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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(91,92), 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 ofder to illustrate the point,vand
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
and radar returns}-3 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



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
the interaction of the wind and the surface of the Water.4 Another
example is found in the field of meteorology. Both acoustic and
radar beams are scattered from layers in the atmosphere in order to
study its structure and dynamics.5 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
of the surfaces of those bodies.6

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-
ently by Rayleighloin 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 plané waves propa-

gating away from the surface. After some controversy in the litera-



ture, this assumption has been shown to be invalid at points close

to the scattering surface.11 More recently, Uretsky12 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.
Several of these papers were published in Russian by Brekhovskikh
and Isakovich.14 Of special importance in western literature was
a paper published in 1953 by Eckart.15 He adapted the Helmholtz
integra116’{l a classical method of physical optics -- to the problem
of acoustic scatteriqg from a random surface. He introducéd 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-
cedure was shown by LaCasce and Tamarkin18 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. 1Its 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 mathemati;al diffi-
culties necessitate numerous approximations. The degree of success
that is ultimately realized in solving the direct and inverée 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.



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 havg if the incident wave were reflected

15, 16 Eckartlé

from a plane tangent to the surface at that point.
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

. . 6,19,20 .
surface is much larger than the acoustic wavelength. 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 asaproduct 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 10bes 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



comments can be made regarding the use of these approximatioms. 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 begn used.le’ 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 the 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
acoustic beam.23 An analytical theory, derived from the formulation
ofEckart15 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
was used in the theory in the manner of Gulin24 and Horton and Mel-
ton.25 The surface was randomly rough and the spatial correlation
functions of the surface are shown in Figure 1lb, Computations using
these correlation functions gave the solid line shown in Figure la.

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

91 = 82 =0° (see Figure 2, p.l15) 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 V (1), in the downwind and crosswind directions,

respectively. & and 1 are the corresponding correlation parameters.

The correlation functions are defined as follows:

V() = é(x,y) E(x + §,y)> </ <§2(x,y> ,

V(n) = <§(x,y) E(x,y + n)> y/ <;2‘(x,y)> ,

where {(x,y) is the surface displacement, and.<::>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 moti?ation 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 procedﬁre is checked by
comparing computed and measured pressures of signals reflected from

the smooth water surface.

Phase approximations -- Akwell-known problem in physical optics
is the approximation of thg’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 acoustiq scattering
have been given by Melton and Horton,26 Horton and Melton, 25 and by

MacDonald and Spindel.27 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-

tering theories is limited to surfaces of moderate roughness.8 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
and by Tolstoy and Clay.28 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 1is

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.33’ 34

In 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. Tﬁis 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
approximation failed badly. Clay35 has shown, using the same data,
that a linear approximation yields equally good results. Also, Clay,
Medwin, and Wright36 have shown that the coherent pressure (the en-
semble average, <?> ) 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. Geomeftrical
shadowing factors have been derived to account for this efféct,37-41
but examples of their use are not numerous. A recent example is a
paper by Gardner,42 who considered the effect of shadowing on back-

scattering from the sea surface at incident angles greater than 80°.

He found that shadowing can account for effects previously ascribed



-12-

'

to scattering from bubbles or biological scatterers. Clay, et §l36
have used Wagner's39 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 teste& 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 YTeason 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 limitatioﬁs 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. Aléo, 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-
cess. Bourianoff and Horton43 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 incidénce

o, = Oo), but measurements of the backscattered signal were also

1
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 columms.
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 a§ailab1e representation of
the incident pressure. 2) The most reagonable analyticél represen-

tation of the phase of the incident pressure is that of a point
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02
l20
r2
SOURCE RECEIVER
(X,,0,Z,) (X5,0,Z5)

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 ¥ in

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

assumed to be periodic.
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Phase
Approximations

Incident
Pressure

Surface
Description

Zero-slope
Approximation

Figure 3.

B L L LT T P

Kirchhoff approximation -~

amplitude and
phase functions

Measured surface
data, slopes
included

Slopes set equal
to zero

- -- no shadowing or Measurements
multiple scattering
No phase Fresnel phase
approximations approximation
' ' .
Measured Measured amplitude Gaussian amplitude Gaussian amplitude
function, point- function, point- function, point-
source phase source phase source phase
with 180°_shift
at the null >
Smooth~surface
results --
- Figure 7
|
Measured surface Sinusoidal
data, slopes surface, slopes
included included
> Rough-surface
results -- the
rms scattered
> pressure --
4 4 Figure 8
Slopes set equal
to zero
Slope
correction
> curves --
Figure 8

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

A chart outlining the computations and showing the approximations and conditions used.
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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 pressurevis of ﬁrimary
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 measuréd data -- also shown by heavy lines.
Further explanations of the computations, and of the notations within
the blocks, are given in followiné 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.



-18-

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, is6,15,16

P = -(zm)‘lf 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(ikrz)/r2 , (2)

r,, is the length of a vector from the observation.point,

2
(xz, 0, zz), 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(-iwt) is ignored.
The geometry is shown in Figure 2. 7
Let the displacement of the water surface be {(x,y) = {(x), and
let its x derivative be gx(x). Then the normal unit vector and the

differential surface area are

n=(tx-2/0+t 5 (3)

and dS = (1 + gxz)% dsdy s . %)

where x and z are unit vectors.
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Substituting into Equation 1 'and performing the indicated operations

yields o
p = (4ﬂ)-lu[7\ G(p'U + V)dxdy , (5)
where -1, -1
U=r, (ik-r, )¢t - z, - Cx(x-xz)] R (6)
V=0p'/k- Qxap'/ax s (7

k is the acoustic wavenumber = 21/A.

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 xs

Prms = O\S'lfp p* dx)* . (8)
o

where Ks is the waveleﬁgth of the surface. Simpson's rule is used

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 Appendiva (program SCATTER).

The zero-slope approximation consists in setting Cx(x) =0
(i.e., n = -5). The error resulting from the use of this approximation
can be easily evaluated numericaliy. The computation of Prms is
performed twice; once using values of Qx(x) cqmputed from measured
values of {(x), and again, with Cx = 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 { = Cx = 0.
A monochromatic incident signal has been assumed in this deri-
vation. This assumption is permissiblé 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 psec 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, gx(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 &O0 data (values of (), corresponding

to a wave train approximately 60 cm long (1.5 sec., ~ 7As), was then
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selected using the criterion that its rms value be within 0.5% of the
overall rms displacement.

The assumption was made that the quanti%y measured, {(t,x = 0),
is insignificantly different from the desired quantity, {(t = 0,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 fﬁnctions 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.
small. Using the usual estimate of error for Simpson's rule,44 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 arichmetic (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.
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digits) have shown that roundoff errors arise only in the fourth
significant digit of the computed scattered pressure.

A value of gx was computed for each of the 600 {'s in the
Lverage' block. The surface was sampled 88 times per surface wave-

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

. Sia1 - Si1
Cxi = 2/% . )

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. 1In gddition, 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 hydrophéne. Measured
values of the amplitude and phase of the pressure are shown in Figure 5.

The measured pressure can be written as

p'(p,2) = |p'l exp(ip) . (10)

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

P and 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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2 5
% <%LEI-) + lp'l 2 (%)2 exﬁ[i(CP + tan-IW)], (11)

' ~kr P"
% = —'L?.—!— exp [i(p+ n/2)] , (12)
1

N1 .
o <%§'9 2. (13)

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

identity op'/x = (Jp'/)(p/x), where dp/dx = x/p. The partials

where w

with respect to p of Ipq and @ 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 Ap = 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 kAml. This was checked by numeri-
cally computing the incident pressure and its derivatives by a method
similar to that used by Zemanek45 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 ¢. Amplitude corrections were ignored because they are

approximately proportional to Aml/rl, and are an order of magnitude
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less than the uncertainty (+5%) in the measured values of Ip'
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 an& 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,

, is set equal to Th0 and is removed from the integral. Third,

)

the incident pressure is approximated by the product of a Gaussian

directivity function apd a point source phase function as follows:

2
b:4 cosG1 2
p' = exP['(f_ET—_—) -(f?) ] exp(ikrl) . (14)
X y

Lx and Ly are the linear beamwidths in the x and y directions, measured,
as before, in a plane parallel to the face of the transducer and separ-
ated from it by a distance Tio° As in the numerical calculation,
the time factor, expéiwt), is not explic{tly included,

In the Fresnel approximation the total path length of a scattered

ray is
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Substitution of Equations 14 and 15 into Equation 5 yields
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It is convenient at this point to also define the quantity

2 2,2
v = 4Ax /(k cos?x) . (27)

The scattered pressure can be written as the sum
P=p, t0p , (28)

where P, is the approximate scattered pressure corresponding to the
term ikA4 in the square brackets of Equation 20, and p is the slope
correction obtained from the remaining terms in the brackets.

The scattering surface is

£, (x) =  cos K (x-x) , (29)

where Co is the amplitude, and K = Zﬂ/KS. The term x_ 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 me
by a%t, where w, is the angular frequency of the surface.

. . _he
We now use the Bessel function expansion ,

<]

exp[ia cos K(x-xm)] ==§j Jn(a) exp[inK(x-xm)] s (30)

nN=-c0

where

a = kA.4§o . (31)

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

tered pressure in the small slopes approximation,
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kA exp(np ) ™

B | 2.2
Pam = 4ﬂr 24 J (a)exp(-inme);[7\exp - [ax X
n=-c0 -0
. 2 2
- 1(kA2 + nK)x + ay y ] dxdy , (32)

and the slope correction term,

o0
exp i(q)o - /2) Sr 2
dp,, = 4“r20 /. Jn(a) exp(-anxm)kZYEZax x-ikAéﬁx
. = =00 =00
exp - [axzx2 - i(kA2 + nK)x + ayzyz] dxdy (33)
where ¢ = k(r;q + 1r,0) + /2 . ‘ (34)

Integration of Equations 32 and 33 yields

p =p_ t5op

m am m
kA,
= Z (1+e)T (a)exp[-a ()] explip (n)], (35)
4r
20 x Yy n=-o
where o' () = (4, + KONV, (36)
Pp(®) = @y + (@ + /2 - of (m)tan ¢ - mkx +ux/2 . (37)

The term € is the fractional slope correction associated with the

amplitude of the nth order diffraction lobe. Its form is

nK .
€y = (?KZ> . (38)

The rms pressure, obtained from Equations 8 and 35, is
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KA ®
4 N 2.2 2 %
Prms — . > (1 +e)°J"(a) exp [-20"(n)] . (39)
s 4 a n n
2082y =

Computer programs for evaluating Equations 35 and 39 are presented
in Appendix B.

As a function of receiver angle, P has the form of a diffrac-
tion pattern. The directions of the maxima are given by the familiar
diffraction grating formula,

sin 62 = sin 61 + nK/k ; (40i

and the amplitudes of the diffraction peaks are proportional to
the Bessel functions, Jn(a). The zeroth order terms in Equations
35 and 39 are the specular components of the pressure énd 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 &avelength. Much of the width is due to the curva-
ture of the acoustic waves. This factor is accounted for in the
Fresnel approximation by the term (kAl)2 in v (see Equatioﬁs 23 and 27).
Further, v is roughly proportional to the angular beamwidth (~Lx/r10).
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, €, can be

rewritten in the geometrical form
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2 1

e(91, 92) B (cos 92 + cos 91

sin 6, - sin O 2
. (41)
28 . L.
Tolstoy and Clay = define the term f(91, 92). This is the geometrical
slope factor mentioned in the Introduction. Comparing their expression

for the scattered pressure with Equation 35, we find that

f(el, 92) = A4[1 + e(Gl, 92)]/2 . 42)

Beckman and Spizzichin018 define a similar term which includes an
additional factor of sec 91. 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-

1, 47 The value of the

face roughness which satisfy Equation 40.
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 L + € 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(el, 92) 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,

1

Measurement of the wave heights was by resistance probes, a

23, 48 To calibrate the

standard method described in the literature.
wave probes, a micrometer head was mounted above the water surface.

It was connected electfically 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, r,q» 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 6° 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
elsewherelf9 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

anplified, 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 ma&e 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 '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



-35-

RN
RCVR
. A
Y
GATED
OSCILLATOR AMPLIFIER
Delay CRO |
Trig >
PULSE GEN DIGITAL MULTIPLIER,
AND ——»{  DELAY GEN, [—®{ ANALOG GATE,
ANALOG DELAY GATE CONTROL INTEGRATOR
DIGITAL
COUNTER . |VOLTMETER

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 180° 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 6°.
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 5° were

taken from these measurements, '

In the second calculation (dashed curve), values of the measured
incident amplitpde were used, but the phase was approximated by the
function kr1 with a 180° 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% déwn from the
peak value. This phase error produces an error of approximately 8.5%
in the computed amplitude at 92 = 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 92 =0°
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 measuréd 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‘92 = 0° is about 10%. One might expect larger

errors if fewer Fresnel zones were 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 éalculation 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 quantitjsv

g = kzcz(cos 6, + cos 92)2 s (43)

where o is the rms displacement of an ensemble of surface points about
their mean. A surface is normally regarded as 'rough' if g > 1. For
these measurements, ¢ = 0.21 cm, k = 8.73 cm-l, and 91, 62 < 45°; 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

values of the slope correction ar; also shown. These curves were
computed using the same representations of the imc ident 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 (180° 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 62 is
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 62 ~ 4° is not
resolved in the ofher 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. 1In the examples shown here, the effect of
phase approximations is to reduce the resolution of the individugl
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 overka period of 2-3 minutes. The scatter in the
data is dqe 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 on

the data points at 10°, 20°, and 40° 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 thg average, the measured data deviate from the computed
values (solid curve) by less than 47%.

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 62 < 20°., For larger values
of 92, the data increasingly diverge from the analytica} 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 12°. 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 92 = 40°, with orders of lesser amplitude occurring
at both smaller and larger values of 92. Small adjustments in the
parameters used to calculate the analytical curve can improve its fit
with the data in part of the angular range, but not without degrading
the fit elsewhere. The amplitude used for the surface roughness was

Co = 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 6; = 0°.

If is evident upon comparison of Figures 8 andn9 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 ;alues of 61. Second, the discrepancy between the
computed curve and the datum at 91 = 2.5° 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 61 greater
than 20°.

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

percentage contribution, are plotted in Figures 8 and 9. 1In 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 36°., At larger angles the curves diverge with the
numerical curve clearly showing the reduced slope dependence apbro-
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 contributiéns 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 conmection 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 iﬁ back-
scattering increases rapidly at angles of incidence gréater 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 91 -62 = 60°, a moderate angle, the slope correction

2
is € = tan 61 = 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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VIi. Conclusion

A comparisonibf 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 émooth 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 uncerfainty in a comparison between theoretical and éxperimental
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 thgt are diffi-
cult to avoid in analytical scéttering theories. The rms préssure

scattered from a very rough surface is apparently less sensitive to
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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,ez)(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,ez)
-- 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.
In addition, two auxilliary programs provide input data: program
TRANSIATE provides values of the surface displacement, J, and its
x derivative, Kx; 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
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Record waves on analog

Digitize wave record

(24-bit words).

using Datacraft computer
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Program TRANSIATE
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pressure for the specified
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scattered pressure,

Program SCATTER

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

integral.
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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
Yomax Y(X)

1 . -1
Pre = 77 S g Tlcos(krz)-T281n(krzﬂ r, dydx ; (A1)

- me L]

and the imaginary part is

YXmax Y(x)
1 . -1 .

Pim =‘Eir§ g[%lsln(krz)'TZCOS(kr;ﬂ r, “dydx . ; (A2)
~Ywax ©

kp'j '
where Tl =< Pr;.m + 52;e> Ex-xz)xx - (Y‘ZZE}
e ) - (e , @)
3x3x >z
e re
kp' '
T2 " ( 1’:2re - I;zim) [(X-XZ)XX i (X—zzﬂ

" [K"(%Pé‘)im ) (%P'%)m] | (AL)

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 Xmax.

Because

of the symmetry which exists when both the source and the receiver
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are in the x-z (y=0) plane, the integration on y is performed only
over the half-plane y > O.

The notation used for position coordinates in SCATTER differs
slightly from that used in the text and in Equations Al-A4; The
source coordinates are (0, O, zo); the receiver coordinates are
(x, o, z); and the surface coordinates are (x', y',¥). Also, the
distance from the scattering point to the receiver is R, rather
than Iy.

