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FOREWORD

The objective of this study was to statistically reconstruct a surface representation of Sea
State One based on direct measurement of a single point. The poir' measurement was obtained
by a specialized piece of test equipment, the wave computer. The test was conducted at the
Tower of the Naval Ocean Systems Center (NOSC), San Diego, Calif., approximately a mile
off the coast of San Diego on 13 February 1985 under the direction of personnel of the Naval
Weapons Center (NWC), China Lake, Calif.
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INTRODUCTION

The objective of this study is to statically reconstruct a surface
representative of Sea State One based on direct measurement of a single
point. This point measurement was obtained by a specialized piece of
test equipment known as the wave computer. The wave computer by means of
a capacitive probe, laser, screen, and video camera provides the eleva-
tion of the sea surface and a unit normsl at a single point of cbserva-
tion., This test was conducted at the Naval Ocean Systems Center (NOSC)
Tower abcut a mile off the coast of San Diego on 13 February 1985 under
the direction of personnel from the Naval Weapons Center, China Lake,
Calif.

THE WAVE COMPUTER SYSTEM

in this section only a general overview of the wave computer system
will be offered. A more comprehensive treatment of this subject is
available in Appendix A, which also includes a system circuit sche-
matic. The wave computer system was deployed off the south side of the
NOSC Tower as shown in Figure 1.

Figure 2 is a block diagram of the wave computer system. The eleva-
tion of the sea surface is reported by a capacitive probe subsystem. A
capacitive probe consists of an insulated wire using the seawater as the
outer conductor, thus forming a coaxial cable whose capacitance per unit
length is well defined. This capacitance, which is a function of the
elevation of the sea surface, is then used to time a monostable one-shot.
Thus, the output pulse duration of the one-shot is dependent on the
elevation of the sea surface. These pulses are then integrated over
several hundred cycles resulting in a DC level proportional to the eleva-
tion of the sea surface. The frequency response of the capacitive probe
system is 120 hertz, and resolution down to 0.5 centimeter has been
demonstrated. This elevation signal was labeled the 'Z vector' and is
stored on the instrumentation tape recorder simultapneously with direc-
tional signals.

The directional information is provided by the beam screen subsystem.
This subsystem consists of reflecting a parallel-with-gravity incideat
laser beam off the sea surface and observing its point of impact on a
diffuse translucent screen. This observation is performed in real time
at a sampling frequency of 60 hertz by a charge-injection-device (CID)
video camera pointed at the diffuse screen. The composite video signal
is then decoded by the wave computer central processor into x' and y'
beam screen coordinates.

T *The NOSC Tower was taken over by the Scripps Institute of Tech-
nology, University of California, San Diego, on 1 November 1986.
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Thus, the wave computer system outputs the three data vectors in
real time x', y', and z', which accurately represent the position and
length of the laser beam reflected path. Moreover, the elevation of the
sea surface is also accurately known.

GEOMETRIC INTERPRETATION OF WAVE COMPUTER OUTPUT

Figure 3 shows the beam screen geometry under analysis. Note that
now we have a secondary coordinate system, that is, x, y, and z, which we
shall refer tn as “"geographical coordinates." These geogrsphical coordi-
nates constitute the stationary reference system in which the sea surface
is recorded and later reconstructed. The unit normal to the sea surface
may now be obtained quickly in the geographical coordinate system by
exploiting the first and second laws of reflection. That is, we know
that the reflected and incident rays lie in the same plane and that the

g elevation angle of the unit normal is half that of the reflected laser
}

beam.

With this information we may now write the elevation angle of the
unit normal to the sea surface directly in terms of wave computer output
as in Equation 1:

' 2 . 2
¢(t) = (1/2)tan”! [‘@ (t)%'(:)[y (t)] ] )

Moreover, by a considered choice of the geographical coordinates we may
write the azimuthal angle of the unit normal in this coordinate system
as in Equation 2:

6(t) = tan } [H%] - n (2)

With this information we may now write the unit normal in the geograph-
ical coordinate system as in Equation 3 (Reference 1):

N(t) = {sin{¢(t)]cos[8(t))}i + {sin[#(t)]sin(B(t))}]
+ cos[o(t) ]k (3
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For the geographical coordinate system "Z'" dimension we have the simple
relation in Equation 4:

Z(t) =2 - 2'(t) (4)

where Z is chosen to eliminate zero frequency offset bias. It will be
shown that the information contained in Equations 3 and 4 completely
characterize the sea surface when observed over adequate periods of time.

The spatial partial derivatives of the sea surface in the x and
y directions become immediately apparent when one considers an alternma-
tive form of the unit normal equation that is given by Equation 5
(Reference 2):

-(zx)i - (2] * (Dk

N(t) =
Vizxy? + an? + 1

(5)

By comparing the form of Equation 5 to that of Equation 3 and equating
coefficients of like unit vectors we obtain Equations 6 and 7:

dﬁ)((t) = -tan{¢(t)])cos{B(t)] = Zx(t) )
dgst) = - tan{¢(t)]}sin{[0(t)] = Zy(t) N

As we shall see later the Fourier transform of these spatial deriva-
tives will be indispensatle in determining the wavelengths of the wave
components.

MATHEMATICAL MODELING OF THE SEA SURFACE

We are now prepared to introduce a three-dimensional model of the
sea surface. However, before we proceed, an outline of the fundamental
assumptions is in order. First, the principle of time invariance of wave
component amplitude, velocity and wavelength has been assumed. Without
this assumption we could be lost in a maze of complexity. Second, the

«

"o .
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principle of spectral spatial invariance is assumed. That is, if we were
to perform a wave computer measurement at a different location within a
reasonable distance we should obtain the same spectral results upon
applying a Fourier transform. Last, it is also assumed that each indi-
vidual frequency component has associated with it a unique direction,
velocity, and wavelength. With these assumptions put forth we may write
the sea surface equation as a linear superposition of plane waves as
indicated below in Equation 8:

N-1 -
Z(r,t) = €, cos [%ﬂ (ry+ U =ViE)- wn] (8)
=0 "

where

)
=
"

xcos (Y ) + ysin(y_ ) = projection on wave axis n
o))+ ysin(y)) = proj

a 2-dimensional vector in the xy plane indicating position
time, seconds

number of wave components considered

amplitude coefficient of wave component

(@]
P Z e v

unit vector in the direction of wave component travel

wave component velocity, ft/sec

wavelength of wave component, ft

angular phase delay of wave component, radians

~ & > << o
B B P B

=]

angular bearing of wave component propagation axis

Note that the dot product in the argument of the cosine term determines
the projection of the point of observation "r'" on the axis of propaga-
tion of the plane wave component under consideration. This operation
is illustrated in Figure 4. If we were to evaluate Equation 8 at ori-
gin, which is the only point we are really observing, we would obtain

Equation 9:
N-1 2nv t N-1
Zo(t) = 2(o,t) = 2 C cos (—Tn— ty | = z CnCOS(Wnt + '-l-'n)(9) 1
n=0 n=0
where
2nVnt
wu = X = angular velocity

Aty vy de (7ol )
.".',!'.'Q‘.'&".‘,&,‘f!‘:'.l';ﬁ :.l':.l', ,'._'?‘?ﬂ.,‘—.i.
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e Taking the spatial derivatives of our sea surface model and again evalua-
A ting at origin yields Equations 10 and 11:

N-1

o az_(¢) Z c, 2Vt

1 = - - { -

,::‘ In 2n et An cos(yn)un An tvn (10)
A

i'll

&2 |

dz () Z <cn) vt

W = - 2n — |} sin(y )sin -y (11)
‘:;' dy 220 An n }‘n n

i

K

@ The spatial partial derivatives of our sea surface model in conjunc.ion
iy with Equations 6 and 7 suggest a means by which we may determine the
,f.:l‘ wavelength of our plane wave components. This is, of course, if we can
:f‘. isolate the individual frequency components in our series mode) of the
l-',: sea surface.

l‘;:

::'u DATA REDUCTION OF WAVE COMPUTER SIGNALS

s

1l

e The wave computer data obtained from the NOSC Tower tests were
B, stored on a Honeywell 101C instrumentation tape recorder. The tempo-
o rally based analog data was then 1ed into the HP694ZA multiprograsmer
::\: vwhere the information was scaled and digitized. Once a complete dats
:5:. record was obtained, the HP9000 computer read the data from the aultipro-
,Q‘V, grammer memory banks through the linking HPIB dsta bus. At this point
W the data was then stored on the HP7914 hard disk drive for later opera-

. tions. The above operation was supervised by the HP9000 program "SEA_

wa LINK." A diagram of the dsta reduction equipment layout is shown in
;':',: Figure §S.

N

}:4: The next software operation involves converting the x'y'z’' datea
ot fiies into angular formatted dats files; that is, the structure of ¢, €
20 Z, in which the first two variables are the unit normal elevation and
' azimuthal anrzies. It should be noted that no information is lost or
:o:' gained in this step; only a handier data format is obtained. This opera-
:,: tion is performed by the program “ANGLER." We are now prepared to
_;::. address the spectral aspects of the data-reduction process.

y o

;'.b'

o"‘

s

W 11
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SPECTRAL ANALYSIS OF WAVE COMPUTER SIGNALS

The overall strategy of spectral analysis of the wave computer
signals entails three operaticns. First, the Fourier transform of the
"Z" vector is performed to provide us with the "C " coefficients of the
sea surface model shown in Equation 8. This alsé provides information
as to which particular frequency components are dominant in the spectrum.
Second, we must determine the direction of propagation of the wave fre-
quency component under consideration. Last, the wavelength associated
with each wave frequency component must be determined, frcm which the
wave velocity follows.

DETERMINATION OF THE AMPLITUDE SPECTRUM

The amplitude frequency spectrum of the sea surface follows directly
from taking the Fourier transform of the 'Z" vector. It has been shown
in Appendix B that the Fourier transform of the "Z" vector results in the
quantity in Equation 12:

iz (t)] =‘!. zo(c)e’jz"ft dt = (P/2)C,sinc[E(f - fw)] (12)

Since in applicaton we are takiang the Fast Fourier Transform (FFI) of the
"Z" vector, our spectrum will differ by a proportionality constant equiv-
alent to the quantized mignitude of the differential. Thus, we define
the magnitude of the amplitude spectrum as in Equation 13:¥

F{z (t)}
Ts

N -1
P -j2nak/N

= :E: 2, (aTs)e P (13)
=0

12, (kaf)| = |

*
Note: % (kAf) is the equivalent discrete Fourier transform spec-
trum variable Sf Zo(t) and should not be confused with it.

13
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1Z (xaf) | =[\s’)\5 ] C,sinc(P(kaf - £w))| = 2= sinc(P(kaf - £w))| (14)
vhere
P = temporal length of data record, seconds
Np = number of FFT points (power of two)
Ts = temporal sampling interval, seconds
fw = actual frequency of wave component, hertz
Af =

l/NPTs quantized frequency step of FFT
Assuming our frequency spacing to be of sufficient resolution ve may then

neglect the sinc term in that it will tend toward unity. We are left
with the compact relation in Equation 15:

N C
’z‘o(m)l = pE (15)

Thus the FFT operation performed on the "Z" vector by the progrem
"Z_SPECTRUM" provides us with the first piece of the puzzle. Referring
to Figures 6(a) through 6(c) we find the amplitude spectrum of the "2"
vector for samvling windows of 17, 34, and 60 seconds. We hsve only
shown snd used frequency conponenta as far out as 7 hertz. Much beyond
this point the spectrum becomes dominated by noise and unreliable even
though the amplitude is quite minimal. It is interesting to note that
the higher frequency cosponents become less dominant with increasing
temporal record lengths, whereas the lower frequency components seem to
be quite stable. Thsat is, the higher frequency wind wave components tend
to demonstrate a random canceling effect while the lower frequency swell
components sppear quite stationary. This effect is also demonstrated in
Figures 7(a) through 7(c) where s blowup of the amplitude spectrum origin
is shown.

DETERMINATION OF WAVE DIRECTION

The direction of the plane wave fronts is of vital importance if the
sea surface is ever to be reconstructed. To determine this parameter we
have elected to discard mathematical rigor in favor of a more intuitive
algorithm. Consider the top view of the beam screen shown in Figure 8.
Note that the spot shown is not the laser spot but instead the imaginary
point of impact of the unit normsl to the sea surface. Further, consider

14
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an arbitrary two-dimensional unit vector that may poin’ in directions
ranging from plus to minus 90 degrees, which we shall refer to as "S(a)",
the direction sense vector. If we study the projection of the unit normal
on the direction sense vector by performing a dot product operation, we
could examine just how much angular displacement activity occurs along
that direction. Moreover, if we take the Fourier transform of this pro-
jection and then for a fixed frequency, rotate the direction sense vector
until a maxima is obtainmed, we woulu then obtain the direction of that
wave component. This operation may be written in mathematicsl terms as
Equation 16:

l6(£,a0)| = fiig:) . S(a)e Ity (16)
o
vhere
i?(t) = Unit Normal to the sea surface
S(a) = cos(aff'+ sin(af} + (05;; directional test vector (17)

a = bearing of directional test vector (radians)

Expanding the dot product with the aid of Equation 3 we obtain Equa-
tion 18:

P
loct.a)l = [ {sin(6)(cos(8)cos(a) + sin(®)sin(a)lje 32 ™t  (18)
od
or,
P
I6(£,a)| = J' sin[0(t))cos[8(t) - a)e I2Mftq; (19)
0

The direction of the wave is then given by maximizing this integral by
varying a for a fixed value of temporal frequency "{," which may be
written as Equation 20:

P

y(f) = max f sin(¢(t)]cos[0(t) ~aje % Etqe (20)
wrt o
fix £ o

18
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It is conceded that the foregoing derivation is based more in intui-
tion rather than mathematical rigor. However, the development of this
algorithm was based on the observation of numerous directiopal spectrums.
Note that several directional spectrums were computed in 5-degree direc-
tional steps for all three data record lengths and that multiple peaking
was not observed. That is, for each frequency, a well defined cosine
peak exists. Thus, it is logical to assume that the plane wave front is
coming from the direction of maximum frequency activity. It is however,
important to note that this algorithm is slope, not amplitude, sensitive
in that we are transforming the sine of unit normal elevation angle.
This operation is performed by the program "DIR_FFT" that writes the
resulting wave directions to a data file. A printout of wave directions
and frequencies is shown in Table 1 for a 17-second sampling window. The
principal wave component directions are commensurate with observations
recorded at the NOSC Towe:.

