRECISION UMAX
DOUBLE PRE~ ISION COS~ • CCC p CV
DIMENSION 4EU (2o),~~(juo),c (t 00),F(5ou),~J~ Ib0o) •uiSOO )

1 ~MP (jo~~ 3 , XMP( 1000), C052 (5U0), CCC(s00)
1 , ZZPC5OU ) ZPP (500), Vv (500), UATA (1024e ) • UU~S00)3, ,PM (5OQc~ •ODT 100)
1 , ZR(500) • CR (büO ) ,KP (100) .Z~T(5) • ZbF(5)
1.UL)(100) ,P,~T(1000) ,PCT (1000) .PST (100u),MDS ( 100) ,U~RtIOU),uRR (i00).
1 PP4M 1100),FMR( 100) ,FDS(100)
1 p~.,VEL (40uu), PVEL (k000), FQP (’i000), 11(4000), 12(4000)
COMMON M5 ,jM.U
COMMON ~JMS - •

CALL PLOTS C L)ATA (1), 1024. 6 )
e ,JPM:25
READ (3, 2 )

1 FORMAT (20A’4)
READ (3.11 2) NUMV , yELL • IVOP ,IHP • IVPL • IEX

112 FOR MAT C L 1 0 . F 10 . O , 4 1 1 0)
MUM 0
MEAD (3,2) ZM ,CB,RO ,RB ,PSC

2 FONMAT (SF10.3)
ZM~i 1200.o*FSC —zM I 2O .o*F5c
ZbT (1) = ZM
ZBTIZ) = ZM
ZbT(3) = 200.0 *FSC
ZBT (4) -‘20.0*FSC
ZW (1) : 

~~~~~~~
ZBFI2) 1U.0
ZdF (3) 0.0
ZW~(’e) 1,0
DO 3 I 1,1~ 0
211) : 0,

3 C(~~
) 0.

1:1
S READ (3,30 Z (1),C(I)

~U FOPIMAT (2F]0,3)
IF (DABS (Z (l)—ZM)— .01)o,b ,7• 7 1 1+t
GO TO 5

b I : 14 IF UVPL.L~.1 ~o TO 8
00 130 K 3, NUMV
CK(NUMV K +1) : C ( K J

130 ZM(NUMV —i +1) : Z ( K )
• ZRtN UMV +1) ZM e0. 01
• ZK %NUMV .2) ~M .sO ,o
• CR (NUMV +1) : C~CR(NUMV +2) : Cb

DO 185 MA NY 1, NUMV
lbS ZRIN I NY) ZM — ZR(NINY )

• ZR(NUMV +3) = 200,~ sF~CZR (NUMV + 1)  ~~ 20.~)s FSC
CR I NUMV •~

) = Vt~.L1
CK (NUMV +~ ) 50.0

A — i

-S.
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CALL PLOT (U.O.O,0,—3)
CALL LINE (CR.ZR ,NUMV +2, ~,0,o )
CALL LINE C ZBF,Z~T,2,1,0,0)• CALL SYMBOL IIU .25,ZMb ,0,14.6HBUTTOM ,0,Q ,b )
CA LL AX IS (0.0,0.0,1IeHSOUNU VELOCITY ,l4e ,10.,u .U.CR (NUMV .3) .

1CI4(NUM V.I~e),10 ,0 )
CALL AX IS (u.0 .0 ,U ,IIHWATER DLPTH ,11,10.Q,90.0•ZRCNuM V .3) .
IZR(NUMV+4) .10 ,O
CALL PLOT C15 .tJ .O .O,—~ )
ZH(NUMV +1) £O0,~ .F~CZR(NUM V •2) -20.o.FSC
CR( NUMV +1) V1L1
CR (NUMV •2) 10.O
CALL LINE (CR ,LR ,NU MV ,1 ,0 ,O)
CALL LINE (ZBFPZBT .2,i, 0,0)
CALL SYMBOL (1 1J ,25,ZMU ,0 .14.bHbQTTOM,U.Opb )
CALL AXIS (0.0PO.0,I4HSQUNO VELOC1TV ,lle,30 ,,O.U.CR (NUMV +1) .

ICR(NU MV+2) .1u ,0 )
CALL AX IS (Q .0.O ,0,13H~ATER DEPTH ,23 ,,10.Q.90.O,ZR (NUMV +1) •
1ZK NUMV.2),10,~ )

- (  CALL PLOT C 15,0.t).0, —3)
8 JP 3

188 ~R1TE (8,9)HED9 FOi tMAT (IHI.9X.2OAae )

10 F(.~HNAT(1HO .1SX,4HZ,FT ,5X,8HC ,FT/SEC )
11 WRITL (Ie ,12)ZR (1),CK(I)
£2 FOMMAT (pjg,9X,friQ .1,F12.1)

IF (DABS (Z1 I ) Z M) ..01)14,1~i,1 3
13 I 1+1

JP :JP+j
IF(JP—JpM)tl,8.8

14 RL.A0(3.l5)N , UM •~ G
• 15 FO~YAT (I1U,2F1C ,3)

= N
151 MtAD 

~3’l5~ ) ISFO. IEFQ , NMQO
, 1NCF

150 FORMAT (4110)
1$ (IRP ,N~~ 3,) GO TO 120
Rt*D (3.121 IMSI , IREN , IRIC , r.PS. ~S. ZRC •FMI

lu FOMMAT (4110’ ~F10.3)

READ (3.j~~ ) IDU LJ). J 1,NMOU)
1U FU MMA T (4F10.5)
12u 00 154 M 1,NMOD

00 155 ~~ ISFO, 1~.5Q.—INCF11 (1Vop .~~~,1) G~ Iv 162I :  FQ L
~~~ P2 = 6,28j1853116• W2 = (P2.i~~)e(P’2.F,~)