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 krl. 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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182, D0 120 u=1,360
S 183 T T ANGL®ANGL4DANGL
1e4, SSIN(J)mSINCANGL)
185, 7 120 CCOS(J)I=COS{ANGL)
186, (<
By T TP T AN K SHTF T ARE P ARANETERSUSED T INTIANTPYCATING THESURTACE OATAT
188, € NXP 15 THE NUMBER OF XP'S IN XPHMAX,
1B e
190, NXPSXPHAX/DXP+]l¢5
9 e 77T U IFUINKPIEQe (NXP/2)92) NXPENKP*T
192, MXPuNXP
193, MXPOENXF
194, XPMAX®R(MXP=])eOXP
195, -—mg e
1964 1490 PRINT 1190y MXP NUMBIKSHIFT
§99 ¢ 1190 FONMAT(//4-mAP -mby4v 9 —SURFACE POINTS—ARE—INITIALLY -ASSIGNED-T0-Ty
198, VE *XP DATA SETs'/9 THE H=K INTEGRAL WJLL BE EVALUATED FOR NUME =,
ey 237+ SURFACE POSHT TONSTH A FOR—TACHSHEPFOP—THE SURFACE T MAP—Wiklt——————————
200. 3 BE I[HCREASED BY KSHIFT 041340,
—201« T
202, C COMPUTE AND STORE THE X COORDINATES OF THE SCATTERING POINTS,
~ 2034 € THEIR SQUARES y~AND - THE-SQUARES—OF—THE—y—COORD INATESY
204, C ALSO COMPUTE, STOREs» AND PRINT THE NY'*s, WHERE NY(]) 1S THE NUMBER OF
T 2050 T CTSCATTERING POINTS IN THE I TH RON—THEY - MUS
2060 (4
207, T DO 1907 J%1 e MAXY
206 150 YPZ(J)-((J-ID'DVP)“Z
—209s D0 155 ‘1L yMXP
2100 XPUI)s(f=})eDXP
—2tte——————AP2 {1 rexP (e
212, MYSSQRT(XPMAX®®2°Xp2(1))/0YP*1e5
“213. IF{MY SEQe T MY=3
214, TFUMY «EQe (MY/2)02) MYsMYs) .
TS eI P 2 I (MY =T o ¥ Ph e e 2~y T —RHOARRWO) o260 TOH——momm—mM8M————
216 155 NY(l)snmy
—217. PRINT T8
218, 1398 FORMAT(//% THIS LIST IS THE ARRAY Nydille'/)
“ZIG T T PRINT THI 99 T ENY CHY ety X Py
220 1199 FORMATUIH 42016)
22T C T
222, ¢ ComPuTE THE COORDINATES OF THE OBSERVATION POINTS, ANp THE ZETMI'S.
2235 CZETMZ MEANS YZETA MiINUS— T3
224, < .
TZ25. 156 U0 IS8 NTEIINTHETA

2260 THETASTHET(NT) /57,295
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227. X(NT)SRADJUS*SINITHETA)
228, - Z{NT)==RADIUSeCOS(THETA)
229, 00 158 I®},NW
230, 158 ZETMZONT I @ZETALI=ZUNT) o o i s _—
231, x»(u-.oooo: :
232, [4 S e e
233, C A LOOP ON sunrAct POSlIION BEGINS HERE,
234, € - THE SYRFACE 15 SHIFTED BY—-RETURNING-TO-STATEMENT—160¢—THE—INCREMENT- —
235, C KSHIFT |S ADDEp TO MXP, AND THEN THE INDICES OF ZETA AND ZETAX ARE
2364 ‘€ CHANGED BY THAT AMOUNTy——
237, [4
234 LITS]
239, G0 10 170
2406 - TG0 "NSSNSe} - - -
241, "xP-~XPo~«Ns l)oKSHIFT
2420 € T e v
243, [4 estAaLxSu THE suaracz COORDINATE XxPe <THAT IS, BEGIN A LOOP ON THE
24y - C—ROWS - OF SCATTERING-POINTST—AELIO T COMPUTESONE—TERNS—THAT—
245, C INDEPENDENT OF THE COORDINATE YPo
2460 ‘€ 1t IS THE [HDEX OF A ROWNy — —————~-——-—
247 € NNXP IS THE ¢XP SURFACE DATA INDEX FOR THAT ROWe
248  —-"C- NNX® IS THE CORKESPONDING-wAP—INDEXY
249, (4
290170 Vg 290 1 im}NXP
251 NYPaNY (1)
282y e == NNAPSMAP+ =]~
253, NNXQeHXkP=le|l
- 254, -————-D0 220 HY®|;NTHETA
255, XPMX(NT)®XP(LI)=K(NT)
—2Y g G KP M AANT } S X Pt = RANTH
257, TERMI(NT)ISZETAXR(NNXP) O XPHAINTI=ZETM7 {NT (NNXP)
208¢-——— —220 RTERMIANT IS ZETAXKINNRQISQAPHXANT IR ZETMIAN T NNRQ)
259. 4
- 260¢ ——— -€C—LOGP ON THE YPIS IN THE ROWe—— -
261 [N ls lnE INDEX OF A POINT IN THE ROW,
— 262 < -
263, uo 280 JJ'I NYP
264 ~CT e
265, 4 Tus RADIAL DISTANCE FROM THE ORIGIN TO THE PROJECTION OF THE
268 €—SCATTERING POINT -ONTO-THE-Z280-PLANE—15—RH+— —THE—INCIOENT PRESSUREIS— ————
267, € SPECIFIED AT A SET OF RADIIs RHO(I)e

- zanr—————c——rrno~tne—ﬂne—cceses1—+ﬁ—#ﬂirtunﬂeﬁ¥—ser+¥enfne—!9+w4~————————————-———————————————
269. € LET 1 BE 175 INDEX

270 T e ST s
274, RHZ'XPZ(I!)&VPZ(JJ)
S 272y RH®SGRT(RH2)*i00001
273 RI®SURT(RH2+(ZETA(NNXP)=200)0%2)
— 278y QRI®SQRT{RNZ*tZETATNNXQI=20) o2y
275, 1aRH/OKHO+],5
S 274 T PGENRSSQRT (RHOT[Tee2¢209%27
277, DF=K¢ (R} =PGENR)
278¢ T T TTTTTTQDF K (QRI®PGENRD ;
279, 4 !
- 2804 - ——COBTATH THE INCTOENTPRESSUREAT—FHESCETFER NG POHNTSB¥PERTURBING ——
281, C THE PHASES OF THE SMOOTHeSURFACE VALUES SUPPLIED 8Y PGEN2,
282, C SUBROUTINE-PRTB-PERFORMS—THIS—FUNCTIONT

283, (4
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284, PaPMAG(])
285, “PZEOIMAGLT)
2660 PXSUXMAGH])
267, T T FMPPHAZ(LY T -
268, FZ=DZPHAZI(1)
289 T TR XSOXPHAZITY
290, CALL PRTO(P,F,0F 1yPREP,PINP)
291e T CALLT PRYBUPLFIGDF S QPREPTUPIMPY
292, CALL PRTIDIPZWFZ4OFDZREPOZIMP)
2936 T T S CALLT PRTB(PZWFZ4UDF  QOZREP,QOZ I NP
294 CALL PRTB(PX4FX,DF yDXREPIDXIMP)
—295% CALL PRYBIPXFRH,WOF o WOXRECPHyQUATHTY
296, C
TRY7e T € T TERM IS T THE STNE OF TRE ANGLE BETWEEN RR AND THE Y AXIS IV 18—
298, [4 NEEDED 10 cOnPulE THE PARTIAL OF P WRT X.
2994 — ~ €~ R e
300 TeRMwXP(11)/RH
T304, [ S ;
302, DXREPSTERM®DXREP
303s T T WUOXREPw-TERMQDXREP
304, OAIMPRTERMOpKIMP
T 30547 T QDX IMPRTERMYQDX NPT T
306 (<
T307 T CTTCOMPUTE TINTEGRAND  TERMS—WHICH DON*TINVOLVE THETAy ———
308, C
309e T T T TERMYSZIETAX(NNAP I SDXREP=DZREP
310 WTERMH4®ZETAX(NHXQ) »QDXREP=QDZREP
T3ty T TERMS®ZETAX (NNAP oD X IMP=DZ inP
312, QTERMS=ZETAX(NNXQ)sQDXIMP=QDZIMP
313 T
314, 4 LoaP ON THE VALVES OF THETA (oaSERVAnnn POINTS) e
T35 c -
316, 00 280 NT=l,NTHETA
T317¢T T TC T RZ MEANS R=SQUAREDW
318 © R2EAPHX(NT)I#02¢YP2(JJ)I+ZETMZINT ,NNXp)oe2
39T UR2ZWGAPHAENT e e 24y P 2L ZETHENTONN AR 0 02
320. RaSURT(R2)
32 e T QR®SQRT(WR2T
322. TERM2®PREP/R2+KePIMP/R
323 —————-QTERM2=QPREPFUR2*K QP INP/AQR
324, TERMImKePREP/R=PIMP/R2
—32%% YTERMI=K *RPREPT/ GR=GPIMP7uN2
326 TISTERM| (NT)eTERM2=-TERMY B
327 QTIXGTERMIINT)IQVERM2=GTERMY
328, T2 TERMI(NT) e TERMI+TERMNS
T329¢ T T QT2QTERMIINT ) *QTERNITGTERNMS
330 C

33 T P IROTREPHASES OF —THE—SCATFERED R Y55

332, ¢ REMOVE INTEGER MULTIPLES OF TWOPI FROM KeR, THEN APPROXIMATE SIN AND
333 T COS BY S5STRAND CCUSS
334, ¢ THE FUNCTIOH AINT REMOVES THE FRACTIONAL PART oF G.
~ 335, TTUC T -
3d6. GaR/WL C
337 WATGR/WE
Jdbe. NG® (G=AINT(G))®#I60,%1e
7339 NIO® (GGSAINTIRG Y 3s0vvtv
340, S®SSININGI
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LT QSsSSININGG)
3N2e CaCCOS NG}
343, QC=CCOS(HQG)
34y, - —-—C€ - - e
LT C THE FOLLOW[NG TERMS ARE VALVES OF THE INTEGRAND AT THg SCATTERING
--346 < PO IHTS
347, [4
348y —-— - TREANT ¢JJ})®(T18C*T2¢S)/R [
349, QTRE(NT,JJ)=(QT1°QC+RT20QS)/QR
~ 3509 ——————T{MINTsyJ)®(T105°T29C)/R
351, 280 QTIMINT,,JU)=(QT1*gS=QT2¢QC) /4R
—352+ €
353, C INTEGRATE WRT YPe THAT IS o FIND THE cONTRIBUTION OF THE ROWS AT N
354¢ - C —+-AND = KkP & e
355, 4
3560 - -290-CALL—INTGY2 —
357, 4
=398, ——C INTEGRATE WRT—XPy—TFTHA T Sy—INFEGRATENVERALL—THE-ROWS—T o008 TaAiN—THE—
359, C SCATTERED PRESSURE FOR THE CURRENT SURFACE POSITIONe
360, c ; e e e
364, CALL INTGX2
362 - "€ - Rt
363, C ALL TERMS HAVE BEEN COMPUTED FOR THIS SURFACE POSITION, '
—36q¢—C €1 THERSHIFT—THE-SURFACEAND—REFEAT—THE—EALCULATION—ORSTOR——
365 [4
3660 ~————IF{NS +EQe NUMB)-60--TO-400
367, GO TO 140
~~368¢ <
369, € FOR EACH RECEIVER ANGLE FIND THE MAGNITUDE OF THE SCATTERED PRESSURE,

—-3700——C€— THE PHASEYy—AND~THE- MAGNI TUDE~SQUARED r—P2v—PRINT—TFHEM—FHENAVERAGE————

371, € THE P2'S AND TAKE THE SQUARE ROOT TO GET PRMSe
- 372, € : L
373. 400 DO 460 MT®l NTHETA
374 ———————PRINT--1 200 y—THETINTH
375 © 1200 FORMAT(1])e0ssneeteetocettrentesonasgevecs?/ THETA =0 FSels"!
---376¢-——————-——-——-1DF_GR££§.'/‘—ocb»oﬂowwvl“m‘f‘-{—-————-—
377, PRINT 1290
37861290 FORMAT (/25X *—— NS+ r PN PRE—7 9 oo Bk  PHAGN 1 S PHASEL—
379. 18Xs'PFOV/)
--380¢— ————DU-44C-NS® I FNUNB:
384, ARPRE(NT)NS) .
382 "BEP{M(NT NS}
383 P2m=pepA+gep
384, ~—————---PHAGN®SQRT (P2}
365, PPINS)Imp2
“ 386 " “CALL~ANGLE (KB PHASED}
3874 440 PRINT 1300y NS1A9BoPMAGNIPHASE P2
—388 v 1I00 FORMAT(27% T3
3689, IFINUMB oLTe 3) GO TO 460
390, T
391 C FIND PRMS AND PRINT [Te
39247 T ;
393, Hulo/(NUMB=1) '
394 C€RLTINTEGT TP PyNUMBTHYPMS
398, PRINT 1310, PRMS =~ PAMS = SQRT (PM3)
—3%6¢ " T310 FORMAT(B2XGF §4¥V9 TV w—PRNSV}

397 460 CONTINUE
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398 STop
399, €
400 500 PRINT 1320
407, ———1320-FORMATt//7+ tNSUFFTCIENTDATA-FRON PGEN2T—QUI T3 —REDUCE-KPMAKXY -
402. STOP
—§03¢ T STO PRINT T33UT
404 1330 FORMATE(//7/" SURFACE DATA CARDS NOT N ORDERe QUITet)
405, sToP -
406, 520 PRINT 1340
~ 407¢ —— 1340 FORMAT (/47— PRESSUREDATA—CARDS—NOT—IN—ORDER—QUITv 4 +—
4C8 o S10pP
ROV, ERY

4100 4

END OF COMPILATION: NO DIAGNOSTICS,
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e | 1] ) N — i e e ——— e
le [4
20 . - SUBROUTINE INTG2. - 00O 0 O
3. < ’
e W g G —-FH} S-SUBRUUT I NE--USES- .swvsows_&uu_to_msiulz—t E-SCALT
Se [4 Tgaﬂs cORR[SPONDlNG TO ROWS (ENTRY INTGY2) AND STRIPS (ENTRY INTGX2),
be- —— € — m
7. PARAn:rtR Murnluons-zs
— 84— PARANETER HaAX]®250yMAXU®i 00
9 COMMON/INTEGL/NYP T 1 oNXPIDXP10YPsTWoPI
—4 0 L OMMOK/INTEGR
1. COMMON/ INTEG3/QTIMIMNT yMAXJ) sRE(MNT MAXT) JRIMIMNT 4MAX]) QRE(MNT,
$12¢ o MAKL ) o GRIMIMNT snAXE
13, COMMON/TERMS/PRE(MNT yMS) sPIMINNT I MS)
— 4 q—————————COMHON-NTHETATNS
15. [4
— g ENTRY—INTE Y2 - -
17, IMAXRNYP=3
o 1ge T T = waDYP/ 3,
19 [4 .
----- 20~ ———————D0 200 NT=} NTHETA
21, FISTRE(HT 41 3+TREINT NYP)
22— G =TI N (INTFFIr T I ANT I NY PY
23, GFImQTRE(NT 1) *QTRE(NTyNYP)
240 o GG SUTIMUNT  E ) S QT IMENT-PNYP
25, F28TREINT yNYP=1)
—- 264G ZOTIMINT yNYP=])
27, QF 2uGTREINT (NYP=})
—29r QG2 oG FHMANTFyN YR}
29. Fa=0.
- -30 63%Q. L
di QF 3=0, '
— 32 Q63=0. -
33 (4
— Mg DG 100 1"251MAXN2
35. F2uF2¢TRE(NT 1)
= Yo mT - G2®GROTIMINT, 1)
7. UF2=QF 2+QTREINT, 1)
—— 3By ————————QGZBQG2+ATFIMINT ¢} }
39, F3sF3+TRE(NT I+1)
40 G3=G3e M {NT T+
41, : QF3sGF3+QTRE(NT Loy
42y 100 UGIMGGIQTIMINT s Tet )
43, RE(NT 1l )mwo(FL*4,°F24200F3)
— gy —RIM(NT [ 1) my et G 1 *4soG2e2veay}
45 GRE(NT 1 1)ene(QFl+4s9QF242.9QF23) )
— 4200 ORIMINT T I wWetgEIvYvey
476 RE!URN
8§, T - :
49, ENTRY INTGX2
>—%g. ITMAXSNAPeY - .
Sie - WsDXP/3, |
L r4) ¢
53 DO 400 NT®| NTHETA
TTB4 ¢ ——FISRE(NT; I T¢RE(NT NPT

55 GISRIMINToL)I*RIMINTINXP)




S6e QF 1WQRE(NT, 1) +QRE(NTINXP)
T 57, T QG L MQR IMINT S D CURTHANTINAP T
58, F2oRE(NTyNXP=])
T 89y T TG 2*RIMINTINXPELY
60 QF2=GQRE(NT yNXP=1)
' 3 QG2¥QRIMINTyNXP= T
62, Fi=0.
T 63 G3=0,
b4 GF3s0.
Bt 3 The -1 ¥ 1 3
660 (4
67, D0 300 1=2»IAAX, ¢
68, F2=F2+REINT,|)
69, H“—-—"—"-G?'GZ‘R“H'NYuIl
70. QF2=QF 2+QRE(NT, 1)
T T QG246 G 24QRIMINT G Y
T2 FIsF3eREINT 1e1)
T3 T G3MGISRIMINTVTETY
749 GF3mGF3+GRE(NTI*L)
75¢ 7300 QGImGGIeGRIMINT SIS
760 PPRESFle4e®F2¢2.°F)
TTTTe T T PPINSG449.96242.%G)
78, [4
79, C TN TRE NEXT TWO STATENENTS THE G PRESTURE COMPONENTS ARERODEDTO—
80, C THE ¢XP TERMS.
T8l T C
82, PRE(NT yNSI® (PPRE*QF 1 +t4¢0WUF2¢2e¢qF3)e(W/TWOP])
TTU83T T 400 P IMINT I NS IS (PP IMTOG T4 e RG22 ¢ QG e (WATWOP I}
B4, RETURN
8%, 13,472
LI [

END OF COMPILATION: NO DIAGNOSTICS,
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Sys2 —_—
le [4
= Qe - — SUBROUTINE ANGLEA X g¥9A)—— e —
J. C
e 4 €E—FHiS—15-A-SUBROUFINE—FOCOMPUTE THE PHASE—ANGLE OF A GOMPLEX NUMBERS
Se (4
S e vmo - PIe3414159265 - -
Te IF(ABS(X)eGTeloE=10 vANDe ABS(Y)eGT.leE=10) GO 710 S
8 “IF-BOTH K AND-¥-ARE-ZERO)—A—WILL—BE-SET-®-0v
9e TFUABS(X)eLToloE™ID ¢ANDe ABS(Y)eLT.leExlD) 60 70 130
10 v — 4f¢*§s‘ul¢1‘_$'_l_‘{._=n ANDs—Y ¥ n-l en 1n |
e IFLABSIX)eLToleE=)O oANOo v.f-too-i 60 To llo
120 - IFOABS (Y oL T ol eE=1D—vANDe—KvkTvO e GO-TO~i 20
13 IFUABSIY)sLTeleE=IO ¢ANDe XeGTege) GO 70 130
'''' tee— G ABATAN(Y/XY
1S IFLA) 10410,50
8o~ IF (X} 2020730
17 20 AmA+pP ]
186 T G0 70 200
19, 30 A=As2,0p]
20 ———-—-60 10 200
21 S0 IF{X) 20+20,200
¥ £ 100 A=}sSePt
23. Go TO 200
28 T T RIQ AmlDeP]
25, 60 TO0 200
e 264§ 20 AWP| -
27, G0 70 200
28— 130~ Ae 0y
29. 200 RETURN \
30¢ -— == ENO -

3]0 (4

END oF COMPILATION; ND  DIAGNOSTICS,
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2UBJ
le (4
2, - " SUBROUTINE [NTEGI(FINyOVYT
3. 4
TR T C T RIS T ST AT SUBROUT INE T O INTEGRATE R P URCTION T VI A STNPSONY S RULET—————————
Se [4
- be T T 7T DIMENSION F(N)
7 Fi=F(1)eF(N)
B PR L A L LT }
9 Fisg.
10 THAXSN=3
i DO 10 1s2,IMAXs2
12, F2uF24F (1)
13. 10 FIsF3+F(l+})
T4e T ValD/3e ) FIeYTOIZE2eOF )
15, RETURN
T lb END
17, C
END OF COMPILATION: NO DOJAGNOSTICS,
i
SuB4- -
e 4
e Qg ————8UBROUT INE- PRTBIP 4Py DF s PREALIPIMAG) ——— e e
:. C
i —FH 55— A—SUBROUTFINE—FO—PERTURD—THE PHASES OF —THE FNCIDOENTPRESSURE+— —
Se [4
- be o m—-— COMMON/PERTB/SSIN(360);CCOSEI60—— —
7. OATA THOPI/6+2831853/ .
B e Qe e R _—
9 Gs (F*DF)/TwoP1+10,
10 C
lie € THE SUM F+pF CAN BE NEGATIVE. THEREFOREs 10 WAVELENGTHS ARE ADDED TO
12, ‘€ ~ENSURE A POSITIVE VALUE FOR-THE—ARRAY—INDEXs—NGv
13 [4
— gy NGO {G=AINT (G *I60v+iv
15, PREAL®PeCCOSING)
= e T T PIHAGEP eSS ININGT
17, RETURN
18¢ END
19 [4