DETERMINATION OF THE COMPONENT WAVELENGTHS

Determinstion of the frequency component wavelengths follows almost
directly from the Fourier transform of the spatial derivatives. It has
been shown in Appendix B that the magnitude of the Fourier transform of
the first spatial derivative with respect to x results in Equation 22:

3z_(t) o o
Qx(f) = %— F t——%;——} = Tl I tan{¢(t)] cos[O(t)]e Jznitdt (21)
8 8 o
A N C,
1Zx(£)| = n -%; Icos(yk)sinc(P(kAf - fw))] * (22)

Similarly, the magnitude of the Fourier transform of the first spatial
derivative with respect to y results in Equation 23:

N C

|2y(f)| =n (—%—E)|sin(yk)sinc(P(kA£ - fw)) | * (23)
k

The spectrums of both spatial derivatives are computed by the pro-
gram "SPEC_DERIV."

19
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TABLE 1. Bearings of Frequency Components.

Frequency, berts Besring, degrees Relstive coatridution, %
0.000 100.0 0.10
0.05%9 20.0 2.40
0.117 148.0 1.50
0.176 0.0 1.60
0.2% 105.0 0.30
0.293 145.0 1.60
0.382 80.0 1.50
0.410 164.9 2.10
0.4669 155.0 1.50
0.527 30.0 1.10
0.586 185.0 1.00
0.64% 1%0.0 1.80
0.703 110.0 2.00
0.762 115.0 1.80
0.000 100.0 0.90
0.820 90.0 2.70
0.879 100.0 1.80
0.937 160.0 1.30
0.996 150.0 3.40
1.08% 90.0 2.10
1.113 5.0 0.80
1.172 20.0 1.30
1.230 115.0 1.70
1.289 45.0 1.30
1.348 130.0 0.60
1.406 135.0 2.80
1.465 120.0 0.90
1.523 69.9 2.20
1.582 100.0 2.00
1.641 50.0 1.60
1.699 105.0 0.80
1.758 75.0 2.70
1.816 40.0 2.40
1.87% 120.0 1.80
1.934 5.0 1.30
1.992 118.0 1.90
2.0%1 75.0 2.80
2.109 $8.0 1.10
2.168 85.0 3.20
2.227 65.0 2.80
2.28% 75.0 2.70
2.364 90.0 2.90
2.4602 90.0 4.30
2.461 124.9 2.50
2.520 0.0 2.30
2.578 10.0 0.90
2.637 20.0 0.90
2.695 115.0 1.10
2.754 75.0 2.00
2.812 110.0 1.50
2.8 90.0 2.40
2.930 0.0 1.30
2.988 75.0 1.20

\ 3.047 95.0 2.30
3.105% 95.0 0.90
3.164 100.0 0.90
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Now if we divide Equation 14 by Equation 23 and solve for the wavelength
we obtain Equation 24:

A
Zo(f)
2x(£)

A
Zo(f)
Qy(f)

A(E) = Zn'cos(y)l = 2n|sin(y)l (24)

Equation 24 provides the wavelength for each frequency component in
the spectrum. The results of the above equations have been compared to
known equilibrium wavelengths of gravity waves, that is Equation 25:

gT?

- - 2
L= 5;2 = (5.12)Tp(feet) (25)

where

Tp = wave period (seconds)

The results have been invariably in the correct order of magnitude for
temporal frequencies in excess of 0.117 hertz. Below this frequency the
deflection of the laser beam is less than 0.25 inch, the quantization
step size of the wave computer central processor. Moreover, if the model
adopted is to be regarded as consistent, by Equation 24 the following
identity must bold true:

1] 2y(f)

Zx(f)

| y(£)| = tan” (26)

The angular quantity in Equation 26 was computed and compared to the
iteratively determined wave direction given by Equation 20. For all fre-
quencies below 3 hertz, Equation 26 provided the angular results of
Equation 20 resolved to the first trigonometric quadrant.

With the wavelength known the wave component velocity follows simply
by the relation given in Equation 27: .

vk = kak (27)
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The operation of determining wave amplitude, wavelength, and velocity is
performed by the program '"MAKE MODEL", which writes all relevant wave
model data to a hard disk file for later use., A printout of sea surface
modeling parameters is shown in Table 2 for the case of a 60-second data
record.

RECONSTRUCTION OF THE SEA SURFACE

With all the necessary sea surface model coefficients determined, it
is a simple matter to recomnstruct the sea surface. Selecting arbitrarily
a time t = 0, we need only evaluate the series model for all points in a
square spatial coordinate system for as many fregquency components as we
wish to consider. This operation is performed by the program 'MAKE_
WAVES," which also allows the option of writing the sea surface to hard
disk for later retrieval. Graphic display of the stored sea surface may
be performed by the program "VIEW SEA." All software used in this effort
is included in Appendixes C through E. What follows is a presentation
and discussion of several reconstructed sea surfaces of various spatial
areas and data record lengths.

DISCUSSION OF RESULTS

Figures 9(a) through (c) show a reconstruction of 100 square feet of
sea surface based on data record lengths of 17, 34, and 60 seconds,
respectively. These three images demonstrate the wave computer's remark-
able ability to capture and reproduce detailed sea surface microstructure
information. The accuracy and validity of the image definitely increases
with longer data records, as evidenced by the views in Figures 10 and 11.
It should be noted that the photograph in Figure 10 is not of the sea
surface that we measured but rather of the sea early the next morning.
It is, however, rather close based on spotlight observations while the
test was in progress. The images shown in Figure 12(a) through (c) pre-
sent an area of 625 square feet of reconstructed sea surface for various
data record lengths. At this point in the spatial extension it becomes
apparent that something is wrong with the 60-second data recoxrd repro-
duction shown in Figure 12(c). That is, there seems to be some peculiar
stepping phenomena occurring along the far east-west axis. It is the
author's opinion that this error is the result of shallow sloped wave
quantization errors becoming apparent.
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TABLE 2. Sea Surface Modeling Parameters
(60-Second Record).

Frequency, | Amplitude, Phase, Bearing, Wavelength Wavelength
hertz foat degrees degrees maeasured, ft theoretical, ft
0.000 2.02€-03 *180.0 *10%.0 3.106+01 9.00€ -9

.18 3.93-02 -101.0 *14%.0 2.216+0) 2.39€<04
.029 3.97¢-02 -12.0 *160.0 2.30601 8.97K 03
« 044 2.02€-02 «133.4 -170.0 4,306+01 2.49£+0)
.99 1.14E-01 -170.0 -195.0 3.11€+01 1.49€03
.073 2.99€-0) 44,4 -169.0 1.208+02 ?.34€+02
. 2.01€-0) -$3.4 -176.0 9.97€+01 6.63E02
.30 2.00£-01 =164.1 -160.0 1.24€+02 4.07€+02
112 7.49€-02 -98.? *«130.0 4,20€01 3.73E.02
.132 3.9%-02 *149.0 -100.¢ 2.1960) 2.99€.02
. 146 4.31€-01 *72.2 *160.0 1.60602 2.39€+02
.16} 1.54E-01 *39.3 ©3170.0 7.96€E+01 1.97€.02
.17%¢ 1.44E-01 *28.1 *170.9 8.61€<01 1.64€82
.190 $.00€-02 -11%.8 -190.0 3.79€+01 1.41€02
.205 1.23€-01 -173.0 *17%.0 9.00€01 1.22€.02
.220 $.28€-02 *36.1 -170.0 3.720€+01 1.06€02
334 0.99€-02 -14%.90 -140.0 2.6%€ 01 9.32€.01
. 249 © 1.126-01 L1100} e13%.0 9.54E+0) 0.26E+01
.204 i 3.7%€-02 ©122.9 -100.0 1.47€+81 2.36E0)
.279 © 4.06€-02 -73.9 -130.0 2.726€+01 ¢.¢3€«01
.29 8.24E-03 *129.% -150.0 6.726E+00 $.97E.01
.308 | 6.09€-02 -108.4 *9%.0 3.24€+0) $.41€0)
322 3.23€-02 -3129.6 ©10%.0 1.76€+0) 4.93E-01
.33 2.60€-02 «1%5@.2 «14%.0 2.60€+01 4.91€-01
.3%2 1.00€-01 *100.1 *17%.0 7.79E+091 e.14E01
.36e 2.590€-02 -30.2 +130.0 1.44L401 3.902€-01
.30 3.6%€-92 -11.8% -9%.0 4.06€+0) 3.93€-01
.3% 3.9%€-02 -22.9 *11%.0 4,43€01 3.27€-01
.410 2.93€-02 -13% ¢ -140.0 2.07€+01 3.04€02
. 425 4.99€-03 *126.1 98,0 0.0%€+00 2.84E-01
. 439 1.91€-02 -173.? -13%.0 2.3%€+01 2.6%€-01
454 1.67€-02 *186.0 *145.0 1.39€-01 2.40E-01
. 46% 2.2)E-01 -91.2 *14%.0 2.90€+02 2.35€+03
. 483 9.73€-03 -1a0.0 -135.0 9.06€.00 2.19€-01
. 499 1.33€-02 *49 .8 *16%.0 2.00E+01 2.06E°01
513 3.2%€-02 «52.4 98 .90 3.0aE-01} 1.9%€-01
.82 1.90€-02 *31.@ -120.0 2.33€+01 1.04E40}
542 2.99€-02 -50.0 -138%.0 4. 63601 1.74€+01
.88 1.38€E-02 -21.0 -17%.0 1.63€+01 1.6¢%€<01
.$71 3.11E-02 -16%.8 ©14%.0 4.14€40) 1.87€+01
.900 4.8%1E-02 *93.0 *16%.0 3.13£.01 1.49€401
.60} 2.92€-02 «101.7 ©160.0 1.97€+01 1.42€-0)
.61% 6.97€-03 3.0 «170.0 6.09€+00 1.3%€-01
.630 7.20€-02 «28.2 -9%.0 1.09€+01 1.29€+01
.64% 1.%€-02 ©12%.9 ©120.0 9.30€£+00 1.23€-01
.6%9 §.7%€-(3 -12%.% -160.0 8.67€+00 1.10€-01
.674 1.34€C-02 -69.¢ *120.0 2.72E00 1.13€-0)
. 6880 1.21€-02 «142.6 -164%.0 1.727€u} 1.00€°0}
.203 2.06€E-0% -119.2 -130.0 2.06€+01 1.04€+0)
- .71e 1.22€-02 *166.1} *10%.0 1.20€+01 9.94€00
.?232 1.21€-02 *52.9 *1%0.0 6.06E+00 $.%54E-00C
747 1.3%€-02 -33.3 ©110.0 8.02E00 9.17€6-00
262 $.11€-02 -1310.2 *17206.9 3.91€-00 9.92€-0(
.?77¢ 7.42€-03 -06.3 +128.0 3.%1€+00 9.a49€+00
791 1.84€-03 -11%.¢ -160.0 3.16€+00 9.16E°00
.60e 9.16€E-03 -133.8 -13¢.¢ 1.14€04 7.0980C
W20 3.23-02 “7¢.5 -110.0 i.36€0) 7.618°00
.62¢ 1.1%-02 *lab . & -140.0 7.30€-00 7.34E°00
.8%¢ ©.37€-(2 -132.9 *140.0 2.12E+00 7.00E°00
.06% 9.16€-03 *133.> «138.¢ “. 48Ee 00 6.0%€°00
.872% 1.19€-02 -1%e¢.2 «30%.0 1.198-01 ®.03E00
.09« 1.19€-02 -16.0 -165.0 9.7a€e00 b.6lE-0v
908 3.27€-02 -83.0 -100.0 1.29€<00 6.21€E°0C
.92} 7.26€-03 -171.2 *313¢.0 ?.05€00 e.UE YL
.93 3.%0€-02 -a2.9 «9¢.0 2.93€-01 5.83E°00
.9%2 7.01€-,3 -170.1 ©110.0 6.42€-00 8.0% 00
.96~ 1.00€-0% “110.9 ©180.0 6.03€00 8. 40E°00
L9981 6.07€-03 +70.6 -1706.0 3.a3€.00 $.32€-00
.9%e ?.72€-02 -133.¢ -100.0 “«.%4L+00 $.16€°00C
1.031 7.92€-03 -39.0 -1%0.0 8.C6E+00 %.01€°00
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(a) NNSC tower wave computer data 2/13/85; reel +3 footage
1190; 17 seconds; maximum crest to trough depth is 0.6 foot;
aspect angle iz 70 degrees; z axis gain is 6.

(b) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 34 seconds; maximum crest to trough depth is 0.4 foot;
aspect angle is 70 degrees; z axis gain is 6.

(c) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 60 seconds; maximum crest to trough depth is 0.4 foot;
aspect angle is 70 degrees; z axis gein is 6.

FIGURE 9. Reconstructed Sea Surface, 100 Square Feet.
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Southeastern View of Sea Surface
From NOSC Tower Railing.
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FIGURE 11. Southeastern View of Sea Surface
From NOSC Tower.
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(a) NOSC tower wave computer dats 2/13/85; reel +3 footage
1190; 17 seconds; maximum crest to trough depth is 1.2 feet;
aspect angle is 70 degrees; 2z axis gain is 8.

(b) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 34 seconds; maximum crest to trough depth is 0.9 foot;
aspect augle is 70 degrees; z axis gain is 8.

(¢) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 60 seconds; maximum crest to trough depth is 1.2 feet;
aspect angle is 70 degrees; z axis gain is 8.

FIGURE 12. Reconstructed Sea Surface, 625 Square Feet.
27
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Taking this spatial extension te the limit we find roughly anm acre
(40,000 square feet) of reconstructed sea surface in Figure 13(a) through
(c). Here the wave computer errors become quite eminent. Unlike the
foregoing images, there is little correlation between wavelengths and wave
directions for various data record lengths. Moreover, the longer wave-
length structure is not commensurate with observations recorded at the
Tower. This suggests that the wave computer has difficulty in measuring
and reproducing loanger wavelength information.

There is, however, a quite reasonable explanation for this phe-
nomena. As noted earlier, the first principal frequency compopent in
the "Z" spectrum shown in Table 2 occurs at about 0.059 hertz. By the
gravity wave formula this would correspond to a wavelength of 1471 feet
long, which, with an amplitude of 1 foot, yields roughly a maxi-
mum slope of 0.005. If the wave was as much as 2 feet from the beam
screen, this would correspond to a laser beam deflection of 0.24 inch.
The wave computer quantizes the position of the laser spot in steps of
0.28 inch, a characteristic of the 8-bit words used in the X and Y vec-
tors. This introduces devastating quantization errors at frequencies
below 0.117 hertz. This is evidenced by the measured wavelengths diver-
ging from the theoretical wavelengths shown in Table 2. This evidence
is somewhat questionable in that the NOSC Tower is on the edge of the
continentz’ shelf in only 50 feet of water, and contraction snd distor-
tion of wavelengths from the basin effect is eminent.