N = I -

FM Q D : M
IRt.L 0 - 

-

~9 K2i.~ ((W2.(CB C (1))SiCB+C(I)))/(~~C AI*(.(L)4~u.~L~
) )  I 

-OIc~: .V99.~2O

31 K2 :K2 ,~~p~2 I 
-

A— .’
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II IK2’~~2U)jô.32 ,32
32
33 FOkMAT(1H0 .13H~O MODE FOUML~It~ Q = L + 1NCI~IF (1VO P.1~~.1) 60 TO 1*0

60 10 111
10 FLu FLUAT (t’*)

P1 ZM/ 0b1E (FLB)

J 1
1 : 1

17 IF (ZP— 2(1+1)) 18,13,19
19 1 :1 + 1  I -

Gu TO 17
18 CL = ( C ( I ) . ( Z ( 1+ 1 ) — Z P ) + C ( I . 1) *( 2 P 1 (I ) ) ) / ( L C I , 1) 211 ))

CCç(J) cZ
• 6 :—C~ 2.(~~(1)—CZ) .(C(1),CZ) )/(C~*~Z*~ (1)eCC1 ))
• F ( j )  = K2 — 6

I~~ ZP—Z Y 20.21,21
20 J:j+1

FLA FLQAT (J 1)
ZP = ZM .QBLE (FLA)/DBLE (FLB)
60 10 17

21 Utj) = 1.0
UP (l) :(RQ/R b) .OSQRT (W2SCCB—C (1))s(Cb+C (1)))/ (C (1)s (CU)sCBSCB))
1 K2)

22 J P : 3
25 FLA = FL0AT (~J ~1)FLU = FLOAT (N )

ZP = ZM.UBLECFLA )/DBLE(FLB)
1F (J—N—1) 27 ,34e,27

27 IF(DA 8S U (J))—UM)28,31.,34
28J~~~ J+1

JP: jP.i
H2: pi*ls

= 1,0 • (H2*F(j))/D.O
U (j): ((1 .O~ (H2/3.O)*F C J—1 ))*U (~~ 1)+H*Uè)tJ 1))/DEk
U~’(J) ( ( t , 0— (M2s F ( , j )  )/3.O).UP (J—l )~~ FtJ— 1)+F (J)— (Pi2.F(J)*F iJ”1))/
16.U)*HsU (j~1)s o,5 /OrN
IF (JP..JPM)25,22,25

34 ~JM : J
CALL COUN T

19b IF (MS—M )3j ,35.35
35 K2 = K2 — D p 2

DK~= DI~2 / 10.’JIF (0K2— .Q~ Q001.K2Q S10s .I—LEX ))3b ,3b ,31
36 J :2

F S H*J(1).U(1)/2.U
52: H*U(1).Q (1)/(2,0.CCC (1)SCCC (l))