END OF COMPILAT]ION: NO DIAGNOSTICS,
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auy

MAP 0J7K®=05/26%20352

ADORESS LIMITS
—STARTING ADORESS— 012738

001000 ol4447

040000 154401

—ORDS-DECIHAL 5928t BANK———3 IO BBAN———

04000n

SEGHMENT MAIN 001000 014447 154401
NTABS/FORO 2 040000 040044
TTURERRS/HAGFORFUNDOZ™ ¥ 0010007001610 2040045040504
NFFTIS/FORIO ! oolél1 002667 2 040505 040736
NFFYOS/FORIO ~——— = "1 T002670 0032567 27040737 041000
ErVS
" SQRTS/NAGFORFUNTIO———t—0032%7 00332 2 Ovi0oT O¥10t2——
SINCOSS/NAGFORFUNID 1 003327 003474 2 041013 041042
FORI0S2/FOR[Q T T~ 003475° 008672041043 043547
NISYMS/FORIOQ ! 006170 0062487 2 043550 043554

~ ATANS/NAGFCRFUNIO ~—— 4 ——006270 0045302043555 043634

FORJOSI/FOK]O

] 006531 011730 2 043615 044703

—YER"S—tCOnmON"BLOCK?
INTEG3 (COMMON BLOCK)

WY &4+
ONITONTUNEVT T

046200 104247

—IHTEG2 (COMMON BLOCKY
INTEGL (COMMON BLOCK)

fod25og— 44—
114920 114425

~ BLANKSCOMMON—(COMMON—BLOCKI——————— 442642 ———

PERTB (COmMON BLOCK) -

114430 115747

—supy— B 1 F I+ O TP E————6——1 15750 5 P

2 PERTSE
-5us3 t 011773 -012072————0——11576s—¢1401 22—
Sus2 1 012073 012330 0 116013 116030
—Sust t 01233102 sy——0— 116031 te lo—
3 INTEGH 2 BLANKSCOMMON
5 INFEas 4 NFEGZ
6 TERMS
a7 % 1. S t 012735 0t 4447 —O0—t16HIm— 1S4 40t
3 INTEGH 2 BLANKSCOMMON
T T T e e $—INTEGY Y tnTeaz
7 PERTB é TERMS

—SYSS*RLIBS: LEVEL IS
END OF COLLECTION = TIME

10175 SECONDS




SAMPLE  OUT PUT

THE RAOIUS OF THE SCATTERING AREA IS NOMINALLY XPMAX ® 17¢n CH,

THE OBSERVATION POINTS LIE ON AN ARC OF RADIUS 49020.CHe ... e P - e e

THE NUMBER OF SURFACE DATA READ IN IS NW s 400 THEIR SPAC]NG IS DXP = 40977 CHM,
T VTHE WAVELENGTH OF THE WAYES |S WLNGTH = 84800 €M

THE FIRST AND LAST SURFACE DATA CARDS ARE

——CARD———2ETA ZETFAK

T ¥ 021983+00 - =v 14639400
600 =+28540¢00 =¢33782-01

—-FHE -ACOUSTIC WAVELENGTH 15 -Ni—u—g7198—CHy i i -
THE TKANSDUCER IS 50410 CM BELOW THE MEAN #ATER SURFACEe

-—THE NUMBER OF PRESSURE ODATA READ-IN-IS NRHO ®—H01 v—-THEIR- SPACING -JS DRHO. .»_,05000-CM,

THE FIRST AND LAST PRESSURE DATA CARDS ARE

T KARD s RHO - PR G PPHA L D ANAG——— — DXPHAZ— DIMAG DIPHAL
T b9 00000 -—+ 10000040 - ——— 3078667000000 (00000 4872907404 5435744
401 20400000 ¢170000-01 2478814  ,5504492-0D1 4428620 +}378}8+00 4035893

2000_CM N THg y DIRECTIONS

TTVHE-SPACING OF THE-SCATTERING - POINTS—4S-OXE—8 0977 CHLIN FHE x—DIRECTION, AND DYP &

MXP = 175 SURFACE POINTS ARE INITIALLY ASSIGNED TO THE *XP DATA SETs
Tt THE HeK INTEGRAL WILL BE EVALUATED FOR-NUMB-®-23-SURFACE-PnS5]TiONS
FOR EACH SWIFT OF THE SURFACE, MXP WILL BE INCREASED BY KSHIFT » ‘4,

—THIS LIST 15 THE-ARRAY-NYLL)e . —

— 8 —87——8F——87 8F—87 87 87 87 87 87 87 87. 87 87 87 .87 87 87
85 8s 8s 8s 85 85 8s 85 85 85 85 as 85 85 85 85 85 85 8s 85
T BSTeS 85— 83— —#3——g3— 83— —83—83———83— 83— 83— 83— 83— g3 a3 83 81 8181
8l al 81 el 8l al 8l 79 7% 79 79 79 79 79 79 79 79 77 17 17
T 77 Ny 75— 75— 95— 35— 33— 33— 73 L A T I S X su—— ) 7
71 71 71 71 69 69 69 69 &9 67 67 67 67 67 65 65 65 65 (3] 63
L2 L X 63 2] L&} st &1 5% 59 59 59 57 57 57 —56 g 55 &3 3 53
sl s1 S1 49 49 49 47 47 47 45 45 43 43 43 44 4] 39 39 a7 kY

TS T 33 33— 3¢ 29 29 27 25 23 21 19 17 5 1-4 3

-ZL-



0000000000000000000080000,0000000

THETA = o0 DEGREES: S s e e s
000000000000000000000000008 000000

NS PRE Pin PMAGN PHASE Ppe

i 0075735444 «074120705 «10597045} 0774623 0011229736
e g 106919360 9052027809 — -+ 118007642~ +456585 +013925804
3 0159945803 «088086) 68 e182597460 «503400 0033341832
e e e 276649386 —~+23006/718 - ~¥358962417 ——1695665———+12885401¢6
5 0368657842 +309%901230 0481609151 «699023 02319472375
& .uz.uzbns———-'nﬂ-urﬂr——;—;hnzﬂtr——;seHﬂs——rlﬁﬂol??i:
7 *168334%100 v062726230 0198505197 0321502 00394043}
R e e g = [ 09896073 9010424079 0110389346 "7 409457} 1012185608 s e
9 e1l2101615 *028317080 v115622789 e247426 0013368629
oo e e 10 +109484127 “gG0476201 " ¢109485161  +004349 ~——e011987001 e
Y} «055204276 «1066643352 0086538132 5440418] «007488848
e e e (531 997 426 =% 078430170 084706120 4325028 §007175127
13 =e120596207 ~e04B81630688 0129858328 3521544 016863185
- - : G e e G e 1 B4B0T 68 TTwi079950394 T 0201359764 "3e5498%6 040545755~ m o s e e
15  =¢202438163  =+190323496 0277856514  3.896156 +077204242
T G s Le v e 1B2290122 % 0277034973377 6331629757 T 44130405791 09970829¢6
17 ~e16717052) =+2705%1632 0318065736 401568987 «1011658,2
18 = 171099192 —=v 192812570 +257782197T 37786587 ——0bs4s51658
19 “e1456630497 ws) 14758985 +185438260 34008874 034387348
- e — 20T %i06610310%5 =v108449982 127007948 4164994 0ls131019
21 e008301147 ©01280798723 0128348598 47771141 0016473363
h : 22,7 "i039957343 080497470 +0725030%5 8e2%67 19 +005256693

23 «065415917 cQ47663454 »080938539 08629678 0006551047

065733’ = PRMS

SFIN
S : , NumR =23
e ~RUNIOS - $COB4I— RROJECT . _ USERS NTHETA =1
——  hTEM o e AMQUNT-————£ 0S5 T DOL AR ——— —
— -~ CPU TINE - e QO+ F4 4 42323 ———— 835437

170 REQUESTS 196 50,28
-} /0=POHOS - TRANSFERRED 367728 $6+13

CORE USAGE 11e515 $3.80
- CARDS IN o - ts79 s0v47

PAGES PRINTED ls $0,33
—- J0B CHARGE - 3 s0, 12
——¥oTab-COST $4050 _

—~omm o THE ABOYVE DOLLAR AMOUNTS-ARE APPROXIMATE AND—ARE—BASED-ON-—RATES FORCONVENIENCE RUNS —————

INITIATION —FIME——20i5114a-NAY—2641973

-TERMINATION-TEHE i—— 315 20:55=nAY—26v 97D +

-EL-



-74-

Program TRANSIATE -- 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 tﬁé 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 tﬁis 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 considered to 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 .5%) to the rms displacement of the entire data set (cards
176-194).

The surface slope, Kx’ (the x derivative of the displacement,
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Y) 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 ﬁas supplied by B. Sternberg of this

laboratory.
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Gy T Ill%ﬁuolbo yBCT REEL 5D

LUTUT WKS

abuu2 @FOR,AST MAIN

¢Coe3 c- . e i e e ot e e e o+ e ot e S ——
00004 C THIS 1S PROGRAM TRANSLATE. 17 READS A MAGNETIC TAPE CONTAINING

0GLGOS ~ 7 € BLOCKS OF NUMBERS RELATED TO THE DISPLACEMENT OF THE WATER SURFACE.
wouue € THE NUMEERS ARE CONVERTED TO WAVEHEIGHTS IN CENTIMETERS AND

CoCo7 < X=DERTVATIVES ARE CALTULATED, TRE VATA TN A SELECTRED BLULK ARE

ovooe € PUNCHED On CARDS FOR USE IN PROGRAM SCATTER.

clec? TTTTC  THIS PROGRAH'HKSMBFEN'WRITTEN’TUR"TRE“PARTTCUEKW—CISE_WHEWE“T"t_vifl"—°‘__—"~
vooglo ¢ ARE RECORpED ON 9=TRACK TAPE, IN 24=BIT WORDS, AND IN N=WORD BLOCKS.

0ooll T €7 THE DATA ;,GRDS ARE CONVERTED FROM 24 BITS TO JI6 BITS,

ocoiz C THE MEAN 1S FOUND AiD IS SUBTRACTED FROM EACH DATUM.

TTTTTCeCTY C AR RMS VALUE TS CONPUTED FOR EACH BLUCKS

woulY C THE MEAN OF THE RMS VALUES IS CALCULATED, AND AN *AVERAGE’ BLOCK
GOGIS ~~ 7 TCTTHRAVING AN RUS VALUE CLOSE TO THE NMEAN TS FUUND UNLY THE DATAIN
00016 C THAT BLUCK ARE USED FURTHER.
©UTpCEIT TTTTT € TTRE NUMBERS TINTTHAT AVERAGE BLUCK ARE "COUNVERTED TU CMy

ocoire C X DERIVATIVES ARE CALCULATED,

TTTTTGCUIY T T T CT CARDS TARE PUNCHED FUR TUSE BY PRUGRAM SCATTERS
0bu20 [4

T gtual T T CTUNTIS YHE RUNBER UF WORDSTIN A DATATBLOCKS

cuo22 C FOR TrlS PROGRAM, N MUST BE AN INTEGER MULTIPLE OF 3,
00023 € N CAN BE THANGED BY THANGING THE PARANETER STATEWENTS,
Loe2Y C NFILES 1S THE NUMBER OF TAPE FILES TO BE SKIPPED, )
toozs T HE IS A [11%) TOTKS U
0to2é ¢ BE SKIPPEUD.
c0027 ~°°C 'SRATE 1S THE EFFECTIVE DIGITIZERVSAMPLING RATEW
uGoze C EFFECTIVE MEANS (DIGITIZER SAMPLING RATE)e(RECORDER RECORD SPEED/

T gGE29 T T TC T RECURGER PLAYBACK SPEED)V -
0Coao C SIGN IS SET oLV, Ds IF THE DATA ARE INVERTED ON THE TAPE,
GCO3T C PKHT TS THE ASSUNED PEAK RETIGHI OF THRE WATERN GAVESe
ocoa2 C SPCED 1S THE SPEED OF THE WATER WAVES,

T OTTUC03Y T TTTTTCTTWLNGTH ISTTRE WAVELENGTH OF TTHE WAVESS
00634 C NB 1S THE NUMBER OF N=WORD BLOCKS IN THE FILE,

TQG03S TTTTTC TTIB IS THE TINDEXTOF THE AVERAGE BLOCK: —TT CAN HAVE ANY VALUE FRON

06036 C 1 TO NB«

12 1A T EPS TS TRE FRACTTUNAL DIFFERENCE BETWEEN THE AVERAGE RMWS AND THE RWS

uCoasa C OF THE AVERAGE BLOCK. -
- JGu3y C RMSHTY IS THE RMS SURFACE DISPLACEWENY "IN CH FOR THE DATATINTTRE
00042 C AVERAGE BLOCK,
TUTUTTGGG4Y T T TCTTDXP IS THE HORIZONTAL SEPARAYION IN CHM OF THE SURFACE TATA.
Q0u42 C ZETA 1S THE SURFACE DISPLACEMENT IN CMe
[19LR! T ZEYAX 15 YTRE APPRUXIWATE X DERIVATIVE UF ZETA,
FIIEK] 4
GGO045 T
aco4é PAKAMETER N=600
GGCYT — 7T T COMMON/RETZIYINY
¢Co48 COMMON/DERIV/DXP,ZETA(N) yZETAX(N)
CGGuY DTHMENSTOR CABELT7 T, RMSTTUUTY
0oUs0 CIMENSION TEMP(N) ,DUM(N)
GCUST T T DATA TUN/N®TJT T
uoos2 REAL MEAN(100QOQ)
TTuCes3 T NEwN

LCosY
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AT C InPUT CaARDS, O oy
_GOuss ¢ -~

Leus? READ 1o, NFILES,HB

(111 . ___ 1D FORMAT(21l0)

LLosy ’ "REAC ‘20, SRATE

L6060 READ 20, SIGN

vuuetl READ 20, PKRY,SPEED,NLNGTH

0GGe2 20 FORMAT(3F1040)

uLLsd 4

closY C ee00ssettoececetreee

b —— e e e b

LULb6 PRINT 30, NFILES

w067 FORPAT(IHT,” NFILES -'.lZ.WW'

vooes PRINT 40, SRATE SleN

Lo0eY 40 FORMAT (IHO,*THE CFFECTIVE SANPLING RATE iS°,Fbels’ SAMPLES PER SEC

wuoro _JONDe? /7 SIGN =*,F440//)

wouzi PRINT 50, PKHT

Guo72 50 FOKMAT(’ THE PEAK HT OF THE AVERAGE WAVE 1S5’ ,Fé43,' CMe¢’)

00073 PRINT 4,0, SPEED

cou74 60 FORMAT(’ THE SPEED_OF THE WAVES IS’,Fée2,' CM PER SECONDe*)

uGo7s PRINT 70, WLNGTH

00076 70 FORMAT(? THE WAVELENGTH OF THE WATER WAVES [S’,Fé6,3,¢ CHe')

wou?7 4 oo T e T

AdaY] C SKIP FILES THAT ARE NOT OF INTERESTe LABELS ARE FILES.

caoo79 3
_.__twvoeo  IFNFILE (CALL SKIPFINFILESMB)

Luoel 3 -

_ uocvez C READ AND PRINT THE TAPE LABEL,

aGouel C 1OTPIN §5 AN MACC 1108 LIBRARY SUBROUTINE TO READ A DATA BLOCK FROM

ouoad C HMAGNETIC TAPE, SEE THE REFERENCE MANUAL FOR THE 3108 COMPUTER,

¢CCtas C I THIS C€ASE THE LAGEL 1S STRICTLY NUMERI ND IS RECORDED AS 24~BIT
... Looss _ _C_WORDS, FLD MANIFULATES THE BITS TO READ THE WORDS IN A 36~BIT (1108)

wLos7 € FORMAT.

ouces e

oLoe9 CALL TOTPINITT 1, IYWN,LNZ,580)

Gto90 80 LABEL(1)sFLD(D,24,1Y(1))

[T} LABELTZ2)FLD(G, 12,0702

GCo092  LABEL(3)sFLD(12,24,1Y(2))

LGus3d’ LAGEL(4)mFLD(0,2440V(3)) T
.. vooes  LAbEL(5)eFLDIO,12,1Y(4T)

uLLYS LAEELTo)FLDT12,24,1YTaN)

00096 LABEL(7)FLD(U,24,1Y(5))

GCuy7 FRINT 90, VLABEL(J), Jmi,7) -

0GU9B 90 FUGRMAT(///' TAPE NUMBER’+J6s10X,’DATA TAKEN ON *4124777,12,/',12¢/

00LS9 128Xy DATA DIGITIZED ON #4412, /%, 12,777 412)
B _udluLo 4 B :

[T €~ AN EOF SHGULD FOLLOW THE LABELs

o162 C__FIND THE LABEL EGF.

w010l C SUDROUTINL IOTFS5P SPACES LOGICAL UNIT 17 (HERE) PASY THE NEXT DATA

CGIOY € BLOCKs JT TRANSFERS CONTROL TO STATEMENT 100 IF AN EOF 1S FOUND,

00106S 4

(11 CALL loTPSP(17,%100)