CONCLUDING REMARKS

The wave computer has the potential of providing accurate informa-
tion on the microstructure of the sea surface. However, its ability to
measure and reconstruct long wavelength (low frequency) information is
questionable. It would seem simple enough to increase the word size of
the X and Y vectors from 8 to 10 bits and modify the beam screen for
more precision measurements. This would eliminate problems associated
with hardware inadequacies, but it would not address limitations of the
data reduction algorithm ¢~ -+1f. That is, this entire plane wave super-
position model may behave much like a Taylor's Series with its own radius
of convergence. Thus, there is a possibility that enhancing the per-
formance of the equipment could result in no additional information.

This is not to say that the informstion obtained is useless. More
often than not system designers are coacerned with microstructure rather
than with long wavelength swells. Moreover, the introduction of swells
into the existing mathematical model would be a comparatively simple
task. The author does not wish to imply that all the necessary work has
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- (&) NOSC tower wave computer dats 2/13/85; reel +3 footage
1190; 17 seconds; maximum crest to trough depth is 2.4 feet;
aspect angle is 70 degrees; z axis gainm is 10.

(b) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 34 seconds; maximum crest to trough depth is 2.7 feet;
aspect angle is 70 degrees; 2 axis gain is 10.

(c) NOSC tower wave computer data 2/13/85; reel +3 footage
1190; 60 seconds; maximum crest to trough depth is 2.5 feet;
aspect angle is 70 degrees; 2 axis gain is 10.

FIGURE 13. Reconstructed Sea Surface, 40,000 Square Feet.
29
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been completed to make this model a reliable standard for a simulation
laboratory. There still remains considerable theoretical analysis, which
involves treating the wave model parameters as random varisbles to deter-
mine an optimal data record length. Additionally, exhsustive field test-
ing employing parallel redundant imaging of the sea surface is msndatory.
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Appendix A
WAVE COMPUTER THEORY OF OPERATION

(1) sync Strip and Threshold Processing Card
(2) Pulge Generation Logic Card

(3) X Vector Logic Card

(4) Y Vector Logic Card

(S) Blanking Interval Disable Card

(6) Dead Pixel Rejection Card

(7) Capacitive Probe Subsystem
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OVERVIEW

The fundamental instrument in this sea-surface measurement
effort is the wave computer system. This system consists of a
video vectoring system and a parallel capacitive probe network.
The video vectoring system is responsbile for determining the
position of the Laser spot from the composite video signal of
the monitoring video camera. The capacitive probe subsystem is
responsible for reporting the vertical elevation of the sea
cr.cface at the point of impact of the lagser beam.

(1) S8YNC STRIP AND THRESHOLD PROCESSING CARD

Figure A-1 is a circuit schematic of the Sync Strip and
Threshold Processing Card (Card 1) of the wave computer system.
This card is responsible for amplifying the video signal,
detecting the occurrence of the laser spot, and stripping off
the horizontal and vertical sync pulses for reference purposes.
The incoming video signal is buffered by the amplifier shown by
label A. From this point the signal is split, and by label F a
clamping network facilitates the stripping of the horizontal
gync fulses and the integrator shown by label C determines the
location of the vertical sync pulses. These signals are used to
reference the X and Y vector counters, the dead pixel inhibit
counters, and the blanking interval disable circuitry. The
upper path of the composite video signal is then fed into an
amplifier at label B where its amplitude is boosted about four-
fold. At this point the signal is again split with the lower
half being used to establish a dynamic threshold at label C.
When the composite video signal is on a visible portion of the
video line, the network shown by label C performs as a low pass
filter with a corner frequency of 3.2 kHz and a2 gain of -6 dB,
However, during the blanking interval of the video signal, the
analog switch converts this network into a track-and-hold cir-
cuit, thus holding the last analog level experienced before the
end of the video line. This allows the threshold level to track
changing gray levels in the video background. This threshold
level (THL) is then fed into the comparator shown by label E
where it is compared to the incoming video signal. A pulse is
then output by this comparator when the threshold is crossed,
which shall be referred to as threshold crossing (THC).

(2) PULSZ GENERATION LOGIC CARD

Turning our attention to Figure A-2 we find the Pulse
Generation Logic Card (Card 2). This card is responsible for
generating clock pulses for the X and Y vectors to count and to
inhibit false threshold crossings. The central wave computer
16-MHZz reference clock is shown by label A. The clock is then
split and one branch is divided by four as shown by label B to
yield the horizontal count puises (HCP) for the X vector and a
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threshold window. The threshold window prohibits vector locking
during the inte:xval in which the vectors are transient. The
other branch of the split signal is then fed into an elaborate
divide-by-10,500 counter that outputs a 15,238-hertz clock,
which constitutes the vertical count pulses (VCP) for use by
the Y vector. Referring now above label E, the incoming thresh-
old crossing signal (THC) is gated by the threshold inhibit
signal (THIN) that precludes the locking of data vectors in an
area known to be in a blanking interval or dead pixel location.
When a valid threshold crossing is experienced, the D-type
flip-flop is set, which locks the X and Y data vectors in the
adjacent cards. At the same time, a one-shot is fired output-
ting a 25-microsecond interrupt pulse informing external
devices that data has been acquired. Labels F and G indicate
buffers and line drives used to strengthen these signals for
external transport.

(3) X VECTOR LOGIC CARD

Figure A-3 is the X Vector Logic Card (Card 3). This card
is responsible for locking in the correct X or horizontal coor-
dinate of the laser spot when a valid threshold crossing has
been detected. Referring now to label A we find two cascaded
4-bit counters that count the horizontal count pulses (HCPB)
and are reset at the beginning of each video line by the hori-
zontal sync pulse (HSB).* At label B we find two 4-bit latches
that lock in the current value of these counters when a valid
threshold crossing occurs. The output of these latches is then
fed into a D/A converter shown by label C, which converts this
digital X vector into an analog signal that is denoted as x(t).
This analog signal is then split, with one branch going to the
panel meter for calibration purposes and the other being output
to a BNC jack for recording on the instrumentation tape recor-
der. This card ideally updates its output 60 times a second;
however, if no valid threshold crossing occurs, this card will
hold onto the last X coordinave it observed.

(4) Y VECTOR LOGIC CARD

Referring to Figure A-4 we find the Y Vector Logic Card
(Card 4). This card operates in the exact same fashion as the X
Vector Logic Card only with different inputs. Instead of count~
ing horizontal count pulses, the Y Vector Card counts vertical
count pulses (VCPB). Alsc, rather than the counters being reset
at the beginning of each video line, the counters are reset at
the beginning of each video field by the vertical sync pulse
(vsB)., Other than these differences, the operation of these
cards is identical.

* In this appendix, "B" 1in an abbreviation 1indicates
buffered,
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(S) BLANKING INTERVAL DISABLE CARD

Figure A-5 is the Blanking Interval Disable Card (Card 5).
This card is responsible for outputting a pulse when the
monitoring video camera is in a blanking interval or scanning
over a dead pixel. The card is divided into two independent
horizontal and vertical channels each of which is responsible
for outputting its corresponding blanking signal. Label A shows
the horizontal sync pulse (HSB), which sets the flip-flop that
enables the counters shown by label C to start counting hori-
zontal count pulses (HCPB) at the beginning of the current
video line. When the counter time runs out, the carry bit is
set, which in turn fires a one-shot that resets the counter
enable flip-flop and also fires an adjacent one-shot. The
latter one-shot outputs a pulse that is denoted as the horizon-
tal blanking disable pulse (HBD). The vertical blanking disable
pulse (VBD) is generated in much the same manner using only
different input signals. These tw> blanking interval disable
signals are then ORed together to yield the threshold abort
signal (THA), which controls switching of the dynamic threshold
of Card 1. Lastly, dead-pixel coordinates are entered from Card
6 and ORed with the blanking interval signals, which then
provide the threshold inhibit signal (THIN). The THIN signal is
used to inhibit false threshold crossings on Card 2.

(6) DEAD PIXEL REJECTION CARD

Turning our attention to Figure A-6 we find the Dead Pixel
Rejection Card (Card 6). This card is responsible for finding
and indicating the video scanning of a dead pixel. The detec-
tion phase of operation is initialized by the depression of the
Reset Switch shown by label G. When this mode is invoked, the
RAM chip shown by label E is placed in the write mode with the
address lines tied to a surrogate Y vector counter and the data
lines are tied to logical highs. Thus, the hexadecimal quantity
$FF is written into the first page (256 words) of the RAM chip
in one video frame. The dead pixel locations are then mapped by
depressing the Search Switch also shown by label G. In the
search mode, all threshold crossings in a dark background are
agssumed to be dead pixels. The surrogate X and Y vectors shown
by labels B and A are locked into the 8-bit latches shown by
the labels D and C, respectively, when a threshold signal is
sensed. During the next vertical blanking interval, the coor-
dinates of the first encountered dead pixel are written into
memory with the Y vector constituting the address and the X
vector constituting the data element. Thus, this system permits
the mapping of only one dead pixel per video line. Once the
dead pixels have been mapped, the card defaults to the inhibit
mode. In this mode of operation, the Y vector continuously
sweeps the address lines of the RAM chip that outputs the loca-
tion of the dead pixel for that line. When the X vector counts
up to the X coordinate output by the RAM data lines, the
digital comparators shown by label F output a pulse that {is
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referred to as the dead pixel inhibit signal (DPIN). The DPIN
signal is then ORed with blanking interval disable signals to
generate the threshold inhibit signal (THIN), which is used to
disable false threshold crossings on Card 1. It should be noted
that if no dead pixels occur on a specific video line, the RAM
chip outputs a hexadecimal 5FF that corresponds to somewhere in
the horizontal blanking interval, and thus no comparator output
is possible.

(7) CAPACITIVE PROBE SUBSYSTEM

The Capacitive Probe Subsystem is responsible for reporting
the elevation of the sea surface at the point of contact.
Although five probes were initially deployed, that is, in the
center and on each corner of the beam screen, only the center
probe was used in the data reduction phase. Referring now to
Figure A-7(a) we find a circuit schematic of a single channel
of the Capacitive Probe Subsystem. Focusing our attention on
label A we find the 1-MHz central capacitive probe reference
clock. This transistor-transistor—1logic level (TTL) clock is
then divided down to 10 kHz by the counters shown by label B.
The 10-kH2z clock is then boosted to a +15-volt-CMOS logic level
by the comparator shown by label C. At label D we find the core
of the system, a CMOS monostable one-shot whose output pulse
duration is dependent on the capacitance across its terminals
labeled pin numbers 1 and 2. The capacitive probes themselves
constitute coaxial cables using the sea surface for an outer
conductor. Thus, the capacitance perceived at the terminals is
dependent solely on the elevation of the sea surface, which
determines the duration of the output pulse. It should be noted
that the transistor diode network shown by label E is used to
squelch the residual energy trapped in the LC tank ciccuit
indigenous to the capacitive probe, This is done by shorting
the probe to ground during the first S minscoseconds of the dead
cycle. Referring now to label F we find a four-pole 160-hertz
low-pass filter that performs the role o¢f an integrator of
these one-shot output pulses. The result at label G is then a
buffered DC level directly proportional to the elevation of the
sea surface. This signal is then transported to a simple offset
and scaling operational amplifier (Figure A-7(d)) for calibra-
tion before it is recorded on the instrumentation recorder. In
Figqures A-7(b) and A-7(c) the full five-channel capacitive
probe circuit schematic is shown.
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Appendix B
FOURIER THEORETICAL PROOFS

(1) Fourier Transform of Sea Surface Elevation

(2) Pourier Transform of Spatial Partial Derivatives
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(1) FOURIER TRANSFORM OF SEA SURFACE ELEVATION

In this section of Appendix B we will derive the Fuurier transform
of the sea surface elevation. All variables used here are defined in the
body of the report. We begin this derivation by direct application of
the Fourier transform to our sea surface model. Thus,

o
F{z (t)} = f zo(:)e‘j‘”‘dt=
-ll
P/2  y
/ z C, cos(wt - ¥ ) e JWtge (B-1)
n=0

-P/2

Expanding the cosine term we obtain,

P/2
F{Zo(t)} = Z Cu [cos(wn) f cos(wnt)e Jwtg,
n=0 -p/2
P/2
+ sin(wn) ./ﬁ sin(wnt)e-Jwtdt] (B-2)
~pP/2
Defining the integrals,
P/2 .
Il(w) = cos(wnt)e-Jwtdt (B-3)
-P/2
and
P/2 .
I,(w) = f sin(wnt)e'J‘”"dt (B-4)

-P/2
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We may now write,

N-1
F{z,(v)) -2 Ca[con )T, @) + sincu )1, ] (8-5)
n=0
Now consider the integral,
P/2 P/2
o juw t “jw ti .
I.(w) = cos(w t)e Wty = 1 L P T (8-6)
1 n 2
-p/2 -P/2
P/2 . P/2
jlw -wlt -jwlw tw]t ) jlw -wlt “ilw tw]t
I(w) = ; [e a te a dt = -1 & - £ (B-
1 2 2j AIwn-uﬂ [wn+wT—_

-P/2 -P/2

Now with w = 2nf we may further write,
sin[nP(fn-f)] sin[nP(fn+f)] '
L® = —me=— * =1 (B-8)
n n

By exploiting the definition of the sinc fuactionm, that is,

sinc(Z) = 21%%222 (B-9)
we may now write Equation B-8 as,

Il(f) = % sinc[P(fn - )] + % sinc[P(fn + £)) (B-10)

Ty T S T S e T S s e F ST A S TR VA 2 SPCTE G S S S A TR S v

i R R ]
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In a similar manner it is easily shown that the second defined integral
results in,

/2 /2
s jlw ~wlt -jlw +w]t
Iz(w) = sin(wnt)e Jwtdt = 7}- [e a - e n ] dt (B-11)
-P/2 -P/2
1(f) = & sinc[P(f_ - £)] - b= sinc[P(f + £)] (B-12)
2 23 a 23 n

1f we consider only the sinc terms of Equations B-10 and B-12 that peak
for positive frequencies and substitute them into Equation B-5 we obtain,

N-1

F{Zo(t)} =Z Cn g% sinc[l’(fn - £)] cos(tbn) 2
n=0
+ % sinc[P(fn - f)] sin(wn)} (B-13)
N-1
PC
p{zo(t)} =Z [—39] sinc[P(fn - £)] ;cos(tvn) - jsin(\yn) (B~14)
n=0

At this point some critical assumptions must be made to isolate spectral
components. Consider the sinc pulse shown in Figure B-1(a). The spectral
line of a wave component (shown as a vertical arrow) may be anywhere on
the frequency axis. The dots on the frequency axis would be points
tested by our discrete Fourier transform. Note that the point tested in
Figure B-1(a) may also include the sinc weighted contribution of another
spectral line. However, if one considers protracting the period of
observation, we obtain much less interference from adjacent spectral
lines as shown in Figure B-1(b). If we were to extend this period of
observation "P" to an optimal length, all terms except for the tested
point would tend toward zero, as shown in Figure B~1(c).
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SEA SURFACE SPECTRAL LINE
'
TEST FREQUENCY ADJACENT SPECTRAL LINE

[}

—— -

(a) Po second observation.

