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Abstract

The Helmholtz integral is often used as the basis for theories on

scattering of acoustic signals from rough surfaces, but several approxima-

tions must be made to obtain analytical solutions. Many of the mathematical

difficulties in analytical computations can be avoided by numerically

evaluating the Helmholtz integral. A numerical technique is described

which utilizes measured values of the acoustic pressure of the incident

beam, including the side lobes, thereby removing the uncertainty which

normally results from approximating the form of the incident beam. A

comparison of numerical, analytical, and experimental results is made for

the case of a vertically incident beam and a moderately rough surface.

The numerical computations are shown to yield values of the scattered

pressure which agree well with experimental data for both rough and smooth

surfaces.

These initial results indicate that the pressure reflected or

scattered from a smooth, or slightly rough surface is sensitive to the

phase of the side lobes of the incident beam. The rms pressure scattered

from a very rough surface is apparently less sensitive to the form of the

approximation used to specify the incident pressure.

The geometrical slope factor, f(0 1 ,Q 2 ), is often used in the

literature to account for the effect of finite surface slopes. Its

validity is verified numerically for moderate scattering angles and a

sinusoidal surface, and the limitations on its validity are discussed. A

further study of the effect of surface slopes, and a study of the general

boundary value problem, including the effects of shadowing and the limita-

tions of the Kirchhoff approximation, are suggested as useful extensions

of this work.
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I. Introduction

A. Background.

In the broadest sense, this report deals with the scattering

of acoustic and electromagnetic waves from rough surfaces. In this

sense the topic involves numerous,and diverse areas of research.

Without attempting to provide an exhaustive list of these areas, it

may be useful to mention a few in order to illustrate the point, and

to provide a background for this work.

The first major efforts in studying the effects of rough sur-

faces on propagating acoustic and electromagnetic waves were in

connection with the reverberation or clutter which occurs in sonar

1-3
and radar returns, The problem of reverberation is a major one

in target detection. A specific example of this kind of a problem

is the detection and classification of fish in shallow water or at

shallow depths in deep water. Similarly, interference and distortion

are produced in communications signals which may impinge on and be

affected by the surface of the sea, the sea floor, the surface of the

earth, layers in the atmosphere, and so on. In problems such as these,

effort is directed mainly toward calculating, eliminating, or compen-

sating for the corruption of information-carrying signals which impinge

on a scattering surface. This is the so-called 'direct' problem.

In the 'inverse' problem, the emphasis is on using scattering

phenomena to obtain information about the scattering surface. An

example of this approach is the attempt to determine by acoustic means

the roughness and composition of the sea floor and, ideally, some of
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the properties of the sub-bottom layers. These are the objectives

that have been emphasized in this laboratory. There is considerable

interest also in scattering from the surface of the sea, with a view

toward understanding the growth and propagation of ocean waves and
4

the interaction of the wind and the surface of the water. Another

example is found in the field of meteorology. Both acoustic and

radar beams are scattered from layers in the atmosphere in order to

5

study its structure and dynamics. And finally, radar signals

back-scattered from the moon and the planets are analyzed for the

purpose of determining some of the statistical roughness parameters

6
of the surfaces of those bodies.

The extent to which either the direct or the inverse problem

can be solved depends largely on whether a tractable and complete

theoretical description of the scattering process can be derived.

One of the more formidable aspects of the theoretical problem is

obtaining solutions that are applicable to the case of very rough

surfaces (large surface slopes). Another is the inclusion of real-

istic transmitted beams.

In the following paragraphs a very brief historical view of the

development of acoustic theory is given. For a more extensive review

of scattering see References 7-9.

The first theoretical treatment of acoustic scattering was appar-

ih10
ently by Rayleigh in 1895. He considered the case of a plane wave

normally incident on a corrugated surface. He assumed that the scat-

tered field can be expressed as a superposition of plane waves propa-

gating away from the surface. After some controversy in the litera-
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ture, this assumption has been shown to be invalid at points close

to the scattering surface.1 1  More recently, Uretsky1 2 has formulated

an 'exact' solution for a sinusoidal surface, but his solution is

limited to the case of an incident plane wave.

Several papers were published in the early 1950's which laid

the foundation for most of the recent work in scattering theory.

13
Several of these papers were published in Russian by Brekhovskikh

14
and Isakovich. Of special importance in western literature was

15

a paper published in 1953 by Eckart. He adapted the Helmholtz

16,17
integral -- a classical method of physical optics -- to the problem

of acoustic scattering from a random surface. He introduced the stat-

istics of the surface into the theory in a simple manner, and obtained

the first and second moments of the scattered signal. His basic pro-
18

cedure was shown by LaCasce and Tamarkin to be useful also for

corrugated surfaces, and it has subsequently formed the basis for much

of the theoretical work found in the literature.

The basic validity of the Helmholtz integral approach has been

well established. Its primary virtue is perhaps the fact that it is

amenable to approximation techniques which lead to closed-form results.

At the same time, its primary shortcoming is that mathematical diffi-

culties necessitate numerous approximations. The degree of success

that is ultimately realized in solving the direct and inverse problems

with this approach will depend largely on the validity of those appro-

ximations.
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B. Approximations and difficulties in acoustic scattering theory.

For the purposes of this discussion, six factors can be enumerated

as sources of difficulty in the application of the Helmholtz integral

technique to the scattering of acoustic waves from rough surfaces.

(The same, or similar, factors arise in the scattering of electro-

magnetic waves, but the specific concern of this reportis with the

acoustic case.) Some of these factors are not explicitly labled as

approximations, but in each of these cases it will be clear that there

is a direct correspondance with some approximation in the theory.

The six are:

1) The Kirchhoff approximation.

2) The incident pressure.

3) Phase approximations.

4) The zero-slope approximation.

5) Description of the surface.

6) Shadowing.

These are all further discussed below, but first, it should be pointed

out that they are not all independent. For example, 'The Kirchhoff

approximation' and 'Shadowing' could be logically combined under the

heading 'Boundary values'. Also 'The incident pressure' and 'Phase

approximations' could be combined under some more general title.

Nevertheless, the present arrangement is convenient, and is also

consistent with current treatments of these topics in the litera-

ture.
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The Kirchhoff approximation -- Although the Helmholtz integral

is formally exact, a fundamental limitation on its power is imposed by

the need to know and to specify boundary values; specifically, the

acoustic pressure of the scattered signal on the surface, and its

derivative with respect to the local surface normal. In the Kirch-

hoff approximation, these quantities are replaced at each point by

the values that they would have if the incident wave were reflected

from a plane tangent to the surface at that point.15,16 
Eckartl5

was among the first to apply this approximation to acoustic scattering

-- its use was a basic step in his formulation. This approximation

is considered to be valid if the minimum radius of curvature of the

surface is much larger than the acoustic wavelength 6 '1 9 '2 0  This

condition is satisfied in the present case and the Kirchhoff approxi-

mation is used in both the numerical and analytical computations.

The incident pressure -- The standard procedure in the liter-

ature is to represent the incident pressure as a product of an amplitude

term and a phase term. The amplitude term includes a directivity

function for the incident beam, and for spherical waves, it includes

a geometrical spreading factor. The directivity function usually

approximates the main lobe of the incident beam by some simple analy-

tical expression such as a Gaussian -- side lobes are ignored. Often,

the amplitude of the incident wave is assumed to be constant, or uni-

form, within some finite ensonified area. Similarly, the phase dis-

tribution in the incident beam is approximated by simple expressions

which correspond either to plane waves or to spherical waves. Two
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comments can be made regarding the use of these approximations. First,

if plane waves or a uniform amplitude is assumed, or if the side lobes

are ignored, one would expect the resulting theory to apply mainly

to cases in which the scattering surface is of finite size and is

completely ensonified by the main lobe of the beam. There are several

examples of laboratory experiments using artificial surfaces in which

this arrangement has been used. 18, 21,$22 This is probably not

a useful procedure to pursue in applying theory to field measurements.

Second, for a directional source, the amplitude and phase of the beam

are complicated functions of position in the region close to t1e source.

A spherical wave (point-source) approximation is therefore not valid

except at large distances from the source. Its validity must be veri-

fied for a given application, particularly in laboratory experiments

where it is often desirable to use large, highly directional sources.

Recently, in this laboratory, acoustic scattering from a wind-

blown water surface was studied as a function of the width of the

23
acoustic beam. An analytical theory, derived from the formulation

15
of Eckart was used to calculate the mean square pressure of the

signal scattered from the rough surface as well as the pressure re-

flected from the smooth surface. The Fresnel phase approximation
24

was used in the theory in the manner of Gulin and Horton and Mel-

25
ton. The surface was randomly rough and the spatial correlation

functions of the surface are shown in Figure lb. Computations using

these correlation functions gave the solid line shown in Figure Ia.

The experimental data are represented by the dashed curve, and the

shaded area shows the scatter in the data. These curves and the results
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Figure 1. (a) Normalized mean square pressure versus beamwidth for

a wind-blown water surface. p is the scattered acoustic pressure,

P is the pressure reflected from the smooth surface, and * means

complex conjugate. The beamwidth is the angle between the half-

power points of the incident beam. The scattering angles were

0
eI = e 2 = 0 (see Figure 2, p.15) and the incident beams were sym-

metrical about the z axis. The rms roughness of the surface was

0.14 cm, the acoustic frequency was 200 kHz, and the data were

measured at depths of 50 and 100 cm. (b) Spatial correlation

functions, V( ) and *(q), in the downwind and crosswind directions,

respectively. and q are the corresponding correlation parameters.

The correlation functions are defined as follows:

() = xY)(x + ,y)>x/K 2 (X,Y>

S() =  (x, y) (x, y + TI y 2()Y

where (x,y) is the surface displacement, and K>x denotes an ensemble

average taken over the x coordinate; and similarly for y.
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of subsequent measurements show a persistent and apparently systematic

discrepancy between theory and experiment which worsens as the beam-

width is reduced. The determination of the source of this discrepancy

was part of the motivation for doing a numerical integration of the

Helmholtz integral. It appeared to be largely attributable to the use

of an approximation for the incident pressure. But it was not clear

how the errors were apportioned between the calculated pressures for

the smooth and rough surfaces. This matter is studied numerically

in the present work. Measured values of the incident pressure are

inserted directly into the computation in order to avoid the problem

of specifying its form mathematically. The normal derivative of the

incident pressure is obtained from simple approximations (described

in Section II. B.). The accuracy of this procedure is checked by

comparing computed and measured pressures of signals reflected from

the smooth water surface.

Phase approximations -- A well-known problem in physical optics

is the approximation of the phases of the incident and scattered waves

in ways which lead to tractable integrals. More specifically, the

problem involves approximating the path lengths of the incident and

scattered rays. Thus, there is at least an operational distinction

between this process and the specification of the phase distribution

in the incident beam. Discussions of the applicability and effects

of the Fraunhofer and Fresnel approximations in acoustic scattering

26 25
have been given by Melton and Horton, Horton and Melton, and by

27
MacDonald and Spindel. In this work, the Fresnel approximation
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is used in the derivation of the analytical theory (Section III).

The primary emphasis is on phase approximations made in the specifi-

cation of the incident pressure.

The zero-slope approximation -- The applicability of most scat-
8

tering theories is limited to surfaces of moderate roughness. In

Eckart's original formulation, and in most of the subsequent variations

on that theory, this limitation is due, in part, to the approximation

that the surface slope is zero everywhere. A technique for including

surface slopes in this kind of a theory has been described for the

case of the Fraunhofer approximation by Beckmann 
and Spizzichino 6

28
and by Tolstoy and Clay. They used an approximate integration by

parts to evaluate the terms involving the surface slope. The result

is a simple geometrical 'slope factor' which multiplies the remaining

integral. It is often used for both periodic and random surfaces,

but the conditions of its validity are not clear from its derivation.

A slope correction curve obtained by using this factor is compared

in Section V. B. with a curve obtained from numerical computations.

Other theoretical formulations which take account of surface slopes

are found in References 29-32.

15

Description of the surface -- In the Eckart theory, it is

necessary to obtain the bivariate probability density function (PDF)

of the surface displacement. If the surface has a Gaussian PDF, the

rms scattered pressure can be expressed in terms of a spatial corre-

lation function. In the literature it has been argued that exponential
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or linear correlation functions are improper due to the non-zero values

of the first derivatives at the origin.
3 3' 34In practice, however,

it is often observed that these functions yield results that closely

approximate measured values. The important point seems to be simply

that the scattered pressure may depend strongly on the correlation

function near its origin. This is demonstrated in Reference 23 (see

Figure 1) where a numerical integration utilizing measured values of

the correlation function yielded good results, whereas a quadratic

350
approximation failed badly. Clay has shown, using the same data,

that a linear approximation yields equally good results. Also, Clay,

36
Medwin, and Wright have shown that the coherent pressure (the en-

semble average, (p ) is strongly affected by the form of the PDF of

a rough water surface. These problems are perhaps not well suited to

a numerical analysis. On the other hand, the exact shape of the scat-

tering surface (to the degree that it can be measured) can be utilized

in the numerical calculation and its effect can be studied. This is

done to some extent in the present work, where the sinusoidal surface

used in the analytical theory is an approximation of the real surface.

Shadowing -- At large angles of incidence, portions of a rough

surface are not ensonified by the direct transmitted beam. Geometrical
37-41

shadowing factors have been derived to account for this effect,

but examples of their use are not numerous. A recent example is a
42

paper by Gardner, who considered the effect of shadowing on back-

scattering from the sea surface at incident angles greater than 800.

He found that shadowing can account for effects previously ascribed



-12-

to scattering from bubbles or biological scatterers. Clay, et al36

have used Wagner's3 9 shadowing factor in a study of coherent scattering

from a wind-blown water surface. They comment that it seems to work

although, in this instance, it is not clear why. It is possible that

their result can be explained by the diffraction of sound into the

geometrical shadows, and by multiple scattering at the surface. These

phenomena have apparently not yet been dealt with and no attempt is

made to do so here. A study of shadowing is also beyond the scope

of the present work, and shadowing does not occur for the surface and

scattering angles used here.

C. Objectives.

The effects of none of the factors just discussed have yet been

fully evaluated; and in fact, substantial difficulties are encountered

in attempts to do so.

Scattering theories are often tested in the laboratory, where

the scattering parameters can be controlled and measured more easily

and more accurately than is possible in the field. Yet, even under

those circumstances, it is difficult to satisfy assumptions made in

the derivation of the theory and to isolate, either analytically or

experimentally, the effects of any one of the factors that are sources

of difficulty. For this reason it is worthwhile to consider a numer-

ical evaluation of the Helmholtz integral. Most of the mathematical

difficulties encountered in an analytical solution do not exist in

this case. Although attention must be paid to the errors inherent

in numerical computations (truncation and roundoff errors), these
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errors are shown in a later section to be negligible in the computa-

tions reported here.

There are two main limitations on the usefulness of the numerical

technique. First, the displacement and slope of the scattering sur-

face must be known at each sample point. This suggests that an arti-

ficially produced surface be used. Also, restricting the roughness

of the surface to a function of only one variable greatly simplifies

the problem without altering the basic physics of the scattering pro-

43
cess. Bourianoff and Horton implemented this approach by computer

simulation of the sea surface in a numerical study of the statistics

of acoustic backscattering. Second, because the integrand is an

oscillatory function of surface position, the required number of com-

putations (sample points) may be prohibitively large. That number is

roughly proportional to the number of ensonified Fresnel zones on the

surface, and can be minimized for a given geometry and signal wave-

length by using highly directional transmitted beams. In laboratory

experiments those parameters often have values such that numerical

computations are feasible. Comparisons of analytical, numerical, and

experimental results are thus possible. Because a linear scaling law

applies to acoustic experiments, conclusions concerning the effects

of the factors enumerated earlier can be expected to be valid for

scattering in the sea as well as for scattering in the laboratory.

In this work, acoustic scattering from a periodic surface is

studied in order to obtain initial results and to evaluate the prac-

ticality and usefulness of extending the work. Measurements of the

pressure of the scattered acoustic signals were made in a laboratory
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water tank, with the transmitter and receiver restricted to the

x-z (y = 0) plane. Periodic, long-crested waves were produced

on the water surface by a mechanical wave generator. The geometry

of the experiment is shown in Figure 2. A cross-section of the

water waves very closely approximated a sinusoid, so the numerical

and experimental results are compared with values obtained from an

analytical expression derived for a sinusoidal surface. The numer-

ical computations are limited to the case of vertical incidence

( = 0), but measurements of the backscattered signal were also

made and are compared with the analytical results. The emphasis

in this work is on the effects of phase approximations, particularly

in the incident pressure, and on the effect of neglecting surface

slopes.

The chart shown in Figure 3 shows the computations that have

been made. The approximations and conditions used in each computa-

tion are shown in blocks and are arranged vertically in four columns.

Each of the first three columns on the left corresponds to a distinct

representation of the incident pressure. The fourth column corres-

ponds to the analytical solution.

Very briefly, the three representations of the incident

pressure were chosen for the following reasons: 1) In order to

evaluate the numerical procedure, it is important to avoid as many

approximations as possible. A set of directly measured values of

both phase and amplitude is the best available representation of

the incident pressure. 2) The most reasonable analytical represen-

tation of the phase of the incident pressure is that of a point
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X

RECEIVER
(x 2 ,o,z 2)

Figure 2. The scattering geometry, shown, for simplicity, in two

dimensions. The transmitter and receiver are restricted to the x-z

plane, but the surface corrugations effectively extend to±00 in

the y direction. The waves propagate in the x direction and are

assumed to be periodic.

SOURCE
(XI ,o,z 1)



Boundary
Values

Phase
Approximations

Incident MeasuredPneurt-amplitude and
Pressure phase functions

Surface Measured surfaceDescription data, slopes
included

Zero-slope Slopes set equal
Approximation to zero

Figure 3. A chart outlining the computations and showing the approximations and conditions used.

The relationship of the measured data and the organization of the results are also shown.

I

I
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source. But in order to include the side lobes of the beam, it is

necessary to add 180° phase shifts at points corresponding to the

amplitude nulls between the lobes of the beam. This kind of a

function deviates slightly from the measured values (see Figure 5,

p. 24). The effect of this deviation is evaluated for both the

smooth and rough surfaces. 3) A Gaussian amplitude function and

a point-source phase term are often used to specify the incident

pressure. The effect of neglecting the side lobes is of particular

interest here.

The blocks on the far right represent the graphs shown in

Section V. The numerical computation using the measured values of

both the amplitude and phase of the incident pressure is of primary

interest. For the purpose of reference, this will be referred to

as the 'exact' computation, and the parts of the chart which pertain

to it are drawn with heavy lines. The results of all of the compu-

tations are compared with measured data -- also shown by heavy lines.

Further explanations of the computations, and of the notations within

the blocks, are given in following sections of the text. Results of

analytical computations and measurements for the case of backscat-

tering are also shown in Section V but are not included in the chart.
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II. Numerical evaluation of the Helmholtz integral.

A. Theory

For the case of scattering of an acoustic wave from a pressure-

release surface, the monochromatic Helmholtz integral, in the Kirch-

hoff approximation, is6,156

P (= -40ta n*V(p'G)dS (1)

S

where p is the scattered acoustic pressure at a point receiver,

p' is the incident pressure at the scattering surface,

G = exp(ikr ) /r2  , (2)

is the length of a vector from the observation point,
r2

(x2, 05, Z2) to the scattering point,

V is the gradient operator,

n is a unit vector normal to the surface at the scattering point,

S is the surface,

the time factor exp(-imt) is ignored.

The geometry is shown in Figure 2.

Let the displacement of the water surface be (x,y) = (x), and

let its x derivative be x(x). Then the normal unit vector and the

differential surface area are

n = ( xx - z)/(l + x2)(3)

and ds = (il+ 2 ) dsdy (4)

where xand z are unit vectors.A C 11 2NkA,A%
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Substituting into Equation 1 and performing the indicated operations

yields

(4T) -  G(p'U + V)dxdy , (5)

-00

where -1 -I
U = r 2  (ik - r 2  )[ - 2- x(x-x 2 )] (6)

V = I/ z- x ""'/ (7)

k is the acoustic wavenumber = 21c/%.

The scattered pressure is computed for many equally-spaced positions

of the surface. (For the computations reported here, twenty-three

positions were used.) Then the rms scattered pressure is obtained

from s

Prms = (kls P p*dx)k 3(8)

0

where X is the wavelength of the surface. Simpson's rule is used
s

to evaluate the integrals in both Equation 5 and Equation 8. A dis-

cussion and listing of a computer program to perform this computation

are presented in Appendix A (program SCATTER).

The zero-slope approximation consists in setting xW) = 0

(i.e., n = -z). The error resulting from the use of this approximation

can be easily evaluated numerically. The computation of p rms is

performed twice; once using values of x(X) computed from measured

values of (x), and again, with x = 0. The error is the difference

of the two results. In the remainder of this report, it will be

referred to in terms of a 'slope correction' to be applied to values
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of the scattered pressure calculated in the zero-slope approximation.

Finally, the pressure reflected from a smooth surface is obtained

by setting = 0.

A monochromatic incident signal has been assumed in this deri-

vation. This assumption is permissible in a pulsed-mode experiment

if the pulse (or ping) length is sufficiently long that the surface

is completely ensonified for a period greater than the duration of

the receiver gate aperture. In this experiment, a pulse length of

400 4sec was used. This pulse length was long enough to satisfy this

criterion and yet so short that the wave surface could be regarded as

stationary for the period of one measurement. (Frequency shifted

components of the scattered signal are not of interest here.)

B. Computational procedure.

Two sets of input data are read into the computer: first, the

surface displacement, (x), and its x derivative, x); and second,

the incident pressure and its x and z derivatives on the mean water

surface.

Surface data -- To obtain a representative set of data for use

in the computation, the surface displacement was measured in the center

of the ensonified area and recorded on analog tape for a period of

5 minutes. That record was then digitized and analyzed to find an

'overall' rms value (the rms displacement for the entire 5 minute

record). An 'average' block of 600 data (values of ), corresponding

to a wave train approximately 60 cm long (1.5 sec., Th7s), was then



selected using the criterion that its rms value be within 0.5% of the

overall rms displacement.

The assumption was made that the quantity measured, (t,x = 0),

is insignificantly different from the desired quantity, t(t =,x),

which is much more difficult to measure. This is justifiable because

dispersion and attenuation do not appreciably alter the waveform as

it propagates across the ensonified area.

The wave spectrum is sharply peaked at 4.5 Hz and the wave-

form closely approximates a sine wave with a slight flattening of the

troughs and sharpening of the peaks. This is the waveform that one

would expect for gravity waves with a very narrow frequency spectrum.

In Figure 4, surface displacement probability density functions ob-

tained from the 'average' block and from the entire 5 minute record

are compared with the PDF of a cosine wave. The computer program

used to compute the PDF's of the surface data is presented in Appen-

dix C.