Loic? PRINT ¢85

cojos 95 FORMAT(//' eesrse LAGEL EOF NOT FOUNDs sessef’)
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[*R*R A4 19
wuilo ¢ BEGIN THE ANALYSIS OF THE DATA.
CUIL — " C—REAC THE TATA BLOCK BY BLOCKy —FOREACH BLOCK COMPUTE TRE RMS AND THE
gLi12 C HMEAhe ALSO COMPUTE THE AVEKRAGE RMS AND THE AVERAGE MEANs FINALLY,
OG113 "7 CTCOMPUTE THE STANDARD DEVIATIONS “OF "THE 'RMS?S AND MEANST — — _
oG4 C BECAUSE THE WAVES ARE APPROX PERIODIC, USE ONLY THAT NUMBER OF DATA
COI15 ™~ CURS) WHICH CTCRRESPURND TU AN ITNTEGER NUMBER O WAVELENGTHSS
0Gi1é € SUBRGUTINE RREC CONVERTS 24«BIT %ORDS TO 36~BiIT WORDS., CONTROL GOES
0OI17 7 € TT0 STATEFENT IBC IF AN EOF TS FOUND, AND YO T60 IF A TAPE ERROR TS
0G118 C  FOUND, :
[+1<2 8 5 2 S A
u0120 DXPwSPLED/SRATE
TTeorZr SPRLSWLNGTH/TGKP
00122 TeN=|
T 00123 TTTTTTTTTTTTTRLPELeKTRTITRDXP 7WLNGTH)
w024 NS=SPhLeWLPBL+1,
00128 T T e T T
oul26 K=(
001327 SUFZa0,
ao128 SUM3=0,
7 go129 SUTi4ad,
uG130 SUMEB0
) €021 7 {00 SUKmOTT
ovi32 SUMlwD, : !
R B ) FLIED
GUL34 CALL RrEC(NW,5180,8160)
(0435 TTUTTTTTITTT R T T
L0136 DO 120 I=1,NS
00137 77T 7T U SUKwSUR+FLOATTTIY(TTY
00138 120 SUMIaSUMI+FLOATIIY(1))0e2
T GUT3Y F&ls
60140 MEAN(J)sSUN/F .
TTO0Ial T T T T RASUJT s SURT(SURT/F=HEANTIT®Z)
vo142 SUN2eSYM2+eMEANIY)
TGO143 T T TTTSUR3ESGRIYMEARN(JT e 62
00144 SUM4=SyM4+RMS(J)
TCi4s SUNS®STRE¥RMSTII#e2Z
LO146 GO 10 16O
LGie7 166 PRINT 170, 7 ’
chiys 170 FORMAT(//% owees TAPE ERROR IN BLOCK NOy’ 14,’ sveeery/)
T GCI4Y T T TTMEARNT ) s
00150 RMS(J)I=0o
oGisT G0 10 100
GLis2 180 FKmK
L0153 ) TUNBwY=i T
w0154 AVGKNmSUM2/FK
LG5S T T SDMEAN=SGRY(TSUNISFKOAVGAN# e ZT7TFK=137T
0156 AVGRINSwSUMY/FK
GGIS7 SDWY‘SWKT((SUMb-FF'AVGRﬂSOUZl/(rK-Ioll
uC1s8 PRINT 190y NS,WLPBL
CGI89 T TTTTI96 FORMATT// /7T TRE FIRST", T4, WORDS IN EAUH BLUCK ARE USED TU COM
00160 1E THE MEAN AND THE RMS, THESE WORDS CORRESPOND TO’,F5,}),' WAVELEN
TTTuGlel T 2GTHS ")

06162 PRINT 200, K,AVGHN,SOMEAN
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(A XY 2060 FORMAY (/777 TRE AVERAGE UF THE WE/ 9
Cole64 L 1 aFlGes/’ YHE STANDARD DEVIATION OF THE MEANS lS‘.HOoS)
wu165 T TTUPRINT 210, AVGRMS ,SORMS
GCl66 210 FOKMAT(YOTHE AVERAGE OF THE Rnses I1S*4F10+5/° THE STANDARD DEVIAT]
vole7 §ON OF YHE RMSES 1S’ Fip,5)
wole8 PRINT 220
wu169 220 FORMAT(71THIS IS ARRAY MEAN<'//7)
o070 PRINT 225,(NEAN(J), Jmj,NB)
ot171 225 FORMAT(lh ,10F12.48)°
uuiz2 PRINT 240
T U173 T T T 240 FOKMAY (P TTHTS IS TARRAY RNS " 77)
uul7Y PRINT 2254(RMS(J),y Jm],NB)
00175 C
. uti7e € _FIND A BLOCK CONTAINING DATA WITH AN RMS CLOSE TO AVGRMS,
wui2? C
00178 EPSOm.005 e
00179 EPSmLPSD
00180 260 _J=p .
utlel 270 JmJy+l
w0182 IFUARS{RNS(J)/AVGRNS=1.) +LTe EPS) GO TO 300
oU16d IF(J=1:3) 270,280,260
uoleY4 280 EPSsEPS+EPSO e
wuies IF(EPS=10s0EPSO) 260,260,330
EEX) 300 PRCNT=}00.¢EPS
ou187 Thad
ubies _PRINT 320, 1B,RNS(18),PRCNT L o
w0187 T320 FORMAT (/7' BLOCK NUNBER?,14,° HAS AN RHS VALUE OF#,F7e2,"s THIS 1
L0150 IS WITHIN? yF4,2,° PERCENT OF THE MEAN ‘RIS.*)
TTogorer T T 60 TO 340
06192 330 PRINT 33s
60193 335 FORNAT(//7 ®seee CANY FIND AN RMS(JJ CLOSE YO AVGRNS, QUIT. sees’)
. boles  CALL ExIT !
wL19s
CU196 C REWINC THE TAPE AND RETURN TO THE BEGINNING OF THE WAVE DATA,
LulY7 e ST ;
G198 340 CALL 10TPRW{(17)
ouL9Y NFPIsLFTLES]
. _ 00200 _  CALL SKIPF(NFPl,MB)
6c201 4 o
_uuzc2 C 60 T0 eLocr NUMBER 1B, READ IT, AND COMPUTE THE MEAN AND RMS VALUES
T T oc263 ¢ AGAIN, AS A CHECK,
0204 4
wu20S 360 IMAXKslg=] K
00206 ~ _ DO 370 Is},iMAX
Lu20?7 7 370 CALL HoTPSP(17)
guace CALL RREC(NW,$480,5440)
7 guaa9 DO 350 Ta1,N
00210 380 TEMP(1,)=FLOAT(IY(]))=MEAN(1B)
006211 SUh=0e
...wo212 0 SUWImG,
cL213 D0 390 Iwl4NS
vozd sun-su:urLouu ( 1)
o218 390 SUMI=SUMI+FLGAT }Hooz

(1T 3X) F=hS
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vuzZ17 CKFERN=SUN7F
cG218 CKRMSuSQGRT(SUMI/F=CKMEAN®®2)
00219~ " " 77 PRINT R{U0, CKMEAN,TKRHMS
cu220 400 FORMAT(//' CthK THE MEAN AND RMS OF BLOCK IBe’/10Xs’MEAN =’ ,F10.5
TTEU22Z1 T T 10K, P RHS TE S FTOGET
vc222 PRIMNT 420, N
T eby WFWI?ATWP“WW‘MWWWF—_

0c270

coza4 1 1S',15,'+*)
6225 7T TGO TG 500
cG2zé 440 PRINT 445, I8
C0227 " "TTTTHHS FCRMAT (/7Y Wesee TAPE" IR'RDR‘TN"B‘EU'CK_TB'_'—TW_"——TRY—A‘NUYHET‘BL"VC__*
00228 1Ko 2sege’)
T Tru229 GO TO 270
ocz30 460 PRINT 490
GC231 ~ 7777490 FORMAT(/7? ®eeeé EUF FOUND BY RRECY QUITe e®veer)y — ———
00232 CALL ExXIT
Lca3s N S o
vo234 C FIND THE LARGEST POSITIVE AND NEGATIVE VALUES IN THE AVERAGE BLOCK,
CC23s T URSRUH TS AN MATT TIBRARY SUBROUTTNE TO FINU THE CAR
(AR [ ELEnENT ln AN ARRAY o
L0237 [ T
v0238 500 CALL UKSKCH(OWN,TEHP,LP,TMPMAX,0,0UM)
wbz39 - TCALL "UnSRCHIEL N, TEMP LN, THPNINSG,DUNY
06240 PRINT 520, LP,THMPMAX '
oozatl $20 FURWWUWWHWWW
00242 IVEKAGE bLOCK, IT HAS THE VALUE? yF§0e4)
w243 7 T TUUUPRINY 530, ONGTHPHNINT
Qu244 630 FORMAT(’ODATUM NUMBER’,14,¢ IS THE LARGESYT NEGATIVE DATUM IN THE A"
G245 T T T ‘*""iVERKGE BLOCKY TIT RAS TRE VALUE",F10¢%7
Lh246
——cr‘w——c—mrntwmr—nmvmﬁwrwwmmmmmmm
[AFLY:] [4
A TPT] A T £ 7108 4 ;
cL2s0 IF(SICN ¢GTe Do) THPeTMPMAX
T p02%1 T T T CFePKHT/TMP T T -
wGzs2 KMSHT=ABSICF)eRMS(1B)
€t 253 DO G550 Iw[,N
wb254 550 ZETA(l)=CFeTEMP(])
U7 pb2ss (& ) i T T
002%¢ PRINT 580, CF
B ] o -3 A TTTEBUTFORFAT(*CTHE WAVEHT CONVERSION FACTOR IS CF &', EID«H)
w0258 PRINT 590, RMSHT
AFrixa 590 FORFAT({" THE RWS WAVEHT UF THE AVERAGE BLUTUK IS RWUSAT &' ,F5¢3," CH
Lh2e0 1%)
ubzel - PRINT "g00, DOXP
uobze2 600 FORMAT (* THE NORIZONTAL SEPARATION OF DATA ON THE SURFACE IS OXP =
TE0263T T T T GFEGHTTCMG YY)
alze# PRINT 620
L6265 §20 FORFPATTYITRIS TS ARRAY ZETAV'777
u0266 PRINT 630,(ZETAL]), Isi,N)
Te02867 T TEI0 FORMATTIH (IO0FI2VS)
GU268 4
TTTTTu0269 T T T T COMPUTE X DERTVATIVES AND CREATE OUTPUT,
1

<
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ocz7i CALL XLERTV
ub272 PRINT 650
U273 650 FORMAT (1ML 8X, 1 ¢, 7K, 7ZETA # 7K, FZETAK? )
Luz7y o PRINT 670, (1,ZETACL) ,ZETAX(I), im1,50)
00275 670 FOURMAT(IH ,11U0,2F12¢5) .
uu276 CALL PLDATAUN,DUH,TEMP,})
w277 PUNCH 680,NN,UXP,NLNGTH
L2768 680 _FORMAT(110,2F1045)
Qua79 PUNCH 7000 (1, ZETACT) ,ZETAXCT), ImioNN)
___un2s0 700 FORMAT(110,2E12,45)
ovzel END
00282 C
00283 &FOR,STA 5UB) T
un2es "SUBROUTINE XDERIV
0(1266 PyStp— C_A., - . P . .
MY C THIS SUBROUTINE COMPUTES THE APPROXIMATE X DERIVATIVE OF FUNCTION
uv288 C _ZETA.
vo289 3
U290 [ L
029l PARANETER Nw400
an2yv2 _ . COMMON/DERIV/DXP,ZETA(N) ZETAX(N)
wu293 4 T
__uDb294 IMAXwHa]
00295 bmez, oL XP
se2ge - ZETARI1)e2.9(2ETA(2)=ZETA(1))/D
co297 ZETAXINI®2,9(ZETA(NI=ZETA(N=1)) /D
U296 DO 20 Im=2,1MAX
ouz9e 20 ZETAX(I)®UZETA(T+1)=2ETALI=100/0
60300 RETURN
AT END
. Le3c2 ¢ ) L
Go303 WFOR,SIA SuBz
Qg03uU4 C
GLaos N " TSUBRQUTINE RREC(NWORDS,s,5)
&1} 4
Lu3u? C  THIS IS A SUBROUTINE 7O READ | COR A O
LLaos € CONVERT 9~TRACK, 24 BIT WORDS TO 36 BIT WORDS.
coaee o I 9=TRACE, .
o310 PARAMETER Ne®600
L3l T T T T OIMENS TOR TR (NY
cu3t2 COMMGN/REC/ZIY(IN)
60313 3
GC314 Me2eN/3
LU3IS T T ALY LOTPINT Ty 1 TKeMoLNL,$20,530)
Lo3le ¢ o
T 317 T ¢ TG0 T0 26 1F AN EOF IS FOUND,
utae € GO TO 30 IF A TAPE ERKOR 1S FOUND,
T 603 [4 -
6C320 ___ __ NYORCSsLANZ/3
uGazl IMAXuNKORDS=2
cGiz2 o . __NE4mBesy
L3zl 00 1C [=1,INAX,3 :
w0324 Ju2e(1e2)/3=} :
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CL3IZ5 TTVITRFLUVULBWZT 9y iAUJTT
cu3azs 1Y(1+))mFLDI24,12,1A(0J))ONBY+FLDIDy12,0X1de1))
ut327 CIOTIY IS FLOCIZ 295 TXTUS T T
uG328 RETURN
ccaze . 20 RETURK™Z
00330 30 RETURN 3
TTTTGO33T ENG™
ou3a2 C
Lu33d 7 wFOR,SIA SUBJ
VL334 4
QU335 SUBROUTINE PLDATATLENT A8, NPLTNE]
w0336 <
L Y T TRIS IS A SUBRUUTINE TO PLUT TVIA PRINTERT THE UATA TN THE AVERAGE
00338 C  BLOCK,
60339 e T T -
UU340 PARAMETER NCml8
qri34l T T UTHNTEGER MINTY
uL34e2 IMPLICIT INTEGER (A=Z)
TTTTTUG3EY REAL ATZT872)
00344 <
ulb3ys - T T T CALL URPRTMTOLOY
oN3yé PRINT 4000
LY 4000 FORMAT{25X,* THE AVERAGE "BLOCK, UNTTS = DIGITIZER BITS"7
G348 =T6,’=100D" ,T16,°=800",T26,°=600°,736,’=400°,TH46,°=200*,758,°0°,
06349 STTT 200 T77 " RO 4 T8 7, T 6007 797, ) ) '
uU350 C=5Xy 100’ ve®e0cence’} ot oeres?)
uuast N
00352 € CLEAR FRINTER BUFFER. \
T 0383T T OTTTT
0U354 DO 21 1w ,NC
L0355 21 ATTT"6n
oU3se DC 4 lmi,LENT,NPLINE
TTTTTu6as7 Kwg T *
VG358 CALL COL(U«D,iHe)
TTU0ARY T DO 3 Ul NPLINE S
Q0340 1dsledal
C036T TFTTUSGTLENYT GU TU 3
0362 CALL COLIB(IJ),1He)
T OLC6d T T T T CALL T COUL AN S IHGT
0G364 18=B(14)
T 0365 IReACTIUT
[ YY) 3 CONTINUE
cC3e7 PRIKRT 4001, T N, 1B, IX
L0368 4UOL FORMAT(IX,I49,1Xy17A64A2,2110)
QU3e? T ¢ T '
00376 C CLEAR PLOT BUFFER OF SYMBOLS,
gDl T
0372 DO 31 k=] ,NC
0373 — 3] HUKT=éh
L0374 4 CONTINUE
T TTo03rs CALC URPRTH(,37
L0376 RETURN
TTLCANTT T

00378 SUBROUTINE COL(VAL,SYM)
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ct3??y REAL val

GL3s0 __INTEGER SYM,COLV
veasl 7 COLVeiyAL+10494¢1/20s
LLas2 COLVSMAX(1,C0
" 10383 o ccu.v-mnuoli (4
(141 CALL CHSTOR(SYM,COLV,M)
[A%TH RETURN
(AR 4 e o
60387 ~ T T SUBROUTINE CHSTORTCHAR,POS,ARRAY)
Lulse DIMENSTION ARRAY(2)
[1%:1:3] T IMPLICTT TINTEGER(ASZT
LCaso WORU=(POS+5) /6
N TEX2 BIT=ABS(HOD((POS~11%6,36))
L0392 oo ... FLDIBIT,69ARRAY(WORD))aFLD(0,6,CHAR)
00393 RETURN
GO39y END
u0395 4
00396 WFOR,S1A SuBy
Lu397 3
©U398 SUBROUTINE SKIPF(NFILES,MB)
00399 4
00400 ¢ THIS IS A SUBROUTINE TO SKIP TAPE DATA FILES THAT ARE NOT OF
wt4ol ¢ CURKENT INTEREST,
uo4u2 <
L0403 DO 60 [m|sNFILES
06404 20 CALL 10TPSP{(}7,560)
GLYUS DU 20 ym],MB
_ CL40é __40_FORMAT(///* NO EOF FOUND BY IOTPSPy QUITe*)
T waweryT T T PRINT 40 }
uuY408 CALL ExIT
LEY0T 60 CONTINUE
LU410 RETURN ‘ \
BT END
uo4q§e [
ey T T
w0414 pXat
[TLEL) T 250
.. bo41s 400, DATA_CARDS__(ZNPUT)
ousy el M
et41s 032 - 391 8080

00419 ' TRFIN
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Program PGEN2 -- This program was written specifically for
a vertically incident beam with cylindrical symmetry about the beam
axis. 1Its function has already been described. Very briefly, it
reads input data, expands the number of data by linear interpolationm,
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 Ehe\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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00054

<

00007 WFOR,SIA MAIN
00002 <
00003 C THIS IS PROGRAN PGENZ, T
00004 C 1TS PURPOSE IS TO PROVIDE VALUES OF THE INCIDENT PRESSURE AND ITS
0000% T T OERIVATIVES FOR USE BY PROGRAN STATTERs IV REQUIRES MEASURED VALUES
00006 C OF THE MAGNITUDE AND PHASE OF THE INCIDENT PRESSURE ON A RADIUS IN
60007 C THE MEAN SCATTERING SURFACE.
00008 C IN THIS PROGRAM THE RADIAL DJSTANCE IS CALLED °X* FOR BREVITy, BUT
00009 C 17 SHOULD BE UNDERSTO0D THAT, IN TEKWS OF PROGRANM SCATYER, T 15—
00010 C__REALLY THE QUANTITY °RHO’,
0001l € PGEN2 INTERPOLATES TO™ 1ncaskse THE NUMBER OF VALUES, AND 1T CONPUTES
00012 C THE X (RHO) AND Z DERIVATIVES AT EACH VALUE OF X.