TEST FREQUENCY )

(b) % P0 second observation.

TEST FREQUENCY 0

(c) 5 Po second observation.

FIGURE B-1. Sea Surface Frequency Spectrum.
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With the assumption of 22 optimal observation period, and evaluating
Equation B-14 at some arbitrary frequency step, say £ = f , all terms in
the series with the exception of the tested point would tend tuward zero,
leaving us with,

PC
- [‘2—13] sinc[P(f - £)] fcos(¥.) - §sin(¥);  (B-15)
£,

an

F{z,(t)}

By taking the magnitude of Equation B-~15 and assuming that the sinc temm
is very close to unity we obtain,

l PC, Ic,
IF{Zo(t)}l =5 |C°8(4’k) - jsin(tbk)l = (B-16)

"
The last step of this proucess entails the proper weighting of this ypec-
tral component. That is, we are not taking a true Fourier integral
transform of this data. Instead, we are approximating this operation
with a discrete Fast Fourier Transform (FFT). Ideally, with all cuanti-
zation errors aside, this should differ from the Fourier integral trans-
form by the quantized temporal differential, that is,

"
S —m— ZC

F{Zo(t)}
e P

K (B-17)

A -1
12, (£ = 3
s f

where

Np = number of points in the FFT

Equation B~17 is the final result referenced in the body of the
report,
(2) FOURIER TRANSFORM OF SPATIAL PARTIAL DERIVATIVES

In this section we will be taking the Tourier tramsform of the first
spatial partial derivative of the sea surface elevation with respect to

"x." We will then extend the results to determine the Fourier transform
of the first spatial partial derivative of the sea surface with respect
to "y." We begin the derivation by differentiating the sea surface model

"

with respect to "x."
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o> 2n o . e
2(r,t) = nz--o C cos [x; (xcosytl + ysiny Vnt) wn] (B-12)

Differentiating with respect to "x" and evaluating at origin we obtain,

N-1
C
8Z§: ,t) _ 823’(‘12) -2n E (ﬁ) cos(yn) sin(-wnt - d’n)* (B-19)
n=0

Expanding the temporal sinusoid we obtain,

N-1
3Z (t) C
;x = 2n Z (A—:) coa(yn) {sin(mnt) cos(tyn) + cos(wnt.) sin(wn) (B-20)
n=0

Applying the Fourier transform to Equation B-20 then results in,

® N-1
C
g Z (t)} I ZHZ (A__n) cos(yn) [sin(wnt) cos(lbn)
- -0 o
+ cos(wnt) sin(wn)] e-jmdt (B-21)

Interchanging the order of integration and summation and temporally
windowing our transform, we obtain,

N-1 /2
o .
F ;g—x Zo(t)} = ZnZ (fq) cos(yn) :CO'(‘I’n) r sin(wnt)e-ju'tdt.
- n
n=0 -P/2
P/2 viut
+ sin(y) I cos(w t)e IWEqe (B-22)
*p/2
* Zrtvn
Note: wn = }‘n
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>l O
e

)cos(yn) ;cos(wn)lz(w) + sin(wn)ll(w) (B-23)

Forturately, we have already determined the integ-als I.(w) and I, (w)
earlier in this appendix (Equations B-10 and B-12, tclpecéively). Again
by considering only positive frequency sensitive sin~ functions we may
write Equation B-23 as,

N-1
3z (t) PC
{ 3% }- n E (f)c“(’n) sinc[l’(fn - £)] }sin(wn) - jeos(y ) (B-24)
n=0

On the basis of the earlier optimal observation period argument, we
may evaluate Equation B-24 at a specific frequency, fk' and extract its
magnitude yielding,

az (t) nPc
F [ ]ICOI(Yk)l (B~25)

Again, we must scale tanis Fourier integral transform by the quantized
differential so that our results will be commensurate with our FFT opera-
tion. Thus,

N

A
i
'Zx(fk)l | 4 ax

. ;azu(t);

N _C
‘ = [_XR_!] Icos(yk)l (B-26)
k

Equation B-26 is the final forw of the spectral component referred to in
the body of the report.

We are now in a position to extend the results of the Fourier trans-
form to 82 (t)/3x to azo(c)/ay Agaian, we will hegin by differentiating
the sea sufface model.
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N-1 -
Z(r,t) :Z Cn cos [%:—: (xcoayn + ysiny - Vnt) - wn] (B-27)

n=0
Differentiating with respect to "y" and evaluating at origin yields,

N-1
- 3z (¢v) C -2nvV_t
8Z(g;t) = gy = -ZnZ (A—:) sin(yn) sin( Ann - tbn) (B-28)
n=0
N-1
9Z (t) C
gy = 2n Z (}‘—:) sin(yn) sin(wnt + wn) (B-29)
n=0
N-1
2Z (t) C
;y = 2n E (A—:)sin(yn) [sin(wnt) cos(\bn) + cos(wnt) sin(dﬂn)] (B~30)
0=0

Comparing Equation B-30 with Equation B-20 it becomes clear that the two
differ only by a sin(y ) in place of a cos(y ). Since this sole differ-
ence in form is but a constant that may be pulled out of the Fourier
transform operation, we may conclude that,

A N _C,
Zy(fk)]= [ 'Xf—] lsin(yk)l (B-31)

Equation B-31 is the final form referred to in the body of the report.
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Appendix C
PIELD TEST DATA INTERFACING SOPFPTWARE
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31 Aug 1987 20:121:98

1000 100000000000 00000000003000000080000000000R0000000000008000000000000000000¢
1010 1000300000000000000400¢0003 PROGRAN SER_LINK 000000000000040000000000000
1020 (0000000000000 0008000000000000000000000000000000000000000000000000000000

1030 to THIS _PROGROM 18 mFe®’ XIBLE FOR CONTROLLING THE MPE942A o
104@ ' MULTIPROGRAMMER & H THA® © CORPUTER DATA FROM THEZ MNONEYHELL ¢
1050 'e INSTRUMENTATION T, £ REC .S CORRECTLY DIGITIZED , SCALED AND o
1660 1 STORED ON DISK FOR LATER R [ ./PL . .

1070 15000000000 000000200800800000: 2w/ R0000080000000000000000000000000000000
1680 DINM T(S800),%X(3008), Y(3000),2(36088),D(%008),Cardssli2),Penc(H)

189@ CON /Read_semory’/ X_scale,Y_scale,2_scale

1100 BIM Nanes$(161,Jobs(00)

1110 1090000000000 00000000000000000000800000000000000000000080000

1120 !esesscssssesss DEFINITION OF PROGRAM VARIADLES eccccececscee

1130 10000000005 000000000080230000000000000003000000000000080000000

1149 Cardsse"1,3,3,6,7,8° t DEFINE ACTIVE MULTIPROGRAMMNER CARDS.

1150 Hpib=323 ! MAIN HP1B MULTIPROGRAMMER ADDRESS.

1160 Hpib_mie32308 1 DEFINE “MEMORY INPUT‘ SUD-ADDRESS.

1170 Hpib_inte32309 I INTERRUPT MULTIPROGRANMER SUB-ADDRESS.

1100 f_saaple=60 t DEFINE MEAN SAMPLE RATE OF PROCESS.

1190 X_scalees1.%913-/200 t DPEFINE “X” VECTOR SCALE FACTOR .

1200 Y_scalee2,1213/200 ! DEFINE ‘Y’ VECTOR SCALE FACTOR .

1210 2_scate=S, E36/2000 1 DEFINE “2° VECTOR SCALE FACTOR .,

1220 Nediums="BASIC/DATA_FILE-" | DEFINE MASS STORACE MEDIUM .

1230 19000008000 00000000000080000000000000000000000000000000000000

1240 CLEAR Hpibd t CLERR HPID BUS .

1250 HALIT S.0

1260 PRINT CHRSC12)>

1276 INPUT “SNTER DURATION OF DATR RECORD . (Seconds) ...°,T_sample

1200 10000000000 0000000000008000000000

129@ teos CONPUTE TINE BASE VECTOR ooe

1300 '000000030000500000000000000080000

1310 N_sanp)e=INT(T_sanplesf_sanple)

1320 FOR 1«® TO N_sample-1 -

1338 TC1)elrF o..plo '

1340 NEXT I

1398 INPUT “Hit EHTER vhen TAPE RECORDER (s READY...“,AS

1360 CALL Clear_cards(Hgib,Cards?) ! CLEAR ACTIVE CARDS .

1370 FOR 120 TO 2 1 SET LENGTH OF SANPLE RECORD .

1300 CALL Size_block(Hpib,N_sanple, 1)

1390 NEXT |}

$460 CALL Ars_cards(Hpid,Cardes) ! ARR NMENORY AND A-D CARDS .

1410 (002000000000 00000000000080000000000

1420 tese WALIT FOR END OF DATA STREAN oo

1430 1000000000000 00000000000000000080000

1440 HALT 1.280T sanple

1499 JEEP

1460 DIBP “"eseensevescscnse READING DATA BACK THROUGH BUSS | 0020000080000000"
1470 FOR 120 TO N_seaple-i

1400 CALL Read .Olory(Np|b o, ], X(8),¥(0),2¢0)3)

1490 MNEXT |

13500 MEEP

1318 INPUT “Enter FILENAME of Data Stream (Omit Extension) ...°,Haaes

1520 NaneSsNane®t® XKY2*

1330 INPUT “Enter JOB LABEL of Data Stress ...°,Jede

1340 DISP “osecessoeccccces SAVING DATA STREAN OM BISK MEDIUM ssonssceeseseee”
1350 CALL Hritefiled(Nanes,Jobt ,Nediuas N _senple,X(e),Y(8), k(o))

1560 DEEP

1S70 DISP “DATA FILE STORED UNDER FILENAMNE : “jNames

1380 END

1990 1000000000 5000000000000000000000000000030080002000000000000000003300000808
1600 ¢ SUBROUTINE CLEAR_CARDS
161@ I00000000000000000000900000000000l0000000000000000000000000000000000.0.0
1620 e THIS SUBROUTINE CLEARS THE NULTIPROGRAMMER CARDS IN THE o
1630 'e SLOT NUMBERS EPECIFIED BY ~ Cardss “ .
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1640 '00000000000000000000000/.0000000000000000000000020000000000008008000000000

1630 SUD Clear_cards<Mpib,Cardss)

1660 OUTPUT Hptdj;°CC,*LCardssb"T*

167@ SUDEND

1600 10000000000 0000000008000000000000000000000000000000000000000000000000000

1690 10000000000000009020000000 SUBROUTINE ARN_CARD 0500000000000000000000006¢

1700 (0000000000000 00000000000000000000000000000000000000000000000000000000090

1710 1o . THIS SUBROUTINE ARMS THE INTERRUPT FLAC ON THE SPECIFIED CARRD. ¢

1720 1000000000000000000000000000000000000000000000800000000000000000000000000

1730 SUD Ara_cards(Hpib,Cardss>

1748 OUTPUT Hpid; "AC, *&Cardsss"T*

1730 SUDEND

4 17‘. 1800038080003 0000808000088008000000000000003008000000000000000000000000000
1770

1706 0000030000080 00000000000080000380000R8000000000000R00000000000000000000000

1790 teo THIS SUBDROUTINE DETERMINES THE LENCTH OF THE DATA VECTOK TO o

1900 '+ BE SAMPLED BY THE MULTIPROGRAMMER MEMORY CARD DBEFORE 1T CEWSES TO ¢

1810 te TAKE FURTHER DATA , THE CARD 1S SPECIFIED BY ITS SLOT NUMBER CIVEN o

1820 te IN THE VARIABLE ° Card_no ‘ . .

I". 1002000000300 0000000000000000000200000000000000000000000080000000000000000

1840 SUD Size_Ddlock(Hpib,N _saspte,Card_no)

1886 N onnplct-anl(lNY(N cenple))

1860 Card_noSsVALSCINT(2¢Card_nos1))

1670 OUTPUT Hpib) *WF, *aCard_ nost". 8, 4N_sanpless T*

1008 SUDEND

-

e m o a o JF BF Y

1090 1000000000000000000000000000000001000000000000000008000000000000 [
1900 oo SUBROUTINE GO_PARALLEL oo
1910 100000000000000000000000000008300800000000000000000000000000000000000000
1920 1o THIS SUBROUTINE INVOKES THE PARALLEL MODE OF OPERATION OF THE 0

1930 !e MULTIPROGRAMMMER .

1940 I0000000000000000000..0000lll0000000000000000!000000900000000000!0!0!0!!
1930 SUB Go_paralle)(Mptid)

1960 OUTPUT Mpibj"CP*

1970 SUBEND

1900 1000000000000000000000000000000000000000000000000000000000008000000000000
1990 'seessessse ess SUBROUTINE READ_MEMORY o
F{l T X YTYYYYYYYYY 000080000000 00000000000000008
2010 1o THIS SUBROUTINE READS A DATA SAMFLE FROM WNEMORY AND RITURN. 1T o
2020 teo IN THE VARIABLE ‘ Duaey ‘ . L4
2030 10000000000000000000L0000000000000000000000000000000000000000000000000000
2040 3UD Read_sesory(Hpib_ai,l_index,X(e)>,Y(e),2(8))

2030 COM /Read_menory/ X_scale,Y_scale,Z_scale

2060 FOR J_vector=@ TO 2

2079 J_vectorsesVALSCINT(20) vector))

2008 ouTPUT Hpib_mij°nl, 83" _vectorst®,1T® 1 1SSUE MEMORY INPUT COMMAND .
2099 ENTER Mpid nl;ﬂu.ly ! READ IN DATA NORD.

2108 SELECT J_vector

2110 CASE o0

AR T B SRR . BT B

L
[ 2120 XCI_findex)esX_scaleeDunny
A 2130  CASE =)
N 2140 ¥1_index)eY_scale®Dusay
. 2190  CASE =2
2160 Z2¢1_index)*2_scale®Dunsy

2178 END selecT

2180 NEXT J_vector

2190 SUBEND

L2200 190000000000 000000000000000000000800000000000000000000000000000000000000
2210 100000000300000000000000 SUIROUTINE WURITEFILED 0000000000000000000000000
2220 1050000000000 00000000000000000000000000000000000000000000508000000000000

2230 e THIS SUBROUTINE ACCEPTS THREE DATA VECTORS OF SQUAL LENGTH AND o
2240 'eo WRITES THEM TO A DISK STORAGE FILE UNDER THE FILENAME SPECIFIED o
22%0 '+ BY THE USER , .