Each digitized value of the surface displacement corresponds

to a scattering point in the numerical integration. The sampling

rate was chosen so that the truncation error in a numerical integra-

tion of the scattering function in the x direction would be acceptably
44

small. Using the usual estimate of error for Simpson's rule, with

point spacings Ax = 0.0998 cm and Ay = 0.2 cm, the upper bound on

truncation errors in the integration is about 17. The computation

is normally performed with single precision arithmetic -- which cor-

responds to nine decimal digits in the computer used, a Univac 1108.

Test computations in double precision ariihmetic (eighteen decimal
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Figure 4. Normalized probability density functions (PDF's) for

surface displacement. The solid curve is derived from the 600

work 'average' block; the dashed curve, from the entire 5 minute

record; and the dotted curve, from a cosine function having an

amplitude of 0.305 cm. The cosine PDF has been shifted on the

abscissa to facilitate a comparison with the other curves.



digits) have shown that roundoff errors arise only in the fourth

significant digit of the computed scattered pressure.

A value of x was computed for each of the 600 's in the

'average' block. The surface was sampled 88 times per surface wave-

length, so the simplest approximation formula was adequate. That is,

X2x . (9)

For further details of the analysis of the surface data, and

of the computation of the x derivatives, see Appendix A, program

TRANSLATE.

Incident pressure data -- It was mentioned earlier that for

this calculation the transmitted beam is required to be both vertically

incident and symmetrical about the z axis. In addition, the depth

of the transducer was fixed at 50.1 cm. Consequently, when the

water surface is smooth, the incident pressure distribution at the

surface is a function only of p, where p is in the surface and is the

radial distance from the beam axis. The incident pressure was

measured by placing the transducer at a depth of 100.0 cm and traver-

sing the field 50.1 cm above it with a small hydrophone. Measured

values of the amplitude and phase of the pressure are shown in Figure 5.

The measured pressure can be written as

p'(p,z) = jp'! exp(icp) . (10)

*At each point on the radius the partial derivatives with respect to

eand z are
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Figure 5. Normalized values of the amplitude and phase of the inci-

dent pressure measured in a plane parallel to the surface of the

transducer at a distance of 50.1 cm. The dashed line represents the

phase of a point source.
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-wrI fp1 (12

where w =1p,I(~!- (13)

At each scattering point the x derivative of p' is obtained from the

identity p'/ x = (p'/ p)(Op/ x), where p/ x = x/p. The partials

with respect to p of IP'I and cp are obtained from approximation for-

mulas equivalent to Equation 9 (see Appendix A, program PGEN2). The

data, shown in Figure 5, were measured at increments of Asp = 0.25 cm.

Test computations have shown that this is adequate even for points

near the null in the amplitude profile; the scattered and reflected

pressures are insensitive to the values of the partials at the null.

At points on the rough surface, the incident pressure and its

derivatives are obtained by perturbing the phases of the nearest

smooth-surface values. In the neighborhood of each point, the phase

shifts are approximately equal to kAr I. This was checked by numeri-

cally computing the incident pressure and its derivatives by a method

similar to that used by Zemanek4 5 to compute the pressure in the near-

field of a piston source. On this basis, phase errors resulting from

the perturbation procedure are estimated to be typically an order of

*magnitude smaller than the uncertainty (± 0.2 radian) in the measure-

ment of (P. Amplitude corrections were ignored because they are

approximately proportional to Arl/r I, and are an order of magnitude
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less than the uncertainty (±5%) in the measured values of jP'•

It is clearly necessary to limit a numerical integration to a

finite surface area. For this computation, the area of integration

was chosen to include the main lobe and the first side lobe of the

incident beam; the maximum radius was set at 17.0 cm. Errors resulting

from this choice are likely to be most easily seen in a comparison

of computed and measured pressures reflected from a smooth surface.

Such a comparison is made in Section V. A. and the error is shown

to be small.

III. Analytical solution- sinusoidal surface.

Three approximations are made here in addition to the Kirchhoff

approximation already used in the derivation of Equation 5. First,

the Fresnel approximation is used in computing the phases of the in-

cident and scattered rays, Second, the geometrical spreading factor,
-I -i

r 2 ,is set equal to r20 and is removed from the integral. Third,

the incident pressure is approximated by the product of a Gaussian

directivity function and a point source phase function as follows:

2

p expl-{ l -() exp(ikrl) . (14)

L and L are the linear beamwidths in the x and y directions, measured,
x y

as before, in a plane parallel to the face of the transducer and separ-

ated from it by a distance ri 0 . As in the numerical calculation,

the time factor, expE4iut), is not explicitly included.

In the Fresnel approximation the total path length of a scattered

ray is
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rl + r 2 = r1 0 + r20 + Alx2 + A2x + A3y 2 + A4t (15)

2 2
cos e1 cos e2

where A,=r1 + 2(16)1- 2r 2r
10 20

A2 =sine 1 -sine 2  (17)

2 2

A 1+ 1(18)A3 2r 10 2r 20 (8

A cos e + cos e (19)
4 1 2

Substitution of Equations 14 and 15 into Equation 5 yields

exp[ik(rl + r2 00f
e i 10 + 20 ] [ikA 4 + (2a2.X - ikA2 ) x]

4ir 2 0
-900

22 22
exp[-(a x - ikA 2x + a y - ikA 4 )dxdy , (20)x 24t

where

a = A exp(i'px /2) (21)

ay= A exp(-icp /2) (22)
y y y

(-4 40 2

x(Lxcose1 + k(23)

A = (L-4 + k2A32)V (24)
y y 3

-p tan-l(kAiL 2/cose) (25)
x lx1

2y tan '( 3 ~) (26)
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It is convenient at this point to also define the quantity

2 2 2
V 4A /(k2cos(P) .(27)

The scattered pressure can be written as the sum

P = Pa + bp (28)

where pa is the approximate scattered pressure corresponding to the

term ikA 4 in the square brackets of Equation 20, and 5p is the slope

correction obtained from the remaining terms in the brackets.

The scattering surface is

m(X) = ocos K (x-x M) ,(29)

where 0 is the amplitude, and K = 2g/S The term xm is provided

as a means of translating the surface, and the subscript m is used

below to refer to the mth position of the surface. Alternatively,

a continuously propagating surface can be obtained by replacing Kxm

by wst, where ws is the angular frequency of the surface.

46
We now use the Bessel function expansion

o

exp[ia cos K(x-xm)] X Jn(a) exp[inK(x-xm)] (30)

where

a kA 4 °  .(31)

Substitution of Equations 29 and 30 into Equation 20 yields the scat-

tered pressure in the small slopes approximation,
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kA4exp(icp) 0(a)exp(-2iKx2xp [ax

am - 4gr 2 0  n(m)x
n=-o -00

2 2
- i(kA2 + nK)x + a y ] dxdy (32)

and the slope correction term,

exp i(Tp 0 2) ~J()P2
5 p ) Jn ( a ) exp(-inKxm)j(2axx-ikA xPm = 49r 20n/2

n=-x-o

22 22
exp - [a x - i(kA2 + nK)x + a y ]dxdy (33)

where = k(rl 0 + r 2 0 ) + i/2 (34)

Integration of Equations 32 and 33 yields

P M = p a m + a p m-m =am Pm

zr(IA+AEn n)Jn(a)exp[-a (n)] exp[icpm(n)], 
(35)

4r20 A A
20x y n=--oo

2 22
where a (n) (A2 + nK/k)2/v , (36)

2Cm(n) (- o +(P +c(P)/2 -ce(n)tancp -nKxm+n3/2 . (37)
m o0 x y x m

The term en is the fractional slope correction associated with the

amplitude of the nth order diffraction lobe. Its form is

2

n = (38)

The rms pressure, obtained from Equations 8 and 35, is
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CO

Prms k4A)! (1 + .E )2jn2 (a) exp [-2cl2 (n)]  . (39)
PrmsX yrIn=-oo

Computer programs for evaluating Equations 35 and 39 are presented

in Appendix B.

As a function of receiver angle, prms has the form of a diffrac-

tion pattern. The directions of the maxima are given by the familiar

diffraction grating formula,

sin e2 = sin el + nK/k (40)

and the amplitudes of the diffraction peaks are proportional to

the Bessel functions, J (a). The zeroth order terms in Equations

35 and 39 are the specular components of the pressure and the mean

square pressure, respectively, and do not include slope corrections.

The angular width of the diffraction peaks is dependent on the surface

wavelength and, via the quantity v, on the beam width, the geometry

and the acoustic wavelength. Much of the width is due to the curva-

ture of the acoustic waves. This factor is accounted for in the

2
Fresnel approximation by the term (kA in v (see Equations 23 and 27).

Further, v is roughly proportional to the angular beamwidth (.Lx/rl0).

Analagous to the case of a coarse diffraction grating in optics, broad

diffraction peaks are obtained if the diameter of the ensonified area

is not much larger than the surface wavelength. Further, for small

values of the ratio K/k, the orders overlap and may not be resolved

in a measurement of the rms pressure.

For directions corresponding to diffraction maxima, en can be

rewritten in the geometrical form
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sin e 2 -sin e1(
E(el e2 ) = cos e2 + cos e1 (41)

Tolstoy and Clay28 define the term f(eI, e2). This is the geometrical

slope factor mentioned in the Introduction. Comparing their expression

for the scattered pressure with Equation 35, we find that

f(eI, e2) = A4 [I + E(e 1, e2)] / 2 .(42)

18

Beckman and Spizzichino define a similar term which includes an

additional factor of sec eI . The differences are due to definitions

and are of no consequence.

In those previous derivations, no distinction was made between

periodic and random surfaces, although a geometrical form is perhaps

not,what one would expect for the slope factor in the latter case.

However, this result is consistent with the concept that the pressure

scattered in a specific direction from a rough surface is the resul-

tant pressure diffracted from those wavelength components of the sur-

face roughness which satisfy Equation 40.12 47The value of the

fractional slope correction is the same for all of those components

since they are all characterized by a constant value of the term nK.

But a question of validity arises for the following reason. For the

sinusoidal surface the slope correction at a given angle is a resultant

value determined by the contributions of overlapping diffraction peaks.

This is accounted for by the inclusion of the quantity 1 + en within

the summations in Equations 35 and 39; and only for very narrow beam-

widths is it justifiable to remove that term from the summations.
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In the references referred to above, the term f(e 1 , e2) is used (for

a random surface) as a coefficient external to the scattering

integral. Apparently, implicit in this useage is the assumption that

the beamwidth is small and that the diffraction peaks associated with

each component of the surface spectrum are very narrow. For the beam-

widths commonly used, it is not clear that this assumption can be made.

IV. Experiment

The measurements were made in a water tank 1.80 m in diameter

and 1.50 m deep. Waves were produced at one end of the tank by verti-

cally oscillating a horizontal, partially submerged, wooden rod 5.0

cm in diameter and 125 cm in length. The driving mechanism was a

Slo-Syn stepping motor connected to the rod by a rack and pinion.

A mechanical switch connected to the motor shaft was used to reverse

the motor. The stepping rate of the motor was constant in the periods

between reversals.

Measurement of the wave heights was by resistance probes, a

• 23, 48
standard method described in the literature. To calibrate the

wave probes, a micrometer head was mounted above the water surface.

It was connected electrically in series with a battery, a resistor,

and the water in the tank. Touching the water with a probe wire at

the end of the micrometer completed the circuit and produced a voltage

drop across the resistor. This was observed on an oscilloscope.

Wave crests just touching the end of the wire produced a string of

pulses on the oscilloscope. The wave height was obtained directly

from the difference in micrometer readings for the rough and smooth

surfaces.
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Small variations in the shape and amplitude of the waves occurred

because it was not possible to totally eliminate reflections from

the tank walls, or to completely stabilize the wave generation process.

The mean amplitude of the waves, measured at different points within

the ensonified area, did not vary more than the uncertainty in the

measurement of the mean value, approximately + 5%.

The source transducer was a 5.1 cm diameter Clevite G7 ceramic

disk with a thickness mode resonance at 205.6 kHz. The edge and bottom

face of the disk were covered with 0.5 cm of styrofoam to eliminate

transmissions in unwanted directions. For the measurements at vertical

incidence the source transducer was mounted on a horizontal arm and

positioned in the center of the tank at a depth of 50.1 cm.

The receiving hydrophones were (approximately) square pieces

of ceramic about 1.5 mm on a side. These were cut from a thin disk

having a thickness mode resonance at about 1200 kHz. A hydrophone

was mounted on a horizontal arm suspended from pivots on the y axis

at the water surface. The hydrophone was thus free to move along an

arc in the x-z plane (see Figure 2). For these measurements the

radius, r2 0, of the arc was fixed at 49.2 cm.

For backscattering measurements, both the source transducer and

a hydrophone were mounted on the pivoted arm, with the hydrophone

offset 60 in the x-z plane.

A small piece of styrofoam was attached to the hydrophone on

the side nearest the source. This effectively shielded the hydro-

phone from spurious signals scattered from the source, yet had no

measureable effect on signals received directly from the water surface.
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The electronics are straightforward and are described in detail

elsewhere4 9 Figure 6 is a block diagram which shows the basic features

of the apparatus for the pulse generation and for the measurement of

the mean square signal. Briefly, the signal from the hydrophone is

amplified, squared, gated, and integrated. The gate is set to pass

only a part of the signal scattered from the water surface, and is

controlled by a digital time-delay generator. The output of the inte-

grator is read on a digital voltmeter after a specified number of

pulses have been transmitted.

Throughout the experiment, a system calibration was maintained

by repeated measurements, at a fixed angle, of the pressure reflected

from the smooth water surface. A disadvantage of this procedure is

that in order to compare the measurements with theoretical results,

a theoretical calculation must be made for the reflected pressure as

well as for the scattered pressure.

V. Results

A. Smooth surface

The reflected pressure as a function of receiver angle was cal-

culated numerically using three different representations of the

incident pressure. The results are shown in Figure 7.

The solid curve is the 1 exact' result obtained using the measured

values of both the amplitude and phase of the incident pressure. The

accuracy of this calculation is confirmed by the measured values of

the reflected amplitude which have been fit by least squares to the

calculated curve. These measurements were limited by the size of
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Figure 6. Apparatus for laboratory scattering measurements.
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Figure 7. The amplitude of the pressure reflected from the smooth

surface. The computed curves were obtained by numerical integration

using the measured values of the incident pressure (solid curve),

the measured amplitude and a point-source phase with a 1800 shift

(dashed curve), and a Gaussian amplitude function with a point-

source phase (dotted curve). The circles are measured values.
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the source transducer to receiver angles greater than about 60.

Therefore, measurements were also made of the direct transmitted pres-

sure using a geometrical configuration consistent with the concept

of an image source. These data are indistinguishable from the re-

flected data, as expected, and the data shown at 0 and 50 were

taken from these measurements.

In the second calculation (dashed curve), values of the measured

incident amplitude were used, but the phase was approximated by the

function kr with a 1800 phase shift added at the radius corresponding

to the null in the amplitude profile. It is apparent in Figure 5 that

approximating the phase in this way is accurate to within 0.5 radian

out to a radius of 15 cm, where the amplitude is 95% down from the

peak value. This phase error produces an error of approximately 8.5%

in the computed amplitude at e2 = 0. The phase errors in this

approximation are not too different from the errors in the Fresnel

approximation, where, at a radius of 15 cm, the phase error for e2 = 00

is about 0.9 radian.

In the third calculation (dotted curve), the incident pressure

was approximated by Equation 14, a Gaussian amplitude function and a

point-source phase function. The width of the Gaussian was obtained

by fitting it to the half-amplitude points of the measured amplitude

profile of Figure 5. The effect of this approximation is to ignore

the side lobes of the incident beam, and the resulting error in the

reflected amplitude at e 2 = 00 is about 10%. One might expect larger

errors if fewer Fresnel zones wet'e ensonified by the incident beam.

The analytical solution, Equation 35, was also evaluated for this case.
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The essential difference between this calculation and the numerical

integration is that the latter does not involve the Fresnel approxi-

mation. The difference in the results is very small, however, because

the Fresnel phase errors are less than 0.2 radian within the area

ensonified by the significant part of the Gaussian beam.

B. Rough Surface

The effective roughness of a scattering surface is often specified

by the quantity

2 22 1k02) , (43)g =ka (cos eI1 + Cos 0 2)2(3

where a is the rms displacement of an ensemble of surface points about

their mean. A surface is normally regarded as 'rough' if g > 1. For

-I
these measurements, a = 0.21 cm, k = 8.73 cm , and el, ,2 < 450; so

the range of g is approximately 6.8 - 13.6.

Scattering at vertical incidence -- Calculated and measured values

of the rms scattered pressure are shown in Figure 8. Calculated
I

values of the slope correction are also shown. These curves were

computed using the same representations of the incident pressure that

were used in computing the curves of Figure 7. However, here, the

dashed curves are the analytical results, obtained from Equation 39;

and the dotted curve is the numerical result obtained with the measured

incident amplitude and the modified (1800 shifts) point-source phase

function. The solid curves again refer to the 'exact' numerical

computation with the qualification that the solid slope correction

curve is the difference between the 'exact' result and the equivalent

result with the slopes set to zero.
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Figure 8. The rms scattered pressure and the slope correction (the

curves labled s.c.) at vertical incidence. The solid and dotted

curves were computed numerically; the dashed curves are from the

analytical solution, Equation 39; and the circles are measured values.

Calculated relative amplitudes of the diffraction peaks are shown

at the base of the graph.
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The agreement of the pressure curves at small values of e is2

somewhat better than that of the corresponding curves for the smooth

surface. The approximations of the incident beam apparently become

increasingly valid as the roughness of the surface is increased. This

may be due to a relative decrease in the coherence of the point scat-

terers illuminated by the side lobes. In a more detailed view, we note

that the small peak evident in the numerical curve at e2  4 is not
2-

resolved in the other two curves. It is clear from Equation 40 that

this peak is a diffraction maximum of order n = 1. Faildre to resolve

it is a consequence of approximating the incident pressure. It was

pointed out in Section III that the non-planar nature of the incident

acoustic waves has a strong broadening effect on the diffraction peaks

of the scattered signal. Comparison of the solid and dotted curves

shows that small phase errors, particularly in the representation of

the side lobes, can have a significant effect on the computed widths

of the diffraction peaks. In the examples shown here, the effect of

phase approximations is to reduce the resolution of the individual

diffraction peaks, but an erroneous enhancement of the resolution

is also possible. For example, it is easy to show that in a Fraun-

hofer or plane wave approximation the peaks are dramatically narrowed.

Each of the data in Figure 8 is an average of 20,000 - 30,000

returns accumulated over a period of 2-3 minutes. The scatter in the

data is due to longer-period fluctuations in the amplitude and shape

of the water waves, and to possible effects of air bubbles near the

surface of the water and on the transducers. The vertical bars e

the data points at' 100, 200, and 400 show the scatter resulting from
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five measurements at each of those angles. It was desirable to forgo

longer averaging times in order to minimize problems which tended

to arise in long-term measurements -- namely, problems with bubbles

and with instability in the rather unreliable wave generator. Never-

theless, on the average, the measured data deviate from the computed

values (solid curve) by less than 4%.

The data were multiplied by the same constant used to fit the

smooth-surface data to the 'exact' curve in Figure 7. All three

curves fit the data reasonably well when e2 < 200. For larger values

of (23 the data increasingly diverge from the analytical curve, whereas

a good fit is maintained with the numerical curves. This is partially

attributed to the effect of the side lobe of the incident beam. In

the geometry of this measurement, a portion of the side lobe is for-

ward-scattered in the direction of the receiver with an angle of in-

cidence of approximately 126. With the aid of Equations 31 and 40

and a table of Bessel functions, it is easy to show that the diffracted

orders associated with the side lobe have their maximum amplitudes in

the neighborhood of 02 = 40*, with orders of lesser amplitude occurring

at both smaller and larger values of e 2 Small adjustments in the

parameters used to calculate the analytical curve can improve its fit

with the data in part df the angular range, but not without degrading

the fit elsewhere. The amplitude used for the surface roughness was

S 0.305 cm, and was taken from Figure 4.
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Backscattering -- The numerical integration was restricted to the

case of a vertically incident beam. Therefore, only analytical curves

and experimental data are shown in Figure 9. The data have been

matched to the numerical curve (computed for vertical incidence) at

the point e1 = 00.

If is evident upon comparison of Figures 8 and 9 that the same

kinds of comments that were made with regard to the scattering at

vertical incidence are also appropriate in this case. First, the

agreement between the computed curve and the data is reasonably good,

at least at small values of 1. Second, the discrepancy between the

computed curve and the datum at 01 = 2.50 suggests again that the

analytical solution yields a lesser degree of resolution than that

which is physically and numerically realizable. The accuracy of that

datum is supported by other data that are not shown here. Finally,

side lobe contributions are clearly evident at values of 01 greater

than 20'.

Slope correction -- Slope correction curves, given in terms of

percentage contribution, are plotted in Figures 8 and 9. In Figure 8

it is possible to compare the analytical result with that obtained

by numerical integration. The agreement is excellent at receiver

angles less than 360. At larger angles the curves diverge with the

numerical curve clearly showing the reduced slope dependence appro-

priate to the forward-scattered side lobe.

This follows from Equations 38 and 39 where we note that each

diffraction order has a slope correction term associated with it.

Further, the correction terms increase rapidly with increasing order.
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Figure 9. The rms scattered pressure and the slope correction for

backscattering. The curves are from the analytical solution, Equation

39, and the circles are measured values. Calculated relative ampli-

tudes of the diffraction peaks are shown at the base of the graph.
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The prominent side lobe contributions apparent in Figures 8 and 9 con-

sist of low-order components, but occur at the same angles as higher-

order main lobe components. Thus, in this angular range, the percen-

tage slope connction will reflect the dominance of the lower-order

side lobe components. This is in agreement with an intuitive argument;

namely that in forward scattering, the average surface slope tends

to zero and results in very small values of the slope correction.

Maximum values of the slope correction occur in backscattering where

the average surface slope is increasingly biased as the angle of

incidence is increased.

According to Equation 41, the fractional slope correction in back-

scattering increases rapidly at angles of incidence greater than those

of the present measurement. At large angles, it may be an important

factor in backscattering from the sea surface and sea floor. For

example, at e I =e 2 = 600,a moderate angle, the slope correction

is 2 = tan2& = 3. It would be useful to extend the numerical part

of this work to backscattering from random surfaces and to a study of

the slope correction at large angles of incidence.
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VI. Conclusion

A comparison bf numerical, analytical, and experimental results

has been made for the case of a vertically incident beam and a mod-

erately rough surface. The numerical computations have been shown

to yield values of the scattered pressure which agree well with

experimental data. Simple approximation formulas, applied to values

of the incident pressure on the mean scattering surface are apparently

satisfactory (within the limits of the Kirchhoff approximation) for

computing the scattered pressure and its normal derivative on the

rough surface. The use of measured values of both the phase and

amplitude of the incident pressure makes possible the accurate cal-

culation of the scattered acoustic pressure for both smooth and rough

surfaces. This approach appears to be an effective means for min-

inizing some of the difficulties inherent in studies of acoustic

scattering; particularly, difficulties associated with the specifi-

cation of the incident pressure and with phase approximations in

both the incident and scattered waves. Side lobes of the incident

beam are included in the numerical calculations and are not a source

of uncertainty in a comparison between theoretical and experimental

results.