—B0073 T ATE T ESSURE AND———
00014 4 xvs DERIVATIVES ARE PUNCHED ON CARDS,
00015 [4 90000000
00016 € 2 1S THE VERTICAL DISTANCE FROM THE TRANSDUCER SURFACE TO THE PLANE
00017 C IN WHICH THE MEASUREWENTS WERE WADE.
00018 C WL 15 THE ACOUSTIC WAVELENGTH,
00019 C NCARDS 15 THE NUMBER OF POINTS FOR WRICH MAGN AND PHASE ARE READ I[N,
00020 C__AFTER INTERPOLATION, VALUES FOR NX POINTS ARE PRINTED AND PUNCHED,
00021 C NINT IS THE NUMBER OF INTERPOLATION POINTS OESIRED BETWEEN THE INPUT
00022 C__POINTS.
00023 C DXx0 TS THE WORIZONTAL SPACING BETWEEN POINTS coin:SF‘“bxﬁ“TE‘TFE—ﬂW“”‘—““‘
00024 C DATAs AFTER INTERPOLATION, THE SPACING 1S DX,
00025 C PO IS THE PRESSURE MAGNITUDE,
00026 C_PHI 1S THE PHASE OF THE MEASURED PRESSURE IN MULTIPLES OF TwoPl,
poo27 C THE OUTPUT (PUNCHED AND PRINTED) PHASES ARE IN RADIANS,
00028 C DXMAG IS THE MAGN OF THE DERIVATIVE OF P WRT Xe
00029 C OXPHAZ IS THE PHASE OF THE DERIVATIVE.
00030 ¢ SIMILARLY FOR Z.
00031 3 .
00032 DIMENSION PO(S00),PHI(500),X(500)
00033 DIMENSION OPODX(S087,0PHIDX(500)
00034 REAL K
00035 4
00036 C INPUT CARDS, 0NNV 0000NPNR00000000000000000¢
00037 [3
00038 READ 20, Z,DX0,WL

T oo039” 20 FORMAT(3F1040)
00040 READ 25, NCARDS,NINT
00041 25 FORMAT(2T107
00042 C
00043 NXs{NCARDS=1)eNINT+1
00044 4
00045 READ 30, (POVII PHI(TT, I=1,NK,NINT)
00046 30 FORMAT(2F1040)
ouo4? [4
00048 C 2000800000050 000000000900300000
00049 3
00050 PRINT 38 . ] -
00051 36 FORPAT(THI " TRE INPUT ARRAVS ARE",22K,4HP 18X INPHT//)
00052 PRINT 40,(1,PO(T),PHI(L), 18] ,NX,NINT)

“000583° FD'RﬁU(SoX.Tﬁ.iFtZ.'H
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UuUSS tWOPTsg,283185
00056 KeaTWOP] /WL
ooos7 4
00058 C FILL UP THE PO AND PHI ARRAYS BY INTERPOLATING
00G59 T
00060 FINTaNINT
T uuo0&Tl TFIR&ERTNT=T
00062 JFINsNX=NINT
T 0O00&3 DU SU Js 1, JFIN,NINT
00064 OP-(PD(JleNT)-POIJ))/FJNT
T 00065 DPHI-!PHI(J°NINTIOPHI(JJJIFINY
00066 0O 50 w]l,IFIN -
guus7 Fial
00068 PO(J+1)aPD(J)+FieDP
00D&Y 50 PHITJSTT=PHITJIT+FTeDPHT
00070 <
T0007I DX&DXTU/FINT
00072 4
oua73 PRINT 52y NX,DK,WC,Z
00074 52 FORMAT(IHI,*NX ®*,]5,5X,Dx 8¢  F8yo4 5K, " WAVELENGTH = 1FBey 8X,°'2 &
T go07s VYV F8G777) i
00076 . PUNCH 54, NX,DX,WL,2 \
~ooa77 Sq FORMAT{TIS, AFTU4]
00078 PRINT 58
00G7Y 68 FORMAT{ITX,4HX vIX, EHPNAG 3K SHPHAZ 7X,EHBXMAG B8R DXPRAZ 7%
00080 1)6HDZMAG ¢8H DZPHAZ //)
0008l C
00082 C ATTACH VALUES OF X TO THE PRESSURE DATA,’
0008y [4
00084 DO 60 s, NX
U008 FI=T
00086 60 X(])m(FlalsleDX \
no0e7 c T
ooocse COMPUTE PARTIAL DERIVATIVES AND CONVERT PHASES TO RADIANS.
00059—"1— THE FUNTTTON AIRT TS‘TN—TTD‘S“FURTRTN—TNTRXNSTC‘TUNSTWN‘TU‘RUWW*————
00090 C THE FRACTIONAL PART OF A REAL NUMBER, ) )
T 00697 T
00092 DPHIDX(1)=0e
T 00093 "OPOOX(1)eDy T
00094 IMAXaNK=]
" 90095 D0 80 =2, IMAX
00096 DPODX(])m(PO(I+1)=PO(I=}))/(2,0DX)
00097 80 OFATDXTITSTPHITTS I T=PHI{T=1T 1o TWOPT/TZ,s0X]
ogu9a OPODX(NK)=DPODX(IMAX)
T 00099 T DPHIDX{NX)«DPHIDX{ [MAXT
00100 c
00101 D0 100 TaT,NX
00302 QuPHI(])
00103 AA-TWOPIO(Q-AlNY(G”
00304 S=SIN(AA)
T 00105 TaCOS(AR)
00106 DPXRE=aPO(T1)eDPHIDX(1)eS+DPOADX(])eC

- 00107 DPXTHspUTITSDPHTIDX{TISC+DPODXTINSS
00108 ReSQRT(X(1)ee2+42e2)
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00109 DIMNAG=KePOIT)eZ/R
00110 QD=Q+425

0011 DZPHAZaTROPI&(QD=ATNTT(GD)
00112

TTeon I E “CONVERT REAL AND THAG TERWS T0 MAGN AND PHASE,
___00114 c

00116 DXMAGSSQRT(DPKRE®®240PXTHee2)
___oo116 CALL ANGLE(DPXRE DPXIM,DXPHAZ)
00117 3
__ooiis PRINT llD.l.X(l).PD(!).AA.DXMAG.DXPHAZnDZnAG.DZPHAl
00119 100 PUNCH 110, T, XTTT,PO(T),AA,DXHAG,DXKPHAZ ,DZNAG,DZPHAZ
00120 110 FORMAT(I5,F1045+3(E13¢6,F8e5))
00721 END
00} 22 C .
T 00123 OFOR,SI1A SUB|
00124 SUBROUTINE ANGLE(X,Y,A)
T 0012% PTe3, 14159265
00126 IF(ABS(X)eGTe1eE=10 ¢ANDe ABS(Y)sGTeleE=}0} GO TO §
00127 TFUABS(X)oLT+s1¢E=T0 oANDs ABS{Y)eLTeleE=10) GO TO {30
___ Qo128 ___IFUABS(X)sLTeleE=10 ¢ANDe YolLTe0e) GO TO 10D
Toor29y T IFUABS(X) LT 1eE=10 +ANDe YeGToeDo) 60 TO 140
0030 IFIABS(Y)obLToloE=10 oANDs KolLTo0s) GO TO 120
To01av TFUABS (YT LT IVESTU «ANDs KeGTe0o) GO TO 130
00132 5 ASATAN(Y/X)
00133 IF(A) 10,10,50
__ 00134 10 1F(X) 20,20,30
00435 20 AsA+P]
00136 GO TO0 200
00137 30 AsA+2,eP1
00138 GO To 200
00139 S0 IF(X) 20,204,200
__ 00140 100 A=i.5ep] '
00141 G0 T0 200
00142 110 As,5e¢pP]
T 00193 G0 f0 200
00144 120 Awpl
007145 G0 Y0 200
00146 130 As=Qg,
T 0014 T 260 RETURN
00148 END
T Q0149 3
00150 &xq7
00151 5041 025 '7198
00182 el 5
“00153 Te 0.
__ 00154 0997 2001
T 00185 0992 «003
00156 0982 +00S
00157 0965 2007
___00l58 940 «013
00359 927 02
___ 00160 «904 0024
00161 *875 0036

00162 0853 0052
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gutTed 82 2083
00164 « 784 08
T 00165 THY ol
00teé «704 012
00187 655 V1Y
001s8 v62 v166
TOT6Y «587 w195
00170 0537 0224
gor7r PR L2} v258
00172 442 0294
00173 +398 ¢33
00174 0347 0374
60178 ) o407
00176 0254 45
00177 0206 49
00178 «lbl «518
00179 w121 k1]
00180 +083 ¢556
o018l W04 [RA
00182 015 33
00183 025 345
00184 +053 0367
00185 077 (ki
00186 0102 445 '
[1'A%:R4 ' 123 ' 495
Qoj8s8 o141l ¢S54
00189 PRE1) 614
00190 ol? 0675
00191 VI8 7§
00192 192 +805
T uuiy3 198 V872
00194 02 942
60195 V201 15067
00196 2 1.082
TTTTTe01eY T 199 14167
00198 196 1423
00199 9 T3
Qo200 0185 14375 .
go201! 0178 Toed4s5 ™ T T T
gu2o02 o167 1,525
. 00203 7 Tel87 1.595°
go204 o143 1.688
00205 o125 Te78
QD206 ell2 1.88
T 00207 «098 T.97
00208 «084 2,055
00209 + 075 2,125
00210 0067 2,205
00211 2 05H 2+295
go212 044 2,38
77700213 « 635 2,46
60214 0027 24554
00245 002 24632
00216 «0}5 2471
Q0217 012 2,775
Oq?l_a W01l 2+86
go219 013 2,947
00220 «018 3.06
00221 W02 3,145 -
onza2 0022 3627
00223 «025 3.35
00224 «026 3¢445
00225 «025 34555
____Do22¢ «023 Jeb4
ouz27 0021 37
00228 +02 3481
00229 +017 D
00230 017 4424
00231 017 4436
__ _oo232 016 4.53
00233 «017 4472
90234 SFIN
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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 PSIN1 -- The scattered pressure, P 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 thg 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 pressur§,<<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 ;rocedure is clearly outlined by comment cards in
the program.

Both of the subroutines in this program are useful in a
variety of applications. Subroutine INTEGl, 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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UUuTT WASGMT TTv, TyWATHPK
0oo02 GCOPY, G 114yTPFS,
00003 WFREE 1715
00004 ®FOR,SIA MAIN
oooos T
0000G6 C THIS IS PROGRAM PSINI,
oo’ T TT CORPUTES TRE"PRESSURE AND THE RNS PRESSURE SCATTERED IN TRE X=7
gogos € PLANE FROM A CORRUGATED SURFACE, A SLOPE CORRECTION IS INCLUDED.
voooY T TRE wnuusnIUNS—IWETVSTNUSUW’II:“KND“ARE“PIR‘KLL‘EL_TO THE Y AX1SS
000}0 C A HIGHLY DIRECTIVE TRANSMIITEO ACOUSTIC BEAM AND A POINT RECEIVER
oooril T ARE ASSUWED.
000} 2 C THE AMPLITUDE PROFILES OF THE INCJDENT PRESSURE ARE ASSUMED 70 BE
oouT3 T GAUSSTANG THEY ARE MEASUREU UN K HORTZONTAL P N
00014 . C FROM THE SOURCE TRANSDUCER. °
00015 T BWX IS THE BEAMWIDTH = TWHH/I.16E—HEISUREU_rﬂ'?HE_X"I‘FEINE.
000146 € BWY IS THE BEAMWIDTH MEASURED IN THE Y=~Z PLANE,
T 00017 T € THE PHASE OF THE“]NtIUENT PRESSURE TS THAT UF & POINT SUURCE,
gocos8 C MODE SPECIFIES THE SCATTERING GEOHETRYo
0uoTy T FODE=] .-"SPECULAR"StIITERlNG.
00020 (4 MODEww] e BACKSCATTERING-

T ebo2lTT T T T MODEEG e TRANSMITTER ANGLE FTXED AT ZERD.
00022 C MODEO IS THE INITIAL VALUE oOF MODE,

“0uo23 ¢ DRODE TS THE INCREMENT

00024 C NMODE 15 THE NUMBER OF VALUES OF MODEe NORMALLY 1, 2, OR 3,
00025 € THETAQ TS TRE TNITTAL VALUE OF THE RECETVER ANGLE WRT VERTTICACS
00026 C DTHETA IS THE INCREMENT,
o0ao27 ¢ NTHETA IS THE NUMBER OF VALUES USED.
00028 € OFFSET IS THE ANGULAR DJSPLACEMENT OF THE TRANSODUCER WRT ITS NORMAL
goo2y ¢ POSITIUR FOR THE SCATTERTNG MODE™ SPECTFIEDY “TT TS POSTTIVE [F THE
00039 C DISPLACEMENT IS IN THE ¢ THETAl DIRECTION,
00037 ¢ THETAT IS ¢ "UPAIND"S
00032 C THETA2 IS ¢ *DOWNWIND',
00033 CTZETATYS YHE AMPLITUDE “OF THE TORRUGATIONS, TV WUST BE 4GTy ZERU,
00034 C ZETAQ IS THE INITIAL VALUE OF ZETA, ’
00035 T DZETATTS THE'THCREHENI BY WHICH ZETA ISTINCREASED.
00036 C NZETA 1S THE NUMBER OF VALUES OF ZETA USED,
00037 C AL IS5 THE ACOUSTIC WAVELENGTH,
00038 C _SHL IS THE SURFACE WAVELENGT
T "oo003¢ ¢ K IS THE TACOUSTIC WAVENUMBERS

00040 € SK IS THE SURFACE WAVENUMBER, -
0004r € RIS THE RADIUS OF THE ARC ON WRICH TRE TRANSMTTTER MOVESS
00042 C R2 IS THE RADIUS OF THE ARC ON WHICH THE RECEIVER MOVES,
V00%3 T W ISTTHE TNDEX FOUR HuR1IDNTFC“HTSFtIZEHEWT‘DT‘THE‘SURFACE.
00044 C XM IS THE MTH HORIZONTAL DISPLACEMENT OF THE SURFACE,

T 00045 U MHAX TS THE NUMBER™ or‘vﬁtuES‘DF*Xn——‘TT‘ﬁUST’FE“oUU‘ruN'STHFSUNTS"“—"““
00046 C RULE AVERAGING,
00047 T BESSEL FUNCTIONS ARE USED TN THE FORM JTNI; WHERE N IS THE ORDERAND————~
00048 C_NMAK®]6 IS THE MAXIMUM ORDER, 1T CAN BE INCREASED IF NECESSARY.

9 C K IS THE ARGUMENT OF THE BESSEL FUNCTTOWS,

00050 4
000517 [4
00082 REAL J(1D0)yv0
00053 DIAENSTON PPRETTUCY, PPINTITO)

00054 DIMENSION PRE{100),PIN(100),PP2(100),P2(100)
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00055 C
00056 REAL MODED,MODE
00057 READ 40, MODEU,DHODE,NMODE
00058 READ 40, BWX,BWY
00059 READ WG, THETAO,DTRETA,NTHETA™
00060 "READ 40, OFFSET
00061 READ 40y ZETAO,DZETA,NZETA
00062 READ 40, R1,R2
00063 READ 40, WL SWL MMAX
00064 40 FORMAT(2F1040,110!
00065 [
00066 PRINT 45

B 1) 34 45 FORNAT(VITHE [NPUT CTARDS ARE™)
00068 PRINT 50, MODEQ,OMODE NMODE ~
T 00069 PRINT 50, B6WK,BWY
00070 PRINT 50, THETAD,DTHETA,NTHETA
00071 PRINT 50, OFFSET
00072 PRINT 50, ZETAO,DZETA,NZETA
00073 PRINT 50, R1,R2
____0o0074 PRINT S0, WL,SWLyMMAX
" goa7% 650 FORMAT(24XK,2F10e4,110)
00076 [4 ’
“goo77 DATA NMAX/16/
goo7e DATA TWOP1/642632/
00079 REAL K
00080 KwTWOP]/WL
00081 SKwTWOPT/SWL
00082 Adm{1e/R1+41e/R2)1/20
o008l BWXO=BWX
voo8Y C
CEITE) C COMPUTE THE MAGNITUDE or THE PRESSURE REFLECTED VERTICALLY FROW &
00086 C__SMOOTH SURFACE,

T oooe? 4

_____booeas AXO®SQRT(SQRT(BWXeewle(KeA3)ee2))
ooo089 AYORSQRT(SQRT(BWYee=He(KoAITee2))
00090 PO=K/(204R2¢AX0eAYD)
00091 PRINT 60, PO

_._.00092 60 FORMAT(’OTHE PRESSURE REFLECTED FROM A SMOOTH SURFACE IS PO =*,
00093 1Ei0.ST

_ . ooosY €
00095 ¢ COMPUTE DxM,
00096 (4
00097 Dsle/(MMAX=T)

____ooo98 DXM=SWLeD
00097 PRINT 42, OXM
08:00 62 FORHAT('OTHE SURFACE snxrr INCREMENT 1S DXM = ,F8,4)
00107 C
00102 C ESTABLISH THE GEOMETRY.
00103 4
00104 MODE=MODEO=DMODE
00105 D0 260 MDw1,NMODE
00106 MODEwMODE+DMODE

00107 C \

pojo8 C__ESTABLISH 2ETA. )
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oUIov T
00110 ZETAwZETAO-DZETA
oolIT DO 260 TZ& T, NZETK
00142 ZETASZETA4OZETA
00T PRINT ¢5, ZETA
00114 65 FORMAT(’|oe0vanvecssvene?/’ ZETA ®='4F53/' eevovsesvescene’)
''ERE] [4
00116 C ESTABLISH THE TRANSMITTER AND RECEJVER ANGLES, THETA] AND THETA2s
o017 T
0018 THETA2aTHETAQO=DTHETA
0019 DU 240 NTSIyNTHETA
00120 THETA2=THETA24DTHETA
00127 ANGZSTHETKZ7S5T3295
00122 CA2=COS(ANG2)
00123 THETATSMODEFTHETAZ#UFFSET
00124 ANGI=THETA1/57,295
oo12s CAJ=COSIANGIT
00126 4
ooT27 PRINT 70, THETAT,THETAZ
gol28 70 FORMAT(? THETA] =’ ,F642,' DEGREES,’/’ THETA2 ='F6,2,’ DEGREES,.’)
00129 PRINT 75
00130 75 FORMAT(lzx.'PPRE “a7Xy PPIN ? 60X ) PPHAG * 86X, PPPHAZ! \7X,'PRE *,
00131 17Xy PR .7x—*vn1:"‘7X7Trrwtz'77xifrrz*_f.7X7fPI ;
003232 4 ) )
007133 ¢ COWPUTE SOFE TERFS,
00134 4
00135 K= {TAjee2/RI+CAZee2/R2172,
00136 A2=SIN(ANG])=SIN(ANG2) !
00137 A4aCAL4CAZ .
00138 AsKeZETA®AY
'L 34 BYWX®BWXU7TAT
003140 AX2uSQRT(BWXeswmi4siKoA])e02)
00141 AX=SQRYTAXZY
00§42 AY28SQRT(BWYee=le(KoAI)ae2)
T OOIY3 T U AYSSORTIAYZ)I T
60144 PHIX®«ATAN(KOA]eBWXoe2)
T uoI¥s TX=TARTPRTX]
00146 CX=uCOS(PHIX)
6047 PRIYaATANTIRS A3 oBWYe e 2]
00148 XYa(PHIX¢PHIY) /20
T o014 GNUZwH, ¢ AX27TKeKeTXT
00150 CPuKeA4/ (e R20AX®AY)
0OTET T
00152 C BESJ IS A UNIVAC MATH~PAC ROUTINE 7O COMPUTE BESSEL FUNCTIONS.
T 00183 T - -
00154 CALL BESJUIA90eyNMAXJ)
7700155 JOEITTY
00156 DO 80 NN=mj} ,NMAX
60157 80 JINRTSJTRNN+TT
00158 [4 .
00159 T ESTABLTSH XN
00160 4
DOI6T XKFwsDXH T

00162 DO 200 M=} ,MMAX ' -
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00216

00163 XMaXHepXN

00144 c

00165 COMPUTE THE APPROXIMATE SC ITT‘NEB'iﬂt§SUFE"FFTH“‘I“B‘YNE“tURREtY!o
00166 c PRESSURE, P(M), FOR MMAX SURFACE POSITIONS,