2260 1000000000000000000000000C00000000000000000000000000000000000000080000800
2270 SUB WritefileI(Names, Jobs,Mediums,N_data,X(e),Y(#),2(8))

2200 DIN File_names(40)

2290 100000000000 000000000000000C00000000000000000000000000000000000¢

61
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2700 (1300000000000 0a00000s DEFINITION OF VARIAILES ¢0000000080000¢0000

2310 0000000020030 PR0ER0000000000804000000000 [ IYYY YY)
2320 : Nase# t NANE OF SERIAL FILE CREATED VO RECEIVE DATA
2336 1| Jobs t DESCRIPTIVE JOB LABEL OF CONTAINED DATA

2340 | Rediuas t ADDRESS OF NMASS STORACE NEDIUN

2390 ! N_dava - NUNBER OF DATA ELEMENTS IN EACH VECTOR .

29€0 190000000000000000000000R000400200000860000000000000008000800000

2370 10000000000080080008C0L 200003000004

2380 & CREATL DATR FILE FOR STCRALL ov

2390 1000000000000 000000003008002000000

2400 File_sizes(N_dara’/®

2410 IF Redivese*; [VTERNAL® THEN

2420 File_namesSoNauneftrediunt

2420 ELSE

2440 File_nanetodediuansStiNesys

2430 EXD 1P

2468 CREATE IDAT File_numes,File_size

2470 100200000000 0000000000000000000000

2488 | ASSICN BUFFER [/0 PATH TO FILE o

2490 100000000000000000008000800080800000

2800 ASSICN OPatn_t TO File_nases

2510 1000000000000000000000000000300000

2820 tee CORRECTLY $12€ DATA VECTOR eee

2920 1000000000000000003000000000000000

2940 REDIN X(N_dl\l°l).v(ﬂ_¢lll-l).Z(N“OQ\.'I)
2990 100000000000000000000000000000000¢

2360 10000000 STOREZ JOB LADEL econcones

”?. {900080000080000000000000000000 .o

2589 OUTPUT @Pash_1;Jobs

2090 10000000000600080000000000000000009

2600
2610 1000000000000000000000000000000000
2620 OUTPUT @Path_1;N_dare

2630 1000000000000000¢80000000080000000
26490 STORE DATA ARRAY
2630 100000000000000005000000000000000¢
2660 OUTPUT OPath_L1X(9),Y(e), 29

2670 100000000030 0000000000000000000000
2600 1eevee CLOSE FILE AND BUFFER ooece
2690 1000000000000000000000000000000000
2700 ASSICH SPath_3 TO o

2710 SUDNEND

e e 1 e S ataTaive b lat S e
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1000
1010
1020
1030
1040
1080
1068
1079
1000
1090
1100
1110
1120
1130
1140
1180
1160
117
1188
1190
1200
1210
1220
1230
1240
12350
nyg$
1260
127¢
1288
1290
1300
1310
1320
1220
1340
1380
1360
1370
1300
1390
1400
1410
1420
14230
1448
1490
1460
1470
1490
1490
1300
1810
1928
1530
1540
1859
1560
1870
1500
1990
1600
16190
1620
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1967 20122140

1000000088000 08000008000000000200000000000R00E00%000000000000000000000000

1000800000080 0080800080000080000803000008030080005000000000000000000000000000
1e THIS PROGRAN CONVERTS THE SFrECIFIED RAN XYZ MAVE CONPUTER o
1o DATA FPILE INTO THE CLEVATIONAL ANGLE A2TRUTHAL ANGLE AND SER WEIGHY o
te FORMAT . TWIS FORMAT 18 DENOTED DY THE -~ _ANG’ FILENAME EXTENSION . o
100000000000000000000000000000300000000000(0000000000000000000000000000¢
DIN X(S080),7(3080),2(5000),Pni (3088, Theta(3000)

DIn File ny:t(l‘).'olo _angel(16), Job‘(lc) Mediuas(26)

PlessonTNCY)

RAD

1000080080000 00000CR0020000000000000000080000000000000

1005000083000 0030000000000000000000000000050000030008080000000
' XCe) ! RAW X YECTOR QUTPUT FROM WRVE COMPUTER. (Feet)
1 YC(e) !t RAW Y VECTOR OUTPUT FROM NAVE COMPUTER. <(Feet)
' 2Co) 1 SEA SURFACE DISTANMCE FROM BEAM SCREEN . (Feet)
t PRICE) ! SPHERICAL ELEVATIONAL ANGLE OF MORNAL.(Radians)
! Thetacs) !

' 1

[ |

]

SPHERICAL AZINUTHAL ANGLE IF NORMAL . (Radians)
N_data NURBER OF DATA POINTS IN DATA VECTORS.
File_xyz$ FILENARE OF SOURCE XYZ FORMAT DATA FILE .

File _angs FILENANE OF SOJSRCE ANGLE FORMAY DATA FILE .
ucdcuo‘-'lﬂtlc'bntn _FILE-* 1 DEFINE NASS STORAGE NEDIUM
1000000000000000000000000000003000000000000000000000008000800000¢
PRINT CHRS(12)

INPUT "Enter FILENARE of SOURCE XY2 DATA FILE (Omit Exvenstion) ..."°,File_

File_angsoFile_nxyzst® _ANG®

Fite lyl."ll. xyT8L " KYZ®

ISP *vescessetosce READING SOURCE FILE essesetensvse®

CALL Readfi1+3(File_xyzs,Jobs,Nediuns,N_data,X(e),Y(#),2(¢8))

DISP “esecessee CONPUTING UNIT NORMAL ANGLES oscescer

FOR 120 TO MN_data-} -
1000000000000000000300000000000080000 .
1o CORPUTE NORMAL ELEVATIONAL ANGLE o
1000000000000000000000000000000005000
PRI C(LIOATNCBOR(XC(TI~2eY([)~2)/2¢1))> 72
1000000000000000000000000008000000000
1ee CONPUTE NORMAL AZIMUTHAL ANGLE eo¢
1000000000000000000000030800000000000
CALL Quad_Jjust(X(l1),Y(1),Pre,Dusay’
Yhot.(l!-‘un.y-Plo

NEXT 1

DISP ®occeorcocoos SAVING CONVERTED DATA FILE 000000800 00”

CALL WritefiledcFile_angs,Jobs , Mediuas,N_data,Phice),Thetace),2¢e))

ner

:IOP TFILE STORED UNDER FILENANE 1 "jFile_angs

ND

100000000800 0300000000000000000000000080000000800000008 0000800000030 00800

1900000000000 00000000800¢ SUDROUTINE QUAD JUST 008080000000 00000000080000

'..Q..Q.Q.l0.0.......00............0...0:..0.0..0.0.0.....0....00.......

1e THIS SUBROUTINE CORMPUTES THE INVERSE TANGENT OF TWO GIVEN o
1o X AND Y COORDINATES AMD RITURNS THE ANGLE CORREICTED TO THE PROFER o
te QUADRANT . .

1500000000000 000000000000000000000000000000000000000L% 000800000000000000
SUD Quad_JustiX,Y,Pie,Angle)

17 x>0 TugM t COMPUTE BASE ANGLE WRT X AXIS .
AnglesATNC(ADSC(Y/ /X))

nse
AnglecPie-2

&ND 1P

17 X>a0 THEM t QUADRANT COMPENSATED FOR HERE.

IF Y>20 THEN .
AnglesAngle ! QUADRANT | HERE
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1630 ELst

1848 Angles2ePie-Angle ! QUADRANT 1v  HERE
1630 END IF

1668 ELSE ! X<O DELOM )

1670 1F ¥>o8 THEN

1680 AnglesPie-Angle ! QUADRANT 11 HERE
1690 ELSE

1709 AnglesfnglesPie t QUADRANT 111 HERE
1710 D 1IF

1720 €D 1F

1730 SUBEND

1740 1000000080000 000000000000800000000004000000000000003300003000080008000000
1780 o SUBROUTINE READFILE
1760 1600800000000 80080000000800000000800008000000800000000000000 [YYYYYYYIY S
1770 te THIS SUDRCUTIME READS THREE DATA VECTORS FROM DISK STORAGE OF o
1780 'o GOUAL LENGTH AND BOOTS THEM INTO THE DUMMY VECTORS X(8),Y(8),2¢e), o
1790 190002000005 0000000000003000400000000000000000000000000000000000308000000
1800 SUD Reagfilel(Hames,Jobs,Mediues,N_data,X(e),Y(e),2(e))

1610 DIN File_nanes(40?

1020 1000000060000008000000000%00000008000000000000000000000000000000

1830 100aecoccntnceesence DEFINITION OF VARIABLES 220000008008 0080000

1040 1000000000000 000006000000C000CRI00000000000000000000000008000000

1830 ' Nased 1 NANE OF SERIAL FILE CREATED TO RECEIVE DATA
1660 ! Jobs t DESCRIPTIVE JOB LABEL OF CONTAINED DATA

1670 | Rediuns | ADDRESS OF MASS STORAGE MEDIUNM

1000 ! N_data t MUNDER OF DATA ELEMENTS IN EACH VECTOR .

1090 100000000 00000000000000000000000000000000000000000000000000020000
1900 1000000000000000000800000000000000

1910 | RESICN BUFFER 1-0 ™ T0 FIL

1920 (0000800085000 00035000008000800000

1930 IF Mediumse®; INTERNAL® THEN

1940 File_nanesSoNasestiMedivas

1930 ELSE

1968 File_nangselediuasiNanes

1970 END 1IF

1960 ASSIGN OPath_1 TO File_nanes *
1990 100000000000 0000000000000000000000

2000 (00c00se READ JOB LADEL o00ccenee

2010 100200000000 0000080000000030000080¢

2029 ath_1)Jobs
2030 1000008000080000000000000808000860¢
2040 100s ENTER NUNDER OF ELEMENTS esose
2090 1000008000000000000000000000000000
2060 ENTER 0Path_t)N_data

2070 1000000000000000000000000080080000008
2080
2090 1000000000000 0308000080000008008000

2100 REDIM X(N_data-21),Y(N_date=~1),2(N_dsta-1)
2110 10000000000002000000020008080800048

2120 10000
2130 tenee S00000800000000000000480000

2140 ENTER WPath_13XC2),Y(9),2¢(0)

2150 1000000000000000000000000000000000

2160 t1eseen CLOSE FILE AND DUFFER so00e

Q179 1000000000000000000400000000000008

21900 ASSIGN OParn_1 TO o

2190 SUBEND R
2200 190 200700000000000000000000000000000000000000000000000500000000008000000
210 1000000080000 20000000000 SUBROUTINE MRITEFILED 0000000000000 000000000000
2220 10000000000000000000900000000000000000000000000034I000000000000080000000

2230 ' THIS SUDRCUTINE ACCEPTS THREE DPATA VECTORS OF EOQUAL LENGTH AND o
2240 19 WRITES THEM TO A DISK STORAGE FILE UNDER THE FILENANE SPECIFIED o
2290 !¢ DY THE VsSER ., D)

2260 100000000 000000000000000000000600000000000000000000000000000000000%00000
2270 BUD Writefi1ed(Naaes,Jobs,Mediund, N_data,X(8),Y(e),2(0))
2200 DIN File_nanes{40)
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2290
2300
2316
2326
2330
2340
2338
2360
2379
2300
2390
2400
2419
2420
2430
2440
2430
2460
2470
2490
2490
2300
2510
2320
29530
2340
2530
2960
2570
2906
2390
2608
2618
2620
2630
2640
2630
2660
2678
2690
26%9
2700
2710
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100000C000000000000000000800008000A00000R00000800000080800000000000
|seasonee

1000000000000 00000R00000000000000000000000000000000000300000000
! Hames ! NANE OF SERIAL FILE CREATED TO RECEIVE DATA

1 Jobs ! DESCRIPTIVE JOB LADEL OF CONTAINED DATA

! Mediums " ADDRESS OF MASS STORAGE MEDIUM

I N_data ! NUMBER OF DATA ELENENTS IN EACH VECTOR .

100000 0R00000000000000000000000020000000000000000000000000)

1000000000000200000000000000000000
te CREATE DATA FILE FCR STORAGE oo
1000000000000 000300400000000000000
File_sizesINT(N datas9®>
IF Medium$e®) INTERNAL® THEN
File_namessNanesSiMediuas
ELSE
File_namnessMediunsiNanes
END IF
CREATE BPDAT File_names,File_size
1000008300000 080000000000000000000
! ASSICH DUFFER 1-0 PATH TO FILE
19000000000000000808000080000000000
ASSIGH #Path_1 TO File_names
1082088002030 00800000008008000000000
tee CORRECTLY S12E DATA VECTOR ese
1020000008000 0000030008000080000000
REDIN X(N_dgata=~1),Y(N_data-1>,2(N_data-1)
[00800000800000008000880000000030¢
1ocscess STORE JOP LABEL ecescasese
1880080800050 00800300000000200000000
ouTPUT OP.th_llJobt
1800000085000 000000002000000000000
t6ses STORE NUMDER OF ELEMENTS voe
19000000000 00000000002000000000000
OUTPUT @Path_1N_data
10000000000 00000000000000000000000 .
tessssse STORE DATA ARRAY
1000800006000 00000000000 0000000000
OUTPUT OParh_1jXC#),Y(®),2Z(e)
10000000080 00300000003000000000000
taeses CLUSE FILE AND BUFFER eeses
{00308 0800000000080008000030000000
ASSIGN @Path_1 TO o
SUDEND

okl e reF Ko U7
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1800
1010
1020
1030
1040
1630
1860
1070
1090
1090
1100
1110
1120
1130
1140
1190
1160
1170
1160
119¢
1200
1210
1220
1230
1240
1290
1260
127¢
1200
1290
1300
1318
1320
1330
1340
13%¢
1360
1370
1300
13%9
1400
1410
1420
1430
1440
1490
1460
1470
1480
1490
1500
1310
1820
1826
1840
1550
1360
1570
1300
1990
1600
16180
i162¢
1630
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1987 20123128

10088000008 0000000048080000008000080000300000030000000C000003000000000000000
PROGRAN PEEKER
1000000000 00000000000003080000000000000000030000008080300000300 0000000030
(X3 TH1IS PROGRAM BOOTS IN AN ANGLULAR FORMATTED SEM SURFACE FILE ¢
1o AKD PERMITS THE USER TO PLOT AND EXAMINE IT . .
10080000000000000000082880800000000000000300000000000C303083080020000000000
DIN PRiC409€),Thet a(4096), Tine_axis(49096)

DIN X(4096)>,Y(4096),2¢40v6)

DIN Hames(16),Name_ins(16),Nane_specs(16),Nediuns(20), Jobs(80)

100aee V0000000008000 808000000080008030000000023080000000000

DEFINITION OF LOCAL VARIABLES serscsetssssone

isssee PINBLEVETRRVR000000000880000080008028000300000000000
F_sanplies60

T_sanple=i/F_sample

Leakages.!