37 IF(~J~JMS),~*,39.3838 S : H*U(J).ULI)+S
S2: H *U~~~) e U ( J ) / ( C ~ C ( j ) e C C C ( J ) )  •S’

00 10 37
39 5 :(HSU(J)sU(J)/2 ,I) ) + S

52: H*U ).U(J)/(~~,0*~.CC (J)eCCC (.J)) •~~IF CIVO P .Eo,1) GO TO lo’e

4
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MKITEI4,23) 1 D’N,P~~,UI ,FQ,I~
~i FO~iMAT (1p4A.5X,&0A4,/,2A,3P1t* ,Ib.2X,4Hp a :,F15,b,2X. lei$IJM =,F6.1.

12A,bHFR (Q •F(-~.1,2X .3HM =115)
W RA T E ( l e ,l.7) ZM .CU,MO.Rb

41 FOp~MAT (~ X ,0~ZM~~ : •F10 ,3,4HCB = ,Fi0,3.I4HKO : ,F15.8,~eHK8 = •1F15,8)
uIR3,TE(’e.2’)

2~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
4 3  ZP = ZM. ( ,L0A1 (~J—1)/ FLOAT (N) )

~5 lFIDAtIS(Ut~~))—UM)’e*,le~e,44io~~J~~~~J+1
JP IP.1
IF (JP~~iPM) 43•42,43

4414 W~ITE(4.44o) S‘40 FOKMAT (1p-t0 ,10X , 3i1S ,Flb .5)
le4 UMAX = 0.0

NM : N +1
00 3 04e Ic: 1. ,4M
IF C DABS (U (K)) — UMAX) 104,104,103

103 UMAX : DAU S (U (K)
109 CONTINUE

00 lOS : 1. NM
10~ UU (P~) : UCK )/UMA X

00 106 K: 1’ NM
10D Z~i (K) ZM* (FLOAT (K —t)/FLOA I (N) )

6AM = 0SQ~tj~ K20 — $2)
BA : (RO* C( 1))/ (2 ,Os RBCCB s GA MCS )
W ItITEU4 ,Iel) BA .GAN

143, FOKMAT (1Hu,~ QX.5~jB/A ,Fl5 ,5,bX ,7HGAMN A = .F15 ,S )
SS: RO*S/ (UMA X *UM AX )+RO* RO.U (1).U (1)/~UMAXsUMAX .2.0.G*MsRB)SS~: ROIIIS2/CUMAX*UMAX ) + RO .ROSU (1)SU (i)/(UMAX*UM*X

IF(IVOP,Ej ,i) GO TO i53
DEXP C~ 1,AM *h )

11’ = 0,0
- -• V = 1,0

NM 1
ZPP(1) = 0.0

• VV (1) = UL,(l)

• WR LTE (44,47) ZN ,Cb ,RO ,Rb
- ‘ WRITE(le,’e8)

148 FUpiMAT (1MO,17X ,4~1Z,FT.10X,3,$U
• 449 WRITE (le ,20)2P,V

2b FOHMAT (IMO .F22.2,F13 .3,F13,3,Flb ,b )
5U V V*E

NM :MN +1
VV( NN ) = VV( IIN 1)St.

ZPP NN) ZP — H

ZP = ZP— p1
IF (ZPP (N~j) 4 D0.0) 110. 110. ‘4’~

LU CALL PLOT C b ,0,~~.j ~
)

DO 1814 e~j NX : 1, MM

L -~~~~~~~~~~~~~~~~~~ 

A-~
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1e14 2~’s.’(NI~~~) ZM — 4PP~M INX )
MANy = i~. . 1
00 183 ~~~~~~ = 1. M 1NV

184 ~~~-‘(N1N~~) LM — aP~N IN * )
~~~ ~~~~~ -.1) 1.0
V V ~~~~M,  •.~

)
LP~.’(’~N +1) 21.0,OSFSC
Z~-~~(NN ‘.

~ ) —.~0,UsFS .Z.p(~. +2) 2(IQ,OSFSC
~~~p~( N +3) ~~0,0.FS~UU~N+2 —1. 0
UU (N.3) :
CALL u)~Is (O.u ,0.U , ‘~IHAM PL1 TU0L. ~ø,44,o,O,Q,u0(N+2),UU(N.3),10.Q)CA LL AXIS (0.0tU ,0,1614AATER QEP1Il (FT),ib.10 .0,90,0,ZLP(N,2),