The present computations indicate that the pressure reflected

or scattered from a smooth, or slightly rough surface is sensitive

to the phase of the side lobes of the incident beam. Phase approxi-

mations result in errors in the calculated pressure that are diffi-

cult to avoid in analytical scattering theories. The rms pressure

scattered from a very rough surface is apparently less sensitive to



the form of the approximation used to specify the incident pressure.

This is a useful conclusion in terms of both analytical computations

and further applications of the numerical technique, and its limi-

tations should be determined.

The validity of the geometrical slope factor, f(el,e 2)(Equa-

tion 42), has been verified numerically for moderate scattering

angles and a sinusoidal surface. But there are at least two diffi-

culties associated with its use. First, the side lobes of the

incident beam are not included in the derivations leading to f(el,e 2 )

-- so it is not valid at scattering angles where the side lobes con-

tribute significantly to the scattered pressure. Second, its validity

is uncertain for the case of a random surface because the effect of

the widths of the overlapping diffraction peaks is not accounted for.

(This effect is accounted for in the case of a sinusoidal surface.)

It is important to extend the study of the effect of surface slopes

to backscattering and to non-sinusoidal surfaces.

Other extensions of this work are feasible. A study of the

general boundary value problem, which includes the effects of shadow-

ing and the limitations of the Kirchhoff approximation, would probably

be most useful. For that purpose, surfaces of greater roughness

should be used and the computation should be extended to large angles

of incidence. In that case, it may be useful to utilize the point-

source phase approximation. Errors associated with its use are not

large in the present case, and they may be reduced by moderately

increasing (in comparison with the present value) the distance of

the source from the center of the scattering surface. The use of
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this approximation would simplify the computation, reduce its cost,

and reduce the labor required to obtain initial values of the inci-

dent pressure.
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Appendix

Computer Programs

The purpose of this appendix is to document the computer

programs used in the work described in the text. For the most

part, these programs have been written for a specific purpose so

are not expected to be useful in a general sense. However, they

may be helpful in an extension of the present work or in making

similar kinds of computations. A brief description of each program

is given in terms of the purpose of the program and the method

used. Definitions of terms and details of the programs are given

mainly by numerous comment cards within the programs. The programs

were written in Fortram V for a Univac 1108 computer.

A. Programs used in the numerical integration of the Helmholtz

integral.

The numerical integration is performed by program SCATTER.
I

In addition, two auxilliary programs provide input data: program

TRANSLATE provides values of the surface displacement, 1, and its

x derivative, 1x; and program PGEN2 provides values of the incident

acoustic pressure, p', and its partial derivatives on the scattering

surface. The relationships of these auxilliary programs to the

measured input data and to program SCATTER are shown in Figure Al.

Modifications of the computational procedure will be necessary in

order to apply the method of numerical analysis to other geometrical

configurations. But it is hoped that the techniques used here will



Record waves on analog

tape,o

Digitize wave record

using Datacraft computer
(24-bit words).

Translate data for
110.8 computer (36-bit
words). Compute surface
slopes (x's) L

L Program TRANSLATE

Figure Al.

integral.

Data, procedures, and programs used in the numerical evaluation of the Helmholtz

Measure incident

pressure., p.

Interpolate and
compute x and z
derivatives.

Program PGEN2

I
Ul0'

Compute the scattered
pressure for the specified
number of surface positions.
Then compute the rms
scattered pressure.

Program SCATTER
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be both useful and instructive in extensions of this work.

Program SCATTER -- The real and imaginary parts of Equation 5

in the text are computed separately, but concurrently. Using Equations

6 and 7, the real part of the scattered pressure is

Pre = S ITIcos(kr 2 )-T 2 sin(kr 2 ] r2
Idydx ; (Al)

and the imaginary part is

Xm"av YW

P i 2Tisin(kr 2 )-T 2 cos(kr§ r2 dydx ; (A2)

where TI = (kpIim+r PI2e)x-x2X - (-z2j

(A4)

The limits of integration are determined by the (arbitrarily

defined) dimensions of the ensonified area on the surface. The

length of the ensonified area in the x direction is 2 Xm=K. Because

of the symmetry which exists when both the source and the receiver
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are in the x-z (y=O) plane, the integration on y is performed only

over the half-plane y > 0.

The notation used for position coordinates in SCATTER differs

slightly from that used in the text and in Equations AI-A4; The

source coordinates are (0, 0, z ); the receiver coordinates are0

(x, o, z); and the surface coordinates are (x', y', ). Also, the

distance from the scattering point to the receiver is R, rather

than r2.

The computational procedure described here was chosen because

it is direct and because of the symmetry in the scattering geometry.

Many variations are possible, and some are probably necessary in

order to make similar calculations for other geometrical configu-

rations. Throughout the present program, parallel computations are

made for terms corresponding to positive and negative values of

the surface coordinate, x'. This may not be a generally useful

procedure. Equations Al-A4 can be simplified along with the entire

computational procedure if the phase of the incident pressure can

be approximated by the function kr It was decided to read the

input data from punched cards exclusively because the number of

input data required in the present computations was not large

(402 and 602 cards were supplied by PGEN2 and TRANSLATE, respec-

tively). Data access from tape, drum, or disk files is more effi-

cient than cards for other scattering geometries and for random

surfaces.
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192. MXPUNXP
-- 193. 9-MmXP --mx

19,. 4XPM?AXnIMXPI)*DXP
I V S , .. .... .- ----.. . .......

196. I'O PRINT 11909 MXP*NUmb#KSHIFT
197. .... 1190 FONHATI//* -AP-rIR-' -URFACE-pDlN1----|NI-TIALL- A;IGNE -T--

198. IE XP DATA SET9'/9 THE H-K INTEGRAL WILL BE EVALUATED FOR NV1B 4-8
t"-t I V.I21,-P#_ E-POS _ -Offt+- F.CER - A tHSFT il ' Tl10THE 5-VRFAtewt4MPW r6k
200. 3 iE Iz-4CfEASED BY KSHIFT t#139,0')

202. C COm,PuTL AND SToRE 'THE X COORDINATES OF THE SCATTERING POINTS,

-03. - . T EIR SQUARES, .AND-THE-SQUARE5--OF-THE- y--OoR0j- kTESv

20'4 C ALSO COMPUTE. STORE, AND PRINT THENY'S, WHERE NYI) 15 THE -NUMBER OF

20. C-.CAlTfff ING--PO INT'S INll--T 'f--I T R 0 'f"r:,fj- s-T ito;15C eat)
206. C
207. ...... . 150 Ji M AXJ-----
2Db0 If60 YPZ(JI IJ-II DYP1,02
-20?. 0 IO-bb-I'1MXP-

210.( IP(10 1-I)DXP
-2 fl, 6x P2 4-1--f--x FA- 1

212. MYNSQRT(XPMAA*02-XPZI))-/OYP*I,S
-- 213o- IF I r *--i E Q--- T-w 3

21-1o IF(MY .EQ9 (MY/2),21 MYOMY*4

215. -- ,1rfPZi0-*-:1yt- +v-"v-- -O2-v--KHOtflO4**21 6O--T"- o

216. 1-S NY()-NMY
-z 7, - PR I 1(7--tT98-

211., 1198 FORMAT(//' THIS LIST IS THE ARRAY Ny,fI).o"/)
Z19R IRN'T'--tI9??'-tNY*(-t -tW M )
220. 1199 FORMATIIH 92016)

222. C CoMPuTE THE COORDINATES OF THE OBSERVATIONPOINTS, AND THE ZETZ.
-_zzj_* C Z-E I - N [ AS LT A MI NUVS

22'. C

226. THETAwTHET(N)/57#29S
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227. X(t4T)8RADIUS*SINtTHETA1

228. ZINTIO-RADIuSoCOSiTHETA)

229. DO 158 1819NI
230. 166 ZETM14f4T#I)wZETA4I) Z4NT) ..... .

231. XP(1)0.O0001

2 32 . C . .. .. .. ... ..... .

2330 C A LOOP ON SURFACE POSITION BEGINS HERE,

234* -THE SURFACE 15 SHIFTED BY-RETURNING--TO-STATEMENT--6o--THE--INCREMENT-

2350 C KSHIFT IS ADDED TO MXPe AND THEN THE INDICES OF ZETA AND ZETAX ARE

2J6 C CHANGED BY THAT AHOUNTp--

237. C
--23o. %So
239. GO TO 170
Z29O, ....... T60 NSuNS ........

2419 MAPxMXPO#1NSoI)*KSHIFT

242. -- C - _ _ ___-__ _ _

243. C ESTABLISH THE SURFACE COORDINATE XPe THAT IS, BEGIN A LOOP ON THE

24o.. . C---ROw5-OF--SCA
T 
TeRIN-PoINTS. vAtGT30g--COm'TE soeTV sTAT ARE

2145 C INDEPENDENT UF THE COORDINATE YP.

244. C II IS THE INDEX OF A ROW.- -

247o C NNXP IS THE +XP SURFACE DATA INDEX FOR THAT ROW9

2ae- .. C -NNXQ ISTHECORkESPONDING--wArX--t4OE-t---
249. C
25 i*'-... .. 1 D7 O -f90 1 -.- N X

P

25i. NYPENY(II)

262. - NNAPUMAP*I-I|--
253o NrJXQEMXP-I+II

25,#0- ---- D 220-tTsIiNTHETA-
255. XPMXfNT)mXP(II)-AINTI

257o TERMIINT)OZETAX(NNXP)*XPHtNT)-ZETMINTeNNXP)
2 6 8 . . .- . .2 2 0 -Q T E N - s NT ) Z E T A |N N .X Q 4 - * X P 4 X - T - Z E NZ NN A Q 1
259. C
240 . -- C-LOOP-ON-T0E-YP1S-IN-THE.ROW. -.. ---

261. C Ji Is THE INDEX OF A POINT IN THE ROW@

--262.- c- .......

263. UO 280 JJoIoNYP

2 6 o . . C ... ..... .. .. . ... ..

265. C THE RADIAL DISTANCE FROM THE ORIGIN TO THE PROJECTION OF THE

... t-SCATTERINGPOIfjT_ONTo--THE-Za-PLANE--f-HH--T-HE--NC-jEf-WT-41ILu- R E-I

267. C SPECIFIED AT A SET OF RADIIs RHOI(1.

--- 26 A- C-"o-F-~TmE--Rtt0-CcoSSE5-TTO -T-HE-CUREN6T SefERIisPOCIN,T9

269. C LET I 8E ITS INDEX.

2713. -- C-
271o RH2oXPZ(lII)+YP2JJ)

272. RHSRT0RTIZH IwO000i

273. RIs5QRTfRH2+(ZETAfNNXP)-ZO)*02)
77 0 Ift I's SO IT fRM 7 t?kIN X -7*t

275o-276.

277.

278*
279.
260.

Z61.
262.
283.

IsRH/URHOI.S

-PGCRuSQRT(RHOI-Its'wZO21
DFOK*RI-PGENR)

QDFNKWIQRIOPGENRI
C

C OtIAIN-T-tVtM~~CllDLNy PESSURE X? TML S~ CATTERIhG POIN,TS 9v PCMTAw&+N6~.
C THE PHASES OF THE SMoOTH-SUHFACE VALUES SUPPLIED BY PGEN2*
C SUBROUTIN-TB--P RFORNS--T-M-S--f NCTiON#o
C
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2840 POPMAGIII

28So PZWoZMAGf|t-
266o.PXsDXHAG(j)

267. .... . HPPF HAZ( ....
288. FZNUZPHAZ(I)28 9.FXu_ FxDX FIAZ(r)
290. CALL PRTO(PzFOFpPHLP#PIMP)
291. CALL-PRT81Ps F9QDFprPREP(FMP-1
292. CALL PRTnIPZ,FZ*oFoDZREP,OZIMP)

"93 . . CALL-FRT9 IPZ FZsQDF FQDZRLP--QOZ-P-j
291. CALL PKTBIPXsFXtDFgDXRLP#DXIMP)
-275. CAtTL-PRT61PX,FA,OuD' XE,wuAa,F,

296. C

.... 297 C ER-S--THE-- S TiE- OFt-TE-W-GL-E--1-eTlfEN RH AN-THE-r-A-X1S-iT IS
298. NEEDEU 70 COMPUTE THE PARTIAL OF P WRT X

2 9 9 .. .... .. C ..... . . . ...

300* TLRiwXP(Il)/RH
-301. - -

302: DxEPTERI4*DXREP
303. QDXREPw-TERm4QDXREP------

3U. DAIMPoTERMOAIMP
305. . .QDXimP-TERM#QDX|IMF---
3060 C
-3 07" ------ C----n"MP UT UTE GRVrD-"TE ft"-WI 'Cf-DOftNIT lhvO[VLt'-'Txi,

308. C
309, ...... ..........TEIKM 1 ZET,AX(NNXPIbDXREP'UZREP
310. (Tkm4uzETAx(INlXQ).QOXkEP-QDZREP
-311. ........... . ____-Z T__(NN P)___IP-__|_

312. QTERMSnZLTAX(NNXQ)OQDXI.MP-QDZIP

311. C LOOP ON THE VALUES OF THETA (OBSERVATION POINTS)e
315.. C-

316. 00 280 NTul*NTHETA

-3 1 7.o MLA %15-- Rii-15QU ARED.-:
318. R2xXPMX(NI)0*2+YP2tJJ)*ZETMZ(NTsNNXp)0*2

-3 1-f QK2 a0x##mtnT -)-wo ZP2-td d 4z1feT!iNT4fI*NNX--o
320. RASWkT(R2)

- 321. *QROSQR TQR2T
322. TEM 2PREP/RZ+K*PIMP/R

---32.o -QIER2aREQ Pt2*K*P-VP4--

328. TEHM3wK*PREp/R-PIMP/R2

326. TluTLRMl(NTITLRM2-TERMq

327. tIzQTERtI(NTTTERM -;TE-RM4
328. T28TERMj(NT)9TEHM3+TERM5

- 329. - .QT2KQTIER 1I(iT).QTER R 'M R -3-+-qTtRK
330. C

331 . .... T-9*TLo-P AXV*-StP-T
4

FT- --5 -A- Y---I-----
332. C REMOVE INTE(LR MULTIPLES OF TWOPI FROM KeR o THEN APPROXtKATE SIN AND

33 31-i I -US-ty-- wS T C-"ND-C C 0
33,. C THE FUNCTIo1 AINT REMOVES THE FRACTIONAL PART OF So

335*. C
336. GaR/AL

336. NGw(G-AlNT(GI)e360.19
.... 33V@.rn, ON 1TQGiv-601 v ,

3Ps0. S&SSININGI



314to QSBSSIN(NQG)
3'42. -4sCCOS$ -NN-)

3143, QCNCCOS(tlgG)

3q45* C THE FOLLUING TERMS ARE VALUES OF THE INTEGRAND AT THE SCATTERIN.G

347 C
3'48 s TRE 4NT,JJ)(T I *C*T2*S)iR
349o QTRL (NT,J 1.4 QT I QC+QTZQS I/QR
35ooTI M INT v JJ)"1 1TI #S"T 2*C) /R

35i s 280 QTIM(NT,JJ)u(QTI*QS-QTZQCI/QR
-3S2-w c

353. C INTEGRATE WRT YPv THAT 15 s FIND THE CONTRIBUTION OF THE ROWS AT

354lo. ---- C ---+ AND . .AP -

355. C
3S6* - 290 -CALL-IiNTGY- -

357. C
--- 3S80 C--A .. N.. 1E-ALTE- R4 E4-Sr-'T'--.To4E
369. C SCATTERED PRESSURE FOR THE CURRENT SURFACE POSITION*

36o CALL INTGX2
36 2. . .C -... ... ..-.........
363. C ALL TERMS HAVE BEEN COMPUTED FOR THIS SURFACE POSITION*

-36.f f- C .- I THE R--5lilF-T-TH--t-S F-A-E--*ND---R E'OS-ATP-TH'C-eUL-A-,--R S e.
366s C
366. IF4NS, EQ -- NUMia Go--To--qOL
367. 60 TO 160

369. C FOR EACH RECEIVER ANGLE FIND THE MAGNITUDE OF THE SCATTERED PRESSURE.
-- 3700 -(C-- THE-- P H ASL---A N D--T HE- MAGITUOi. " -- P----PRUt--EN--a---v-Pfl.1#0E--ATVHRA4I-4-"flA4,

371. C THL P2'S AND TAKE THE SQUARE ROOT TO GET PRMS9
-372. - - ________________________________

373. 400 DO 1460 tlTmI,NTHETA
37'i- PHI NT 1-20Z0, ,THE T.(NT- - --- __________

37 . •1200 FORMAT( lo o o eo*** e*$#000#0004*0*00*09/1 THETA o1 Fbolot
"-376 #, -- t DF-(3 N EE 5 4a6 * */ --e #e * e-* --- -- 1 i-""='v

-  e

377, PRItiT 1;90

378. -.1290- F F(NMA T I/ 2.A X----NS-90X-r-" E-----r9 h loOXOPM --N-r-5X-"-SE69
379. I8Xs9PF'/)
-380. - 0-'qa-N4SmI-sNUlOr-
381. AoPHL(NTiNS)
382. PI CNT iNS-1
383. P2wA*A+*0
38. -- PHAGN0.0QRT(P--
3bSt PP045S)up2

...386. -' CALL-'ANGLE (i-,B "PHASE-|

387. '40-PkINT 1300, NS9At8PMAGNlPHASE,P2
-388 ----- i--300r- foftA-y_27-TTvr 49-3 9 I• io o6,i'.,

389.|F(NUMB 9LTs 3) Go TO 960

390.--' C - _______________________________

391. C FIND PHMb AND PRINT IT9
3' 32.i
393, Halo/INUMB-11

-- 3 9q .• C 1tT t1PP-vfl-UI-Pt8-T*r IMS

395: PRINT 1310, PRMS mar -PMS SoAT(PMS)

-- 39. -4T6oFORNAT1 i-"" t-u-t1IPI )
397. '$40 C)NT IIJUE
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398. STOP
399 C. . . .

'to0. 95O0 PRINT i320

-4 ir 1-.320- FORMAT-t//t--NSUFrtCIENT-
A

v
T A --

FRO"
- - E

tN2r
- -

-QUITr-w-R. R0UC-XPIAAX-v

402* STOP
.. ... SIu- PRINT-

.O4: 1330 FONmAT(///' SURFACE DATA CARDS NOT IN ORDER. QUIT*$)

64059 STOP

406. $ ZO PRI14T 13'0
-4o e07 - 134#0 FORM'AT t/-/ 0--Pt?F-3URC--OAT*-C7A

R D S -
t4

o -T- -
"

t - R
oE-

R - '- Q U
I

-T
--v-4

NO08 STOP

'910. C

END OF COMPILATION: NO DIAGNOSTICS.
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1. C

2. - SuBROUTIlE INTr2 -.... .

.... -'.---. .-- TH t,--S I,S,H,UuT-14 NE--ES- {tS I - K t,rr-O-I I E S [ ..

So C TERMS CORRESPONOING TO ROSS IENTRY INTGYZ) AND STRIPS IENTRY INTGX219

7. PARAMETER MNTn14*MS=25

S-. PhRAMETER" MAX1w2S0-MAXJOw10
9. COMMON/ItTEGI/NYP,IIoNXPoDAP,oYPtTWoPI

----- u,m*auv+N+_TE 6rao_T.E, . p N A,x j ) s,T 1 M1 hN T " M A XJ i 9 :TR& 1 MN o M A Xi

I I : CCMMON/1NTEG3/QTIMIMNTMAXJ) ,RE(INT,MAXI ) ,RIM(MNT.MAXI) oQRE(NNT,

12. - IMAXII 9RIM(MNT,MAXj+
' -

13. COMM0N/TERMS/PREIMNTMSI OPIM(MNTOMS)

- A. COMMON-N TMET A-NS
I5. C
IS* c _t-tIF TR 1-1iit-T-6 Y 2'

17. IMAAnNYP-3
- 16.8 ........... ... DYP/3.

19. C

0.... --- Do 200- NTS NTMET-

21o FwTRE (NTo I+TREINToNYP)

- 2 6 t?-I N IN t --1--?l 1IN -ofr-Y P )

23. QFlmQ RE(r4T. )QTRE(NTqNYPJ
2 - 9 - .Q.G.I.......- ( I 1 T .i ) Q T I I .N T -r N Y P )

250 F2uTREINT#NYP-1I
--"264 G20TMINT ffy-P---

27. F2uQTHE(NT9NYP-I)
-29 . - QG 2 a%T-"+4 * T I PN V )

29. F3*0.

-30. - 30

31. QF3uOo

- 32. -- QG3=O.-
33. C

- 3oo-- -- Do100 I IMAXf2

35o FZwF2+TREINTtl)
- 36. -- G2"GZTIM(NT#Il-

37. F2sQF2+QTRE(NT91)
-. 3 ,QG.QG2+TlM (NT-sIl

39,o F3EF3+TRE(NT.+l)
--*tOo 3"a 6 3-"11 M-1 ttrur- 0

-

- 9. QF30GF3+QTRE (NTo * 1.1
% 2 •9... ..--- - 6ag = G 3+Q T I m I N T 't I-o-I t

43. kEftT,I I Iww*Fl+9*F2+2*.F3I

.... 0 ----_ RI M(N " i I II w I" W- '9 21-2 ' 4-2-" b 3 )
,4s. RI(NT,11)WO(QFI+0**9QF2*29*QF3)
'946 . - O0"-"frttPI 1T51tV-WW*VQ4t-9,'t-r4. Z. =iG33)

470 RETURN

'99. IENTRY INTGX2
--so0 •1 M A X WNXP 03

51 e- *aDAP/39
-Sze c.