Piesd4eATNC(])

Mediues=s"BASIC/DATA_FILE/"

1900800000000 000000000000080080000002030000008003020300008808300

PRINT CHR$(12)

INPUT “Enter PILENANE of SOURCE Data File .....",Nanes®

INPUT “Enter TIME LINIT on DATA STREAR ......°,T_max
N_datasINT(T_sax/T_sasple)

l00000000.000000.0.00000000.000000000.000000

CALL Time_bDase(N_data,T_sasple,Tiae_axisce))
Lonqth-L£N<Nancs)
TestsNanes(Lengih-4,Length)
IF Testg="_ANC" THEN

CALL Readfile3(Nanes. Job ", Mediuas,N_point,Phile),Theta(e)>,2(®))

CALL Time_base<N dlt.,? sanpie,.Tiae_axis(®))

CALL Plot_file(TTae uu(n.rnun,ﬁ data,0,T_max,~Pie,Pie,3,°Y")

CALL Plot r|lo(1soc _axis(e),Theta(s), TN d,t..o. _sax,~Pie,Ple,4,°N™)
ELSE

CALL lomrlloa(unn.Jobt.ﬂcﬂunl.ﬂ_polm,x<n Y(8)>,2¢0))

CALL Plot_file(Time_axis(o),X(#),N_Cdata,0,7 -Ax.-c 6.2.'Y')

CALL Pior fllo(fcno _Axis(e),Y(o),N cut;.t, nax.-‘ 6,3,°N")

CALL Pior rtlc(Tlno axisCe) 2C(o), N _data, 8, T --x.-o 6,4,°N")
END IF
PRINT Jobs
PRINT
PRINT “Toral Record Length is *jN_point;® Points,....."
INPUT “MIT RETURN ...°,AS
GRAPHICS OFF
END
1808000000000 00000000000000008000000080000000R0000030000000000000000000000
ese SUBROUTINE TINE BASE eoee 2000000000000 000000
l0000000000000000000.Q.O.Q.QQOI.QQ.QQG000:.01'00..000000000!0000000000.0
‘e THIS SUBROUTINE COMPUTES THE TIME DASE VECTOR FOR USE IN .
te PLOTTING THME DIRECTIONAL DATA . L4
190000000000 8000000000000000000002000000000080002050000000808000000000008
SUR Time _base(N_data,T_sample,Time_axis(e))
tor 10 To N_data-1

Tine_axis(Trn1eT_sanpia
MEXT 1
SUBEND
1000300000000 00000000000008000000030R00 882000000000 0000 28380000090
1000000030000 000000808298 SUBROUTINE READFILED oscoone S080008000s
!!0.0000000.00.000009l..00000000000.00000.0.0.00.000000000000000000.0000
‘e THIS SUDROUTINE READS THRLE DATA VECTORS FROM DISK STORAGE OF ¢
te EQUAL LENGTH AND BOOTS THEM INTO THE DUMMY VECTORS X(#),Y(®),ZCe), ¢
1830800000000 0000 0000000000000 00Q00RR0R0R000REERRRRERRRRRERR0R00S0 200000
SUB Readfile3(Nases,Jobs,Nediuvas,N_dates,X(9),Y(e),2(8))
DIN File_nanes(40)

€ TR 9 O s L GO
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1000000000008 000000000000000000000000000000000000000000000000000
(sssnsessonesosctnee DEFINITICH OF VARIABLES evsesscssinsssesnes
10000000000 0000000000007000000000080300000000000000000000000000

! Names ! NAME OF SERIAL FILE CREATED 70 RECEIVE DATA
! Jobs ! DESCRIPTIVE JOB LABEL OF CONTAINED DATA
! Nediuss ! ADDRESS OF MASS STORAGE MEDIUM

1" NUNDER OF DATA ELEMENTS IN EACH VECTOR .
V0000000000038 00000000080002000000000000 0000008000000
H 0008208000000 000000000000
t ASSIGN BUFFER 1/G PATH TO FILE
1000000838000 2800003030038000000008
IF Mediumses1 INTERNAL® THEN

File_naneseNanesiMediuas
ELSE
File nanesshediunstNases
END 1IF
ASSICN #Parth_1 TO File_nases
1000000008300 0%000000008000200000800%

G088000080800000000 0000000
ENTER 9Path_1;Jobs

1008000000300 00000800000000000000 0
tess ENTER NUMBER OF ELEMENTS ose
1000080000000000000030080000030000
ENTER @Path_1;N_data

1000000000080 000000800200000000000

tee CORRECTLY SI2E DATA VECTOR ese
1000000000000000000280000080000000

REDIM X(N_data-1>,Y(N_data-1),2¢(N_data-1)
1902000020000 20000000030000088000

19000000000 EPVRRRPRINCRITOEINICPINOS

ENTER 0Path_1 X(), /(®),2¢®)

189000000000 000008000000000000000 0

teesee CLOSE FILE AND BUFFER stese

1900800838000 00000080000000080¢0¢80¢0s .

ASSIGN OPath_1 TO ¢

SUBEND

1000000000 00000000000000000000000000000000000000000000000080000000030000
1008000008000 8000008000¢ SUDROUTINE PLOT FILE 2000005000003 000000008000%
0000000000000 0000000000000000000000000000000000000000000000008000800008
te THIS SUPRIVUTINE ACCEPTS TWO DATA YECTYORS AND PLOTS ONE VERSUS o
1 THE OTHER . THE USER NEED ONLY SUPPLY THE LIMITS OF THE GIVEN ¢
ts VECTORS AND THE DESIRED PLOTTING COLOR . SCALING AND AXES ARE AUTO- ¢
ts MATICALLY PROYIDED BY THIS SUBROUTINE . .
1000000008000 000000800000000080000000080000000000008000 000NN R00R000Y
SUD Plot_file(Xdatale),Ydata(e) Hplot,Xein,Xaax,Yain,Yaax,Penc,Neus)

COM ~Plov_block/ Xscale,Yscale,Xoffset,Yoffset

[ 0000800000000 00000000000080880800 8Bl R Rl ERstERanconsiass

100 ssvssscce DEFINTITION OF LOCAL VARIABLES eecaseressers
1000000000000 000000000000000000000000000004000000080000000008¢

t Xdatale) !t ABSCISSA DATR VECTOR TO BE PLOTYED .

1 Ydatale) ! ORDINATE DATR VECTOR TO DE PLOTTED .

1 Nplotv ! NUMDER OF DATA POINTS IN VECTORS .

I Xmtn ' SHALLEST ELEMENT IN XdatacCe) VECTOR .

! Xmax ! LARGEST ELEMENT IN Xdatace) YECTOR .

! Yain ! SMALEST ELEMENTY IN Ydatace) VECTOR .

! Yeax ! CLARGEST ELEMENT IN Ydata(e) VECTOR .

! Penc ! DESIRED COLOR CODE OF PLOTTING ZOLOR .

! Hew$ : ORDERS THE ROUTINE TO CLEAR THE GRAPHICS

Whiteet t DEFINE THE COLOR CODE FOR WMITE
A_color=inite ! SET AXIS COLOR WMITE

Xlefted ' DEFINE LEFT OF SCREEN (Plotter Ynits)
Xrailn2g ! DEFINE X AXIS RAIL (Plotter Units)
Xcenterag4 I X COORD CENTER SCREEN (Plotter Units)
Xrighte120 | . DEFINE RIGHT SCREEN {Plotter Units)

67
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2309 Ybotionsd ! DEFINE LOHWER SCREEN (Plotter Units)
2310 Yratie§ ! DEFINE Y AXIS RAIL (Plotter Units)
2320 Ycentersds ' Y COORDCENTER SCREEMN (Plotrer Units)
2338 Ytope96 i DEFINE TOP OF SCREEN (Plotter Units)
2348 ' X_denoca ! DEMOMINATOR OF X PLOTTING SCALE FACTOR .
23%90 Y_genon ~ 1”"DENOMIKATOR OF Y PLOTTING SCALE FACTOR

2360 1200000000000 00000000000000000000088000000000000000000000000
2370 0020200030000 08000000000000000000000000000000000

2380 16e CLEAR AND INITIALI2E GRAPNICS IF SPECIFIED o

2390 100050000300 000000000000000000008020000000080000000

2400 IF Neuse'Y" THEN

2410 GIMIT 1.9

2420 GRAPHICS ON

2430 PEN HRite

2449 VIEWPORT Xlefti ,Xright,Ybottiom,Yiop

2438 FRANE

24690 190000000000 00000800000000 00000000

2470 1o DRAN PROPER AXES FOR PLOTTING o

2469 1803000000000 000000E000RRORRRY

2490 IF Xain<® THEN

23909 IF Yein<® THEN 1000000000003 008230030000300 0200

2319 XoffassteXcenter e FOUR QUAD AXES DRAWN MHERE »

2920 YoffseteYcentar 1000000000 000000000000080000000

2330 X_denos®Xmax

%40 Y_denoasYasax

2330 CALL Axis_draw(Xleft,Yoffset,Xright,Yoffset,A_color, ~Xmax,Xnax)
2360 CALL Axis_draw(Xoffset,Ybottom,Xoffset,Ytop,A_color, ~Yaax, Yaax)
2%78 ELSE 100006003 000000800048000800000000

2380 XoffsetesXcenter i® +/- X TYPE AXIS DRAWNN MERE ¢

2%9%e YoffsetoYrail 100000C000000000008000000000008

2608 X_denoasXsax

2610 Y_denossYaax-Yain

2620 CALL Axis_drav(Xieft,Yoffset ,Xright,Yoffset,A_color,-Xnax, Xaax)
2630 CALL Axis_draw(Xoffset,Ybottom,Xof fset,Yrop,A_color,Yain,Ymax>
2649 END IF .

26389 ELSE

2669 IF Ymin<® THEN 1900000000080 000000000000008000

2670 XoffsetaXrail te ¢+r= ¥ TYPE AX18 DRAWN HERE o

2689 YoffsetuYcenter 1900000080030 200400000000000000

26%0 X_denossXeax-Xain

2700 Y_denonsYaax-Yain

2710 CALL Axis_draw(Xoffset,Yoffset,Xright,Yolffaet,A_color,Xmin,Xs
720 CALL Axis_draw(Xoffset,Ybotrom,Xoffsel,Ytop,A_color,~Yamax,Yu: «.
2730 YoffsereYbotrom

2742 ELSE 1060405008008 000000000000000000

2730 XoffsetaXrail f® + ONLY X&Y AXES DRAWN HERE o

2760 YoffsetaYbotion 100000000000 03000000000000000080

Q7?9 X_dencasXmax-Xein

2760 Y _denomaYmax-Yain

2790 CALL Axis_draviXoffset,Yoffset,X~ight,Yoffset,A_color,Xein,Xmax)
2800 CALL Axis_drawiXoffset,Yoffset,Xoffset,Ytop,A_color,Yain,Yaax)
2819 END IF

2020 END IF

2030  Xscales(Xright-Xoffset)/X_denoa

2049 Yscalem(Ytop-Yoffser)>/Y_denom

2830 END IF '

206D 100020300000 5000000000000000008

2070 '+ DATA VECTORS PLOTTED BELOW ¢

2080 180058000600 00000400000800000009

2890 PENUP

2900 CALL Scaler(xdatar0),Ydatac@),Xain,Xmax,Ymin, Ymax,X_plot,¥Y_plot)
2912 PEN Penc

2920 MOVE X_plot,Y_plot

2930 FOR 1=9 TO Nplot~-1i

2940 CALL Scaler(Xdatal(l);Ydatall),Xain,Xmax,Yutn,Yeax,X_plot,Y_plot)
2930 DRAW X_plot,Y_plot




2960
2970
2960
2990
Joee
3et1e
3020
3030
040
3030
060
307
k111
3099
3190
3110
3120
3130
3140
3130
3160
3170
3180
3190
3200
3210
3220
3230
3240
3230
3260
3272
3zee
3290
300
3310
3320
3330
3340
33%e0
3360
3370
3300
339¢
3400
3410
3420
3430
3440
3459
3460
3470
3480
3490
asee
3si10
3820
3330
3840
1sse
3860
3870
2860
3890
3600
3610
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NEXT |
SUBEHWD
| 99000 RIFVNL VRN ICRERRRORRNRCEURVVERL VR ECOORDEPREvRRERVRREPICESRIREEGY
levssevsssesvsensecensese SUBROUTINE AXIL DRAK 0000000000000 00000000080000
900088 00000000000000000000000300000N0Cestntertaceeresesteeseteosioesens

e THIS SUBROUTINE DRANS AN AXIS FROM THE STARTING CO.RDINATE TO ¢
1 THE FINAL ONE . IT ALSO QUANTIFIES THE ORIGIN AND TERAINUS OF SAID o
te AXIS, . .

1 0040000400004 0088 0300000000000 0000000000000000000000000000008000000000
SUB Axis_drawv(Xstart,Ystart,Xfinal,Yfinal,Axis_color,A_nin,R_sax)
PieedeATN(])
Delrag=S
PENUP
PEN Ax1s_color
PENUP
NOVE Xstart,Ystart
DRAN Xftnal,Yfinal
PENUP
CSI12E 3.0,.8
CALL RoundercA_ain,3,R0)
CALL Rounder(A_sax,3,Al.
IF Xstartexfinal THEN

CALL LabelitiXstart-De.ta,Ystart ,Pie-2,Axis_color,VALI(R@))

CALL Labelit(Xfinal-Delta,Yfinal-2¢Delta,Pie 2,Axis_calor,VALS(ALD)
ELSE

CALL Labelit(Xstart,Ystart-Delta,®,Axis_color,VALE(AO))

CALL Labelit(Xfinal-2¢Delta,Ystart-Deita,d,Axis_color,VALSCAL))
END IF
SUBEND
1008000 0000000030000000000800003000RCRRRIRIRRORRNORRRINITNRTIRNENNOEtRtese
198000006000 008000000¢0 SUSROUTINE LABSELIT 08000005050 00808000082340080000
100N E 0N tRuE R ottt tettttttatitttaasntaonentaseienitestnenesssessesses
¢ THIS SUBROUTINE SINPLY ACCEPTS THE GIVEN LABEL AND PLACES 1T WMERE .
‘e IT IS SPECIFIED <(ie X,Y LOCATION> AT THE GIVEN TILT ANGLE . THE PEN ¢
e COLOR “Penc” 18 ALSO PKOYIDED BY THE "USER . THIS SAVES A LOT OF »
'+ REPETITIVE CODE . *

[Z XXX XXX RS XTSI NS R RYSS SIS SIS SRS T2 SIS R222 2222 2 2 4

Sus Label 1t (X,Y,Yilt,Penc,Strngs)
PENUP
NOVE X,Y
PEH Penc
LDIR Tile
LABEL Strngt
PENUP
SUDEND
ISR B0INNIIIEIERIRIERNOIRDIIINRINI RNt RNEttOItINRINRIINGRRINNRRRRERYY ¢
Isssnnesssnsnsosgasnesnenss SUBROUTINE SCALER sessensensso ssaessddiesae
| 5000000 IEINITRINIINRIIICRRIIIRNITRS It NNsltIoRRRIORORIcRIsRRINIIRISES
‘e THIS SUBROUTINE SCALES THE DATR PASSED TO IT FUR CRT PLOTTING ¢
‘e PURPOSCS . L
100001000000 0000C80000000000000000000000000000000000000000000008000R000¢8
SUB Scaler(X_data,Y_data,Xein, Xsax,Yain. Yaax,X_plot,Y_plot)
COM /Plot_blocks Xscale,Yscale,Xoffeet Yoffset
X_plotaXscales (X _data-Xaind)eXoffset
Y_plotsYscalee(Y_data-YeindeYof(set
SUBEND )
I 0000000000008 .0800 00000000000 008000080000000800000V0300080000808030000
¢ SUBROUTINE ROUNMDER eees
1880003008088 08008000008300008000000803000004808000080804.8200000800000030200
te THIS SUBROUTINE ACCEPTS A NUMBER OF ANY BSIZE OR SIGN AND »
e ROUNDS 1T TO THE SPECIFIED MUMDER OF DICITS .
1880688201 00800000008000000 0008000200000 0800 2800430303003 0303000030000000
SUB Rounder(X_input ,N_digits,X_rounded)
1808300038840 0800808320008808880000¢20000000000000000000802
tesssnssssscs DEFINITION OF LOCAL VARIABLES e¢eevsssssncsen
1808888000083 000858 8820808008080 3304883000000 000400000RR000

SENANACAN AN AR NLIADS
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3620
363¢

INPUT NUMBER TO BE ROUNDED
DUMRY VARIADLE USED TO PROTECT X_input

X_input

X_dusay

T

'
'
3648 ! N_digits NUMBER OF DIGITS DISPLAYED AFTER ROUNDING
3630 | X_rounded ROUNDED EQUIVALENT OF X_input
3660 ! 8ign ! NUMERICAL POLARITY OF POUNDED NUMBER
3679 ! Magnitude 1~ ORDER OF MAGNITUDE OF INPUT NUMBER
2666 ! Maniissa | MANTISSA OF NUMBER UNDER ROUNDING
3690 1| ARCURCNT ‘t ABBREVIATED VERSION OF MANTISSA.