LZP (N ~3).i0.0)CALL LINE (UU ~ 221 . N+l. i .O ,L~)CALL LINE 4V V , ZPP. NM, 1.0,0
CALL LIME (Zt3 F ,Z~T,2,1,O ,0)CA ..L SYMUOL (10 ,25,V A’~,0.14e ,bHbOTTOM ,U .o,a
CALL SYMB QLt 1 ,3,9,5O ,r .l44,9IjAMPi ..ZTUCE,U.U.9)
CALL SVMB0L(l, 7,9,i~5,Q.lO,b HVE~5U5,O.U ,b)CALL SYMk4,j~ (1.b,9.~ O ,t).144 ,bHDLPTH ,0,0,b)

• CALL SYr .’e0~~(o.o,8.75,0,14e ,19HFKLQULNcY ‘-lZ,0.o.19)
CALL NUMB~R (2,2,8 .75,0.3 ,44 ,FQpO ,Q,—3 )CALL SYMBQL (j .4,d ,SQ ,O.144 ,44MMOOEeO,u ,41
CALL NUN~~~ (2,1,8,~ 0,Q,1’4 ,FM 0D,U,U ,—l )
~~~ No9 +1

1~3 XMp’ ( L)  : 0,0
ZM~ (1) = 0.0
NM = N +),
00 170 Ic: X .N~!F~F (1), y~~i .(’) (,O 10 179
IF(FtK) ,i~T.0,0) 60 10 171

170 IRTIJ : Ic
171 C0s2 (IR113 .1) = F (jRTo ,j).CCC (IRTb +1)sCCC (IMTB •1I/W2

CV = CC~~cIRT i +I)/OS~èRT (1.0 COS2UMTB +1))
LMP’(2) #i.(CV — CCC (IRTH +1 ))/ICCC (IkTtl )— CCCUN Tb +1))
XMP (2) : 12 M Pt 2 ) — L~.P(1))s(CCCUR1~ 41) + CV )/(CV .(DSQRT (CO52

1 (IRTB +1))))
ZM~’(1) I.~LOAT( IMTD )*P1 — L~p (2)
ZMf~(2) Z~jP (11 • ZP4P~2)NM = NM 11 TB +1
00 172 Ic
TM), = 90,U
$0 = I~ 1fl —l +Ic

C0s2(K0..1) F(iç U —I )*CCC (Ko —I1 *CCCCKO l)/e2
CUS2 (KO) F(KO)*CCC (IçQ).CCLC$O)/ .~2

(AC ~~~SQ~’T (CQS2 1 NM +IRTU — 3 ) ) ) ) s b l . 2 9 5 8
6~
) 10 11e2

• XM~ (K) : x .~p IK 1) +H.(CCC (KO — 1) + CCC (kO))/U.V .COSOhTCCOS2($O—l
1)) • USQRT(C0S.~(XO)) ))

172 ZMI (a) - (AO —1)sH
N : NM j
~,O TO 173

119 CU~ 2 ( 1)  AB~ ( F U ) ) . C C C ( 1) * C~ C ( 1) / .~2 - -
-

CCC(j)/LStIRT (1 .0 — COS2U) )
JO 1’O K: 2,~.M
CU~2 K  — 1) : A ls u- ik  ~~1) ) - S C C ( r  1)CCCC (I —1 )/a~
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C0~.2CK ) = A 65(F(r))*CCC($)*CCC (K)/~~
T141 :(ACOS(SOR T (C052 (j)) ) ).57,2958
TH~ :(ACOS (SQVr (CO~2 (I,M)) ) ).51,2958
A F t CCC (~~).GLcv ) GO TO 342
XMPCK ) : AMP (K —1) + pi* (CCC (K—1 ) + CCC ($))/ (CV* (USQRT (COS2 (K—1)).

3 0S0RT (COS.~(K))))
1140 ZMP (K) =• 173 00 1441 K: 1.~

XMp ) (NM +i( ) 2.0*XMP (NM ) — X*CP4M — K)

1141 ZMP (NM +K) Z”P (NrA $)
GO TO 1443

1442 LMP (K) ZMP(’c —1 ) + Hs(Cv — CCC (Ic.I1))/(CCC (K) — cCC K —1 ))
lIla 90.0
XMi~(K) : XM~ (Ic — 1) + ~ZMP ($) — ~MP (K l))*(CCC (K—1 ) + CV)/(CV* (