53. DO '00 NTSIoNTMETA

S IfI- r RIE(NT--I- VRE(NT-l-"r-P1
ss: GlsRIMtNTsI )+RIM(NTvNXP)
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56. QFiEHjNT,l)+QRElNT#NXP)

57. GGs0RINTy1RivTN.,r,
S8. F2sHEfNT9NXP-)
S9. GZRIM(NT#NXwlr-
60. QF2*QRE(N79NXP-11

--61- QG2WQRI1tiXP- i
62. F3=O.
--- 3 3u0. - ____________________________

6's. QF3wO*

66. C
-67 WO--3DOUI a 2 1"X 2
68: F2wF2+RE(NT*I)
... 9--G2G2+RIMNiTT I Y-

70. QF2uQFZ+QRE(NT*I)
71. QGZdQGZ*QRM(NT-I)
72. F38F34RO(NT91*11

-73. G3UG3+R1l (NT,-14p.

is. QF30QF3+QHE(NTtlIl)

7so 10 0 9G3 mG3. RI (NT#_1;f
76. PPkEFl+#*F2+Z.e*F3
S77,........ PP1MsG1+'s.eGZ+Z.'G3 ___- ___________

78. C
79'' C-M-7fiENEXT TO ST-ATrKrN* T"LQ RE19REt1V-NETSAR%-- ADD O--------
80. C THE +XP TERMS.

62. PRE(t4TtNS)=(PPREOQFI+4o*QF2+2.o(F3)*(W/TWOPI)
....83. ..... q-P]M(NtiNwt1rd$ -rQ--.* -- QG3W-T-*roqI;

8qo RETURN
-'--sv,END

84, C

END Of COMPILATION: NO DIAGNOSTICS.
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1.
2. - -SUBROUTINE AI~GLE-LE,T-.AI---.-- - - -

3. C
4. -TI-S----.---SUBROUT-14-O-(O4-T-

So C
-4THE-FP14--- *' E O~F A G014CLEANMUMSPIG

- # ... --.... P103o1q14 6. .9265 --- -...

70JIFiABS(X)oGT@IE-j0 IANDO ABS(YjoGTal9E-I0) GO TO S
so _. ..... C -I-OTh X-AND-1--ARC--ZEROi-A--WI-LL-BE-SEy---o

9. IF(ABS(X)eLTo19E'10 9ANO* ABS(Y)9LTflEblO) GO TO 130

119 IF(A8S(X)LTol9E'wj *ANDo YGT*Oe) GO TO 110
-12. ....... F(AB5(Y)eLT.1.E"0-O-- *,LeT-I--O--TO--12 - ____

13o IF(AbS(Y)oLTi*.E10 *AND# AXGTwO*l GO TO 130

IS. IFIAI 10,O50
16. . . ti-IFfXk-ZOr20"o
170 20 AwA+PI

18, . . 0 TO-200
19. 30 AoA#2**pl

. 20. GO- TO ZOO-
21. SO IF(X) 209209200
2-2'- O. 00-Aw15 oPI
23. GO TO 200
210 110A a ! 0P I
25.6 0 TO 200

... 26..... - - I-20-A-PI - _____________________________________

27. GO TO 200
- 2 e #-- - 130C--As-Ov

29. 200 RETURN
3 o. .... ...... ... .E N O
31. C

END OF COV PLATION: NO DIAGNOSTICS*



I. C
" 2. . .. SUJ

3. C
-- ' - - ~C"-T15-S,Sul

5.:

7. Fi
..... . - F2,

9,.3

IbROul

.IS t FNx

rINE- 114T EGIF N.,F-_________ ____

SUB-Rt IW-TU 4CttNsT A FU .T , ro VIA SMPONOS RULEv

NENSION F'(N) --- _ _____

uF*FIN)
N's

I1 DO 10 ln2olMAX*2

12* F2mFZF(lJ -

13. 10 F3*F3*F(1+11
14 • "-. Vm(D/3#)*tFf4I7--rwZ--f 3l
15. RETURN

17. C

ENO OF COMPILATION: NO DIAGNOSTICS.

... SU814..

1. C
. - - -SUS ROUTINE- PRTB(P-F- OF*PREAL-PI AG).-- - ---. ..
3. C

-- q - C THI-S-45- A SU" ' ,4 T P-TkT, HE ,.P-,,aSOF THE lNQl0fik. T PAGS44atoR[

S. C
--.-..... CoMMON/PERTB/SIN(360 I,C-oS-j-3*O----

7. DArA TQOPI/692831853/

9. 6s(F#OF)/TWOPI+10e

i. C THe SUN F+DF CAN BE NEGATIVE. THEREFOREs 10 WAVELENGTHS ARE ADDED TO
12 C ..ENSURE A POSITIVE VALUE --FOR-TME--ARAY---INDEX-w-Nv-

13. C
...... - -NGu ( -A INTI G-)1.36O0I. -. ________________

150 PREALOPOCCOS(NG)
- t6. -- P 1 AGPSS Il|NG

17, RETURN
I* -END
19. C

END OF COMPILATION: NO DIAGNOSTICS,
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MAP OI7K"0S/2,6&Z0*S2----

ADDRESS LIMITS 001000 01447 O$000O Bq1o

,-STARTING-AVDRf9SS---Ot2?39-

--lO o-l-ttst; _S"s :BANK 39170 BANK

SEGMENT MAIN 001000 0q4q7 04OOOn 1f5q01

NTASS/FORIQ 2 O4000 04oOqq

--UWERR/tjAGF0RFUNOZ-tyoo000--006| 2'l--04005-'O0501
NFFTIS/FORIO 1 0O161I 002667 2 OqOSo 00736
NFFTOS/FORIO - £ .0067 0032S6--- 2 -. 3qo73704 1000

--SQRTS/AG0RR0 0 i 0-2-5-7-03
3 

2 8 091001 0,1ti01
SINCOSS/NAGFORFUNIO 3 003327 003474 2 041013 0(1042

--FORIOSZ/FOR1O . .. . --- 0031475-00616 - 2 -010 413-0'354-7
NISYMS/FOKIO 1 006170 006267 2 0q3550 Oq3554

ATAlf9/NAGF(RFU?#I0 r- i 06270-00630-- 2-04355s--043614
VORIOSI/foko I 006631 011730 2 093615 044703

--1 gf S--t COMOp-B 8tOC Kt--8 (**0 (Ot-,b77

INTEG3 (COMMON BLOCK) 096200 104247
-IhT[G2 -(COMON-SLOCK-1 -IOA2- Zo--14 4-17

INTEGI (COMMON BLOCK) 10)o 11425
--BLANKSCO#MO##--CO4M0"t-- OC) -11-1 2 -f44 27

PERTB (COMMON BLOCK) 1144(30 115797
_-- i-tto I-t-a" 7 7 i 0 -1I-6750--7- 764

2 PERTS
-1- 01177301072- ---- 1-1576--t1601a

SU62 1 012073 012330 0 116013 116030
iSU " 0123 3 12--t?30 -14-031---1 07
3 INTEGI 2 BLANKSCOMMON

-WTE a3 WNE62

6 TENMS

"A N . . - 1-01273S014447 G 0 Vi . t-- ai
3 INTEGI 2 BLANKsCOMON

..S-NTEG 3 iN-TEG
7 PERTS 6 TERMS

END Of COLLECTION - TIME iol7S SECONDS



SAMPLE OuT PUT

THE RADIUS OF THE SCATTERING AREA IS NOMINALLY XPMAX Il onCMo

THE OBSERVATION POINTS LIE ON AN ARC OF RADIUS -49 *2 0C--.14o

THE NUMBER OF SURFACE DATA RLAD IN IS NW a 600. THEIR.SPACING 15 DXP ' 009i7 CM
THE WAVELEtiGTH OF THE wAVES I5 WLNGTH--w---i-00-C--

THE FIRST AND LAST SURFACE DATA CARDS ARE- ---- C A R D ... .- Z E Tr--" ---- Z E T-AX-

1 .21983+00 - I1639 00
600 ..28540t004 "33782-01

-- lE --ACOUSTIC WAVELEINGTH -14-S4-,---,1-7--9 -- M
THE TRANSDUCER IS 50.10 CM BELOW THE MEAN 4ATER SURFACE.

-- THE NUMBER Of PRESSURE DATA READ N-ISNRHO--I---THEIR,-SPACINGIS--RHO.OSOOOC.

THE FIRST AND LAST PRESSURE DATA CARDS ARE
- KAID R. HO . P H A G ---RO-------- oX*A4 -- OX-P* Z- 0ZMA G- .. DZP-+A Z

......... 1 ....... O0000 .... OOO10000+ |-----78667----,-. 000 --- OOOOO #-4
7
2907!O|...537-56

101 20,.00000 *170000-01 2078611 ,955042fot '8428620 *137818+'00 '35893

--- THE-SPACINf OF .. THE--SCA-TTERLX--POI NTS--S-- --. -T+-* -0-- zo0- CM IN THE DIREC-1IO_l.

PXP a 17S SURFACE POINTS ARE INITIALLY ASSIGNED TO THE +XP DATA SET.
l-4 H KJINTEGRAL WILL bE EVALUATED FOR-NUMb#-.-.23-$iRFAC---PfvSIT-[ON-S*
FOR EACH SHIFT OF THE SURFACE. MXP WILL BE INCREASED BY KSHIFT q oI
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Program TRANSLATE -- The essential function of this program

is to read a set of digitized values of the surface displacement

from magnetic tape, compute approximate surface slopes for a selec-

ted subset of tlie data, and punch cards containing the displacements

and slopes for that subset. In the work reported in the text, the

surface data were digitized and recorded on tape with the aid of a

small Datacraft computer. This machine uses 24-bit words, whereas

a Univac 1108 computer, for which this program was written, is a

36-bit machine. Thus, much of the program is concerned with simply

reading the tape and translating the data into the proper format.

Subroutine RREC is the primary program unit for performing this

task.

The digitized data on the tape are positive binary integers

with 10 significant bits in the present case. Numbers proportional

to the displacement about the mean surface level are obtained by

subtracting the number 210/2 from each datum. A proportionality

factor is then used to convert these numbers to surface displace-

ments in centimeters (cards 234-254).

The 'selected subset' of data referred to above is an N-word

block of data which is consideredto be representative of the entire

data set; that is, it is an 'average' block. It is selected using

the criterion that its rms displacement be very close (normally

within .57%) to the rms displacement of the entire data set (cards

176-194).

The surface slope, x' (the x derivative of thedipaent
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f) is computed for each value of S by means of Equation 9 in the text.

Subroutine XDERIV performs this function.

Definitions of terms, including the quantities required

on input cards, are given by comment cards within the program.

Subroutine PLDATA was supplied by B. Sternberg of this

laboratory.



00002 ,FORIASI fAIN
(;COC3 C
00004 C THIS IS PNOGRAM TRANSLATE* IT READS A MAGNETIC TAPE CONTAINING

00005 C 'BLOCFS OF NUMBERS RELATED-TO-'TfE-DISPLACEMENT-OF-THE--ATER-SURFACt
oU06 C THE NueCEkS ARE CONVERTED TO WAVEHEIGHTS IN CENTIMETERS AND

OUDC ' PUNCHED ON CARDS FOR USE IN PROGRAM SCATTER.

- C THIS PROCRAR_ HA-S--BFEN--AWRITTTEN_-FOlDTT-PARTICLLAW-CASE-WHERETHAl

00010 C ARE RECORDED ON 9-TRACK TAPEs IN 2h-BIT WORDS* AND IN N-WORD BLOCKS.

00011 C. THE DATA ",GRDS ARE CONVrRTED'FROM 24i BITS-TO 36-BTS

0C012 C THE IELAN IS FOUND AiND IS SUBTRACTED FROM EACH DATUMs
C. 0V- X-VLr -SFTCu?V4ftT TSO -FOR-'EXCHB,,OCK

(OU1q C THE MEAN uF THE khS VALUES IS CALCULATED, AND AN #AVEKAGE' BLOCK

001COCS....... C---HAVIlG__AN RT-V-ALUE--CLOSE-TO-THE-- E-A-TS FOUND9 ONLYTHEDATA iN

00016 C THAT ELOCK ARE USED FURTHER,
....0017 C ...THE NUMBERS"' IN-THAT-AVERAGE-- BlOCKA---RE--CUNVERTED-T--Ci-
(11,018 C X DEFIVATIVES AkE CALCULATED.

. 0G1 9 C- CC WRD S -rVT--CUlHV FItWTUR-U5r---"PROGKAMSCATILR*
00020 C
0.. 021 . . C .. S Y E-fUfTE - F--ORD9 -[ -D-ATA-BLOCK.
000G22 C FOR THIS pROGRAM, N MUST BE AN INTEGER MULTIPLE OF 3.

L0023 C N CAN BECHANGED BY-CHANG1NG--THEPARAMETER-_STATEMENTSs
(jc2o4 C NFILES IS THE NUMBER OF TAPE FILES TO BE SKIPPED.

. 0025 .....-----TISANUR Et TtI F. NUMULt iF 7fUCKSI R0O KE..CURU.1 &fi ANT YrLL TY

0026 C BE 5KIPPEU@
00027 --- C .. SRATE 15 THE-EFFECTIVEDIGFTIZER'-SAMPL-1NG -RATE.

UGG28 C EFFECTIVE MEANS (DIGI1TZER SAMPLING RATE)*(RECORDER RECORD SPEED/
- 0002. C RECORCER--PLAYBACK--SPEEDJ.

OC030 C SIGN IS SET *LT9 0. IF THE DATA ARE INVERTED ON THE TAPE9~ CO~ F PK-H T T_ _A55ULVPETAK ER-rIUt ]FME WA ILR .AVE.

00032 C SPCLD IS THE SPEED OF THE WATER WAVES.
'.00033 C LNGT6 IS-TTiEWAVELENGTH--OF-THE WAVES.
00034 C NB IS THE NUMBER OF N-WORU BLOCKS IN THE FILE.

-- oo0035 . C .IB Ts-THE-ItIDEX-O FTHE--AVERkGE-r Bt.Ot.K 1T CA-ANlT AVT A ,NYV &FRu
00036 C I TO NB.
C0-3TcCPS- IS THM-FRACTIONAL7DIFFRTNLLL tSLTWLLN THE AVLKAVaL Rm:i AND THEL MRS

00038 C OF THE AVERAGE BLOCK.
OU39 C RKSHT IS THE RM.S-SURFACE_DISPLACEMENT-1N-CK-FOR-THE-DATA----ThE
U0040 C AVERAGE BLOCK.

..... GC A ..- C DXPIS- THE-RORIZ0NTXL--SEP AVA-lON-INCTOF--T'HE-SURFTACEDACA*

O0042 C ZETA IS THE SURFACE DISPLACEMENT IN CMs

U0f' 3 C _ZET_X_15__T___XMAi_XNIV1TI___VL_'Ut_L_Ao

OCO046 PARAMETER Nn600
000C 47 .........- COHM014jRE..LHN/ IEC/IY(N.)-

OcOi COMMON/DERIV/DXPjZETA(N) IZETAX(N).. ... c; 49 7T N L .ASEL-t-7-1)i RMS ( 1000)

0G0s0 DIMENSION TEMP(N)O.DUM(N)
... Js GOD I OATA DUiN*rW- _
r0052 REAL MEAN(IO00)

LCC53 NN_
LC054 C

-76-
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Luess C INPUT-CARDS, eooeooeooo
cou$6 c

LCU57 READ 10o -fFfLLSMB
_cc 610 FORMAT(21 )

C OL, . R EAC 20,SRATE
-. 0;o6 _READ 2us SIGN

utJ (iifREAD 2u7PKt-iT-SPEED,WLNGTH
00062 20 FORMATj3F0 O) .
Uil63 C
0006'f C oo***..*e.oeeeo..@.eeS V- 0614 C

L0j66 PRINT 309 NFILES
-U067 30 FOWiAT(IHIq,"NFILLS n'#129' TAPE FILES HAVE BEEN SKIPPED.)
U0068 PRINT 40g SRATE SIuN
(jO0 9 - tO-F0k MATIH A THE-EFFECTIVE SAMPLING RATE 15 ,F6.o' SAMPLES PER SEC
C,UU70 -OND.'/' SIGN w0Fsof')//)
UUu71 PRINT 0s PKHT
OU072 So FOkMAT(' THE PEAK NT OF THE AVERAGE WAVE ISV*F693,' CH90)
00073 PRINT 60t SPEED
CO074 60 FORMAT( THE SPEED OF THE WAVES_ISfeF6.2vl_CM PER SECOND*#)
0075 .PRIN7 70, .. LN(TH
00076 70 FORHAT(' THE 4AVELENGTH OF THE WATER WAVES ISO,F6.3, 0CM')
CM17 7 C
Glc7a C SKIP FILES THAT ARE NOT OF INTEREST. LABELS ARE FILESs
C0079 C
001060 IFINFILES 9NE. 0) CALL SKIPF(NFILESeMB)
LUE81 C
U0E2 C READ ANU PRINT THE TAPE LABEL.
00063 C IOTPIN 15 -At)ACC-i-o8'LIBRARY-S-UROUTINE TOREADA A BLOCK FROM

G008q C MAG4ETIC TAPE* SEE THE REFERENCE MANUAL FOR THE 1108 COMPUTER,
Occs C I 4THISfA"E-T'iHE'LAZEL iS STRICTLY NUMERIC AND IS REOR-DDAS24-131T
00086 C WORDS, FLU MANIrULATLS THE BITS TO READ THE WORDS IN A 3mBIT 11108)
C,b7 C FORMAT.-
00086 C_-
00089 CALL IOTPIN(I7psl-YtN9LNZsS80)
GC090 so LABEL()F.FLDIO2qjIy(I))
G0Qc09 1 LbEL(2)*Fn~L(llO.2.ly(2))
C092 LA6EL(3)wFLD(I224tIY(2))
L0093 LAbELS)=FLDIUtZ4tIY(3)) ....
( cl, LAbEL(5IuFLD(0q12jIY(qj)

00096 LAbEL(7I)FLD(,24qIY(S))
UCus7 PRINT 9U,ILAULLIJ)p JIo7)
00098 90 FORMAT///f TAPE NUMbERs16oIOXe?DATA TAKEN ON f&I2sf/*s2st/*s12/
00E09 9 .12 8X O'AT-A DGsIE O 17T 2tv,/u .12)
u0010(0 C ______________________W__________

00101 C AN EOF SHOULD FOLLOW THE LABEL.
00102 C FIND THE LASEL EOF.
-0103 C SUDOUTINLT-10 P SPACES LOGICAL UNIT 17 jh[RE) PAST"THE NEXT DAYA
E(i1oq C BLOCK. IT TRANSFERS CONTROL TO STATEMENT 100 IF AN EOF IS FOUND
00 1 C
00106 _CALL IoTPSP(I7a$IOO)
LOI07 PRINT 95
00108 95 FORMAT(//e0 0* LABEL EOF NOT FOUND. *$o*o )



U1 C 0 CBEGIN THE ANALYSIS OF THE DATA.
0(III ...- CREAC--THE --p-TA-L-CKAYHBLOC8LF-CCA?BLK PCO -UTETiES-R 7A"--D-TE
0Q.12 C MEAt. ALSO COMPUTE THE AVEkAGE RMS AND THE AVERAGE MEAN, FINALLY#
00113..... C --..COPUTE TiE-STA NDA RD-DEVIATIONS-OF-THE-RMSFS-AND-MEANSJ - -
OL1119 C BECAUSE THE WAVES ARE APPROX PERIODIC, USE ONLY THAT NUMBER OF DATA

-- C I 1 . C-'KTSjji;iJCFCORRE5FlOD--TO--N-T?E IR-N TRBT.OI-VAT.N G I 5.
UG116 C SUBROUTINE RkEC LONVEkTS 2q-blT WORDS TO 36-BIT WORDS* CONTROL GOES
j0117 C -TO STATEFCTT_TlTU_-IF7XN LOF_1__F UN0 AND TO 160 IF A TAF E E O'R
00118 C FOUND,
00119
U0120 DXP*SPLED/SRATE
-00t SrTLuWLNGTH/UAP
00122 TwN-i
0123 - _WP FL;(TM*-T-TDXPWNGTm
u0124 NS=SPtL#WLPBL+le
00126 Kw

00126 U30

0128 SUM300.
00129--suls -

00132 UM100,

UU1314 CALL RhEC(NW6*180g160)V 0135 .K-e+ ...............
U0136 00 120 JIeNS
S00137 5UV.SU4+FLOAT(IY-(-T-T
00138 120 SUpilu5uMI+FLOAT(IY(I))$o2

00140 MEAPI(J)&SUM/F0...401 RHS(-S R TM-7 F M tA N JI ZI
01'42 5Uh2rSuM2+MEAN(J)

001414 SUMq=Suh4+RhS(J)

GI -5 SUh0.5CPZ,T+-TSTJTi-z

U0 146 G0 O0 100
ii(i1 47 160 -PRINT 170,"'J _-_ _
clij8 170 FOhMAT(//* **so TAPE ERROR IN BLOCK NO*#Olqtf 0oo**f//)
LCl'9 - MEANIJ)-__
00150 NtSlJ).0,
(i s GO TO IOU
0f152 180 FKxK
LC 53 .... ... J-I -....
00154 AVGMNwSUM2/2rKJ o155.... S E A Nu S CR T(( S-UH--FK-4-A V o-6- 2 T7TF'Ki 1- TT-

00156 AVGRI S,SUM4/FK
G-157 " 5DRf5lWRi(Umb-tKPA-v-(RS*92/iK-T-
u;168 PRINT 190o NS,LPBL
,1S9 1.............. 90-FO ATI/FT"r --Ff q,WORDS INEAM BLUCK ARE USEU TV C"UT
00160 IE THE MEAN AND THE RhS@ THESE WORDS CORRESPOND TOfgFS*,j WAVELEN
00161.R....2......... .2GT -S D)
00162 PRINT 200, K.AVGMN,SDMEAN
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L, -6 200FOWF-ATTT-THE-WLRKGEOF-THE MLANS OF"It' ERROR-FREE BLOCKS 15
C0164 1IoPIU.5/0 THE STANDARD DEVIATION OF THE MEANS IS*sF1OS_

1Ul65 PRINT 210, AV(RMSSDRMS" .
0C166 . .210 FOkMATI-OTHE AVERAGE OF THE RMSES IS,OF1096' THE STANDARD DEVIATI
u0167 iON OF 1HE RASES ISPIF109-5) .
EX0168 PR1 JT 220
EJL169 220 FNAT THI TS l-AR-Y MEAN,'/
U0170 PRINT '259(MEAN(J)o j"11NB)

20171 . 22FOkMATIIh ;-0Fl2*5)
U 0T17 2PRINT 2110
00173" 2 o FORmATI'ITH-S-1-S-AKR-AY Ws-9-
Ulu174 PRINT 225@(RMSIJ)#w l,NB)
1001Y5 C
U6176 C FIND.A_BLOCK CONTAINING DATA WITH AN RMS CLOSE TO AV,RMS*
0tJ177 C-- - - -t ------
00178 EP5,05w9U
00179 LPSLVS

-- 00160 b u 26 j0 ua
UU16 1 270 JuJ+I
U0182 IF(APSRNS(JI/AVGRhIS-1* *LT* EPS) GO TO 300
00 114 3 IF(J-lI: 270,280a2t0
uolb,4 200 EPSwEPS+EPSO
0u185 IF(EPS-IO9EP5O1 260,260,330
J00186 300 PRCNTUAO0..EPS
00187 lbuj
Uri0 8 PRIN7 3209 IbokIS(I8)*PRCNT
U0169 320 FORkAT(// BLOCK NUNBERfIf,' HAS AN RtiS VALUE OF',F7e2o', THIS 1
00190 _ . IS ITk4IN#tF'#2vf PERCENT OF THE MEAN'RISo_ _
0191 0 TO 3o

00192 330 PRINT 335
0u193 335 FORPAYi/' ... CANT FIND AN RMS(J) CLOSE TO AVGRNS UQUIT* ooe,)
ci 01914 CALL ExI T
UU195 c
.. 0196 C REWIND THE TAPE AND RETURN TO THE BEGINNING OF THE WAVE DATA,00 19 7 C...... .. .. . .. -

00198 310 CALL IOTPRW(17)
00199 -NFPIuI4FILES+l

00200 CALL SKIPF(NFPI,MBI
00201I C

-.- 0C2C2 C GO TO BLOCK NUMBER 1B READ IT, AND COMPUTE THE MEAN AND RMS VALUES
00203 C AGAINs AS A c--HECK,

U0205 360 IMAXEIc-I
00206 DO 370 ImIqlAX _
00207 370 CALL 10 TPSP (-7I
002C8 CALL RREC(UN,s480,s40)
0O209 D0 360lullN

-. U0210 380 TEmPjI)nFLOAT(IY(l))-MEAN(1B)

00212 suhluOt
00213 DO 390 Iwl$NS
00214 SUMwSUM+FLOAT(IY(IJ)
G0215 390 SUMIn$UMI+Fc,AT(A)1002
00216 F a NS



00218 CKRMSSQRl (bUMl/F-CKMEAN*02)
00219. ............ PR I YNT , ;--C-KIEAN--C KRKMS
C0220 400 FORMAT(/ ChECK THE MEAN Ab

Q.. 00221 .............l R,fSOX ' -RF *S - -oFO-
U0222 PRIIT s20p Nvi

..... CZ23 q20FRMATFTTt'--Ct * -t r1b -ol
0022 I IS',IS,•)
Ur,225 ... .... . . TOsEf i
o0226 &4io PRINT 4S, 1l
00O227 .......... { F CR V,AT {11/ .... i-TTkPt--RlOR-

00228 1K9 *....'J
-- C0227 -0-TCW7rT

0L230 460 PRINT '90
00231 4-90 FOPMATU1 r E'0F' JND-
00232 CALL EXIT
LC233 .. C -

-"J00234 C FIND THE LARGEST POSITIVE AND

G C 2 3 5.... ... C---TR SR CW -T'--t- -STUBTS RC
C02.36 C ELEMENT IN AN ARRAY,
U0237 C -

U0238 5o CALL UKSRCH(UvNsTEhP,LPoTMPt
U239 CALL -UISPCH (t,N,TEiIP,L-N.OTMPI
002'10 PRINT 520o LPjTMPMAX
'24T 520T0RflAT('oZ_Xk T u NUM NV N'MU IER '# '

U0242 IVERAGE bLOCK9 IT HAS THE Vi
uU243.... .PN 50. L-N-TFHPMTN
00294 530 FORMATI*ODATUM NUMBER''140
0G2455 - AVER A-GE- 1L0CK--71 T-' AS-TIE-V)
Q(2'S6 C
TC-2 ' T- C ThL F A W-rtWILL TT i.TCUNVERTTHL.