3700 1000000000000000000000000800000000000000000000000000000800¢
3710 1F X_input<>8 THEN

rae X_duseyeX_input

3738 S1gneSCN(X_dJumay)

3748 x_duseysABB(x_dumay)

3’se ﬂ.qn!lud"lNY(LCT(X_du--y))

3760 hant issaeX_dusay’/(18~Magnitude)

3zve Argueent aINT(Mant 1538010~ (K _d1Qrts=1))/1084(N_gigits=-1)
3.0 X_roundedesigneArguagntsi@~Nagnitude

3799 ELSE

3000 X_roundedeX_input

3610 END IF

38290 SUDEND

70
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W Appendix D
abt FOURIER TRANSPFORM OPERATIONAL SOFTWARE

MY (1) Z_SPECTRUM Program
R (2) SPEC_DERIV Program

(3) DIR_FFT Program

(4) SEE_SPEC Program
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31 Aug

1908
1010
1920
1030
1040
1056
1960
1070
1080
1090
1108
1110
1120
1130
1140
1180

1160

1570
1199

1190

1200
1210
1220
1230
1240
1230
1260
1279
12008
12%¢
1300
1310
1320
1330
1349
1390
1360
1370
1380
1390
1400
1410
1420
1439
1449
1430
1460
1470
1400
1490
1500
1510
1520
1830
1540
1550
1560
157¢
1900
1990
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1987 20129149

¢ PROGRAN 2Z_SPECTRUM seeseen
1000000000008 000000000000000000000330000800000000000000000000000000008084+8
1e THIS “PROGRAM BOOTS IN THE “2° VECTOR FROM THE ANGULAR o
1e FORMATTED FILE AND PERFORMS R FAST FOURIER TRANSFORM ON IT . THE e
te RESULTING SPECTRUM 18 THEN PLOTTED , PRINTED OUT , AND STORED ON »
1o DISK MITH THE FILE EXTENSION - _SPEC .
|0oocooooonooooooooooo000000000000000000000000|00000|0000000000000000000
BIN PhiCe096), Ther1a(4096),2(4996)

DIM Frequency(4896), Magnitude (4095) ,Phase(4895)

DIM Nane$(16),Hane_ins(16),Nane_our$(16],Mediuns(20], Jobs(8@)

PRINT CHRSC1

tsoaconee 0000808008008 0880030800080800000080000000000000080
180050000000 00s DEFINITION OF LOCAL VARIADLES escsesssscssces
10000000000000000003000000000000000800000000000000000088000008

[ {¢ 3] ! ELEVATION OF SEA SURFACE. (Feer)
Phice) t ELEVATIONAL ANGLE OF UNIT NORMAL. (Radians)
!t Thetale) 1 AZIMUTHAL ANGLE OF UNIT MORMAL. <Radians)
! Magnitude(s) ¢ MAGNITUDE OF FOURIER SPECTRUM. (feshtre)
! Phasecs) t PHASE OF FOURIER SPECTRUM, (Radtans)>
! Frequency(s) | FREQUENCY OF SPECTRAL COMPONENT. (Hersz)
! N_data ! NURBER OF TEMPORAL DATA POINTS.
! N_poins t N _dats ROUNDED UP TO NEXT POMER OF TWO.
! Mean 1 sTATISTICAL MEAN OF Z VECTOR DATA, (Feer)
F_sasplesée I SAMPLING RATE OF MAVE COMPUTER. (Hervz?
T_saspleni/F_seaple ! TEMPORAL SANPL ING INTERVAL.(Sec)

P|0"037N(1)
Rediuvas=s"BASIC/DATA_FILE-" ' DEFINTION OF NMASS STORAGE MEDIUM,
Penis2
Pan2sd
1 000000000000000000000000000000000800830000000000000080808000000
PRINT CHR$C12)
INPUT “Enter FILEMRME of SOURCE Data File ..(Omit Extension),..”,Names
INPUT “€Enter SPECTRAL TRUNCATION Dats File LENGTH ...",N_short
Hindow_$e*N*
Nase Mlnnuou’ _RNG*
Nase_ outl-Na.clt' _SPEC*
CALL lcndflloi(“.nc ing,Jobs,Mediums ,N_data,Phi(e), Theta(o), 2¢(e)>;
N pointtz“lNY(Loc(N d.‘.)/LOG(Z)Ol)
CALL Btatistics(Z(o), N_data,Mean,sigaa’
1IF MWindow_se*Y® THEN
CALL Hlndoucr(Z(o),N_point)
END IF
CALL K1) _offset(2(e),N_dats,Mean)
CALL 2¢ro0 £111¢2(8) N cnt..u _point)
CRLL Fric¥cer, N_po‘nl TPie,Magnitude(e) Phasece):
CALL Freg_base(N_point,N short,F _sanple,Frequency(e))
Frcq.n.x-HAX(Frocuency(0))
Mag_saxeMAX(Magnitude(s))
Phase_ninsARS(MIN(Phasec®)))
Phase_naxoABRS(MAX(Phase(®)))
1F Phease_aax{Phase_sin THEN
Phase _max~Phase_min
END IF
PRIHNT CHRSC12)
PRINT Jobs
PRINTER 18 6
PRINT Jobs
PRINTER 18 1
CALL Plot_file(Frequency(9),Magnitudece), N _short,@,Freq_sax,-Hag_sax,Hag_

sax,Penl,*Y", "MAGNITUDE PLOT)

1600
161@

INPUT "Mit RETURN to CONTINUE ,...”,AS
CALL Plot filo(Froquoncy(0> Phase(s),N_short,®,Freq_max,-Phase_sax,Phase_

nax,Pen2, "Y*,*PHRSE PLOT *)

72
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1620 INPUT "Hit RETURN to CONTINUE ...",AS

1638 GRAPHICS OFF

1640 INPUT “PRINT-0UT SPECTRUM ? (Y/N) ....",A$

1650 1F Ase"Y*" THEN

1660 CALL Print_out(Frequency(s),Ragnitude(s),Phase(e) ,N_short)

1670 ENRD IF - -

1680 INPUT “STORE SPECTRUM on Disk ? (Y/N)",RS

1690 IF AsacyY: THEMNW -

1708 CRLL-Hr!tofiloatNanc_outt.Jobl,ncdiu-t.ﬂ_shor\.Froquqncy(o),nngnﬁtudc(
4),Phase(e))

1719 END IF

1730 PRINY CHRS(12)

1739 END

1760 1900000000008 0000000000080000000008000000000000000880000080000000300080000

1790 100000000030 000000000000400% SUDROUTINE FFT 2000000008008 003000000000000

1760 1900000000000 00 0000000000800 80002000000000008R000000008000080000080008008040

1770 e THIS SUBROUTINE PERFORMS A FAST FOURIER TRANSFORM ON THE o

1780 'e DEPOSITED DATA VECTOR “ X_input(®) -, THE REAL PARY OF THE SPECTRAL o

1790 ¢ VECTOR 1S RETURNED IN THE VARIABLE ° F _real(s) ° AND THE INAGINARY »

1800 !'s PART 1S RETURNED IN VARIADLE ~ 7 0.!40(0) -« 1T 18 IMPORTANTY TO ¢

1910 e NQTE THAT , IN ORDER FOR THWIS FFT “ALGORITHM TO MORK TME NUMBER OF o

18290 !¢ DATA POINTS UNDER ANALYSIS MUST BDE A POWER OF TWO !! .

1830 1000000002000 0000000000040R300004300080000000R00000000000000000000008880

1840 SUB Fri(X_input<a),N_point,Pie, Nagnitudecs),Phasece))

1050 DI Rea! 1(4095) Image_1(40895),Rea) _2¢4093), [mage_ 2¢ 4093

1860
1870
1000
1099
1900
1910
1920
1938
1940
1938
1960
1970
1900
1990
2000
2010
2020
2039
2040
2090
2060
2070
2080
2090
2100
2110
2120
Dueny_
2130
2140
21950
2169
2170
2100
2190
2200
2219
2220
2236
2249
22%0

pinm p_ 1neox(2040> G_ ndex(2048)

REDIM Real_1(N po!n! 1), lmage_1(N_point-1)

REDIM Rea)_2CH_point-1), image_2(N_point-1)

RAD

Piev4sATN(])

v_pointeINT(LOG(N _point)-LOG(2))>

1800000000000 000000000800000082000280000000000000008008
teesss ORDER DATA VECTOR FOR INPUT OF TRAHSFORM & [
100060000040 8000308000800000000000380300000000300000
CALL Dit_reverse(X_input(®),N _point,¥_point,Rea) l<0))

10000000000200000000008000000309
te NULL IMACINARY INPUT VECTOR ¢
180000000030 00000000008087000000
FOR 10 TO N_point 2~}
laage_1(1)=0
HEXT
FOR I _stage=® TO V_point-1 1t START STAGE STROBING LOOP
CALL Busterfiy(N_point,V_point, 1 _stage,P_index(s),0 index(#))
FOR J_butterfiys® YO N_point/2-} ! START 'UTT!RFLY STRODING LOOP .,
(FXTXXZIRXZIX SIS SR Y TR I R TZTYX Y 2 2 1 2 2
1e DETERMINE BUTTERFLY BRANCH POINTS »
108000000000 28000000000000000000000000
PeP_index{J_butterfly)
U-O index{J_butterfly>
R_pou.r-rnnoaulo(J butterflye2~(v_poini-1-1_stage),N _point/2>
CALL Phasordfie,N point,l_poucr.ﬂ real, W 1-090)
CALL Product_complexd<l_real,H 1..qo,kt.‘ “1¢0), Image_1(0>,Dunay_real,
|mage)

1200000000000 00000000000000 00000000
1o COMPUTE UPPER HALF OF BUTTERFLY ¢
120800000000 0800000300000000000000308
Resl _2(P)oReal 1 (P)+Dusay_real

Inage 2(')-1-090 I(P)ODu--y inage
‘0l00O!000.00...00.000000000000.00.0
1o COMPUTE LONMER HALF OF DUTTERFLY ¢
1900000000000 0000400008L0000080000400
Rea) _2(Q)oReat _i(P>-Dunay_real

Image 2(0>-lnnoo 1P~ Du.ly inage
NEXT J bult.rf‘y

10¢000008080003800000000400088000000)

‘e YPDATE MNEXT CYCLE SOURCE VECTOR ¢
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) 2260 100000000000 0000000000000008000000000
. 2270 NAT Rea)_teleal _2
: 2200 MAY Isage_isiaage_2

| 2290 NEXT I_stage

2300 1000000000000000000000200000000000000000800000

2310 1o DETERNINE MRGHIIUDE AND PHASE OF SPECTRUM o

2320 1002000000003 000000808000000800000008000000000008

2330 CALL Mag_.phasecReal_2(o),Inage_2¢0),N_point ,Nagnitude(e),Phasecs))
2340 SUBEND

2330 1000000000000000000000000000000000700000000080000000000000080000000000000
2360
] 2370 1000000000 000000000000000000000000000000000000000000000008000000000000000

2300 e THIS SUDROUTINE COMPUTES THE MAGNITUDE AND PHASE OF THE CORNPLEX o
2390 1o VECTCRS PROVIDED IN THE VARIABLES ‘ X _real(e) “ AND - X_imagecs) °, ¢
2400 1o THE RESULTING MACNITUDE 1S THEN sTORED 1N THE vEcTOR ’ R_magle) ‘o
2410 te AND THE PHASE I8 STORED IN THE VECTOR - P_phase(e) ‘ . L]
2420 1000000000000 000300030000000000000008000000000000000000000000000000008000
2430 SUB Nag_phasecX_real(e),X_taagece) N_point ,R_sag(e),P_phase(s))

2449 PiesaoATNCD)

2430 FOR 1s¢ TO N_point-1

2460 R _aag(1)eS0R(X_real (1)eX_real(1)+X_inagecl)ex_image(l))

2470 IF X_real(13<>8 THEN

2400 PhacesATNCABS(X_inage(])/X_real (13))
2499  ELSE
2500 PhasesPie/Q

. 2510 €D 1IF

! 2320 X_signeSCN(X_real (1))

2830  Y_signeSCNCX_image(I)d)
2340 IF ¥ _signre@  THEN

29% 1F %_sign>e® THEN
2560 P_phasecl>sPhase

. 2570 ELSE
2390¢ P_phase(l)=Pig-Phase
299%0 END T:
2600  €ELSE
2610 IF X_sign>e® THEN '
2620 P_phase(l>e-Phase
2630 EL8E
2640 P_phase(l)sPhase-Pie
2630 END IF
2660  END 1IF
2670 NEXT 1

<600 SUDEND

2690 100000000000000000008008000000000000000000000000000000000000000000000000
2700

2710 106000008803 000000000000000000000000000000800000000003R00000000008000000808
2720 e THIS SUSROUTINE PERFORMS A DIT-REVERSAL OPERATION OM THE o
2730 te DEPOSITED INPUT VECTORS INDICES . THiS I8 1IN PREPARATION FOR AN o
2748 18 IN-PLACE FARST FOURIER TRANSFORM OPERATION ., .