1 USQRT CO S2 (K — 1) ))
N : K — 1
NM K
00 1’444 K: 1,k
XM P (N+1+K) = 2.0*XMP (N+1) — XMP (N+1—K)

l’44 ZMP (NM •K) : ZMP (NM K)
1~43 XMP (2*NM ) : 0,0
182 XNP(2 *NM ~~~ = 1000.0

I N IZZ :2CNM —l
DO 186 NIra ~ : 1, NLZZ

1~o ZMP (NINZ ) : ZM — ZM P(NINZ)
ZMP(2*Ni!) = 200.o.FSC
ZMP (2*~M +1) —20,0.FSC
WRI TE C~4.1145) THI ,TFl2
IF (IVOP ,t~j,l) GO TO 157

3,445 FORMAT (2FjQ.3)
CALL PLOT (35 .U ,O ,U. 3)
CALL LI NE XMP .ZMP ,NM +N,1,~~.0)CALL LINE (ZBF .ZBT ,2 ,1,0,O)
CALL 5Y~B0L (10 .25.ZMB ,O .14 ,bHBQTTOI4,U .u,6
CALL AX IS (Q. 0.O .0,1OHRANGE (FT).10,12,0,0.O ,XMPC2S NM )

IXMP (2* NM +j).1U ,0)
CALL AX IS (0.0.O .0,16H DEPTH (Fl),j6,10 ,O ,9Q.O,ZMF (2*NM),
1 ZMP (2*NM +l),-30 ,0 )
CALL SYP .IBQL (5.0,9,50,U.3 ,44,I44HRAV E(~U 1VALENT ,O.O .144)
CALL SY MUQL (5 ,Q,9.25 ,O.144 ,I9HFF t.QUENCY P12,0.0.19)
CALL NUMBE NC 6 .44,9,25,3.14,FQ,O,O,~ 1)
CALL SYMBOL C 5,5,9,00,0.244,4HMODEeO ,O ,44)
CA LL NUMBER (6,2,9.UOpO ,144 ,FMOD ,0 ,O ,— 1)
CALL PLOT ~j5.U,U.Q , 3)
IF (IVOP ,Nt,1) Go TO 1544

157 T1~ L) = THj12 (L) = 1142
FMpi = SORTCP2*FQ /(30.448CCV) )
PM (L.) : SQHT (P2)s RO/ (FMH.2.O*(SS) )
GVt.L (L) : 5S/(LV*SSS)
F~~~(L) L
*RLTE C 44,166) PM (L) , FMH , 5~ • GVLL (L )

16* FOp~MAT(i4f’1~ ,3) I -

IF IRP.E~.l) PM (M) : PM(L)
FMj~(M ) = P~.FQ/CVIZ~ ZS*FLd/ZM +1.0
ILk ZRC*FLB/Zk +1.0
USri (M ) U(I ZS)/UMMX

A -~
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UR1~(M) : UUZR )/UMAX
PM~i (M) pM( M )sUSR (M)*URR tM)/RO

155 PV~.L(L) = CV
If URP.E~.1) I’O TO 154

160 IUF (ISFO — £EfQ)/INCF +1
LIF O = IOF ~1
00 161 LLL 1. lOF
ILL : (LLL 1)*INCF
FQP (LLL ) = FOPIItFQ+ALL )
6Vn~L (LLL) 6VEL(IEFQ+ILL )
T1(LLL) T1 (IEFQ+ILL )

• T2(LLL) = T2 (IEF,~+ILL)
PM (LLL) = PM (IEFQ + ILL)

161 PVEL (LLL ) = F~VEL cIEFQ+ILL)
~R1TC (’4,16j) (P~lEL (J), GVEL (1J), FQP(j), PM (J), ,j 1.IDF )

163 FORMAT (4F10.3)
FQ~ (LIFQ +~ ) 

: 0.0
FQ~.’(LIFG) +3) :
PVEL (LIFQ +2) 3500.0( PVtL (LIFQ +3) = 250.0
GV~.L(LIFQ +2) : 3500.0
GVEL (LIFQ +3) = 250.0
PM (LIFQ +2) 0.0

-4 PM (LIFQ +~~) 0.1
CALL PLOT (15 .0,O.Q, 3)
CALL LINE (FQP ,PVEL ,LIFQ +1.1,10,14)