____ ,248 C
W'U 2#4 -_TMP -TM''
C1 250 IF(SIGN *GTo 0o) TMPmTMpMAX
00251 .. .. CFaPKHPT/T MP ...._-.

(J252 kMSHTuABS(CF)oRMS(IB)

(#25'4 .550 ZEjAjI)wCF*TEMP(I)

...0025 .5 C..
00256 PRINT 56 0vCF

2C57 .......... .'S80"-FORF.AT(-'0c-TKE--AA-VE-fCT---CINVERSI
10258 PPINT 5909 RMSHT

6o-2 90---FT - THE KMSWA-VEROF I
00'260 1*')
00261. PR I 1T --600 -DXP
00262 600 FORMATW' THE HORIZONTAL SEPO
C0263 .1-' F 6' 4-,- CM'i"
00264 PRINT 620
b00i26 S T620 FOMA TTTI4 rT!iRAY R ZTA-4
U0266 PRINI 630(ZETA(I)e IuiN)
0CU 267 .. . - -- ATT-- F[7-
OC268 C

....0a269 ...... C--C0 UT E-'D ET-EThV N D CRtA
0C 270 C

NO RMS OF BLOCK IB90/1OX*MEAN u*oFlO*S

Til NUMBERIO UATA RAU WTg ARRAY E'lP

-- T-BO-CK- !0 nit"Ift = ,T7RY--A -OTHER -B-OC€

BTRE-Co"QUIT- 00,,

NEGATIVE VALUES IN THE AVERAGE BLOCK9
OUIN TO FINDT TI LAIGSTOR"SNALLbET

MAXoD,0UM)
4 N I', 0 U M I

15,TR7E--UAKGLbT 'U05TIVL PATUM IN HL A
ALUE'OFlOo,41

IS THE LARGEST NEGATIVE DATUM IN THE A'
ALUErsT1D Oq

N,UMVERMZN A AY IL F I 0 CM*

I-crl--F-A-CTOR
- 

I SC m*l-u-Iu-q)

IHI AVERAGEb LtXL.K lb "T m'#FS93pt l

ARATION OF DATA ON THE SURFACE IS DXP m

;07 U)

it OUTPUT*~



-81-

00271 CAC-L XuLRIV
U0'272 PRINT 6b0
u0273 - 650 FONrAtd1sL8X I H I-~,x#zTA~

PRtI1T 670t (I,ZETA(1)#ZETAX(I)j_lo#So)
00275 670 Ff(HAT( H ,flu U.-2F. .
LU276 CALL PLDATA4NvDUMqTEMpjj

)
UL,277 PUNCH 6809NN,L)XPoWLNGTH
ijJ0278 680 FORMAT(I0oZFI0o5l
0U279 PUNCH 7001 (loZLTA(jltZETAX(I)# ioioNN)
U0280 700 FORHAT(1O2E1295)

00282 C
uUZ83 &FOROSIA SUBI

CU28 C
U0285. SUbROUT114E XuLRIV
0236 C
U0)287 - C THIS SU vuUT -COMPUTES THEAPPROXIATE-X RIVATIVE OF-UNCTION0U288 C ZETA@
UDZ89 L

UG290 C
00291 PARAtETER Nu6O
00292 COMtiON1/ERIV/XPOZETA(N)#ZETAX(N)_____ ______
QU293 C
0(294 IMAXwfl-l
0(295 bD-29*UXP
60296 ZETAX(l)29*(ZETA(Z)-ZETA(lI)/D

0. 0298 ...... .... 00..20 !._2,IMAX _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _UU299 20 ZETAX(I) (ZETA(I(h)-ZETA(N11)/D

GO300 RETUkN
0t3-01 ND
00302 A

003U9' c SBOTN
0306 RKEC(NWORDsex)

0306 C
60307 C TINTRIADI SORiPTNE-TR RA '1 RTCORN AN
LL308 C CONVEkT 9-TRACK, 2 BIT WORDS TO 36 BIT WORDS@
C03U9 C
00310 PARAMETER N*600

CU312 COMMON/REC/lY(N)
c3613 C
OC-3114 MoZON/3

1,U315- --- -'tA L L' 1lO i-f4T -1f; 71-9F o-;L-N i-Ii Oo p3
00316 c
00317 C O TO-2-'"F--- OF 55'FOUND,
10C318 C GO TO 3U IF A TAPE ERkOR IS FOUND,
00320 NRQSLNZ/3

u0321 IMAXuN4ORDS-2
u,322 . .......... ... _ _ _ _ _ _ __,__.....
U0323 DO 10 ImI#IMAXv3
u0324 J020(1+2)/3-

1
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U C-S2S ly 11 1 u. L) ( 0 1 zt 0S1A (;311

CU326 IY(I1+J)iFLD(2#4#12t1A(J))#N8'FLD(O#12.XJ+1_c C327 10-IO--- -- ________-___-_-J ---

U0328 RETUkN
OC329 .. 2a--RCTURN- -

0033u 30 RETURt 3
.... . l D33F - - l-07

00332 c

u333 r.ooAtSISUA b-
UU334 C

00335 SUBROUTINE PLDATAtLZNT-t-W#8-l'N?lT1
03336 C
C~UD 37CTIS7 ATO FEC7T" 0 THI -- 10A 5U,IVIAPRINTERTI ME VATA IN TML AVLRAWL
(0338 C BLOCK.
0 0 3 3 9 C ........ .............
UU314O PARAMETER NCw8
ij (Ji 3O 1 -J N T .E CG-E M(-NC-

,UU342 IMPLICIT INTEcER (A-ZI
....C33 ~ REXL--I-7"T -Bzl

u13145.. CALL UKPRTMTu,a0-
0U346 PRINT '4000
UU3'$7So00 FORtAT( 26X F TIE --AVERAGE1LICK . I TS--=-IGITXZEWUITS'I
U0348 _-_ T6.'-1l0' ,TJ6, -BUU .T26,"-600

e 
,T36,-$DO' ,T'6,*-2OQt .TSB.'0

-L, G 3 di9I- T"r2 u- DfT77- l 0". 0 T7.6gu'f 7s'G0oi . |o0'# T1I37-

00351 .

U0352 C CLEAR PRINTER BUFFER.
....u03b 3 . . .... - - _.................. ._ ___ ___ ___

UU359 DO 21 IolNC
bO3- 21-ffTTT-'6H

0U356 DO 4 Im,LENTgNPLINE
....... ;0 3 57 Kw'U

0G358 CALL COL(E*0slHo.)
.... . 3 9 .... D 3 4 I,tJPLI ~E-

00360 IJ__ _-_
lu3&T IF( I 9L.T7LNTJ"GO TO 3
00362 CALL COL(B(lJ)jlHo)
LC363 C................... .CALL CoL A( j f)-1- I
OU3614 1BUB(IJ)

... 00365 - ZRmA(-1,j
CCj3i.6 3 C04T I NUE

- 00 Y67 -PRINT soolt |'oMpla'glA

U0368 qUO FOMAT(IX,I,Xp7A6oA2,2110)
00369 C.. . .¢. ... . ....

00370 C CLEAR PLOT BUFFER OF SYMBOLSo
. U0371 .C

C0372 DO 31 KwljNC
C3M3 31 M(Kjm6H
037' 4$ CONTINUE

.0375 -CAL C-RPRTM T 3J
01376 RETURN
. .C377 ' .
00378 SUBROUTINE COL(VAL.YMJ



00380 £

EoC381 C
0032 C

u0383 8C
(36 C

L c385 4

IAL VAL
NILbER SYM9COLV
OLV&(IVAL+10's9. ii2i67
OLVuMAX(ICOLVI

ALL CHSTOR(SYMsCOLVOM)
ETUF%N

0L36 6 C
00387 SUbROUTINE C TORlCHARsPOSqARRAY)
GL388 DIMENSION ARHAY12)
LC389 - "I MOL-I ClVINTL40iA~Z
0390 vCwRO(POS5)/6

b39| bITu Ab$(M0D((Po5-l)*6v36J)

01392 FLDIBIT#6*ARRAY(WORD))oFLD(Oo6oCHAR)
L
0
39

3  
RETUN

00394$ END
U0395 C

....00 396 AFOR,SIA SUB4
l0397 C
Q0398 SUBROUTINE SKIPF(NFILESeMB )
00399 c
00400 C THIS IS A SUUROUTINE,TO_SKIP TAPE_DATA_FILES THAT ARE NOT OF
OL'0l C CURkENT INTEREST.

i 4$03

U L 14$ (i 5
oCa 06

u(J4$08

UUS 10

c04$ 11

C u 9 13

C

DO 60 IsIoNFILES
20 CALL IOTPSP(179560)___ ___ _____________

00 2u jsl#MB
_ 'sO F1AT('/' NO LOF FOUND BY IOTFSP9 QUIT*O)

PRINT 40O
CALL EXIT

bo COOINU
RETURN

END
C

UO 1S 1 2QQ

001416 'I0.- TA__C, AI- $ XM$T)

0C4$l8 __.32• 39.1 6.80 _..... 9 oo v . .. - iN

- A -A -0 ds . I .. - .
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Program PGEN2 -- This program was written specifically for

a vertically incident beam with cylindrical symmetry about the beam

axis. Its function has already been described. Very briefly, it

reads input data, expands the number of data by linear interpolation,

computes partial derivatives, and punches cards. The input data

are values of the amplitude and phase of the transmitted pressure

measured along a radius in a plane at a specified distance from the

source. Referring to Figure 5, we see that these quantities are

smoothly varying functions of the radius, , except for relatively

rapid changes associated with the nulls of the amplitude profile.

So the sampling interval is determined primarily by the need to

adequately determine the shape of those functions near the nulls.

The first part of the program (cards 58-69) is a linear

interpolation procedure applied to both the magnitude and phase

data. Uncertainties in the measurement of these quantities is

likely to be greater than interpolation errors.

Partial derivatives are computed from Equations 11-13 in

the text.
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00001 FORjSIA MAIN
00002 C
00OO-0 C THIS ISPROGRAFa--P'EN2.
00004 C ITS PURPOE IS TO PROVIDE VALUES OF THE INCIDENT PRESSURE AND ITS
0OS t OERIVATIV9S-1OR-USE-Bw--PROGRAMA--SrrTEA ....I T-REQUIRES MASURED-VAUE9
00006 C OF THE MAGNITUDE AND ,PHASE OF THE INCIDENT'PRESSURE ON A RADIUS IN
00007 C THE MEAN SCATTERING SURFACE9
0008 C IN THIS PROGRAM THE RADIAL DISTANCE IS CALLED sX' FOR BREVITY, BUT
00009 CIT SHOULD BE UNDERSTOO-TH-A-Tg--IN TERMS OF PRi_M*5CAMTTER e IT IS
00010 C REALLY THE QUANTITY #RHO#. "
00011- C__PGEN2 .INTERPOLATESTO 1NCR#-it -'EAS R UM1B-rFiO VLE-go AND IT-CRF(IfEs
00012 C THE X (RHO) AND Z DERIVATIVES AT EACH VALUE OF Xe
ojoT3 C TW.INTERPOLATED MAGNITUDES AND PHASES OF THE INCIDENT PRE5SUR AND
00014 C ITS DERIVATIVES ARE PUNCHED ON CARDS.
00015 C
00016 C Z IS THE VERTICAL DISTANCE FROM THE TRANSDUCER SURFACE TO THE PLANE
00017 C INWHI- HTH'E--kSUREWEA I'S"WE'kE RADE.
00018 C WL IS THE ACOUSTIC WAVELENGTH,
00019 C NCARDS5IS T14E NUMBER OF POINTS FOR WHICH MAG AND PHASE ARE READ IN.
00020 C AFTER_INTERPOLATION,_VALUES FOR NX POINTS ARE PRINTED_AND PUNChED.
00021 C NINT IS THE NUMBER OF INTERPOLATION POINTS DESIREO BETWEEN THE INPUT
00022 C POINTS.
00023 C DXO--TS THE HORfBONTAfPACNG BETWEEN O--1NTSCORRESPONINi TO THENPUT
O002q C DATA. AFTER INTERPOLATIONt THE SPACING IS DXt
00025 C PO IS THE PRESSURE MAGNITUDE.
00026 C PHI IS THE PHASE OF THE MEASURED PRESSURE IN MULTIPLES OF TWOPI
00027- C THE OUTPUT (PUNCHED AND-PRINTED) PHASES ARE IN RADlANS.

00020 C DXMAG IS THE MAGN OF THE_DERIVATIVE OF P WRT X.
00029 C DXPHAZ ISTH-EFH-ASEO-F-T-HE DERVATIVEs
00030 C SIMILARLY FOR Zo
00031 C

__00032 DIMENSION P0(OO)of!HI(SoO)lX(SO)
00033 DIMENSION DPODXISOO)jDPH1b!X(5SOO)
0003q REAL K
00035 C
00036 C INPUT CARDS.
00037 C
00038 READ 20t ZoDXO#WL
00039 20 FORkmt(Mf-lb9o
00040 READ 26, NCARDSqNINT
oOO1 2S FDRMAT( Ii T
0002 C
00O 3 NXn(NCARDS-I)*NINT+l

000144 C
ThOO',S READ 30v(PO(I)lPHI(IJl luI,NXONINT)

__90046 30 FORMAT(2FIOsO)
OOOqS C
000'48 C *oeoooes**oo e*.*eeeg o@o
0049 c

00050 PRINT 3s
00613FRMT1i~~'i~IN1J ARYS A RE 1- XN-H d_ 0 _3 M NI/

- _0002 PRINT qOtIIoPo(I)PHl)l ImIjNXvNINT)
... Oos3- fO_ RMA T i 3oFJlFTr--r_qooosqTc
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UUU55 JwuP-6oZ83185
00056 KeTWOPI/WL

00058 C FILL UP THE PO AND PHI ARRAYS BY INTERPOLATINot
-O 0059

00060 FINTwNINT
' 0061 IFMN'NINT-I
00062 JFIN:Nx-NINT
00JG3 DV-SuoJ-i--JFNPNINT
00064 DPw(Po(J+NINT)wP0fJ))/FINT
00065 DP K rTpTr-0NINT)W-rAllIDFINT
00066 00 SO IsloIFIN

00068 PO(J+I)wPO(J)+FI*DP
00069 0So J71u11 PHJ+ II+FIP H1
00070 C
00071 DYWDDX CFITT
00072 C
UD073 P RINT Sz9NXIDXpWL#Z
0007 52 FORMAT(IHIO#NXw 'vIStSXs'DX fvF$vtSX#0WAVELENsTH *=0F$.qSX'Z_0-- 007S T; 7-

00076 PUNCH 54, NXpDXIWLgZ-- F00077 s F0RM-ATUgo-6FT 0,7
00078 PRINT 58
00079 S FORM rIIX,qHX ",7Xv6HPNAG v3XtSHPHAZ X,6HOXMAC *BHDXPHAZ--eX
00080 lp6HDZMAJ v8H DZPHAZ /I
bo00e- c
00082 C ATTACH VALUES OF X TO THE PRESSURE DATA.

- 00083

00084 00 60 IwINX

00086 60 XII)w(FI-lp)*DX
-00087--- ----

__.00088 C COMPUTE PARTIAL DERIVATIVES AND CONVERT PHASES TO RADIANS.
00089 C-TH -FTJNCT] -A- fTT-Y- -A AN I N0 -malT,RFUCTM -TU-RE4QVt
00090 C THE FRACTIOt.AL-PART OF A REAL NUMBER.

00092 DPHIOX(I)wOs
00093 DPODX(a)0- _

0009 IMAXnNX-1
doo 9 S'c- 9-- -;Tlwx-

00096 DPOOX(I)(PO(II)-PO(J-I))/(2**DX)
0097 a0WoPIiDx"iu(Piil(T-I|TPHi(I-

1 1)*TWOIP/'2.IDAI00098 DPODX(NX)wDPO0X(IMAX) '"
0099 OPHIDX(Nx)-wDPHI0X(lMAT
00100 C

--- 0o101- -[-D10--iN X
00102 QwPHI(II

00-'03AAo-"Ti . I QA iNT(QI I

00104 SwSIN(AA)
00105 C=C-OS(AA
00106 DPXRE-PO(II)*OPHIDX(I)*S+DPOOX(I)*C
001D0 RPXTFsP0TrT*IUqT fZTZ)
00108 ROSQRT(X(I)**Z+Z*Z)
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00109 DZMAGNK POIIJ*Z/R
00110 QDOQ+.25
061 -1DYZPH-AZ-OPI (QD--IYIQD))
00112 C
00jY3 CCONVERT REAL ANW-R--TERMS TO MAGN AND PHASE*001119 C"•

0oV5 DXMAGaSQRTIOPXRE**2+DPXIM**2)
00116 CALL ANGLEIDPXRElDPXIMtDXPHAZ)
00117 C
00118 PRINT_110tl#X(I)oPO(I)_AADXMAGoDXPHAZoDZMAGpDZPHAZ

-0011-9 100 PUNCH I11o-TT1 -r)-A-b--M ---- Zg-l MA6g-Z FHA Z00120 110 FORMAT(I5vFlOo5#3(El3,6gF8oS))
00121 END
00122 C
00123 1FORgSIA SUB1
00121 SUBROUTINE ANGLEIX9Y9Ajoo12w PI=3.1151925

00126 IF4ABSjX).GT#l.E-Io *AND. ABS(Y)9GT*loE-10) GO TO 5
00127 IF(A0SjX)vLT..E-1O *AND. ABSY)T.I.l 1T-T0) GO TO 130
00128 IF(ABS(X)#LT..E-j0 *AND._Y*LT.O.) GO TO-100
00129 if(AS--X),L?oi,E-10 *AND. Y9GT.O.) GO TO 110
00130 IF.A0S(Y).LT ,lEmO O*AND._X9LTqOqJ GO TO 120

00132 S AwATAN(Y/X)
00133 IFIA) 10t10O50
001319 10 IFX 20,20,30
00135 20 AOA+PI
00136 GO TO 200
00137 30 AaA+2.PI
00138 GO TO 200
00139 50 I M 209209250
00 110 100 An.1SopI0011941 Go TO 200

O011q2 110, AoSOPI

00149 120 AwP!
001415 GO TO 200
00146 130 AmOo

001,48 _N0

00149 C
00150 rXQT
00151 50.1 .25 "'719
00152 01 1
00153 1. 0
00159 .997 .001
00155 .992 .003
00156 .982 .00S
00157 .965 .007
00158 198 .013
00169 .927 902
00160 . 92 9o2
00161 .875 .036
00162 .8S3 .052
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Ou163 ,82 ...9063
001614 #7814 *08

S 00165 7'Ifq- ... --
00166 e70' 4 12
00167 -965 "-
00168 .62 0166
001-6 95918 9Tf
00170 .537 .224
00171[" *2be

- 00172 *9s's2 .2904
00173,399--33
00174 :3147 .37q
6017,3 q07
00176 .25S 4 'qs
00177 . 6 T 4V
00178 .161 .518
00179 .121 0-qW
001-80 .083 .556

S00182 015 .33
00183 .045 9 5
0018 .053 ,367
00185 ,077 "
00186 .102 , .'s5
001 O 7 [23 .. W95
00188 91s41 O S4.... 00189 -s i 61 q
0019 0 17 .675
00191 - 9183 - -,7-
00192 .192 .805
0r[9 3 19B'" 872

0019 .2 o,942

00196 62 1:.082
00197 2_9_ G_-_ _7-

00198 0196 1#23
00197 ,19 1*3

002UO *185 10375

00201 - .... . .. 17r -5--

00202 #167 19525
00203 . 1S7- ' 1,595
00204 .*1'3 10688
0C20055T25S 1078
00206 .112 1.88

- 00207' S0-1 -s-97
00208 .08s 29055

. . .0209 075 . .Z 2S
00210 :067 2.205

002124 .4' 2.38
00213- - 035 27qC
00214 .027 2:55S

- - 00215-,-2 . --
00216 .015 2.71

00217 9012 277
00218 0011 2*86
0-219 o013 2,99 7

00220 .018 3.06
00221 .02 39165
0n222 022 3.27
00223 .025 3.35
002214 .026 3.s4,5
0022S - .025 3#555

-_00226 .023 306s
au z 7 02- di
00228 002 3.81
00229 019 q
00230 .017 's.2'
00231 .017 's.36

...00232 .016 's.53__________ ___________ _______
00233 007 's.72
.____.OZ3q rIN
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B. Programs based on analytical expressions for acoustic scattering

from a sinusoidal surface.