00167 C THE REAL AND TWAGINARY PARTS ARE COMPUTED SEPARATELY,

00168 <

00169 C 1IN COMPUTING PHASES, THE CONSTANT PHIO=Ke(R1#R2) 15 IGNORED.

00170 C ;

00173 Q=XY=A2eA2eTX/GNU2

00172 C=cOSlq)

00173 SaSINTQ) -
00174 PPREM=JDeEXP(=A20A2/GNU2) eC

00175 PPIRM=PPREN®S/C

00176 PREM=PPREM

00177 PIMNN=PPINH

00178 <

00179 REAL N

00180 DO 100 NNm|,NMAX

00181 N=NN

00182 ALFP2a(A24N#SK/K)e02/GNU2

o018l ALFM2a(A2=N®SK/K)®e2/GNVU2

00184 EPS®(NeSK/(KeA4))ee2

00185 QPaXY=ALFP26TX=NaSKeXM+,258NeTA0OP] A

00186 QMaXY~ALFM24TX+NOSKeXMwy250NOTWOP]

00187 CaCOS(QP)

00188 SaSINIQP)

0018% CMaCOS(QNT

00190 SM=SIN(QM)

00191 ECaCoEXP(=ALFP2) +CHOEXP (=ALFM2Z] e ((=lo)oeN)

00392 ESuSeEXP(=ALFP2)4SMeEXP(~ALFM2)e((wls)oeN)

00193 PPREMNEPPREM*J[NN] 6EC

00194 PPIMMupPPIHM+J(NN)OES

00195 PREMaPREM*(T++EPSI¢JINN) ¢EC

00194 100 _PIMMaP [MHe (L1, +EPS)eJINN) ¢ES

00197 PPRE(M)wCPePPREN

00198 PPIM(M)aCPePPNIin

00199 PRE(MImCPePREN

00200 PIM(M)uCPOPIMM

00201 PP2lH) w(PPREN®e2+PPIMNeeZ) ol elP

00202 PPMAG=SQRT(PP2(M)) ~

00203 P2 a (PRENSS2+PINH## 2] 4 CPTP

00204 PMAG=SQRT{P2(M))

00205 3

00206 C COMPUTE THE PHASES OF PP(M) AND P(M),

00207 3

00208 CALL ANGLE(PPRE(M) PPIM(M) ,PPPHAZ)

00209 CALL ANGLETFRE(MY ,PTHIHY ,PPHAT] -
00210 4

w0211 200 PRINT 220, PPRE(NTPPIN(H) PPHAG\PPPRAZPRETHI \PIH(H) JPHAG, FPHRZ,
00212 1PP2IM) ,P21M) o
00213 220 ronnui(sx.z(:snz.q.?12.3).ztlz.ql

00214 [

00215 ¢ AVERAGE THE REAL AND TMAGINARY PARTS OF THE PRESSURE TERMS AND FIND

C _THE MAGNITUDES AND PHASES OF THE AVERAGES,

M .
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0217 T
oo218 CALL lNTEGl(PPRE.HMAX.D APPRE)
ooy T CALL INTEGIKPPIM.MHAX.D APPIMY
00220 CALL INTEGI(PRE,MMAX,D, APRE)
go2z1 CACU INTEGT (PIMyMHAX VD ,AFJH(
00222 CALL INTEGI(PP2,MMAX,D,APP2)
00223 CALUTINTEGTTPZ MMAX, D, APZY
00224 CALL ANGLE(APPRE.APPIM.APPPHZ)
00225 CACL ANGLEVAPRE, APTH, APPRZY
00226 APPMAGSQRT(APPRE¢®2+APPINee2)
TQ0227 APHAGRSURTTAPRES#2Z3APTHe# 2]
Qo228 C
00229 PRINT 230
002230 230 FORMAT(56X,"eee AVERAGES eus’)
00237 FRINTY 220, APPRE,APPTN, IPFHKG‘IPP‘FRTIFRE_KHF_KFHATIPPWZ.
00232 1AP2
00233 <
00234 PPRMS®SQRY(APP2)
00235 PRASSSQRTTAPZT
00236 PPRMSNaPPRMS/PO
00237 PRFMSN=pRIS/PU -
00238 SLPCORa (] ¢~PPRMS/PRMS)# |00,
T 60239 4 j
00240 PRINT 250, PPRMS,PRMS :
00241 250 FURHTT(//VX.'THF RHS“STATTERED PRESSURE W/U SLOPE CORRECTION TS PP
00242 I1RMS =! E13,5/ ?X,‘THE RMS 5CATTERED PRESSURE WITH SLOPE CORRECTIO
I /1 ¢ F 1 3 TN IS PRHS STLETINETC
00244 260 PRINT 265, PPRHSN.PRHSN SLPCOR
00245“"_—"_““265’FURMAT(YX“'THE’SIHE’QUINTTTTES‘DTVTUEU—BY"FU_IRE”PFRKSN_’T“EII‘S"““"““
00246 1/48X,*PRMSN -‘.EIS-SI9X,'THE CONTRIBUTION OF THE SLOPE CORRECTION
00257 2TO PRASN TS SLPTOR &' ,F7e2," PERCENT:"7J
00248 END
T 700249
00250 QFOR,SIA SuB} -
TTTo0251 [4
00252 SUBROUTINE ANGLE(X,Y4A)
00257 [4
gu2sY C THIS IS A SUBROUTINE TO COMPUTE THE PHASE ANGLE OF A COMPLEX NUMBER,
TTTe0285T T T ¢ T T T o
00256 Plma3,14159265
700257 FFIABSTXTVGTsToE=T0 +ANDy ABSTVISGT+ T E-TUT GO T3
0o2s8 C IF BOTH X AND Y ARE ZERO, A WILL BE SET = Q.
T U02579 TP ORBSIXT o LT ToESTT ¢AND ¢ ABSTYI WLV I+E=T07 GU TU 30
00260 IFCABS(X)eLToloEwlD oANDs YolLT,o0e) GO TO i00
T 00261 TFURBSIX Y oLTo 1o EST0 9vANDe YeGTe0¢T GU TU TTO
00262 IF(ABS(Y)oLTo1sE=]0 sANDe XoLTeOe) GO TO 120
T 00263 TETABS(Y) ST oI +E*TU sAND XR36Te0+) GO TO 130
00264 5 AmATAN(Y/X)
[‘L'FE1] TFTAT 10,10,50
00266 10 IF(X) 20,20,30
00267 20 R=A+PT
00268 GO TO 200 .
00269 30 AsReZ,eFT

00270 GO TO 200




-95-

00271 50 IF(XT 20,20,200

00272 100 A=1.50pP]

00273 G0 Y0 200

00274 110 A= ,5epP]

00275 G0 10 200

00276 120 A=pPl

00277 GO0 T0 200

00278 130 A=Q,

00279 200 RETURN

00280 . END o

00281 [4

00282 @FOR,SIA SuB2

0062873 [4

00284 SUBROUTINE INTEGL(F,N,D,V)
T p0285 3

002846 € THIS 1S A SUBROUTINE TO INTEGRATE A FUNCTION, F, VIA SIMPSON’S RULE.

00287 13

00288 DIMENSION F(N)

00289 FleF(§)+FIN)

00290 F2uF(N=})

00291 F3=0,

00292 IHAXeN=3

00293 DO 10 w2, IMAK, 2

00294 F2aF2+F(1)

00295 10 FamF3er(l+l]

00296 Va(D/3,)e(FieqeoF24240F3)

00297 RETURN

00298 END
TTob299 <

00300 BXQT

00307 O, 0, [}

00302 535 5439 |
TTTo0a0¥ O L) 2
___002304 O )

00305 «305 Qe [}

00306 5044 4902

00307 W7198 8e8 49

__ 00308 141}




B o0t eisieerren

2ETA

S00080b0000nbdace

s 43CS

SAMPLE _ QUTRUT

THETA] = «00 DEGREES,
T T THETA2 87,00 DEGREESY
PPRE PPIM PPMAG PPPHAZ PRE PIM PMAG PPHAZ PP2 P2
22257400 =e31lle00 «3843+00 5,340 «2260+00 -43120+00 03852400 $.339 «1477+00 v1484400
e2169+00 ©e2937400 «3651+00 5,349 2 2T786+00 « 29HIFT0 L 3850+00 57347 « 1333500 PR S h I3 1 E—
el814400 ~¢2504+00 03091400 5,339 «1823+00 -,2506+00 «3099+00 5,341 «9557=01 ¢96046=01
- T l072400 e T19Y64710 2 22313%CT 5,229 «1TY7¥%00 =, I'798%00 9 2236%0T 5,225 vi978=01 T4999=01
el933-01 *.1283400 01277400 4,860 «1837~01 =s1286+00 «1299+00 4,854 W1682-01 «1687=01
= 9517+0T S 5183*77 «6B877~0T EXRAL] = 9667=071 =e57176=0UT T6970%0T EXRAA «¥732=02 vHES8EgL
~e5221=01 01832=01 «5549=01 2,796 ~e5331=01 e1952~01 «5677=01 2,79} «3080-02 «3223-02
- “e[778-017 774627801 «6523=01 T 887 = 1792=01 «6345=07 « 857901 T.837 «925%=02 +¥32902
02436-02 «809/-01 «8101-01 1,541 W4l18=-02 «8076=01 08106=91 14520 06562-02 v6571=02
~e 414407 W 9913-01 10749403 T, 587 = 3378-01 «F857=0T < 1063+00 T«95% 1 15%=0T G TI30=07
“el1481+00 «1370+00 92017400 2,395 -e1479+00 1367400 2»2014+00 24395 v9068-0D1 «9056=G1
=e2656+00 v16249+00 «JIGI+00 2,531 =, 2623400 s TB3IN+00 IR ESALIL) 2,532 »10TZ+T0 PRYYE E2']' B—
*+3UB6+00 +2032+00 03695400 2,559 *e3111+00 «2043+00 e3722+00 2.540 01366400 ¢1385+00
*e2606+00 »1324+00 «3181+00 2,531 =32623+00 PREELETT) RIS AZT]) 2,532 101200 +«1023+00
=e14981+00 «1370+0n «2017+00 2,395 =e1479+00 01347+00 2201 4+00 2,395 «4068-01 +4056=01
=eHiv4=07 v 9913-07  1074+0T T.987 “e3978=01 ¥AST7SUT S 1083400 To75% W TT58=0T1 113001
02437=02 v8C?7=01 08J01=01 14541 s4118=02 +8096~01 v8j06=01 1.520 06562-02 0657102
o 1778=G1 «6276=01 0852301 1,897 LR RAY AL 639501 6579=01 Te837 s W20 VNIZY=0Z
*e5221-01 v1881=01 05549=~01 2,796 “e5331-01} W 1952-01 25677=01 24791 03060-02 «3223-02
= 4517-07 = 57T89-07 687901 3,998 SvYe87=07 ~V517&~01 +8Y70-0T Iy CR A4 T ALLELAL S
" e1903-01 *.1283+00 w}297400 4,860 ¢1837=01 -1 1286400 e}299+u0 4,854 v1682=01 v1687=01
«10%2+00 =+ I99%+00 «2231#00 5,22% Yy TUS7+00 =y [798%00 +2235%00 57275 ChiZ4: ') [RAAAAI'E)
1314400 =+2504¢00 «3091+00 5,339 «1823+00 =y2506+00" *«3099+00 $4341 «9557-01 09606=01
2T69+00 = 2737500 «365T+00 5,399 2176500 CXY A AR s 3660%00 SVvINY [REELED v 1390¥00
02257400 ~e3111+00 03843400 5,340  ¢2260+00 =31204+00 »3852+00 5,329 «1477+00 1484400
i eee AVERAGES wes
=eb6484~02 "e3264-01 «3327=01 4,516 ~y6484=-02 =s3264=01 #+3327-01 4.516 «5080=01 «5112+01
TAL RAS STATTEREVU PRESSURE W70 SLOPE CORRECTTUN TS FPRWS & «Z2Z530%00
THE RMS SCATTERED PRESSURE WITH SLOPE CORRECTION IS PRNS = 02261 1+%00
THE SKME QUARTITICS DIVIDED BY PU ARE PPRASH & <ASSHEFUT
PRMSN = s 45691+00Q
THE COGNTRIBUTTUNTOF THE STUOPE CORRECTION TO PRMSHN 19 2LTlUR ™ o] TERTENT .
THETAL = +00 DEGREES,
VTRETAZ » Z0,UC DEGREESS :
PPRE PPIM PPMAG PPPHAZ PRE PIN’ PMAG PPHAZ PP2 P2
*.1730~01 s l442+00 s 1452+00 l1.690 »92033=01} «1537+00 +1550+00 1.702 «2108~01 02404-01
«2182+00 v2322=71 XA RARL'LY < I07 v2259+00 v28ET=07 ©2272%00 AT i VTS0 T  SSTelsgr
e1410400 =e2735+nQ 03078+00 5,188 1492400 ~e2814+u0 #3185+00 5,200 29471=01 1015400
®TIVBSFUT = 3037¥00 «IEBHFOUT T 2134%00 SITYS¥oU +3801%00 AR RL Y1357 00 IS 00
=¢3903400 «333i=0} «3918+00 3,056 =+4024+00 0¢3376=01 «4uU38+00 3,058 «1535+00 v1631+00
®.1577400 v3555%00 < 30Y0+¥00 17068 T T622300 " 3I6468%+T0 vHOTO0¥00 15987 «I1ST3%00+1%08+00
02347400 02944400 03765+G0 898 02425400 W3031+00 »3882+00 896 141700 «1507+00
«J590%00 e 7TITHH=0T e J55TF0T 5,087 9 38Y7%00 XX AEZ4d'1) v3771¥00 $+08Y v13IN0300 vIN22+00
ell14+00 =e3434400 «3610+00 5,026 #1137+00 =e3531+00 «3709+00 5.024% «1303«00 «1376+00
® 3 2256%0T7 .o 2782%07M vJ979%00 W UJI e 23IU7TFOU 204 ZF O e 366 1¥00 030 ¢ 1278300 REAL'AA'LY
*e3504¢00 «8747=02 +3505+00 A.117 “43577+00 «9879=02 +3578+00 ETRRL e1229+00 +1280+00
T2 15400 T, 2610400 +3359%00 23252 WTAIBUF 00T TR R6 6B U IGZAF OO 2 29 Y v1T28%00 STI7s00
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—~EYSe0 30300 IO TP 3 Se M0 309D 3T v 38— 4 P30 e -
v2277+00 v 1265400 22604400 +507 02341400 01272400 . " +2664+00 498 v6782-01 «7099-01
m—e s e [ 179400 T «, 785801 i1963+400 f,871 1826400 «48345=01 §2008+00 ———5¢855-——-93853=01———44031=01"
e3d3s2-01 “e1237+00 ¢1284+00 4,977 «3081=01 =e1266+00 «1303+00 4,951 e1649-01 e1699-01
W e JUBL =0 w7590 T 778 0 4,300 -—=y3177=01——we7011=0} v7697-01 44287~ 96063-02 95924=02
=¢5402-01 =e5126~01 o 7447=01 3,901 =¢5252=-01 -y5230=-01 o7412-G1 Je925 +5546-02 «5493-02
w;108700 76602~02 v lumw—ﬂﬂ'ﬂ1ﬁ1ﬁt7w”'ﬁ3_rﬂfﬁm——a'rmf~ﬁﬁwi‘_—ﬂiqﬁ'ﬁl—~_—
=eb6106=01 e1411+00 «1538+00 1,979 ~e6585=01 «1448+00 v 1591400 14998 02364-01 «2530=01
¢1393+00 144800 5197500 823 1376300 1516003204800 834 FIFUI=O 4 P
W2113+00 =e7015=01 «2226+00 5,763 «2196+00 ~e7230-01 e2312+00 5965 W 4957-01 «5345=0}
T T 1780 »,20%8+00 +2098*00 4579717270t =3 21829002189 004+ P 44U~ U 47 =0t
*e1545+00 e 4993=01 «1624+00 3,454 =e164U+00 =es5109=01 +1718+00 EFRLL] 02638-01 «2950=01
= 172?=0% [RERE 441 TTHS2*00 60— 2032=0t v 153700 T1550vuD 702 vetue—ot 24040+
. see AVERAGES oo
e — w4 2010%02 3433w S 3VTA 02 4183 = 2010% 02w 3HII=02 3V Tew o 4t ed <7480t RS-0t
THE RMS SCATTERED PRESSURE A/0 SLOPE CORRECTION IS PPRMS w 027362+00
THE RMS—SCATTEREO PRESSURT YT TH STUPE CORRECTION IS PRNS ™ v281569°00
THE SAME QUANTITIES DIvIDED BY PO ARE PPRHSN = ¢55293+00
T T T T e PRASN & T~ 56924%+00

. THE CONTRIBUTION OF THE SLOPE CORRECTION TO PRMSN IS SLPCOR = 2087 PERCENT.
—THETA] "%~ ,00 DEGREES, ~

THETA2 ® 40,00 DEGREES,
FPRE PPTH PPMAG PPPHRAZ PRE L ! PHAG PPHAT PPr2 L4

v3876%02 TIVTO= 0T 3BT Ot T 1e¥22—$B0Y =02 41700 #2250t 1740y Se4wg——1765=0T

03271=01 «3176-03 «3291=01 «0t0 v3486-01 ~e4780-03 03486=01 6,269 v1083-02 el215=-02
+8019-02 «323792p1 v2508%01 5,038 7760020232480~ 2594=0t——— 57010 86279=-03 vo128-03
=.1304~01 =¢1670~01 e2119=01 44049 =.1318=01 =e1694=01 v2146-01 4,051 «4491-03 v 4605=03
= 2457%+0¢ v2718 07 Y2500t 3503y v2HUT=01 v21246=02 v26T0=Ut 3060 s6297=03 TR 20
-¢5310~-02 «3071=0} «3137-01 1,741 “16261=02 v3280-01 03339=01 1759 ¢9838-03 W1115=02
+3308-0T1 §9478202 ..HWZ“D'l“"—'_—FZBU’—l_;'SS'ST-’-‘n1‘—.1'039'01'——7370‘7-01——'—o'20‘0—7tfﬂﬂ-oi'—'—rt'iﬂt-oi
«9017-02 =43085-01 03214-01 4,997 2 9434=02 =e3364=01 03494=01 4,986 «1033-02 el22)=02
% 2478-01 53395402 +2510=01 33N 0 =3 2747=0 1t =534639=02 27 M =0 33273 ——¥6340-03 $7877=03———
. e4604-02 01633-01 v1697-01 1,296 e5793-02 01857=01 »1945=01 1o268 »2880-03 +3784-02
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T 46562027777, 325001 $33106™07 372 s 6507=02 " %3561=01 +3620=0t— 15390t 1UU=02 +1310~02
03713-U1 - jUB5=01 «3866=01 5,999 s 9046=01 =el1142=01 «4204=01 6,008 W 1496-02 o1767=02
B 1AZY-01" TG 3BOIM0T T IO T 4356 15380~y 420001 THY7I=o 4435618 +v1695=02 " 02001=02——
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T2T96501T 93596~ T1 T9TS3=0T 15028 v2337=0% v38E6=01 4S50t 1027 +1125-02 v204t=02
03341-01 -92475-01 «4158=01 65,646 03623-01 =92688=0] 4511=01 54645 W1729-02 02035=02
%e2635-01 =3 3239 U T RN T ¥ 025 e 287U~ w34 A0 45 1504024 v1750=02 +v2038=02
®43276-01 v2615=01 «4207-01} 2,471 =¢3530-01 +2808-01 e4511=01 2,470 «1770-02 02035=02
2353401 +3525=0T7 TH295=0T TIB0 w282t eD 3763 U 4529 gt 980 1802=02 2051 =02—
edd44=-01 ~e1977-01 ¢4323-01 5,808 e4101=01 =e2100~-01 o 4608=-01 5,810 v 18469=-02 02123=02
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®4172-01 «109G=01 «4312-01 ' 2,886 e 4459=01 ¢1185=01 e4614=01 2,882 «1860-02 «2128=G2
+9537902 391007 V395907 1 922 T80T 02 vH170%01 THZ25 0T 140" IS4 =02 "1785=02
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e B220507 T W HINYATe 923008 17768 LR 8 1'hAeit1d s4573%0% vY70S~0s 17807 vi24y=02 (RSl had I §
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THE RMS SCATTERED PRESSURE W/0 SLOPE CORRECTION IS PPRMS = ¢35251~.1