CALL LINE (FOP ,GVEL ,LJF Q +1,1,10,28)
CALL LINE (FQ P,PM ,LIFQ +j,j,1O ,4)
CALL AXIS (O.0,0,0,144HFREQUENCY (HZ),14.1O,0,,~.O,FQp (LIF0 +2).4 1 FQP(LIFQ +3).10.0)
CA LL AXIS (O.0 ,O,0,27HSOUND VELOCITY (FT PER SEC).27.lO.0.90.O.

4 1 PVEL (LIFQ +2),PVEL (LIFQ +3),1O ,O)
CALL AX IS (10 ,OaO ,0,1OHEX ITATION PRESSURE ,—18,1U ,,90.O,p 14(LIFQ +2).
1 PM (LIFQ +.~~.1O ,0)• CA LL SYMBQL (2 .44,9,50,o,14,38HSOUND ~ELQcITY AND EXCITATION PRESSUR
1E.u.0’38)
CALL SYfIBQL (4,7,9,25,O.1O,bHVERSUSPO.O ,Q)
CALL SYMB QLC 44.4,9,00,o,14,9HFREOUENCYPU .0,9)
CALL SYMBOL (4,5,8.75,Q,1q,4HMODE ,0 ,O,4)
CALL NU P~BER(5,2,8.75,Q .14,FXOD ,O ,0,—l )

• CALL S I’MBQL (4,7,8,5O,O . tO ,IL HPIIASE VELOCITY ,0,0.14)
CALL SYMB QL (4.2,8,5Q ,Q,lO ,14,O,0 ,—1 )
CALL SYMBOL(4.7,8.25,e,10,1l1 IIGROUP VtLOCITY.O .0.14)

• CA LL SYMBQL (’4,2,8,25,u.10 ,28,0,0,—1)
CALL SYMBQL C ’4.7,8.00,0.10,19HEXCITATLON PRESSUPCE.0.O,19)
CA LL SYMBQL (44,2,8,00,Q.1O ,4,0,0,— 1)

a T1 (LIFQ +2) = 9ü.0
• T1CLIFO +~ ) =

T (LIFQ +~ ) 90,0• T2(LIFO +3) :
CALL PLOT ~jS.0,0.Q,—3 )CALL LINE ~F0P. T1,LIFG +l ,i,1O,4)

• • CALL LINE C FQP ’ T2,i.IF~ +l,i .jO ,5)
CALL AXIS cO. 0.0.0.1’1HFREOUENCY (I1L),—14,10.,0,0.F (~p (L1FQ +2),

1 F~P (LIFQ .i 3 ) p i I ,0 )  
•

CA LL AXIS (0.~~.Q .0,28HANGLE OF INCIL~EI’~CE (UL.(,RL~S),2b, 9.0,90.0,
1 T1 (LIFQ +Z), T1 (LIFI~ +3).10,0)
CALL SY-%bQL(3 .7,9.~ 0,Q.14,18HANGLE OF Lu -4CIULNCE.O .0.18)

A— ’?
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CALL SY’~’8O~ (44.7,9.~ s,o,1O,op4VER5US,o .U,o)
CALL SY~ BUL (44 , 44 ,9 ,U0 ,U , j 4 , 9 H F R E Q U E N LY ,U .0,9)
CA LL SYI’tk)L (Iê ,5,8.l5,U ,14,14HMOOE ,0.O,4)
CALL NU WFi~R (5.~~,8,75,0,144,F MOD ,O ,~~,—1 )
CALL SYP’BOL(’.b,b ,b0 ,u.IO ,2SHBOTTOM ANGLE OF INCIDLNCE.0.0.25)
CALL SYMB0~ (4.U ,8,5Q,Q,1O,4,0,O,—1 j
CALL SYMBuL (4,~~,8.a5,O ,1O,26HSUMFACE ANGLE OF LNCIDENCE.0.O ,26)
CALL SY MbOL(4.O,8.25,O.1O,5,O.O,—1)

1514 CALL PLOT (1S.0,0.U, I.3)
IF (IRP.Nt.3,) GO TO 112

123 00 1214 IP: 1.NPS
READ (3,12~ ) NMS

• 125 FORMAT (11ü) •

READ (3.126 (MUS (J), J:),,NMS)
126 FORMAT (6110)