Two programs have been written for the purpose of evaluating

Equations 35 and 39 in the text.

Program PSINI -- The scattered pressure, Pm, is evaluated

for a specified number of positions of the scattering surface.

The surface is translated stepwise a total distance of one surface

wavelength. Several quantities related to the scattered pressure

are computed and printed for each position of the surface (see

card 211, statement 200), and all of these quantities, except

phases, are averaged over the surface wavelength (cards 215-223).

One of the quantities obtained is the rms scattered pressure, prms"

Another is the coherent component of the scattered pressure, <p>.

Values of the percentage slope correction are also computed.

The equations and definitions of terms used in this program

are taken directly from Equations 15-38 in the text, and the

computational procedure is clearly outlined by comment cards in

the program.

Both of the subroutines in this program are useful in a

variety of applications. Subroutine INTEGI, used here to compute

the averages of the pressure terms, is a simple routine for the

numerical integration of a function of one variable.
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uuuui A5si 1190| TIMATHrr,

00002 OCOPYIG llo#TPFS*
00003- FREE- It
00009 roFORjSIA MAIN00005--_____________________
00004 C THIS IS PROGRAM PSIN1,
DUi7c r C ITCOMPU'TESpTHL FKLS5UKt AND-THE -NSrKLbUKESC 11ERLDHEATTt N A-Z
00006 C PLANE FROM ArCORRUGATED SURFACE* A SLOPE CORNECTION IS INCEUDED9

C IR00- Tr E-COR T"- AAN OS-AR 1uS r-- -ARE-pAt-ALLL-TO-TRE-T-A-KI-S
00010 C A HIGHLY DIRECTIVE TRANSMITTED ACOUSTIC BEAM AND A POINT RECEIVER
000i i R-A_ 95TM-_o
00012 C THE AMPLITUDE PROFILES OF THE INCIDENT PRESSURE ARE ASSUMED TO BE
uuuJ 3 QAU55IANs JTEY"AR LASUTREVUN A HORILUNtAL PKAMLADtT ANCER
0001. _ C FROM THE SOURCE TRANSDUCER,
00015 - B-V - -ThE-BEAVZFDTHR-"Es

00016 C BWY IS THE SEAMWIDTH MEASURED IN THE Y-Z PLANE,
-0007 CSTOUERPCAEF-THE-RIUtDN T-PRES UIE-Z rwATOr S--------UR-
00018 C MODE SPECIFIES THE SCATTERING GEOMETRY.
"--u"---GT9 c ROULs 1 0-,, PECULAR.3CATTEKINGg
00020_ C MODEw-l *o,B ACKSCATTERINGs
00021....' -"ODEo --,-TRANSMITTER-ANGL-E-FT]XED-AT-ZE-*--
00022 C MODEO IS THE INITIAL VALUE OF MODE,
00023. C DMODE--IL- THE-INCREMENT;"
0002% C NMODE IS THE NUMBER OF VALUES OF MODE* NORMALLY It 2v OR 39
000'2S- C THETA ...T5THEINTTIAL VXUE OF"THE RECEIVER ANGLE WRT VERICAC
00026 C DTHETA IS THE INCREMENT.
00027 C NTHETA-[S-TRE-NUfBER--OP-"-L-U-ES-UsEog
00028 C OFFSET IS THE ANGULAR DISPLACEMENT OF THE TRANSDUCER WRT ITS NORMAL
00029.. . -POS 1TTo -FR-ThE-.S(ATTERING--noDt.- SPEC}T-FTD---IT--FS TTVE-F-HE
00030 C DISPLACEMENT IS IN THE + THETA1 DIRECTIONO

a00 C THETA|'IS + UF-IN]v
00032 C THETA2 IS + DOVBNWIND#s
00033 Z---C--ETA--S--T'E-MPLITUDE -OFR-- E- C-RRGAT'ONs T-MAST-'B -GTq ZERO
00034 C ZETAO IS THE INITIAL VALUE OF ZETA,
000357. CZ DZrTA--TS-ThE--T-NCREKEN"y--W-WLIHCWZET-"SA E __.__E__

00036 C NZETA IS THE NUMBER OF VALUES OF ZETA USED9
00037 C aL 15' THE'ACO'USTT-t ELLENGTH.

. 00038 C S4L IS THE SURFACE WAVELENGTH.
-00039 C~ K ISTHE-ACOUSTIC WAVEUMBER9--
00040 C SK IS THE SURFACE WAVENUMBER9 -
000 4I C-- R AD SOTTH---ERAD1USF--ATH-RC -NW-" ICW-TRE-TRA-N'"TTTER-40v rS9
00042 C R2 IS THE RADIUS OF THE ARC ON WHICH THE RECEIVER AOVES.
OO.... CR I S-T.-- I'DEX--RR--iORl-Z0NTAUtPLACWEr-W THE--SURFAXLE
00044 C XM IS THE MTH HORIZONTAL DISPLACEMENT OF THE SORFACEro
- 0 ,004 , C-WAXTS-THE-ND-MS'ER-0OF--!AUE5DfX'M
00046 C RULE AVERAGING,
0007N ---C--10NERFENCTU EN0AREUE .N--TUr-F R-Jl--wEKEN--5'-T14E--URDr-AD- ---
00048 C NMAXP16 IS THE MAXIMUM ORDER, IT CAN BE INCREASED IF NECtSiARY9
0004T C A IS5THEARXGUMLNT-OFTE-WESSEL FUNUTIO'NS
00050 C
00051-- c
00062 REAL 4100)pJO00053 O URNSj RE(JU0jlrFI"lOOl
000S4 DIMENSION PREiIOO)#PIM(IOO1)PP2IO0)#PZIIDD*)
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00055 C

00056 REAL MODEOMODE

00007 A-V--60T.1O-pO,DMODE j NM0DE
0006s READ 40 BWXOBWY
O059 -REA-1-0-THE'TO7 T AgNTHETA
00060 READ 40l OFFSET
00061 READ qOj ZEYAOIDZETAONZETA
00062 RtAD' 409R19R2
00063 RtAD qO0 WLoSWLqMMAX
00061 0 FORMAT(ZFIO90#10_)

00066 PRINT 45-- 0 -6 7 45 F'O'RMAT(wITHL IN UT CARDS ARM
e'

00068 PRINT 50, MObDEO0DMODE*NMODE-
00069PRINT 0so BWXtBWY
00070 PRINT so,THETA0_DTHETAINTHETA
00071 PRINT 50, OFFSET
00072 PRINT SOl ZETAOtDZETAINZETA

00073 PRINT 50, RIOR2
00079 PRINT S0t WLvSWL@MMAX
0007 50 FORMAT(2qXv2FjOv9ll0)
00076 c
00077 DATA N MAX/6/
00078 DATA TNOPI/692832/
00079 REAL K
00080 _KuTWOPI/WL
00081 SK*TWOPI/SWL
00082 A3w(l@/Rj+j9/RZ)/29
o00e BwXOBix
U008q C
0u08- C COMPUTE THE MAGNITUDE OF THE PRESSURE REFLECTED VERTICALLY"FROM A
00086 C SMOOTH SURFACE. .....

00087 C
00088 AXOuSQRT(SQRTiBWXOO'-+IK*A3)@e)21
00089 AYOnSQRT(SQRTTBWY-*'(.1K0A31@S2)1

00090 POK/(2t*R2*AXOAYo)
00091 PRINT 60, PO
00092 60 FORMAT'OTHE PRESSURE REFLECTED FROM A SMOOTH SURFACE IS PD _N,
00091...Ei3 Eo 5T--"'
0009 _ C
.....-0009s t COMPUTE DM.x
00096 C
00097 Dmi/(MMAXej)

-..--00098 DXMwSWL*D
00099 PRk iT 6 2 oDAM
00100 62 FORMATVOTHE SURFACE SHIFT INCREMENT IS DXM stFS*%i)
o0101- c
00102 C ESTABLISH THE GEOMETRY.
00103 z
o001 MODEmMODEO-DMODE
b 0016 Db 260 MDINM60E
00106 MODEeMODE+DMODE
00107 C
00106 C ESTABLISH ZETA.
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00110 ZETA=ZETAO-DZETA
00111 DO 260Z1 dioNZLA
00i2 ZETAmZETA+0ZETA

001114 65 FORMAT(f1**i****O*****f/f ZETA w*vF5*3/ eeoooeeeo*eooe'

00116 C ESTABLISH THE TRANSMITTER AND RECEIVER ANGLES$ THETAI AND THETA2,

00118 THETAZaTHETAO-DTHETA
00119 P0-260-fTw'INTHETA-"
00120 THETA2=THETA2+DTHETA
01121 ANG2nTHETA2157925 "
00122 CA2=COSIANG2)
00121 T1ETA1=-EO 0EIT'zT-2UrST
00124 _ANGIUTHETAI/579295
0012" CAIeCOS(ANGIT
00126 C
----- PCDNT 70# TKtTA1pTHkTA2
00128 70 FORHAT)' THETA)_Im"F62of DEGREE.S#/' THETA2 =#F6s2v# DEGREES90)
0 0 1 2 q FRJNT-- "- -

00130 75 F0RMAT(l2Xp#PPRE 07X90PPIH ,6bXpPPMAG fs6X##PPPHAZ0#?X##PRE*f
-. 0031 XPP-r7 A 77.7F )

00132 C_'t
00-33 C COMrT-SORE TLRM59
00134 C
ois*35 Alw(CWj.7RTCA2*iZ/R2)/2,e
00136 A2wSIN(ANGj)-SIN(ANG2)
00137 Aq-CA-I+CA-2-
00136 ANKVZETA*Aq

4O O AX2wSQRT(BWA**-4+(K*Aj)*2)
o0014I AX-5QRTI-AXZ
00142 AY;nSQRT(BWY-14(K*A3)*.2)

-- 00143 AY.SQRTIAT)
00144 PHIXwATAN(K*AI*BWX**2)

-ET f-q T X.aTANIPTIX'
001q6 CXuCOS(PHIX)

O01'$B XY&(PHIX+PHIY)/2.
001

1 49 GNU27TWi--W-X.7T ,cxG
00150 CP*K*Ag/(9*OR2*AX*AY)

00152 C BESJ 15 A UNIVAC MATH-PAC ROUTINE TO COMPUTE BESSEL FUNCTIONS.
0016-- c
001S, CALL BESJiAs0#0NMAX#J)
001s awi-J-
00156 DO 80 NNu1#NMAX
0 15'7 80 JNNJ-wj(NN+|

-00157 C -EABTS-BTS1
00160 C
0011Xmw---DXH•
00142 00 200 MaoMMAX
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00163 XMoxM*DXM
0016q C
00165 C COMPUTE THE APPROXIMATE SCATTERED PRESSURtjPPIMI, AND- -rRWCCYCD
00166 C PRESSURE, P(Mls FOR MMAX SURFACE POSITIONS.
00167 C THE REAL AND IRAGINARY-OARTS ARE CORPUTED'SEPARATELY9
00168 C

00169 C IN COMPUTING PHASES t THE CONSTANT PHIO=K*(RI+RZ) I IGNOACD.
00170 C

00171 QmXYwA2oA2*TX/GNU2
00172 CnCOSIQ)
6001743 SES iNAiQI--_7___
0017q PPREMaJO*EXPI-A2eA2/GNU2)*C
00'175 PPIMaPPRCM*S/C
00176 PREMuPPREM
00177 PIMMUPPIMM
00178 C
00179 REAL N
00180 DO 100 NN=loNMAX
00181 NwNN
00182 ALFP2m(A2*NOSK/K)**2/GNU2
00183 ALFMZm(A2-N*SK/K)**2/GNU2
0018 EPSm(N*SK/KKA.13.2.0015s QP=XY-ALFP2*TX-N*SKOXM+925*N*TAOPI 

I

00186 QM*XY-ALFM2*TX+N*SK*XM.w25N*TWOPI
00187 CmCOS(QP)
00188 SNSINIQP)
00189 CMICOS(QM)
00190 SMwSINIQM)00191 EC C*EXP(-ALFP)+CMEXPiALiLFM2 (f-tIe**N)
00192 ES*StEXPI-ALFP2)*SM*EXP(mALFM2)*I(-ls)*e*N
o0193 PPREM;PPREM+JJNN)*EC

0019. PPIMMwPPIAMJ(NN)*Et
0019S PREMmPREM+(I*+EPS)*J(NN)oEC
00196 100 PIMMwPIMH(+EPSI*J(NN)*ES

017P 1 R M) PjKPREK
00198 PPIM(H):CPPPPIlll
00199 PRL(M)mCP#PREM
00200 PIm(H)wcP*PM [

00202 PPMAGMSQRT(PP2(M)l .

00203 P2rMr-(R M .-mI(.2I.CP.
0020'. PMAG=SQRT(P21M))
00205 C
00206 C COMPUTE THE PHASES OF PPIMI AND P(M)o
00207 C

00208 CALL ANGLE(PPRE(M)qPPIM(M)qPPPHAZl
00209 CALL ANGLUTREWsPIMI-M-I-_9Pp-WATf
00210 C °

00211 200 PRINT2-20* PPRE(-IP' PIM(M) $PPMA-G PPPHAZlPRI- i H'(1l-.FMAG P-FH-
00212 IPP21M)tP21M

00216 _ C
00215 C AVERAGE THE REAL AND IMAGINARY PARTS OF THE PRESSURE-TERMS-AND PIND
00216 C THE MAGNITUDES'AND PHASES OF THE AVtRAGESs'
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- UU071 I c
00238 CALL iNTEGI(PPRE,MMAX,D,APPRE)
00217 CALL--INTEG(PPIMIMMAXfD-ApPIM-1
00220 CALL INTEGI(PREsMMAX,D,APREl
002Z1 CA LL-I-N-TEGItII-MMAX-D.i-Ap-rMI-
00222 CALL lNTEGIPP2tMMAXjDjAPP2i
0223CALL INTEMTF2,"liWXlD-Ap2) ',

__ 00229 CALL ANGLEJAPPRE#APPI140APPPHZ)
00225 A---A-NGLtlA PR -AFTK--APTZ-
00226 APPMAGwSQATiAPPREs*2+APPIM*#2)
00227 PH GiS RTKFWE-.27ATriTf-

00228 C
0.... 009PHINT 230
00230 230 FORMAT(56Xq**** AVERAGES **oe)
0023T PRINT-22y oPPRE- -vP -WFW ipF'-R AP - p-HA--A pP --P2
00232 _AP2~00233 . .

00234 PPRMS4SQRT(APPZj
D C2 3 5 RM5S-QRTiAFZl

00236 PPRMSNaPPRMS/PO
00237 PR SN.PRT5/P
00238 SLPCORnI9-PPRHS/PRMS)*j00*

- 00237-.. ..c

002140 PRINT 250# PPRMSOPRMS
a-07 250"FKW-AT-r7/9X,jHL Mb SCATTEREV RESSURE---W70SLOPEG0W KRCTQN15 F
00262 IRMS -wt E 13*5/ 9X9#THE RMS SCATTERED PRESSURE WITH SLOPE-CORRECTIO

O02,4 260 PRINT 265# PPRMSNsPRMSNjSLPCOR
002q 5 2 -6 -FORP1AT"-X-TH E--SA ME--QUKRTITTI-EST0oVTIOo-B-P-U-R"R- *'---rloS
0OZi6 I/BX*PRMSN.=i9E13,5/9X#'THE CONTRIBUTION OF THE SLOPE CORRECTION
02-7 of#2T "FPCoR ' F7l --PRLNT.')
002148 END

- 00249 C
00250 QFORgSIA SUBI -

.... O 2GI . . . - _ _ _ _ _ _ _ _ _ _ _ _

00252 SUBROUTINE ANGLE(XtY#A)
00253 ..
0025q C THIS 15 A SUBROUTINE TO COMPUTE THE PHASE ANGLE Of A COMPLEX NUMBER... ... 0 2 S S-- - - -.... .. .... .. .. . . . . ..

00256_ PIm391459265
-- 00257-- - fF'IWMTTGT-*l E- Ili "9BSy IT*I;rWm)jGo ITo 5
00258 C IF BOTH X AND Y ARE ZEROj A WILL SE SET m 0.*

....025 9 F1-.-ST(xz5-r- T AN9T-AUSTTT-@LT*.I*-1l o 0 JO
00260 IF(ABS(X),Lt9j#E-jO AND. Y*LT9,) GO TO-100
0026 1'IF (-A- T 1 O
00262 IF(ABS(YIoLT,,E-jO *AND* XeLT*O*) GO TO 120
00263 -- T-t BS-T)-oA NDs961T091GO-0 FO 30
0026' 5 AnATAN(Y/X)
00265 JF(Al 1010O50
00266 10 IF(X) 20,20#30
00267 02-6xA--P
00268 GO TO 200
0026V 3 -' -+"2 .-p i
00270 GO TO 200
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00271 So IFIX 2(,0d200
00272 100 AsItSoPt
00273 O-TO 200
00274 110 Am*SOFI

00276 120 AsPI

0027 GO TO zoo
00278 130 Ano.
0-- ooz7F 2o R6- TURN
00280 END
00281 c
00282 iFOR,SIA SUB200283 c

00289 SUBROUTINE INTEGI(FINtooV)
00285 C
00286 C THIS IS A SUBROUTINE TO INTEGRATE A FUNCTION, F, VIA SlhPSONOS RULE,
0-287 c
00288 DIMENSION F(N)
00289 FlnF(l)+FIN)
00290 F2oF(N-1)
00291 F3400
00292 IHAXwN-3
00293 D6lo,-Iw2jIMAXo2
00294 F2nF2+F(I)
0029o O 3F3*FI1+11
00296 Vw(D/3#)*(Fi+4**F2#2*9F3)00297 

RETURN

00298 EO

00300 oXQT
00301 0, 0, O
00302 5.35 S.3S
00303 0 0. 2
0030'4 0:
00630 ,305 o, 1
00306 50.1 o 9i.2
00307 ,7198 8oe '9
00306 4FIN



ZETA .w.j5

T.ETAj * .00 0UE6REESs
-TkETA2 .00 DE6REES0-

PPRE PPIM PPMA6

~$AMfL~ O~LTjI~L - __ -~ -

PPPHAZ
PIN PMAt PP 14 A 7 Pp 2 P2

.2257#00 ".3111#00 * 389300 59340 o2260*u0 -p312090 o3852er0 5339 01417+00 ,1'8'e.0. 1 69000. . 3 7U0U -" 5 3 9331.00 --- 1."t- -
S1614+0 -0250400 o3091+00 5,339 *1823+O -.2506+UU .3099+U0 5341 .9557-01 .9606-0110 72 --- 1V 16-- +----o-Z 231TU -[+-Z2-C U -S 22 T + -4;8U a zZ-36+7 .+?9UZo+*19j

3
-01 "W1283+uo .127740 U 4.860 *1837-01 -.128660 0 .1299+u0 40851 o1602-01 *1687-01

.5lSaMl o6a7u1 3 6 .'bb -O -. S 696U0 061IU5ui -17 6 -1 697u"U 1
1a20.5221-01 *12"1 055f9-01 2,796 0*5331-01 *1952-01 .5677-01 29791 *3080.02 o3223-02

*2436-02 .8091-01 .al.1-01 1.51 o1i-O2 080?6-Ul *8106-01 195zo 6562-02 .6571-02

-.14 81+00 .1370+00 .2u17+00 2,395 -o1479+00 13670 U0 o2014+o 2,395 ,068-01 .'056-01-.2o6.00 p1820j- a3 16 16+ U U Z *--6-73 , *3 T 99 -i 7 UT ,-U -i3o-+U0 .-137i40
.3U86+00 *2032+00 .36y5+00 2.559 103111+00 9 20q3+U0 9 3722+U0 2.560 01366+00 o1385.0-au6.0 +0a2's0oo 03181+00 2.531r o fl(113 ,[5T0-o--- U99,0 ' -53---I-Z0.1023.oo

-. 1'.81+00 . ..0137o 00 *2017+00 2,395 -. 1479 U .1367+U0 .2U1% +oO 2 395 o068-01 .%056-01

92437-02 .80G97-01 .8101-01 195$41 q18-02 *8096-01 9106-01 1,S20 96562-02 .6571-02
-T17)a-1T96-27-6-o1 .6E23-01 I,t'7 "17 q 2.o! 635-0 1 0657?-01 1*83 o q-bqpa-zi-. 5221-01 ,1081-01 .5547-Ut 2,796 o5331-01 o1952-01 5677-01 2,791 .3060-02 .3223-02

-.~14 S-f - , q;;-01 * 0 6 0,, 0 bv T 7697U116VU-17 7 1Z-132 j - U.103-01 01283+00 .4297+00 4.860 .1837-01 -W1286+UU * 1299+u0 'los' ,1682-01 ,168701.924,00 -,0 9 q-'6 l 2 2a T -n0 0 " a "7+-+--- ,*I 8+ 0 $.-Z
• 

.Z36+uu 5024 5 0 U1 YU01814400 -. 2504+00 *3091*00 50339 .18230U -.2506 00- .3099 0 S,341 .9557-01 .9606-01
.2T7-i+ 0 -273 +00 3651+00 O,34 0 -2116 + UU zy4-+uu It6041u013U
02257*00 -*3111+00 03843+00 5.340 .2260+00 9.3120uu .3852+00 S,339 *0'177+00 o'8' Oo

*ia AVERAGES so*-.684-02 -.326'4-01 3327-01 '1516 M64q84-o2 "3264-01 .3327-01 'qs6 .5080-01 ,S11ZoI

THE RMS 5CTIL NUPRSSURLW / bLQ CUKKLMUN 15 FRrM- 5*a 954+00,
TME RMS SCATTERED PRESSURE hITH SLOPE COIRECTION IS PRMlS a 22611+00

- ................... TIIU'SXK7VQ 1TTITES DIVIDED BY rU ARE Pr'%F rls------o-qSSqeuu
PRMSN .045691#00