THE RMS SCATTERED PRESSURE WITR SLUPE CORRECTION TS PRMS™ W «37953*07
.
TRE SAPE QUARTITTES DIVIDED BY FU ARE PPRMSN = TTTZIS=0T
PRMSN = «76696=01

T T T YHE CORTRIBUTION OF THE SLOPE CORRECTTUN YO PRNSN TS SLPCUR = 7Tel2 PERCENT

71
- - ’ \
RUNID! BO960s6 PROJECT: ' -USER:
LOAD MATHPK 873 BO9606
1TEM AMOUNT COST(DOLLARS)
CPU TIME 002:00:09.778 $04465
170 REQUESTS 530 SUES
1/7G=A0KLS TRANSFERRED 373057 $0.22
— " CONE USAGE 0397 $0%22
CARDS N KRN $0.15
— PAGES "PRINTED 12 039
TAPE UNITS USED 1 sUe40
JOB CHARGT T 30+20
T TOTAL CUSY $2+8%

THE ABOVE DOLLAR AMOUNTS ARE APPROXTMATE AND ARE BASED ON RATES FORSTANDARD RUNS

TRVTIATTON T TTPES USTZ000=FAY 16,1773

T TERRINATION TINET OIT2TTIB=MAY 16,8973

-86-
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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 PSIN1l, 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.
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00001 SASGeMT 11.¢TeMATHPK
00002 .. 3COPYsG 11o»TPFSo- —
00003 AFREE 11.
- .. 0000& ... _3FORsSIA MAIN
0000s [
-00006————C—THIS IS PROGRAM-PSIN2,
00007 c
---— 00008 ---———C---IT COMPUTES THE RMS-PRESSURE--SCATTERED -IN THE--X=Z-RLANE-FROM-A— —
00009 C CORRUGATED SURFACE. A SLOPE CORRECTION IS INCLUDED.
—-~-00010---..--C-- THE CORRUGATIONS ARE COSINUSOIDAL- AND.ARE- PARALLEL TO YHE ¥ AXISe —
ooo11 C A HIGHLY DIRECTIVE TRANSMITTED ACOUSTIC BEAM AND A POINT RECEIVER
00012~ C—ARE-ASSUKED o~
gaoi3s C THE AMPLITUDE PROFILES OF THE INCIDENT PRESSURE ARE ASSUMED TO B8E
---— - 00014 -- - € GAUSSIAN, THEY ARE MEASURED ON-A HORIZONTAL-PLANE -AT-A DISTANCE R1
00015 C FROM THE SOURCE TRANSDUCER.
~-—. 00016 -- -—-C -BWX IS THC BEAMWIOTH = FWHM/1.665 MEASURED IN-THE X=Z PLANE
goo17 C BWY IS THE BEAMWIDTH MEASURED IN THE Y-Z PLANE.
———004018. -C—-THE -PHASE- OF -THE-INCIDENT -PRESSURE-IS THAT OF A POINT SQURCE.
0019 C MODE SPECIFIES THE SCATTERING GEOMETRY.
- - 00020 - -—-C--- - HODEZl ees SPECULAR SCATTERING
00021 c MODE==1 eee BACKSCATTERING.
- - .00022 -~ -.C-- MODE=0 eeo TRANSMITTER ANGLE FIXED-AT-ZERO
00023 C MODEQO IS THE INITIAL VALUE OF MOCEe.
00028 C——0OMODL -IS- THE--INCREMENT
0002Ss C NMODE IS THE NUMEER OF VALUES OF MODEe. NORMALLY 1¢ 2¢ OR 3.
——- 00026 .- C_— .THETAO IS THL INITIAL VALUE_OF JHE -RECEIVER ANGLE WRYT VERF¥ICAL.
0ao27 € ODTHETA IS THE INCREMENT.
—~---00028 ———-C--NTHETA IS THL NUMEER OF VALUES - USED.
00029 C OFFSET IS THE ANGULAR DISPLACEMENT OF THE TRANSDUCER WRT ITS NORMAL
00030 C—-POSITION FOR THE.SCATILRIN
00031 C DISPLACEMENT IS IN THE + THETA1l DIRECTION.
—— ~00032 —-—-C —THETAL-IS -+ -UPWIND".
0oo33 C THETA2 IS + "COWNWIND's
——. 00038 . _..C. ZETA IS THE AMPLITUDE. OF.THE.CORRUGATIONS. _IT MUST BE o6Te ZFROa
60a3s € ZETAO IS THE INITIAL VALUE OF ZETA.
a003c C - DZETA IS THE-INCREMENT BY WHICH ZETA_IS INCREASED
00037 C NZETA IS THE NUMEER OF VALUES: OF ZETA USEDe
—--— 00038 - ~C- WL IS THE ACOUSTIC WAVELENGTH. —
00033 C SWL IS THE SURFACE WAVELENGTHe
——_ Dbogso . __ . C _K..IS THE ACOUSTIC .WAVENUMBER
00081 C SK IS THE SURFACE WAVENUMBER.
00042 C-—R1 IS THL-RADIUS OF-THE-ARC ON -WHICH THE TRANSMITIER -MOMESe——
agous3 €C R2 IS THE RADIUS OF THE ARC ON WHICH TYHE RECEIVER MOVES. )
.~—. -000&& __.__ C __BESSEL FUNCTIONS ARE.USED IN.THE FORM JU(N})e WHERE N IS THE ORDFR AND
aggus C NMAX=16 IS THE MAXIMUM OROER.
—-— 00086 — ___C A IS THE-ARGUMENT _OF _THE BESSEL-FUNCIIONS
ocas7 c
ooos8 C
00049 REAL J(100)sJ0
RS oposo ... €
00051 REAL MODEOWMOCE
-~ 00052 ——— - —— —— -READ -40 ¢ MODED + DMODE +NMODE
06as3 READ 40¢ EWNXsBWY !

—— 00084 READ 40s THETAD«DTHETAsNTHETA
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0005S READ 40+ OFFSET
. -—000S6 _ .._. ... ___ READ &0+ ZETAO+DZETA'NZETA

00057 READ 40+ R1eR2
. ._.bOoOS8 ____ READ 40y WLSWL.

00059 40 FORMAT(2F10.0+110)

00060 c e

00061 PRINT 45
~—00062_.. A5 FORMAT(*1THE INPUT_CARDS_ARE®}

00063 PRINT S0+ MODEOsDMODE s NMODE
_....Do068 ________ PRINT 5Dy BWXyBWY

0006S PRINT 50¢ THETAOsDTHETAeNTHETA

D0066 PRINT _50s..0FFSET.

00067 PRINT SO0¢ ZETAD¢DZETAYNZETA

oooce PRINT 50¢ R1sR2. . . _

00069 PRINT 50¢ WL9#SWL ’
-~.. 00070 .. ___ SO FORMAT(24X+2F10.8,1101

00071 c

00072 DATA NMAXZ1EZ

00073 - DATA TWOPI/6.2832/

00078 REAL. K ...~

0007s K=TWOP I/ WL
e 00076 - SK=TWOPI/SWL

00077 A3Z(1./R141./R2)/2.

pooTAa _____ _ BWXDSBWX

00079 c ’
——-00080.._____C._COMPUTE THE MAGNITUDE OF THE PRESSURE REFLECTED VERTICALLY FROM A

00081 C SMOOTH SURFACE.

poos2 [ [

00083 AXO=SQRT(SQRT (BWXse~N+(KeAI)ee2))
—DonBa_ . AYD=SGRT(SGRI(BNYse-G+(KeAI)ee2))

a0ass POSK/(2.*R2+AX0sAYO0)

DOODBE. __PRINT E0ys_PO R

ogos7 60 FORMAT('OTHE PRESSURE REFLECTED FROM A SMOOTH SURFACE IS PO ='»
—___DOOBB __ . 1FE10.5). ._._.__ -

00033 c

00020 C_ ESTABLISH_THE_GEOMEIRY

00091 [4

00032 .. .. . .__. . MODESHODEO-OUMODE

00093 DO 260 MD=1+NMODE
—__DO09% . MODESMODE+DMODE

000935 [
—— 00096 € FSTABLISH ZETA.

00037 c
— ..00098.__ __ ______ _ZETA=ZETAD-DZETA

00099 00 260 IZ=1+NZETA

00100 —ZETA=ZETA+DZETA

00101 PRINT 6S¢ ZETA

00102~ 65 FORMAI(®1eeeevee900e00900°/% ZFTA S%eF5.3/° sssessessesesse®)

00103 c

00104 C__ESTABLISH THE_TRANSMITTER AND RFCFIVER ANGLESe THETAL AND THFTAZ.

ao1ias [+ :
— —.-D0106. —__ — THETAZ=THETAQ=-DIHETA

oo107 D0 260 NT=1sNTHETA
00108 THETAZZTHETA2+NTHETA
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06109

ANG2=THETA2/57.29%
- 00110 ————  CA2=COS(ANG2)- -
00111 THETA1=MOCESTHETA2+0FFSET
- 00112 . _ANG1=THETA1/57.295
00113 CA1=COSTANG1)
00118 < —
00115 PRINT 70¢ THETALsTHETA2
- 00116 ————-70 FORMAT(? -THETAl =% F6e2e - DEGREES+ 1AL THETAZ - =2FG 29> DEGREES 3
go117 [+
— - 00118 ———— C—-COMPUTE SOME--TERMS
00119 c
00120 Al=(CAl282/R1eCA2882/R2}/L2
00121 A2=SIN(ANG1)-SINCANG2)
00122 A4=CAl+CAZ e
00123 AZK*ZETA+AY
- - 00128 - —— . BWXZBWXO/CALl . — .
00125 AX2=SQRT(EWX® s=G+(KsAl) 0e2)
0012¢ AX=SQRT{AX2)
00127 AY2=SIRT(BWYe s—4+(Ks A3} e22)
< 0012B-- - ——~- AYZSGRT(AY2) - omem
00129 PHIXZATAN(K*AleBUX+2)
— - 00130 . CX=COS{PHIX)--—
00131 GNUZ2=4, s AX2/ (KeKeCX)
——00132 ————GPIK S AL £ (B-g SRZSAXSAY)
00133 c
- 00138 ————C-—BESJ IS A-UNIVAC-MATH-PAC-ROUTINE-TO-COMPUTE BESSEL—FUNCTIONS—
00135 c :
00136 ——CALL BESJ(A+D. o NMAX»J)
00137 Jo=Jt1)
00138 DO- 80 NN=1-+NMAX
00139 80 J(NN)IZJUI(NNel)
— 00180 - ——— G —— e
00141 C COMPUTE THE RMS PRESSURE.
e DD182 o € e
00183 PPSUM=JOsJOSEXP(~2,9A2#A2/GNU2)
nnlua PSUM=PPSUM.
0014% c
———-00186 - — —__ REAL N .
ag1a7 00 200 NNZLeNMAX
. DD188 ________ ____N=NN__ _
00149 c
00150 ALFP2=(A24NASK/KISs2/GNUZ
00151 ALFM2=(A2-NeSK/K)es2/GNU2 i
— - 00152 . __ EZEXP(~2 .*ALFPZ)4EXP(=2.8ALFM2)
00153 EPSTINOSK/(KeAU)Ves2
— e 00154 ——— . PPSUM=PPSUM+ (JINN)&22)sE
00155 200 PSUMZPSUM+{{{1.+EPS)sJINN)}ss2)+E
001%E f ol
00157 C PPRMS IS THE SMALL SLOPES APPROXIMATION OF PRMS.
e .m. 00158 C_EPS IS THE SLOPE-CORRECTION TERM
00159 c
. —..B0160 — ... . PPRMSZCPsSQRTIPRSUM
00161 PRMS=CP *SQRT(PSUM) '
noie2 c
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C SLPCOR IS THE PERCENTAGE CONTRIBUTION OF THE SLOPE CORRECTION.

00163
- .. 00168 ___ C..._ .. . e —_
00165 SLPCOR=({1.~PPRMS/PRMS)¢100.
00166 _ ... PPRMSN=PPRMS/PO.
00167 PRMSNZPRMS/PO
D0les8 [ U
00169 PRINT 250+ PPRMS+PRMS
oo170 250 .FORMAT(/ . 9Xs *THE RMS_SCATTERED PRESSURE W/0 SLOPE CORRECTION IS PP
00171 1RMS ='9E13e5/ SXe°THE RMS SCATTERED PRESSURE WITH SLOPE CORRECTIO
00172 2N IS PRMS ="1E13,5)
00173 260 PRINT 265+ PPRMSNePRMSNeSLPCOR
00178 265 FORMAT(9Xe *THE SAME QUANIITIES DIVIDED BY PD ARE PPRMSN Z°2F13.5
go17s 1/763Xs *PRMSN =*¢E13.5/9Xe *THE CONTRIBUTION OF THE SLOPE CORRECTION
. -DD176 . ___. . 2T0 PRMSN IS_SLPCOR 5'2F7.2:° PERCENT."/)
00177 END
— - . 00178 C...
00179 axar
pDiso =1a. Da 1 -—
00181 64154 6154
—-—. 00182 Do . 2 10
00183 O.
00184 308 0 1
0018s 81.5 81.5
00184 7188 Bl
00187 AFIN
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C. A program for the computation of probability density functionms

for surface displacement: program PDF.

Much of this program is nearly identical to program TRANSIATE,
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
1Y which is common to the main program and to subroutines RREC and
DSTFUN. At entry DSTFl, subroutine DSTFUN sorts the data into
histogram bins. Another data block is th;n 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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ocoal @ASGITH 11/g§wi R0 « » 8C9 ¢ RELL £
— 0002 - —BFORVAST MATN

nouns c .
—— OO ———€ —FHIS--I5-PROCRAM--PDF-s

00005 © € IT HAS BEEN WRITTEN TO ANALYZE WAVEHMEIGHT DATA THAT HAS BCEN
—NGHRE € RECORDFU—OH— S —FRACH—MAONETFEE—TFAPE r—EN~24—BET—HRES r—AND—EN—N—HORE

gono? C BLOCKS. '
TTTTOCNNE ————C THE DATA WORDS-ARE—CONVERTED-FRON—24& EITS—TO—I6RITSe

0oo0n3 C THE MEAN IS FOUNC AND IS SUBTRACTED FROM EACH DATUM,
s~ 00010~ --—€ —AN RMS VALUE-I5-COMPUTED—FOR-EACH-BLOCKS
oon11 C THE MEAN OF THE RMS VALUES IS CALCULATEDs AND AN YAVERAGE® BLOCK
0012 CHAVINCAN—RMS—V AL UE—CLOS (2.4 N 3
0noLx € NORMALIZED SURFACE DISPLACEMENT PROBABILITY DENSITY FUNCTIONS (PCF°S)
“o00e - - ¢ ARE-OBTAINED  FOR- THE WMOLE-DATA-SET-ANDFCR—THE-AVERAGE—BLOCKS
0001¢ [
TOR0IE - ————C-—N- IS THE-NUMEEROF WORDS—INA—CATA-BLOCKS
00017 C FOR, THIS PROGRAMs N MUST BE AN INTEGER MULTIPLE OF 3.
—n0rpLie C—N—CAN-BPE—CHANGED BY CHANCING—FHE PARAMLCTER STATEMENTSS
00012 C NFILES IS THE NUMBER OF TAPE FILES TO BE SKIPFCDe

— 00020 ————C "HS'IS'k—NUHBER*TGET—?ﬁE“ﬂHMGER—OF—BtﬁeKS—*OR—REeeﬂﬂif—iN**N#“Fitf—*O———————-———
ooo21 " C Bt SKIPPED.