00 131 IR = IRST. IREN. 1141CIREO : (IFt ~IRST )/jRIC +1
PCT (IREQ ) = 0,0

131 PSI (IREO ) = 0,0
00 127 Xci: 1,NMS
M MOS(IQ)
DO 129 AR : IRST, IREN . Ikic• HR = ZR
IREO ; (ZR — IRST)/IRIC +1
001(M) l0.O**(.110L)(M)*RR/20,0)• PST (IREO ) : PST (IREQ)+pMM (M)*UOT (M) .SLNIFMR(M) *RR ”PZ/b.O)
PCT(IREO)_— PCT (IREO)+PMM M)*DDT (M) .COSCFMR (M ).RR—P2/8.0)

— 129 CONTINUE
127 CONTINUE

DO 132 1k : IRSI. ZREN . IlIAC
HR = ZR
IREO = (ZR ~IRST )/1RIC +1
PPT (IREO ) SORT (PCT (IREO)$pCTIIREO) + pST(IREO ).PST (IREO))sRO/

• ISORT (RR/3.o)
- - PPT (IREO ) ~2O.0*ALQG1O (PPT (1REO))

132 RP~IREO ) = FLOAT (IR)/6000.0
WR ITE (4,1a8) IPPTcJ), j l.IRLO )

• 128 FORMAT (lOFt0 ,5)
RP(INEO +1) = 0.0
RP (IREO +2) = FMI
PPI (IREQ +1) : 30.0

- 

1 PPI(IREO +2) 10.0

• ZRC ZM~~~ZRC
CALL . LINE (RP.PPT,IrtCo,1,10.4)
CALL. AXIS~~,0,0,O,13HRANGE (MILES ),13,2O.O,0,4),MP (I l~EO +1),• 
~ Rp(1R~O +2 ,IO ,O)
CALL AXI5( ü.0,0,O,LIH pHOPAG*TION LOSS (Ub),21,1O.U,90.0,
1 PPT (IREO +l ),PPT (IREO +2),10.Q)
CALL SYMBOL (8.9,9,5O,O,1i4, LbHPROPAGAT IOri LQSS,U .0. 16)
CALL SYMBOL (9,7,9.25,o.10,6HVEHSUS,O .U,6)
CALL SYMBOL (9.7,9.O0,0.14,SHRAN6E ,O ,0,b
CALL SYMBOL (8.9,8.75,O.14,I SHFFttQUENCY 142.0.0.18)
CALL NUMBLR(1Q ,3~8,75,,14,FQ.O,Q —l )
CA Ll. SY NBOL C8.b ,b .b0,U .lIê ,2OHSOURCE LIt.PTH FT .U ,0.20)
CALL NUMBEN(10,5.8.50,O,144,ZS,Q .0,—1)
CALL . SyMBOL (8,b ,8,25,O ,114,Z2HRLCCIVLR 0~PTpi 11,0.0.22)
CALL lAJMB EM(1O,6.8,25.0.1’4,ZRC,Q,0,”l) 

- •
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CALL. SYMBOL (8.6,8.O,O.IIe.SH MOOLS.0.O.b)
- 00 187 .1: 1.NMS

F05(1J) = M DS (J )
187 CALL. NUM8~~ (9.1 ,0,5.J,8,o.Q.144.FLS(J),0.0.—1)

CALL PLOT (1S.O.O.0, 3)
124$ CONY INUt

CALL PLOT (35.O.0.U.—3)
1 111 CALL PLOT (3,5.O,0,Q, 3)

ENO

I

t

A-9
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SU~HOUTIN~ c0t*’TOIMENSIO . ~(b00)
0008LL PN~.~ISION U
COsMON M5,jP4.U
COMMON JM$
M 5 0

IS:i
~.lMS l

5 IF CULl)) 1.2.3
3 ISj:1S

15=3
7 IF (15—151 ) 14.2,44
4 MS :MS+1

JM5:J
2 J:~+1

IF (J J ~~1) 5.b.S
H 1 ISt:IS

15=0
60 10 7

4 o REflIRN
ENO

I’
4

- r I

i
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