TTri:-TGNT-R1A TU1-M'N--F M QSLPE -CORRECI 1019 10 Frr S--SCrPC-OKtn--* 31TPF-KCLNT*THETAI a 900 DEiiREES9

PPRE PPIM pPMAQ PPPHAZ PRE Plf* PHA(a PPHAZ PP2 P2

W91730-01 .1942+00 0152+00 1690 4.2033-01 .1537+Uo .1550+00 1.702 o2108-01 o2'O0-01

? .1910*00 ".2735#oo *3078*U0 s.188 #1492+00 . .1+00J +09 Q ,9471-01 .1015.02.1 DO we - 3*;03 -pro 0364u l)u ' I aI W 2134+00 "o31'45+0 o3 0 00 40116 i,135-?*00 o S O
-.3903.00 .3331-01 o391800 3,056 -.0024+00 .3376-U1 .o38+0O 3,058 .e1535.0 .1631.001577+00------3556+ -U o 3 zMFU 'ua 0 10903- 61-6ZZ+-UD--3-668 00 19-o9- 008-- -i 7-4-- t3 w00 o-608.0002347+00 2941400 s 3765*00 .b98 2425+0U .3U31,O0 ,3882+U0 896 o9117+O0 o1007+0j3svu4o0---- -- 1O 3 6 6-1+ EU i's0 uu 7 ,3 6V -0 .... 191,2 -u 1 13771+0 " 60065 -*1 +00 ,-F 2+

.111+00 ".3'3'10 .3610+00 5.026 .1137+00 W03531+00 ,3709+0 5.0214 .1303.00 .1376,00062246fbU 40 qzruz*0 ej.JvlSuu "9033 -,23V+eu -,28"Zmpuu- 36619-00'• lf*030 ,12761010 o30
0*3504#00 *8747-o2 .3505*00 3.117 -.3577+00 ,979-02 ,3578+00 3,114 .1229+00 .1280.00U.IIS UG35VW 

0 326fu 20-- -Uo

p Im PMAG PPHAZ pP.,F- 

P

I

I



1030v()"u u07"tu 139. lu *399-000 0 83 00 039 0 7--1Y StP
.2217,00 ,16S O 260q*0U1 .507 o23'41+00 91272+0U .'266q+U10 .t98 96782-01 o7099-01

0.1179400 -- "78 8-18 .1963.00 ,i71--.126+i .. 35-1i 200800 . .855 - ,385301-. 031"i

.62-01 -. 1239+00 .128 +00 4,977 .3081-01 -91266+U0 1303+U0 8.951 *1649-01 .1691-01
-361-01 ......79-0...... .7787-1- ..... 30. -. 37-0.. --70111 -U..7697-01- . .. 287 . .6063-02 .592-

-WSq02-01 -.5126-01 *747-01 3,901 -*5252-01 -#5230-U1 *7412-Ul 3.925 95546-02 *S%93-o2
,il0R7l#oa .i66)z"02 " 1oe!u0 0u P.S$111 .- t- • |- r -000 o971T-t86-0 o tZ

4 
'- 1 -

-06106-01 .0111+ou .1538+00 10979 -. 6505-01 01498+u 9 .1591+U0 19998 .2364-01 .2530-01
t343#0000---i-418#ou0 I-97s00 2 .1-37 6--+ -a- 1q916tv0ot 20) 80 2-3vu .. U1-3 -,-9U19 1-0-

.2113+00 -. 7015-01 0222o+00 5,963 42196+00 -. 7230-0 o2312+00 5.965 .4957-01 .5385-01
i ?17 -0 zo?...I- +CIO __ __ 0-- -2 0,9 ae ID0 40 .1 1 - -1-7-27.,-o- '- --2-1-9-2-4-0 21-"*.-00 -14• 9 1 •04"U-3--a i e';79 --

-. 1 $45-00 -e993-01 a1624+00 3,858 -4164U+00 -. 5109-U1 .1718+00 3.e88 *2638-01 .2950-01
0T0aZ? - -?'t00 55eqo ivii - 0!

Ooo AVERAGES *so

w.9-20-1- .....i-33 3-- -3?7tw0 .... -283 D-10 -0-2- -3-3-uo •3? 
7 8

-0 21-83 04 010--

ThE RMS SCATTERED PRESSURE M/O SLOPE CORRECTION IS pPRrS 927362+0U
?SRIMV IMSC TTt-- ..T1f SLOPE CP CCTION !S MtS - o20

7HE SA14E WuANTITIES DIVIUED BY PO ARE PPRrMSN a .55293+00

7ML CONTRIBUTION OF THE SLOPE CORRECTION TO PRMSN IS SLPCOR 2.87 PERCENT.

-- "THITAj - .00' DtGREES,,'. -,--
TmETA2 q.o oDEGRLES. .

PFE- Pim PMAG rr PKAl PRE PimFMAG""FAZ. PP2

* 5-3T69,O -1 3t1a00 2-1"07i1-0a! 0,-0 , - 225-0+I , 09-- , 45-C2 - , t -, - O ...

#3271-01 .3198-03 .3291-01 .010 .3486-01 -.49780-03 .3486-01 6.269 s1083-02 .1215-02

aa ?i-02 ---sl-231 q-O ------- 3'5?40 . .. SoQ17600-0 28, 1,
0

- .6279-03- -- 728-0-
-. 1304-01 01670-n1 .2119-01 8.049 -.1318-01 -. 1694-U1 .2146-01 q.051 .8491-03 .8605-03
-,'4y? S-1 0 1------ 71 1 " 2 ,Z-5r),Vwui 3,03 -,v260 - -12*-Oi •Z 0Z 92-VtO-01 ;3,060 ,9 *21-7- 0 •6 3-0

-.5310-02 .3091-01 .3137-01 1.741 -.6261-02 .328U-01 .3339-01 1.759 .9838-03 .1115-02
,3308-0 1---_ .. 91-O2 3492-0-1 ,2600 i3 5 -5 -01i 0038 mU! 0-1 70-71*ze+8 i t-t1-4-02

.9017-02 -. 3u8s-01 .3214-01 4 8997 o9434-02 -.3364-01 .3899-01 8,986 .1033-02 .1221-02
ID 7O0 1--- 39?64q"- --- -2510-01 --3--3-- -- -91T77mi! - 3 6 3 9 --V2 -9 2-77 1 3 -07 1U - 0 3- --? 7 -O .

:46o4-02 .1633-01 .1697-01 1,.296 .S793-o2 .1857-01 .1985-01 1.268 92880-03 .3788-03

v 73 51 ---- 3 a--uI 0-us"a bei".- 111- 01r-- *-60 Mru D egi o -o 5 1978- -21LSI03 -- -, ---- " --
-.2477-01 .5545-03 *2477-01 3.119 -#278-ul -.2307-03 .2788-01 3.150 .6136-03 .7528-03

06562-02 --....032501.. 331
-
60 1372 -6---23361- . ,3620- t-- ' 1-390 a e-t00a-02 ' -t310-02--

.3713-U1 -lil5-01 3866-01 5.999 •4016-01l -. 1142-01 .8204-01 6.008 .1896-02 .1767-02
__v____- ".1a19-0C ... 3 61 * 1 -7"01 .0-358 l5- 8123U -a-vT----- 12 - 73-- at "1-j.361 .1695-02 .200102

-. 3771-01 .1776-01 .166-01 2.701 ".411-o1 .1929-U1 .9532-01 2.702 .1737-02 o2058-02
A eq6 jqbi 35-0-" .1.028 23?mU u

6 
337-8 •.66-01 0"1oul t-1* -02• 20-t

.3341-01 -. 2875-01 015I-01 5.686 .3623-01 -.2688-01 .8511-01 5.69S .1729-02 .2035-02

Z6 -25 -U 1- ----- *3 2b30-U1- - - -8-Two-It 0G 5 v92 4-A-- r-O" 1 fs102--------- 3 "

03296-01 .2615-01 .8207-U1 2o471 -. 353U-Ul .2808-01 .8511-l 2.870 .1770-02 .2035-02

--Z363-1 .... 3526"U1 245-Ui - 801----2 21'"0 a-" 1376 3F-U -9-5'Z913 1 9809- - 'O-i oaO
5

i "0a

.3d44-01 -. 1977-01 94323-01 56808 .qIl-01 -.2100-01 94608-01 5.810 .1869-02 .2123-02

M il st 1 0- 0 I.-8,1--l --l -z- 0 1 '. -i-.,1 1# 1 "3s,q-We -, '-6-43-0 -,-392-i 0fraJ i 9 9 3 9,3 ,92 0 2
5' 4 99---

-.8172-01 .109u-01 .8312-01 26886 -.0q59-o01 .1185-u1 .8618-01 2,882 61860-02 .2128-02

0.579-02- --3910-i 93V9-U .. ,leq22---1-613 iT n4o I 225-01 i 40 1564,D2 i8rZ
*o AVERAGES *so

is ra m o % Kt -ratt W 1 " -lkI . i sw i1 0 . 2 3-0



THE RMS SCATTERED PRESSURE W/O SLOPE CORRECTION IS PPRM5 *
--THE-RMS-STATT1ERED RLS5URti LUPLCOTRREC110UN S FRM

TKE--rSA %UANITIE5 uIVIrm) bY FU AKE P SP#7124 -Ul
PlM!5N *76696-01

THE COITRT UTTUU-GF-"THE5LOPT-CORRECTIO-T U--PRKSN s SLPCIUK* 7sig PERCEeTo

wr i

RUNIP; 509606 PROJECT: -USER:

LOAD MATHPK8 /3 B09606

ITEM AMOUNT COST(DOLLARS)

CPU TIHE 00:00:09.778 $0.65
t-r; Tu E5s S30u $063

1/0-ACkUSb TRAtSFERRED 373057 $U#22
-- €OvfE USAGE 019 "$-S -

CARDS I N310, s0.ls
-PAGES•P 'ftI"TED- -t_zU *Ui3?

TAPE UNITS USED 1 SU.u
-O -c A t G t -,-. .. 0*20

Tht-A WVE-DOtIA -&Pr0VW1T -VA PR1TZ1TA -A A r ASO- A TVN iAM FR STA-NDARD RUNS

TotftiATO-PIW-l?I 07.... -0I--T A 6 I97'

0oI

031993-01
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Program PSIN2 -- The rms scattered pressure is evaluated

directly from Equation 39. A considerable simplification is

obvious in comparing this program with PSINI, but the programs

are basically similar and additional comments do not seem to be

necessary. One note, however; the present output format is not

a particularly efficient one and should probably be changed.



-100-

00001 6ASG,MT ll*#TtMATHPX
00002 .-.. COPYoG ll.PTPF$.-..........
00003 &FREE .1
00004 - FOR.SIA MAIN .........
00005 C

__ O00O- C -- THIS--IS.- PROGRA4-- PSIN2.
00007 C
00008 -C . IT COMPUTES THE- RMS--PRESSURE---SCATTERED---IN--THE--X-Z---P-LAN-E--F-""-A-
00009 C CORRUGATED SURFACE. A SLOPE CORRECTION IS INCLUDED.
00010 .... C ..THE CORRUGATIONS -ARE-COSINUSOIDAL-- AND--ARE-- PARALI.--TO--TNE-YAXIS.-
00011 C A HIGHLY DIRECTIVE TRANSMITTED ACOUSTIC BEAM AND A POINT RECEIVER

-00012-. C-4RE-- ASSU-E D.
00013 C THE AMPLITUDE PROFILES OF THE INCIDENT PRESSURE ARE ASSUMED TO BE
00014 - -.. C GAUSSIAN, THEY ARE MFASURED-.ON-A. HOR.IZONTAL--PLANE-AT--A--DZSTANC--RI
00015 C FROM THE SOURCE TRANSDUCER.
O(O -....-.. C ..BWX IS THE BEAMWIDTH FWHM/1CGS--MEASUREDN--TN-E X-- LANE&
00017 C BWY IS THE BEAMWIDTH MEASURED IN THE Y-Z PLANE.

- -00018 C.---THE.PHAE OF---THE---INCIDENT-PRE-SSURE-ISTHAT1OF A POMT lla-CrE
00019 C MODE SPECIFIES THE SCATTERING GEOMETRY.
00020 C MODE:l ,,, SPECULAR-.SCATTERING.
00021 C MODE-1 .. eACKSCATTERINGs

. 00022 . .C . MODE-0 .. , •TRANSMITTER- ANGLE FIXED--AT-ZERO.-
00023 C MODEO IS THE INITIAL VALUE OF MODE.

- 00024 -C---OMODE.- IS- T HE---IN CREM ENT.-
00025 C NMODE IS THE NUMEER OF VALUES OF MODE. NORMALLY 1t 29 OR 3o

--- 002G_.. C _THETAD-IS THE INITIAL-VALUE --OF--THE--RECEIV-ER_AKGLEWI_-VE:RITCAL
00027 C DTHETA IS THE INCREMENT.
. .00028- . .C--NHETA IS THE NUMBER OF-VALUES--USED-
00029 C OFFSET IS THE ANGULAR DISPLACEMENT OF THE TRANSDUCER WRT ITS NORMAL

... 00030--- -POSITION.-FaR--THE.-SCJL.ILPlT TT TOF-SPCI . IS POSTITVFTHE .
00031 C DISPLACEMENT IS IN THE + THETAl DIRECTION.

--...00032.-----THETAI IS- . UPWIND'
00033 C THETA2 IS + 'DOWNWIND'.

.00034 - _... C- ZETA IS THE AMPLITUDE-.OF.THE-_CORRUGATINS I TTMU T BE. . ZERO.
00035 C ZETAO IS THE INITIAL VALUE OF ZETA.

-- 0003c--r-.C..ZE-T-A- I.--TH -IICREME--I4--B.Y--WHCH ZETA IS INCREASED,
00017 C NZETA IS THE NUMEER OF VALUES OF ZETA USED.
0003-8 ........C- WL IS THE-ACOUSTIC WAVELENGTH.---------
00039 C SWL IS THE SURFACE WAVELENGTH.
00040 .... C --K-.IS -THE ACOUSTIC -WAVENUMBER..
00041 C SK IS THE SURFACE WAVENUMBER.

--- 00,2- C---Rl-IS-T-I--RAGIUS---OFE.- CT~I-W4H THE TRANSKITTER MOVES
-

00043 C R2 IS THE RADIUS OF THE ARC ON WHICH THE RECEIVER MOVES.
00044 C BESSEL FUNCTIONS ARE-.USED. IN-THE-_FRmJWNJ_"lERL__ISIHE ORDER-AND
00045 C NMAX=16 IS THE MAXIMUM ORDER.
0004C - CA-IS IHE- ARGUMLNT--OF--S Z--E-UELF T"Ol S -
00047 C

. 00048 C
00049 REAL J(100)#JO
00050 . C. - ....................
00051 REAL MODEO,MOVE

-..00057- READ -40 v-ODEO vDMODE,,WGOD
00053 READ 40t EWX*SWY

...054 , EAP .OA _D 40atE_lHTTAtNT X4TA



-101-

00055 READ 409 OFFSET
000.56 .. READ. 40t. ZETAO DZETA#NZE_TA._
00057 READ 409 RlvR2

... 00058 .READ 40..WL,SWL-.----.-
00059 40 FORMAT (2F10.0eoIO)

_. 00060 C . _____________________________

00061 PRINT 45
- 00062.. . AS- FORMAT(V-1THE INPUT_CARDS_ALRE_?..__

00063 PRINT 509 MODEOe0MODEvNMODE
-. 0006411 ____O PRINT 50 B 8WB.Y_ _

00065 PRINT 50P THETAO9THETA@NTHETA
-00066 . PRINT _S0 L .0ELS. __

00067 PRINT 50t ZETAO#OZETAtNZETA000DG . .... PRINT 50. R1.RZ_ ._ ___________________"____

00069 PRINT 50 WLvSWL
.. 00070 -- .50 FORMAT(ZX92F1O.vllOLn__

00071 C
-00072 .. A ATA .NHAX!1f/

00073 DATA TWOPI/6.2832/
..... 0007 - REAL- K ....

00075 K=TWOPI/WL
00076_ SKTW0PI/SkL
00077 A3=(1./Rl.l/R2)/2.

_D00078. BWXO=BW.X.1 _
00079 C
00080 - COMPUTE_THE-MAGN_TUOLOF__THE PRESSURE REELEC.ID VFRTT-AlI FROM A
00081 C SMOOTH SURFACE.__.00082 ____ C ........ _________________________

00083 AXO-SGRT(SQRT(BWX**-%(K*A31.,21
nGD84_ A YD=s_Qlt._LS&IJ".h YlO-A*tifA11, ,e 1 I
00085 PO-K/(2..R2,AXO.AYO)
OOOBE_- PRINT-Dt. 60. -PG
00087 60 FORMAT(9OTHE PRESSURE REFLECTED FROM A SMOOTH SURFACE IS P0 -.00088 -......... 1E1O.5 ) ... - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
00089 C

-0009 , C9rEKTA.BLSH_THE_.G,E0MEIYe
00091 C
00092 MODE:MODEO-DMODE_
00093 00 260 MD=19NMODE

_ 00_.00094 _ _ MODE;MOE+tDKODFl"
00095 C
00.9fCn _ ESTABLI-SH ZaTA
00097 C
00098 __ZETA=ZETAO-DZETA__
00099 DO 260 IZZ1#NZETA
....00100 ZETA=ZETA+DZETA_
00101 PRINT 65 ZETA
001,02 7 rDR[AIL_e !i.....s.' 7ETA =99FS.310 ... ,.,*...,.. .
00103 C

__ 0010 4 .C.JESTABL SK-THE-.IRANSfilTlR ANDRCTVrR ANGRE&T kFTAl AND TWFTA7,
00105 C

-_T 0010 THE T AZTHE.TA0.-DTHrTA
00107 00 260 NT=19NTHETA '
no08 THf7TA2= WrTA2*DTWrTA
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00101 ANG2-THETA2/57.295
00110 CA2=COS(ANG2)---
00111 THETAl=M0CC*THETA2+OFFSET

. 00112 --- ANG1=THETA1/57.2S-
00113 CA1=COStANG1)

_ -_001t14. c - • _ _ _

00115 PRINT 70, THETA19THETA2
0011 -70 FORMAT( f-THETAl-
00117 C
00118 .. C-- COMPUTE- SOME----TERMS- -
00119 C

- 20120 A 1= (CAI* *2/-RI*CA2-s-*R272k1
00121 A2=SIN(ANG1)-SIN(ANG2)
00172 A4CAI*CA2 ......
00123 A:K*ZETA*A14
00124 .. BWX=8WXO/CA1 .
00125 AX2=SORT(BWXO*-4+(K*Al)**2)
0012& - XSAXr SQRTIAX2--
00127 AY2=S3RT(OWY**-4+(K*A3)**2)
00128 AY=SGRT(AY2)r

00129 PHIX=ATAN(K*AI*BWX**2)
- 00130 -. .. CX=COSIPHIX- ---

00131 GNU2=4°*AX2/(K*K*CX)

00133 C
. 00134 ..... C--. BESJ IS- A- UNIVAC--MATH-PAG--ROLTTNE-- OMPVTC ESS&IFUNCrTiOnS

00115 C
. 00136 CALL- -BESJ(A--t0,,NMAXpJl-

00137 Jo=J(1)
- -Golzg8-D0O- 80-_NN=.l_o,*lA X-

00139 80 J(NNJ:J(NN*1)
.oo140 - C
0011# C COMPUTE THE RMS PRESSURE.
00142 C
00143 PPSUM=JD*JG*EXP(-2o*A2*A2/GNU2)

-00144-PU=P- -

0014T C
..... - 0014 -REAL N ........

00147 00 200 NNZ1,NMAX
0011%8 N=NN ....
001149 C
0015nA_LVP2=-AZ*N-ASK/ K-Lm-s
00151 ALFM2-(A2-N*SK/K)**2/GNU2
00152 .. . . EEXPI-2.*ALFP2J+EXP(_-2.**LE_2M)
00153 EPSZ(N*SK/(K*AQ))**2

---. 00154 -- PPSUM=PPSUM*J CNN 1*.)*E-
00155 200 PSUM=PSUM+(ttl.EPSI*J(NN))**21*E

- flrj s& - : c

00157 C PPRMS IS THE SMALL SLOPES APPROXIMATION OF PRMS.
....... 00158 .. C PSS--T.HL--SLOPE-_CORRECT_CO4---UGNTcw

00159 C
co.- 00 .PPRMS=CPo-SlQR74PPSx)
00161 PRMS=CP*SQRT(PSUM)
DDIG2 c
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00163 C SLPCOR IS THE PERCENTAGE CONTRIBUTION OF THE SLOPE CORRECTION.
. . 0 0 1 6 4 .. . .C _... ..... .... . . . . ..

00165 SLPCOR:f1*-PPRMS/PRMS1*100.
00166-_.___ PPRMSN=PPRMS/PG.---

00167 PRMSN:PRMS/PO
S00168. .

00169 PRINT 2509 PPRMSPPRMS
- 00170 ... 250.FORKAkT/._SX*'THL RMSSCAITEREDPRIFSSURF MIDS IOPEL R CR E1" isP

00171 iRMS -'E13*5/ SXe'THE RMS SCATTERED PRESSURE WITH SLOPE CORRECTIO
00172_S_RS_OEZN IS PRMS '.,13_-5__)
00173 260 PRINT 2G5 PPRMSNtPRMSNeSLPCOR

... 017.Z. R7G5_.FOR_tA1.qX!LT _ A F UA TI .I.ILS DIVTID l RY Pn AR PPRMON "mF13-9
00175 1/48X,'PRMSN =*tE13*5/9Xv0TME CONTRIBUTION OF THE SLOPE CORRECTION
0017C 2T0 PRHSt .S_.SLPCORZ.LE.-.Zi! PERCrNTs'I
00177 END
00178. _ _C __________________________ _____

00179 8XQT
__.00180.___ -.__ 0l ______________

00181 60154 6.151
00132 --. - 2 10
00183 0.

_ _.00184. .305 - D. 1
00185 81.5 81.5
nnLr,0200187 Nsea
00187 aFIN
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C. A program for the computation of probability density functions

for surface displacement: program PDF.

Much of this program is nearly identical to program TRANSLATE,

and most of the discussion of that program is pertinent here also.

The reason for this is that both programs were intended to utilize

the same input (surface displacement) data. Here, a PDF for the

surface displacement is computed both for the entire data set (file),

as read from the digital tape, and for the 'average' data block

previously described.

The basic procedure for computing the PDF of the entire

file is as follows: An N-word data block is read and converted

to 36-bit words by subroutine RREC. The data are placed in array

IY which is common to the main program and to subroutines RREC and

DSTFUN. At entry DSTF1, subroutine DSTFUN sorts the data into

histogram bins. Another data block is then read and sorted. When

all blocks have been read, the histogram is normalized by a call

to DSTFUN at entry DSTF2. The PDF of the 'average' block is obtained

by one call to each of the entry points of DSTFUN.