0022~ € IYMAX IS -FHE “MAXIMUM- VALUE—OF—THE-DATA —tWHICH IS—-ASSUMED—TO—BE—IN

00023 C POSITIVE INTEGER FORM)e TYMAX=107?% FOR A 10-3IT CIGITIZER. '
—-0002Q——_C_Nf’11‘f‘“‘15“t"f"*mrﬂ"ﬂ‘f—fﬂf_'ﬁfﬁ"l‘uvnn” BINSS -

nouzs c IGN IS SET oLT. 0. IF THE DATA ARE INVERTED ON THE TAPE.
= 00078 ———-¢ TSRATE IS~ THE £FFECTIVE DICITIZER—SAMPLENS—RATES

anoz27 C EFFECTIVD MEANS (DIGITIZER SAMPLING RATE)®(RECORDER RECORD SPEED/
—-00u2g — -—¢ “RECORCER-PLAYBACK SPLIL I+

0an21 C  PKHT IS THE ASSUMED PEAK HELGHT OF THE WATER WAVES.
— 043 € SPEED—ISFHESPEEL—OF—THE—WATER WAVESS

nons1 C VWLNGTH IS5 THE WAVELENGTH OF THE WAVES.,
- 00032 CT NB IS TRE NUMBL R OF "N=WORD—CLOCKS - IN THE FILES

00033 C IB IS THE INDEX OF THE AVERAGZ BLOCKe IT CAN HAVE ANY VALUE FROM
"o 00038 ————-C--1 FO NBy- --— = = m

aguss C EPS IS THE FRACTIONAL ODIFFERENCE BETWEEN THE AVERAGE RMS AND THE RMS
—0003¢& T OF— THE-AVERACEPLOCKS

nuas? C RM3IHT IS THE RMS SURFACC DISPLACEMENT IN CM FOR THE DATA IN THE
TIOR8 - ——- €~ AVERANL" ELOCK: ™

oon3e C CXP JS THC HORIZONTAL SEPARATION IN CM OF THE SURFACE DATA.
—0onn4n € - St

00041 4
ﬁ'lﬁ"( PRAREMUTELR N=-0OUTTITMRATIUZY

noouy COMMON TY(M) '
— 0004 & T COMMON/ODSF/DFtTYMAX) YNSTZEvNTY

nnosas DIMENSION LABEL(7) RMS(1000)
TTTO004E "~~~ BIMERSTONTEMP NIV XCTYMAXT

nnos7 DATA DF/IYMAX®D,./

B4 e REAL—MEANTIAPE)

annni3 NN=N
T 000S0— - —— ———TIYM-IYMAX

Go0s1 C
‘.......ocﬂsr-——---—c-— ‘l‘l’d? ‘C“R‘s. 3 TITEFE I T TSP TN TR OO OY

uanssy c |

V0USs READ—1Ov—NFILESYME
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naass 10 FORMAT(2I1N)
T On0Se T T T T T T TREAC 10y NSTZE
acos7 READ 20+ SIGN
T RN0Se —————————RLADZ0 v SRATL
0nous° READ 20/PKHT ¢ SPEEDsWLNGTH
uutewr SU TURFATTIFIULUT
00051 c
TTTQo0s? < FFEFFESTAFFIFTRRASNS
000563 c
T oooes T PRINT 309 NFICES
000865 30 FORMAT(1H1,* NFILES ='+I2+* TAPE FILES HAVE BEEN SKIPPED.")
Un0ee PRINT 35y IYFRWNSIZU¢SITN
qous? 40 FORMATU(1HO»*THE EFFECTIVE SAMPLING RATE IS°*sF6e.1s" SAMPLES PER SEC
""" DOCE8™ "~ PRINT &0+ SRATE
10as3 35 FORMAT(® IYMAX =*+IS/' NSIZE =%+I3/° SIGN =*yF4.0)
aonYo "TTTTTTTTTTTTI0NC oY /7)) )
ananrl PRINT S0¢ PKHT
non7? TOTFCRMAET(Y THC PEARK HT UF TRE AVERAGE WAVE IS'SF6+37v "~ CML™T
noars PRINT &0s SPEELD
T O0oT6 T T TTTEO0TFCORMAT(® THE SPEEDTOF THD WAVESTISYIFE.29Y CM PER SECONDSYJ
onoTs PRINT 70+ WLNGTH
T 0007€e T UUTT7OFORMAT (Y THE WAVECLENGTH OF THE WATER WAVES ISYiF6s3I v CMe'T
aoar? Cc
00078 CTSKIPFILCS "THAT RRE NUT OF INTEREST.  CABLCLCS ARE FICESS
[els]s b Ac] [+
TTTTR00s0 T T T T T IF(NFIUES TeNEST 0V CATC SKIPFINFILESYMET
00031 c :
T o0082 - C— READ AND PRINT THE TAPL-LABELS
auolz C TIOTPIN IS AN MACC 1108 LIBRARY SUBROUTINE TO READ A DATA BLOCK FROM
00027y | MAUKND T IUTTAPL S <L THU RETLRENCE MANUA T TOR- THEITO8COMPUTERS
0008° C IN THIS CASE THE LABEL Is STRICTLY NUMERIC ANO IS RECORCDED AS 24-BIT
T 0008f T T WORC S T T LD M AN IPULATE S T THE B IT S TO0READ THE WORCS IN A S6=BITt11C8Y
aoo’7 € FORMAT. -
nonss C AN
00089 CALL IOTPIN(17+1¢IYsNeLNZs$SBO)
nooeo O CABET (T I=FLD OV U v IY (T Ty
annq1 LABEL(2)=FLC(0¢12,IY(2))
TTTTTRONYZ T T TCABELUTICFLOCIC e 28 IY (2T Y
ono?? LABEL(A)ZFLE(O+2401Y(3))
TTONo0es T T T T CABEL (S Y SFL O (0YIZ eIV (ST
00a1s LABEL(G)IZFLO(12+240IY(4))
UUu T BRI R AN AVAFA PSR YRR ]
naul? PRINT S0s{LABEL(J) s J=10T7)
gongeg — SU FORMAT (/777" TAPE NUMBCRYvIGvIOXS [ Y4 P Y4] v
a0091 128X *DATA DIGITIZIC ON *9I20%/%9124%7%912)
T onl1ow B >
nniol C AN EOF SHOULC FOLLOW THE LABEL.
T0I02 C—FINC THC CRABCULOTS
00103 C CUSROUTINE IOTPSP SPACES LOGICAL UNIT 17 (HERE) PAST THE NEXT DATA
T 01N C - BEOCK T T IT TRANSFERS CONTROLTOSTATENCNT 100 IFAN-EOF IS FOUND T
an10s c
TTTN010C T T CALLTTOTPS P17 SION Y
00107 PRINT 95

00108 ST T ORMAT 77y CABEL EO0F NOTFOUND T wvwwr >y
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00101 C
S 00110----—--C- “BEGIN THE ANALYSIS-OF-THE-CATAS
ng111 C RECAD TH. DATA CLOCK AY 8LOCKe. FOR EACH BLOCK COMPUTE THE RMS AND THE
TN112 - C T HMLANS - ALSO COMPUTE - THE A VERAGCE RMSY—THE AVERAGEMEANY- AND—THE— - —————
no113 C STANDARD OEVIATIONS OF THE RMS'S AND MEANS.
s =—00114 ———€—HBECAUSE--THE— W AVES - AR E—APPROX—PERIOD I€+—US E—ONEY—THAT—NUMEER—OF—D A FA—————ee
01118 C (NS) WHICH CORRESPONC TO AN INTEGCR NUMBER OF WAVELENGTHS.
~—0011¢F ~—-—— C--FINALLYy USE SUBROUTINE OSTFUN -TO €COMPUTE—THE-NORMALIZED
ao117 C POF OF ALL THE DATA.
~—--006118--—-—-C— SUBROUTINE - RRE€—CONVE§TS—-2#—B—!T—E&RBS——?HG-B{-F—H6RB§:—&MRHOE§———
- 00111 C TO STATEMENT 180 IF AN EOF IS FOUNDe AND TO 180 IF A TAPE ERROR IS
VOl ‘r T VUNU
noi121 C AN N-WORD BLOCK IS READ BY RRECy THEN THE DATA ARE SORTED INTO
—=-"00122 —— -~ €C ~"HISTOCRAM RINS-BY-SUBROUTINE DSTF1s
0o123 [4 ’
= - 00128 —— - ———— NIYZIYMAX/NSIZE L
00125 OXP=3PEEC/SRATE
—— NI~ SPULS WL NCTR/DXP
noi127 T=N-1
- 00128 WLPBLTAINT t’T'NPfltNﬁlnu
anizn NSZSPWLsWLPEL+1.
- 00130 ~——— Yy —
nn131 K=0
U153 UM
o013 SUM3=0.
TS T 00138 —— "~ SUM{=03
0013s SUM5<0.
0017% 100 -<SuUM=OS
0oni137 §UH1 118
a6139 = det
00133 CALL RREC(NWs»$180+3160)
T80 - ———~IF (N¥ £ Go NGO TO 116 -
00141 PRINT 105
—00142 —————~105-FCRMAT (/ /2— uo”—w—aess—not—eeuu—n—o«»‘-»——————-—-—
noias CO TO 160
B0t 13O CAL L DSTFL
naius K=K+1
0014€ CC-126-1=1 NS
00147 SUMZSUM+FLOATIIY(I))
e D01 4 § 320 SUMIESUM I+F LOATAIYA T ee2
no143 FIN3
adibadi, MEANR T I=SUMZF
naisi RMS(J)ZSQRT(SUMLI/F-MEAN(J)ee2)
———01 52— —SUM22SUM2 +MEANL{T}
nnis SUM3I=SUM3I+MEAN({J)ee2
fini1<4 SUMGZSUMG+RMNS{T)
0015% SUMSZSUMS+RMS (J)wee2
—HhHeL1eE £0—F6—166-
0a1s7 160 PRINT 170y J
——rp1%g— 170 FORMAT rrﬁfwv—nvmmﬁwrﬁhﬂﬂvﬁ_-————
nnis9 MEAN(J)=0.
i 1 115 4 A 5 RMS (U0 ;
noi51 GO TO 100 !

oulTs A0UTR-R .
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00163 NB=J-1 !
——— UUIES AVGMNISUMZ7FK
0016S SDMEAN=SQRT((SUMI~FKe AVGMN*+2)/(FK~-1.))
00166 —AVERMS=SUMG7FK
00167 SORMS=SQRT((SUMS-FKs AVGRMS**2)/ (FK~1.))
NUIeY o
Q0163 C SUBROUTINE DSTF2 NORMALIZES THE HISTOGRAM,
00170 . T
00171 CALL DOSTF2
ToI7Y PRINT 190% NSyWCPEC
00173 190 FORMAT(///° THL TIRST*vI&e* WORDS IN EACH BLOCK ARE USED TO COMPUT
ooI7h TE THE MEAN AND THE RWS. THESE WURCS F5e1y
00175 2GTHS ")
C017€ PRINT Z00%v K7AVGPNiSONERN
uo17? 200 FORMAT(///° THE AVERAGE OF THE MEANS OF'sIt4s* ERROR-FREE BLOCKS IS
00178 1Y F10.57Y THE STANCARG DEVIATION UF TRL MEANS ISYSsFIU.SY
00179 PRINT 210¢ AVGRMSe¢SORMS
alep e 2 0 P ORMAT (O THL AVERACE O THE  RMSES IS FFI0sS 7 THE STANDRARD DEVIATY —
00191 10N OF THE RMSES IS*+F10,.5)
T nOIZT T TPRINT Z20
00183 220 FORMAT(*1THIS IS ARRAY MEAN.'//)
0018y PRINT2Z57vIMCAN IV I=1I7NBY T
001385 225 FORMATU1H +10F1°,.5)
131*2%:1) PRINT 2Z%O
00187 240 FORMAT(*1THIS IS ARRAY RMS<'//)
0oIss i FRINT 225 TRMSTJYy J=I+NB)
0n1s89 [
TR0 T O T R IND A BLCCK  CONTAINING CATA  HITH AN RMSCLOSE TOAVERMS
00131 c '
ouIoT TPSO=. 005
00193 ' EPS=EPSO
00199 26000
001935 270 J=J+1
D019€ IFTABSTRMSTUIZAVGRNS=1I.T LT EPST GU TO 300
00197 IF(J-NB8) 270.280+280
0I98 Ze0CPSTEPSFEPSO
00193 IF(EPS~10.+EPSD) 260¢260+330
ousauU SUUTTRUNT=IUUSTLPS
ooz201 18y
j340 ) e PRINT 32Uy IOy RMS UIBDTvPRCNT
0n203 320 FORMATU(//" BLOCK NUMBER®»I%9s* HAS AN RMS VALUE OF*9sF7.2¢°%. THIS I
UulUu% A5 WITHINT VIS LY TIRLVENT UT THT MERIN RKi"ae ¥
anz2os GO TO 340
0nN20¢ JI0PRINT 335 -
00207 335 FORMAT(//* ssses CANT FIND AN RMS(J) CLOSE TO AVGRMS. QUIT, esesv)
no208 CALLUEXTIT
anzna c
nNozIT O REWIND THE TAPE AND RETURN TO THE BCCINNING OF THE WAVEC CATAS
00211 [
noT12 390 -CALUTOTPRW(TTY
00213 NFPL1=NFILESe1
n021y CALL SKIPF(NFPIZMDY
0021% c

Uusdn B3 LU TV LTVLK NUMLCLRIEY RERDITy AND COMPUTE THE MEAN"AND lR"s IIEUES
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00217 C AGAINe AS A CHECKe |
00219 360 IMAX=IB-1
60226 00370 T=1vIMAX
00221 370 cAaLL IOTPSPUL1T)
80222 CALLRRECH NS4 8040+
poz23 00 3380 I=1eN
— ——00224-— 380 TEMPLIISFLOAT Y I I=MEANCIBY
00225 SUM=C.
Q0226 ———————-—-SuM1=0,
00227 DO 330 I=1sNS

00228 SYMESUMFLOA T DY

00229 390 SUM1ZSUM1+FLOATIIYII))ss2
00238 F=NS
00231 CKME ANZSUM/F
80232 CKRMSTSAREASUML/AF—CAMEAN2
00’33 PRINT 40Ne¢ CKMEANCKRMS
00234400 FORMAT {7/ CH| O = O
noz3s 1910X9 *RMS ='9F1045)

0023 PRINT4 28NN

00237 %20 FORMAT(//° CHECK IF NW=Ne THE NUMBER OF DATA READ INTO ARRAY TEMP
— 8231 IS5 v v vy T -

00239 GO TO son

JUINUT IR TV RAINT S0V A0

a0241 445 FORMAT(//* eeses TAPE ERROR IN BLOCK IB ="yI4s*s TRY ANOTHER BLOC

00242 T wvsensy

ontes GO TO 270

T 0028420 PRINT 490

00245 490 FORMAY(//® ¢eees E£OF FOUND BY RRECs QUIT, seese)

80246 CALt—EXTT

00247 Cc

auoay L°} r IND FTHU —LA”UES' FUSITIVE AN NLCATIVE VALULSTINTTY

00249 C URSRCH IS AN MACC LISRARY SUBROUTINE TO FIND THE LARGEST OR SHALLEST
T 00250 ————C—ELEMENTIN-AN—ARRAYS

0n2s1 [

21 g SO0 CALTURSRECMHOYNY TEMPYL P IMNPMAY Y O DU MY

002573 CALL URSRCHU{1oNeTEMPoLNeTMPMIN+OsDUM)
—ff2S5g——— PRINT—S528v—tPvrTMPMAX-

nn2ss 520 FORMAT('OCATUM NUMBER®+I4e¢* IS THE LARGEST POSITIVE CATUM IN THE A
0256 ———————3IVERACE BLOEK s — T HASTHEVALUESvF1 04}

0a2s7 PRINT 5309 LNeTMPMIN

00258 S0 ORMAT o OO A TUM RUMBER S v I8 v IS TNE LARCES T NECATIVE DA TUMIN—THE X

00259 IVERAGE BLOCKe IT HAS THE VALUE'»F10.4)

ne266————¢

002g1 C THE CONVERSION FACTOR CF WILL ALLOW THE COMPUTATION OF ARRAY X IN
__—OWG**C_ CENTIMETERSS

00253

08254 FHPSTMPMIN

00255 IF(SIGN «GTa Do) TMP=TMPMAX

Lhlirng 25 CFoPKHT/THP

00257 RMSHT=ABS(CF)*RMS(IB)

0nN2€s —FPRINT €80 CF

00252

580 FORMAT('OTHE WAVEHT CONVERSION FACTOR IS CF S*E10.%)

\*itr4nacs

PRINT—S5SOv—RMSHT
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00271 590 FORMAT(® THE RMS WAVEHT OF THE AVERAGE BLOCK IS RMSHT =%eFSe3¢* CM
00272 157
00273 PRINT 600¢ DXP
———— 012 78— 00 F ORMAT t THEHORIZONTAL SEPARATION OF DATA ON—THE SURFACE IS DXP—=——
0027s 1°+FGette® CM.')
00T 7Te C
aa277 C COMPUTE VALUSS FOR THE ABSCISSA OF THE HISTOGRAM.
no278 T
00272 XO=FLOATINSIZE~-IYMAX) /2.
[ulejxe:10) D0 650" I=1I+NIY
00231 650 X(I)=(XO+FLOAT((I-1)sNSIZE))sCF
pozeET C
na293 C PRINT THE X ARRAY AND THE POF ARRAY FOR THE WHOLE DATA SET.
0028y C
on28s PRINT 670
noz28e’ 670 FORMATUIYIARRAYS X AND OF,.Y7/77) B
00237 PRINT G680y (X(IDsDF(I)y IZ1eNIY)
myoey 680 FORMATUIH FI1Z.T+FIG.07
00232 c 4 : '
no23%0 C COMPUTE AND PRINT THE X AND PUF ARRAYS FOR THE AVERATGE BLUTK.
00291 c .
00292 U0 630 I=TNIY T
00233 690 DF(I)=0. '
aoTey CALU D3STFT
0022s CALL DSTFZ
T uzac C f
aa297 PRINT 700
00298 — 700 FORMAT*TARRAYS X ANDOF FORTHE AVERACEBLOCKSTS /7Y
00239 PRINT 680¢ (X(I)eDFUI)e IZ19NIY)
am3vo END
00301 c
—— 00302 §FOR¥SIA SUBY
no3ox c
noxnn- SUBROUTINE OSTFUN
aoTos [of
_—Oﬂfﬁﬁ L% THIST SUBROUTINTSORTSINTTOL R UATA INTU TINS TU PRULUULLET A
0o3nt C NORMALIZCD HISTOGRAMe DSTF1 SORTSs DSTF2 NORMALIZES.
o0I08e C
00309 PARAMETER N=600+IYMAX=1024
onYIC TOMMONTIYINT
00311 COMMON/DSF/DF (IYMAX) o NSIZEWNIY
(210 R g A"
0n313 ENTRY DSTF1
LIRS T
0031¢ CO 20 J=1N
NoO31¢ KIYCIT/NSIZESY
00317 20 CF(K)=OF(K)e+l.
LRR S A0 1 - S RETURN
aon3sie C
no320 ENTRY OSTF2
on321 C
no322 SUMDF=0%
aas23 00 40 I=1«NIY

LRAS Ry WU SUTUT =oUMUTYUT VLT
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OFNORM=1./(SUMDF

———00326————————H0-€0--I=yNI¥

*NSIZE)

00327 60 DF(I)=CF(I)*DFNORM
4. RETURN
00329 END
6336 €
na3sl AaFORSIA SUB2
00332
00133 SUBROUTINE RREC(NWORDS ¢$S9$)
8032y —€
00335 C THIS IS A SUBROUTINE TO READ 1 RECORD OF TAPE FROM UNIT NO. 17 AND
88336 e—C-ONVERT—O—FRACHY—2U—BITHOREBS—FO—36—BEITWORES
00337 c
00338 PARAMETERN-EOD
00339 DIMENSION IX(N)
00348 COMMON—TY-tN}
00341 C
o242 M= *N7/T
00343 CALL IOTPIN(17e1sIXoMeLNZe$20,830)

—an3ge———C 60— T0 20~ IF ANEOF

Lo TUUNUW

0034S C GO TO 30 IF A TAPE ERROR IS FOUND.
DO346 NUORDSTENZ 73—
no3a? IMAX=NWORCS-2
0036¢ NSH=8rey
00349 DO 10 I=1+sIMAXe3
00350 =2 T42 17 3=% -
noils1i IY(II=FLC(O244IXLI))
00352 Yt IS SFL 267 12w IX O NSt e FED tOY T27 IX v )Y
003s3 10 IY(I+2)=FLD(12+28¢IX(J+1))
I LAY TURNNT
00355 '20 RETURN 2 !
NOISE 30-RETURN—S
an3s? END
NO258——F¢- -
003%9 aFORSIA SUB3
Gh 260 €
00351 SUBROUTINE SKIPFINFILES»MB)
00X62 < b
003573 C THIS IS A SUBROUTINE TO SKIP TAPE DATA FILES THAT ARE NOT OF
p0360 €—CURRENT—INTERESTe
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