Much of the program between cards 124 and 246 is concerned

with computing mean and rms values, and with selecting an average

block. These operations are unnecessary in terms of simply obtaining

a PDF for a given data set. From that point of view, the essential,

and most useful, part of the program is subroutine DSTFUN.
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00001 cASGtTH 17/p,A6,q8C9,ERF..1Lr
..... OUN .. ... aF ORv•Ar.- f A.rf

noonO C--- O1)1111- -...-C --T HIZS--I S---PR OV-RA AH-POF-
00005 C IT HAS BEEN WRITTEN TO ANALYZE WAVEHEIGHT DATA THAT HAS BEEN-nfj#o f fe-r'f "S AKMAJElGT-f--N24 DiTf WOR&s. AND EIN HweR I00007 C ELOCKS.

--- DOtt- - C -- THE -DATA- WORDG--AZt-- ONV tkr--FlraW-- "-T - z iT .0000.3 C THE MEAN IS FOUNG AND IS SUBTRACTED FROM EACH DATUM.-- 00010 -- --- C --AN RMS VALUE -S -COMP: TED-f-FOR-E-AC-H--t-st---
00011 C THE MEAN OF THE RMS VALUES IS CALCULATED, AND AN 'AVERAGEV BLOCK
----,0 012 -- A-l--RRS--- if t VS-E TO TtE ME-*N--RMT ±3 FOUND00013 C NORMALIZED SURFACE DISPLACEMENT PROBABILITY DENSITY FUNCTIONS (PDFO'S)C-- APE -18TAINED-FOR--TtE- WM-OL-E--D*TA--S-E-T--*At4--F--ME AVERAGE BtCK,
0001O C

00017 C FORITHIS PROGRAM9 N MUST BE AN INTEGER MULTIPLE OF 3.

00019 C NFILES IS THE NUMeER OF TAPE FILES TO BE SKIPFCD.- 00020 --.... -- " I_-k---N UMBE? -
iafo--ffeE-6N6£ R -OF-etve -i " R -efRDS) iN AN F ILE TO

00021 C DE SKIPPED.
.... f00022 ----- C -.. IYMAX I1-T-ME-MAX-IMUH- V-&LE--Of-t-E-DA-TA--l5lE--I--A-kjHED T DOB Im000?3 C POSITIVE INTEGER FORM). IYMAX=10I FOR A 10-BIT CIGITIZER.

(10025 C STGN IS SET *LT. o. IF THE DATA ARE INVERTED ON THE TAPE..... -lf; 00( .....--- -- 3 SRA TE- I- T- -EFFL-fT-I VE--D!-T Uf--p--AnPIt-Ne--RAT-c.
00027 C EFFECTIVE MEANS (DIGITIZER SAMPLING RATE)*IRECORDER RECORD SPEED/

-R C Lf8 -C -PLANLA -
00023 C PKHT IS THE 4SSUMED PEAK HEIGHT OF THZ WATER WAVES.-- OOD --------- C-SPEED-- M-5? OF tE--: RFThf-WATER- AV9.
oonl0 C VLNGTH IS THE WAVELENOTH OF THE WAVES.
- DO2- C- - N -"1-THE- -NLD $-O-- RD LOCKSq-TX--T"rie00033 C IS IS THE INDEX OF THE AVERAGE BLOCK. IT CAN HAVE ANY VALUE FROM-- 00034------- C . 1 TO Ne - - - _
00u5 C EPS IS THE FRACTIONAL DIFFERENCE BETWEEN THE AVERAGE RMS AND THE RMS-- mole . C OF"-l--A -Vf-RACf L-0K7;
0ii0"37 C RMSHT IS THE RMS SURFACE DISPLACEMENT IN CM FOR THE DATA IN THE.... fl0f33 ... . C ... AVERAOE LLOCK-. ...... _ __ _ __ __ _
00039 C CXP IS THE HORIZONTAL SEPARATION IN CM OF THE SURFACE DATA.

00042. C

o00li COMMON TYIN)-10P1 4----qII -- -CO MMOfv-/D)SF-/D F---l-Yt4f*X-Y7----7-Z E, wNlY
nnov; DIMENSION LABEL(7PRMS(10001
-O0 4 D IMEtSTON--T-EMPtNt-X ITYMAXi
00047 DATA DF/IYMAX*O./

utfbk*e EAL-MEA 11800)
000Gt3 NN=N-- 00050 ---- M-" ! Y'IYMAX--
00051 C

00051 C

READ l,FiffLEgyme
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00t)5 5 10 FORMATI(211l
.... flf '; P,- - ' D- 10-, -N ,TZE

00057 READ 20, SIGN
-.... - D0 

- 
8 __Rr A 17'2,04-1-ftA Tt

0005 READ 20sPKHTvSPEEDvWLNGTH
-- Utrmc--- m -r" .?d,AT ftT; p

0006 C

00063 C0..... rJ E gy - -' __ - - -- F -E
rjopq -- 1 47-r3a-i-- IF=FS-

00055 30 FORMAT IHi,' NFILES ='12,' TAPE FILES HAVE BEEN SKIPPED.')
UOUbb PRINI -rlYriNl-- N .U.i'N
000G? 14 FORMAT(1H,'THE EFFECTIVE SAMPLING RATE IS',FG.1," SAMPLES PER SEC
0r..DOEB PRINT- q,-- SRATE -
0004 35 FORMAT(' IYMAX ',I5/' NSIZE ='I3/9 SIGN :'F4.0)
no070' 0N" -"
00071 PRINT 50. PKHT

-- lTDtl , 5llFM- MAIT IRTE PEAK 91- OF'THL .AVEKAGE WAVE: IS"M 0.59 0cm,lp)

00073 PRINT (ntH SPEEF
D.... OD 74 60....... --F 0 P M AT ( 0-7 HE[-!;P E ED-_-F--T'RL- -_AVES_-'S_v_#FG ., 7tv C -" -170 c OND.

00075 PRINT 70# WLNGTH
0017F, --- 70-'FOPMikTU"THE-'WkV-L-MtH ToFTlIEWAILKRAVE 159f63tvCmel.
00077 C
0T07 .... Cv KTP--rrS--TRH'T--A.KLN0O1 10tINIERESIo LAULL5 ARL fLrr.
00073 c

.... n .. ... FNFT s . N -- lVT-CA-EE-I-Pr F t-FILLSI-M S
001 C

...... lRlrlA-A-- R AND PRINT --THE--T-APE-LABC-
0003, C TOTPIN IS AN MACC 1109 LIBRARY SUBROUTINE TO READ A DATA BLOCK FROM
-- uV 74 C MA-GTC - REF.K ErNCE-MANUArL o JHE 1USCOMVUILK.
ODORS C IN THIS CASE THE LABEL IS STRICTLY NUMERIC AND IS RECORDED AS 24-BIT

.. T 
T

S TO READ THE WORDSl N A 3GBT tlllB
000-7 C FORMAT.
rI o r S 8 t C. . ... ....

00089 CALL IOTPIN( 17v1,IYtNtLNZt$801
-rlt"ryo , U--A rT-t- t O-_rLu( r,- iY c i)
00011 LABEL(2):FLc(a0,12,IYm

---- nOrz LACFL (Ti=rFL0D(124,IYfzT----
0003! LABEL(4)=FLC(O,24,IY(3))

-- -OOg ... . ........ LA DEL ( S ) LF D (0 .-1 ,- ITI4 I

0009
,  

LAB[L(G)=FLG(?,24,IY(4)lO0 0 3 C tA TBT 1 FrL v %OT, t 9TY tiS-1

00037 PRINT 90P(LABELJ)v J:1,7)
-all 0 3pl_-- -rOFRMAT--TT P-E-WUMZt-iT Xm DA Tw- tA K a LN 0N i, 2"7t 2?', i2

00099 128X'ODATA ZIGITIZEO ON ',I2,'I2,'I',I21

0 0AlG C AN EOF SHOULC FOLLOW THE LABEL.
--- ClOld " C f - L-TH &C-L A tJE L L-0 ;

00103 C SUBROUTINE IOTPSP SPACES LOGICAL UNIT 17 (HERE) PAST THE NEXT DATA
-oi)4------C. BLOCK.--I--TT--Y-RAtiS-R-S-COKDL TO- STATEM1nT-00I TPANLorL-Is roUND.

ol0 C
....fl0 C ALL-'OT -P1-7i$ 0,

00107 PRINT 95
--- oo8 9! rORM"ATtifv - C,- ASEt.L .OF NOT fOtlNue.*',w--gl
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0010 C
... nl O ...... -P-FC1t1 THE ANAL YSI S-Of- THE--DA-TA7i- -

0111 C READ THu DATA CLOCK 9Y BLOCK. FOR EACH BLOCK COMPUTE THE RMS AND THE
.......fl...?..----MAN... -ALSO"OMPUT--Tf--AV-AE-RS--TE--AE-RAE-E-A--AD THE
00123 C STANDARD DEVIATIONS OF THE RMS'S AND MEANS.

-- 00114- . .----. ECAOUN#E--TN+E-W-AVE-,--AR-, DT
Ofil' C (NS) WHICH CORRESPONS TO AN INTEGER NUMeER OF WAVELENGTHS.

-001 f. C--F INALLYw USE "-UBROTI-ftE--&S-TffN-TO OMPtYETHENORiNIZto
00117 C POF OF ALL THE DATA.

-- OOl5L -- B----SUBROUTINE---RRfC-C-1VEfTS--24 BH--T R TO 36-DIT WORDS. CONTROL eOES
00113 C TO STATEME.NT 180 IF AN EOF IS FOUNDt AND TO 160 IF A TAPE ERROR IS
eel?8 FC etwD.
00121 C AN N-WORD BLOCK IS READ BY RRECv THEN THE DATA ARE SORTED INTO

C-N..00127... .HISTOCRAM 'INS-UB- OUT-N---1.
00121 C

-.....)012" I ---- I-YM AX/f1-IZ-a1---

00125 OXP:PEED/SRATE
.... U 55-F- SW tL-=Wt-Ti/ uX P

00127 T=N-1
-.... 01 Z8 W L PDL A IHT -T*D-X Pf WLtCGNp H

00121 NS-SPWL*WLPEL.1.

00111 K=O

0011 SUM3O.
. 00134--- SUM4= .
00135 SUM5=0.

00137 SUM1=01

00139 CALL RREC(NW9$1809%160)
ftl 40 -IF( NW--.E-N.-)E--'-tlO
00141 PRINT 105

-- 00142 .. ---. I--FCPMAT(/f-2--***---N--grS.-4 N ;OTEQUAL N ---00
r00143 CO TO 160

- 00t4t-- 3:-e-fC A Lt--P S-Tf1
rl 0114S,K=K+l

C & -12f-I1-
00147 'UM=SUM+FL0A'T(IY(I))

...-.n cl 4& .129 S$U4I-z-SU4M I +FL-OArT ( 1 
V 

;11)_1 2
n141 3F ZN"i
vat_ .16;0M,E-" CC i ti m tF

)00151 Pm4(J) :SQIT (SUMi/F-MEAN(J)**21
--- o -. ?--Stm 4

2= 5 U14 2 *M EA N4j
.001e. -SUM3SUM3MEAN(J)*2

f--01 r - St4UUt4-RS--J
00155 SUM5:SUMSRMS(J),*2

O0157 16O PRINT 170t J
"- IMY

- -  
R -DIRMAT- 9 O APEAEPR Ptt -R R-IN OtOCKNOe*9411 www *11-01

0015') MEANIJ)=.
.....n 02toFtS tj-I-.0

nolr,l GO TO 100
- cmi-C' r80FK-
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00163X NS=J-1
... UIT4A VGMRN-S'M-/fTW

00165 SDMEAN-SQRT((SUM!-FK*AVGMN**2)/(FK-1,)I

00167 SDRMS:SGRT(tSUMS-FK*AVORMS**2)/(FK-1e))
tU,I b 9
001GI C SUBROUTINE DSTF2 NORMALIZES THE HISTOGRAM.
uO71T •c
00171 CALL DSTF2
00t177-PRr N1T- 1-900- vL-MC -

00173 190 FORMAT(///* THr 7IRST',I4' WORDS IN EACH BLOCK ARE USED TO COMPUT
00"1-74-1ET IHE MEAN ANU Tll RMSv'IHESL ZWORLS 'LOKRLSPUNL I'iTboit WAVLLLN
00175 2GTHS.')
tUi- FPRTNI 210TKtAVCOITiSOMLAN
U0177 200 FORMAT(///* THE AVERAGE OF THE.MEANS OF'14' ERROR-FREE BLOCKS IS
D. 177 T-l- FI-.!7v--TIE--S-A-NL-ARuDL;ViAONO-T-TRr--E-XSIS99i1051
00179 PRINT 210t AVGRMSPSORMS

""---''-rtT0 stt--- A-{ lCAVLI!Z CE -- 0r TMERMtL.47'iSIFF10*510 1PIE SiXRrARuDED VIAIT

001i1 ION OF THE RMSES IS'F1O*5)
---- flI - P R1N1-Z2 0

00193 220 FORMAT('ITHIS IS ARRAY MEAN.//)

00135 225 FORMAT11H ,10F1^*5)
Do 19 G F H I NT-2. qu
001.7 240 FORMAT('1THIS IS ARRAY RMSo'//)

-ou99I B_p1R I NT-_22 5 -TR M---J-1I-=_I-Nvw
o0v3 C
o'v,1 '- .... --r---BLC CONTA-I N -AtA--WITH AN RMS CLOSE TO AVORM
00131 C

00193 EPS-EPSO
- 1-- - g-ir- 4 60 J=--

00135 270 J=J+1
0u-196----T F-A8S4RKSt-J)1AVGRM- -I& , LIL tFZ) b IU U70 300
00197 IF(J-NB) 2709280#280

00199 IF(EPS-10.*EPSO) 2609260,330
tO3O hf- .. tr-9R C N T-1O Pt $S -
00201 Ia=J

PIZlT2P R NT 320, iRIM1011PRCNI
00203 320 FORMAT(//' BLOCK NUMBER't149' HAS AN RMS VALUE OF69F7.29'. THIS I
00( 2415 WITtNT t,

- 
PERCENT OF THEMEAN RMS*0I

00205 GO TO 340
ol.. zrc1 330 PRTNT-335
00?07 335 FORMAT(//' ***** CANT FIND AN RMStJ) CLOSE TO AVGRMS. QUIT. so'oo

-- --1307.-17"C.ALL sXI-
0on?n C
_02 1 u C -Pt-WIND THLTAPE ANDOKLIURN TO TI L LLINNING or 11 WAYL LAjA.
00211 C

--O 01" 2 31ft-CA LL-"UTPRhtt-i
00213 NFPI=NFILESI
7071'4 CA LU--SKIPF !NfP- i
00215 C
D?ib C GC T0 ULOCKNtMtE RI, tREAC It# AqV COMPUTIr t IE RE AN ANDRNS VALULS
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00217 C AGAIN. AS A CHECK,

00219 360 IMAX=ZB-1
-eff?20- DC 37 0 _--.1-MA-X-
00221 370 CALL IOTPSP(171

- (301---p--p -- CALLt- R EeIN4W9,*400.94416
0023 00 390 I=1N

- 00?2- .... .l80--T0MPI Tt!tOAT- !-MEAN1
0225 SUM=O.

....... 00226----- SUM1=O. ---- _______________________

00227 O0 390 I:1,NS

00229 390 SUM1=SUM1+FLOATIIYII))**2
-- s -O___________________F--N______

00231 CKMEAN=SUM/F-"------00 2-3? -€-KR-M -- S-RTI .t JM-f--eK ME A N*va

O0233 PRINT 400. CKMEANPCKRMS

nO235 191OXt'RMS :',F1105)
- 0f.-E PtPINT-42"OrNW---- -__
00237 420 FORMAT(//v CHECK IF NW=N. THE NUMBER OF DATA READ INTO ARRAY TEMP

00239 GO TO 500

00241 4495 FORMAT(//' **$ TAPE ERROR IN BLOCK IS ='I4*' TRY ANOTHER BLOCf 13 ?-4 If--- ** * * 0-)

cOn?43 GO TO 270
-0016"Iftw - 14 ittt- INT -- "- r -
00245 490 FORMAT(//' *$.$ EOF FOUND BY RREC* QUIT. * **')
(3?46 CALLXIT
00247 C

C "ND THE-t--1ftt!ti?T P011IVE AND NECA YTIVr LVt L UL . "N T ,AVERACE.-tom.
00249 C URSRCH IS AN MACC LIBRARY SUBROUTINE TO FIND THE LARGEST OR SMALLEST
00-t3 Z -- C- E-tEMENT-IN-A.-ARAY-.
O021 C
i"5o tt:R5RtMlBvNou,rEKPv,LPvTMrMA,,wDUMl
002sl CALL URSRCH( 1 ,N,TEMP#LN,TMPMIN,O,UM)

- -- 0 5- -- fiPR I NY--?O, -tP-PTI- PMA X
0325 520 FORMAT('OCATUM NUMBER'149' IS THE LARGEST POSITIVE DATUM IN THE A

-00krr - VIRe--Et-Of--K --- T---HAS THEvA*6w--•-F 0*•1;
00257 PRINT 530, LNPTMPMIN

.. .0021-8 - 530 FORM AIC96bAlUM NUMBER0124 wo 2S !ME tARCESt NEOAtIVE DAW-um"N utfe A
002c9 lVERAGE BLOCK. IT HAS THE VALUE',FlO4)

OZEl C THE CONVEISION FACTOR CF WILL ALLOW THE COMPUTATION OF ARRAY X IN

00-70. C
013?F4 TMPZn,TMPM IN

OOZG5 IF(SIGN oGT, 0.) TMP=TMPMAX
00" eCrF-- P-HtT m P

002S7 RMSHT-A3eA(CF)*RMS(IB)
-' 1 1)? n -PaINT--8- --CF

002sl 580 FORMAT OTHE WAVEHT CONVERSION FACTOR IS CF :,EIG.4 I
rtu ) PR-INTf5"90-v RMSKT
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00271 590 FORMAT(* THE RMS WAVENT OF THE AVERAG BLOCK IS RMSHT =-'F.399 CM

00271 PRINT -00. DXP
.- T SIEPARA-TON--O"AON INESt&FACE I s P -

00275 l',FG*49* CM.')
00 7fU , C
00277 C COMPUTE VALUES FOR THE ABSCISSA OF THE HISTOGRAM.

... . t27.. .C

00279 XO-FLOAT(NSIZE-IYMAX)/2.

002S1 650 X(I)=(XO+FLOAT((I-1)*NSlZE)l*CF

00213 C PRINT THE X ARRAY AND THE POF ARRAY FOR THE WHOLE DATA SET*
- 0 0 28 .... '---C,

00285 PRINT 670
102 9 E .. . .Z70 F Oq MA T( l A;ZR,AY- AND -XF.'ATN
00297 PRINT S80, (X(I),OF(I) tlzl*NIY)

H1 :P....680 F ORMA I(F.IZ i, q tF Iq, 6
o0Z9 C f
n0299... C-CoPUTE_-AND-7-RTX-hr Tx--IQ-DF"ARRAYS F0fRE--zAVmXGE BLOCK,,
00291 C

002 1" 690 DF(I)=O.
u D 7 7 qCACL USTF1

00215 CALL DSTF2

00297 PRINT 700
- 00- -700-1 ORMT-kt-,'-ARf-AYS----A17DP-ORY-AE--A ... t"tEBLCKtt-i-"13 -10VER CfBtC;'l

00239 PRINT G809 (X(I)9OF(I)o I=l,NIY)
uil31 10LNU
00101 c

0030 C
- "r rt n Ir- UnROUT1NE- D-STF UN

00-!05 C
t"_ "_ C..I-HIS SU13J'U?UINL SORTS INTC_LK DAIA INTO 17 45 10 PIRO?JUCu X
00307 C NORMALIZED HISTOGRAM. OSTF1 SORTS. OSTF2 NORMALIZES.
D-OMq8 .. .C

00109 PARAMETER N=G009IYMAX=1024
vtl7TcC OMM 011--l'"n-i

00311 COMMON/0SF/0F(IYMAX) vNSZEvNIY

00313 ENTRY DSTF1

003i 00 20 J=19N
0:i031C K---ZYt-J-l/NSlTE 1

00317 20 OF(K)-DF(K)+l.

00319 C
n0 3?0ENYRY DSTF2
00321 C

--- 0l iM0 .
00323 0 40 L=lvNIY
tr20 1t U-Ortj'oOUfurDT)
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0032 OFNORM-=1,/(SUMDF*NSIZE)

00327 60 DF(I1=CF(I)*DFNORM
-O7 -2e-RE-T-UR N
00329END
f;%ds--.40- " e

00331 aFOR9SIA SUB2

00!33 SUBROUTINE RREC(NWORDS#$SS

003-35 C THIS IS A SUBROUTINE TO READ 1 RECORD OF TAPE FROM UNIT NO. 17 AND

00346 e -eeNERT 9 TRAeK,'24IT WORDS TO 36 BiT WORDSW
00337 C

'-90 3zFAItA ME-TE R N-8Sat

00339 DIMENSION IXIN)
, 00- '{}e-MNO*--IYR+-

00341 C
a - 0 3t1-4 2 M ,-2 *N t- "

00343 CALL IOTPIN(17p1@IXvMvLNZvS20p S30)
_-O 3q ..... -C -T0 20- --A NO-I---FOUNDC

00345 C GO TO 30 IF A TAPE ERROR IS FOUND.

fO.4fy ftl ORDS -tNZ-t3
01347 IMAX:NWORCS-2

00349 DO 10 I:1.IMAX#3
m ".rSo- t- 2 -IT" 2-lt-3-1

(10i;1 IY(I):FLC(OZq9IX(J))
- nB 0 31 6i - t Yt-l-*Tt =,rro-" 74Tt 1 N eA tJqt11

00353 10 IYI+21=FL0(1Zv24,IX(J+lI)
0354- RE " UR*--

00355 '20 RETURN 2

00357 ENn

00359 aFORvSIA SUBJ

00151 SUBROUTINE SKIPF(NFILES*MB)
----- 0,Q3 6 2---C- -- -

003;1 C THIS IS A SUBROUTINE TO SKIP TAPE DATA FILES THAT ARE NOT OF

00365 C
0C36- DC 3i -Z,HFIL

00367 00 20 J=1#Me

00359 PRINT 40
--flo?7a ft-f0RMA(tP NO F FOU~ND yO .

00371 CALL EXIT
.- P0.37?_ CONT-ITNUE

00371 RETURN
. . ... O'RR E ND

00375 C
------Pt376 --- SX OT-..

00177 1 250

00379 -1.

00341 .32 39.1 8.80
-001392- 3@I