275. 1060000000000 0000000000 000000000000 00000880080000000000080002000000000
2760 SUD Bit_reverse(Vector_in(e),N_vector,N_pover,Yector_out(e))

2770 DIN Index_inC16), Index_out (16>

2700 100000000000000000000000000000000000000060000080000808000300

2790 1sscecssnssesee DEFINITION OF LOCAL VARIABLES eseosscsvsesese

2000 (9030000000000 000000000000000000000000000000000000000009000

2010 ) Vectror_in(e) ! INPUT VECTOR TO BE 317 REVERSE SORTED.

2020 1 N_power ! LOG DASE THO OF INPUT VECTOR LENGTH .

2820 1 N_vector ! ACTUAL LENGTH OF INPUT VECTOR .

2840 ! Index_{ince) ! BINRRY INPUT VECTOR REFERENCE INDEX .
! 1

2030 Index_out (#) DINARY DIT REVERKED OUTPUT VECTOR INDEX
2060 ! Veztor_out(e) ¢ PIT REVERSE SORTED OUTPUT VECTOR .

2070 1000000000000 0000002000000000000000000000000000R000000000000
2880 FOR [ap TO N_power f KRULL DIT INDEX WORDS

2099 Index_in(l)=0

2900 Index_out(1)>e0

2910 NEXT | C

D e e e e L I e e T AT T G NRg




2930
2940
2950
2960
2970
2900
2990
2000
3010
3020
4 3030
: 3040
3050

3060
3070
3000
3090
3108
3110
3120
{ 3130
f 3140
2150

3160

317e

31ee

3190

3260

2210

3220

2220

3240

3250

3260

3270

3200

2290

2300

3310

3220

3330

3340

3359

a3¢e

3370

3200

33%e

3400

2410

3420

3430

2440

2450

3460

3470

. 3400
3490

3500

310

3920

3%30

3s40

asse

3369

3370

TR e A,

- aam

R B A

RA_K & K

|
;
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2920 FOR 10 TO N _vector-i

1F 100 THEN
CALL Inc_binary(Index_in(#),N_pover)

€HD IF
CALL Reflecr(Index_in(e),N_pover, Index_out(#))
CALL Dase_tencindex_inCe) ,N_power,]_input)
CALL lnso_tcn(lndox_out<o).n_poucr.r_output)
10020000000008000300000800000000000000000000
1e0 BIT REVERSED IMDICES OPERATION BELOM .o
19000000000000000000800000000008000000000000
VYecror_aut(l_output)ieVector_in(l_input)

NEXT 1

SUBEND

1000000302000 0000000000000000000800000080000000000008080000030000008000000000

1000000000300 000000000000000000000000000000000000000000000800080000000000
te THIS SUDROUTINE PERFORNE A DINARY INCREMENT OPERATION ON THE o
‘e DEPOSITED BINARY VECTOR ~ Hord_inc(e) ° AND RETURNS THE RESULT IN o
1e THE SAME VARIABLE . .
{00000 00000RP00000000000000000800000000800000300000000800000000000000000000
8US Inc_dinary(lord_incCe) ,N_pover)
Carry_(Tages
Done_f1ag=0
18
WHILE Done_f)ag=@
IF 100 THEN
IF Word_inc(1)e0® THEN
Mord_inc(l)ey
Done_flags?
ELSE
Hord_incCl>=®
Carry_flagel
END IF
ELSE
IF Carry_flagel THEN
IF Word_inc(1)=0 THEN
Word_{inc(l)s}
Done_flag=1
ELSE
sord_inc<1>=0
Carry_flagnl
END IF
END IF
END 1IF
Ieoley
1F 1sN_powver THEN
Done_f1ag=}
EMD IF
END NMILE
SUBEND .
1096000000000 0000200000000P03000000000R0RRRRRRRRRNQRRRVRRRNRRR00R0 000
100000000000000042000000000 SUDROUTINE REFLECT 20002300000 00003200008000000
1900000004000 0008000000800R000000000000000000000000 0000000002000 08000000000%8
1e THIS SUDROUTINE TRANSPOSES THE POSITION OF THE BITS IN THE INPUT o
1e VECTOR TO OPPOZITE POSITIONS MWITH RESPECT TO THE CENTROID OF THE 4
'e BINARY WORD . ’*
'0000.00.0000....000.000’..0..0.0000..0.0.00..00.0.0000.00...00.....0..’.
SUD Reflact(Mord_in(e),N_pover,Hord_out(#))
FOR le® TO N_power-t
Word_ocut(]>elord_in(N_powver-1-1)
NEXT -
SUDEND
1000000800020 0000000000000008000008Q00001032000050 900002080005 00000008000080
1000000000000 o5 SUDROUTINE DASE TEN 9003000085850 0000000000000
1080000000000 40800 ...1.0...00....00':.6.l............i.o.l.. (222X 2]
e THIS SUBROUTINE CONVERTS THE DEPOSITEL BINARY VECTOR TO A PRSE o

B e D o S R L




3300
3990
3600
3610
2620
3¢630
3640
3630
E {1
3670
3660
3658
3700
3710
3720
3730
3740
3758
arvee
arze
3780
379
3800
3010
3820
36230
3040
Isse
3868
3870
3800
389
39%0
3910
3920
920
3940
3930
39%¢0
3970
3980
39%
4000
4010
4620
4030
4040
4090
4040
4078
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4100
4190
4200
42160
4220
4230
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1 TEN INTEGER.THE BASE TEN NUMBER I8 RETUZNED IN THE VARIABLE ‘X _out’,e
19000080008 800000000008088000000000000000000000020000000000000000000%000000
SUD Base_tencHord_ince),N_power,X_out)
X_out =@
#Or 18 10 N_povgr=1

R_outeX_outelord_incl)>e2~1
NEXT 1 .
SUBDEND

10000000000 0000000000000080000%0000000000000000200000800000000000000800000
130000000000000000000000¢ SUBROUTINE BUTTERFLY 000000000000008000000080000
1900830000000 00000808000000000000000300000000000000000000000000000000000
'e THIS GCUDROUTINE GENERATES THE MECESSARY INDICES DEFINING THE o
te BUTTERFLYS KWMICH PERFORM THE IN-PLACE COMPUTATIONS OF A FAST o
's FOURIER TRANSFORM . .
1000000000 0000000000000000000000000000400800800000000000000000800000000000
SUS Butterfiy(N_point,V_point,Stage,P(e),@(e))

10000000000 000000080000000000004000400000800000030008000000000080
secnse DEFINITION OF LOCAL VARIABLES eceoe
1200000008000 0000000000000000000000000030000000080000000800000%
t N_point t MUMDER OF POINTS IN FOURIER TRANSFORM .,
1 V_point 1 LOG BASE THO OF NUNBER OF TRANSFORM POIMTS.
! Stage ! STAGE OF TRANSFORM VECTOR PROCESSING .
! Span ! WIDTH OF ROM SPAN OF BUTTERFLY .
! N_butterfly | NUNDER OF BUTTERFLYS IN TRANSFORN STAGE.

! 1
! 1
1 '
! '

N_cross NUMBER OF BUTTERFLYS FOUND .
Up_cross POSITION OF UPPER BUTTERFLY DRANCH.
Low_cross POSITION OF LOKER BUTTERFLY BRANCH .
PCe) ‘P- INDEX OF BUTTERFLY “N_cross’ .
I ace) ! ‘@ INDEX OF BDUTTERFLY °‘MN_cross’ .
1000000000000000000000000000000000000200000000000000000000080
Spans2+8tage
19200000000 R000R000RRRRRPO0Y
fe DEFINE INITIAL DUTTERFLY o
19000002000000000000800000000
Up_crossee .
Lov_crosseSpan
M _crosse-t
IF Span>1 THEM ' TEST OUT CASE OF STAGE 2ERO
HHILE H_cross<N_point - 2-8pan
ror Teup_cross TO Low_cross-t
N_crosseN_crosse!
PiN_cross)el
Q(N_cross)sletpan
NEXT |
Up_crosssQ(N_crossde+l
Low_crosselp_cro:seSpan
enD unTLg
FLsE
FOR =@ YO N _poiny -2~}
P(1r020e]
QC1re3e]ey
NEXTY 1
ND 1
susEMd
19000000000 000000000000000000000000000000000000000000000800080000008000008
FUNCTION MODULO o !
0000100000000 00000000000000000000000000080000000000800000000009000008000
e THIS FUNCTION RETURNS THE MODULO VALUE OF AN INTEGER ¢
te ARCUMENT WRT THE MODULO LIMIT SPECIFIED AS ° Mod_max’ . .
1000000000000 00000000000000000000000000002800000000000000000008004000800000
DEF FNModulo(Nuaber,Mod_sax)
Dusmy«INT (Number - Aod_eax)
N_sodsNuaber-DusayeNod eax
®ETURN W_uod T
FNEND i
1900000000800 00000080000008R0008000000000000050000000000000008000000000000
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4240
4230
4260
4270
4200
4290
4300
43160
4320
4339
4340
4330
4360
4370
4300
4290
4400
4410
4420
4430
4440
44350
4460
4479
4400
4498
4300
4310
4320
43530
4340
4330
4360
437¢
4300
43590
4600
4610
4620
4630
<640
4630
4660
4679
4699
4690
4700
4719
4720
4730
4740
4730
4766
4779
4790
4790
4000
4810
4820
4830
4840
4930
4106¢
497¢
<000
4890
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1000000000000 00000000¢ SUDROUTINE PRODUCT _CONPLEX oso000csacecstescecssteds
1000000000000000000000000000000000000000030000008000000000 essssvee
19 THIS SUBROUTING PERFORNS A CONPLEX MULTIPLICATION OPERATION ON THE o
1e DEPOSITED - X_real + X_issge AND © Y_real ¢ Y_inage °  INPUT o
te VARTADLES AND RETURNS THE RESULT  IN  THE  VARIADLES o
te < 2 _real * 2 Toage * . .
'o00000oooooooooooooooooooooooooooooooo.oooooooooooooooooooooooooooooono
SUB Product_cosplex<X_real,X_inage,Y_real,Y_tsage,2_resl,2 insge)
90000.00000000000000000000000000000000000000000 esssce 00000
190000000000000 BEFINITION OF LOCAL VARIABLES ¢cccccacssnsasse
100008208000 000000000300008000023000000000800020000000000000008

1 x real 1 REAL PART OF FIRSTY INPUT VARIADLE .

X_image INAGCINARY PART OF FIRET INPUT VARIAILE.

IMAGINARY PART OF SECOND INPUT VARIADLE

REAL PARY OF THE PRODUCT OF INPUT VARIADLES .
! IMAGINARY PART OF PROBUCT SUR OF INPUT VARIABLES
'..0 000000000800 000000808000000080000000030000000000800800000
2_realsx_realsY_real-(X_isagesY_isage)
2_imagecX_realeY_imagesX_imagesY_real
SUBEND
100000000000000000200000000000000000000000000300000000030000000000000000

Y_taage

!

Y real | REAL PART OF SECOND INPUT VARIABLE .
[)

2_real '

‘e THIS SUBDROUTINE COMPUTES THE ARSAL AND IMAGINARY PARTS OF AN ¢
te EXPONENTIAL UNIT TRANSFORM PHASOR RAISED TO THE PONER ° R_power . ¢
1000000000000000500000800000000000000000000R00000000000000000000000000800
SUP Phasor(Pie,N,R,N_real,N_{sage)

W_realsCO8(2ePiooR/N)

H_imagesSINC2ePiqeR/N)

SUBEND
100000000000000000000000000000000000R000000000000000000000000000000004000
1900000800000 0000300000000 SUDROUTINE ZERO FILL 0004802005000 0500000000620
10 0800000000000000000000000000000000000000000000000000000000000000000058
te THIS SUDROUTINE EXTENDS THE LENGTM OF THE RECORD TO THE NEXT o
12 HIGHEST POMNER OF THO 2Y FILLING THE REMAINDER WITH ZEROES . L4
100000000000000000000000000000000000000000000000000000000000000000400000
SUB 2ero_f111CDusmy(e)d,N_in,N_out)

V_insINTTLOG(N_1n)/LOG(25) ! COMPUTE POMER OF THO OF DATA RECORD.
N oute2A(yY_ tnel) t INCREASE RECORD LEMCTH TO NEXT MIGH-
REDIM Dusay(N_out-1) ! EST PHER OF TMO .
FOR IeN_in TO N_out-}

Dueay<i)>e Y 2ERO FILL REMAINDER OF DATA RECORD .
NEXT 1
SUDEND
1 000RCORC000000000000000000020000000080000000000000000000000800000000000

UDROUTINE FREQ_DASE
1000008000000 000000000800000000000000000000020000008000000008 00000000000
te THIS SUBDROUTINE COMPUTES THE FREQUENCY BASE VECTOR FOR THE ¢
1e RESULTANT OF THE DIARECTIONAL FOURIER TRANSFORAM .
!000..0.00000000!0000000.000000000000QQ00000000000000.00000.000.000.00.0
SUD Freq_base(N_point,N_frequency,F_saaple,Frequency(e))

F_deivasl _saspie/N_point

r32 1e0 10 N_frequency-1

FrequencycTdeter_delta
NEXT
SUDEND
182000s
{ennes
1000000000000000000000000000006000800IR000000000000000000000000000000000
e THIS SUBROUTINE ELIMINATES THE DC OFFSET FROM THE SUPPLIED
1e VECTOR BY SUPTRACTING 1TS MEAN AND THEN NECATES THE RESULTANT . U
1000000000000 000000000000000008000000000000000000000000000280080000000000
SUD Kt _offsetcVecioris),N_vector,Nean)

FOR 1e8 TO W_vector-1
Vector(l)shean-Vector(l)
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4900
4910
4920
4930
4940
4950
4540
497¢
4900
4990
3000
se10
3020
$o3e
S040
030
5060
307e
seee
5090
S100
110
S120
S130
S140
s15e
3160
s17e
Si100
3190
s200
$210
S220
S23e
3240
S2ase
S2¢60
37
SQee
S2%0
$300
S3te
3320
3330
3340
3330
3368
S37¢
3300
$3%¢
3400
Je10
S420
3430
Seq0
Se%0
3460
Se70
L2 1)
Sa90
3500
ssi1e
3320
9S3e
33540
$s%e

NWC TP 6842

NEXT I
SUBEND
1000000083000 00080003000000808032380300300088080000000000020338000000000000000
10000000200 000000890000¢ SUBROUTINE READFILED 06000000000000000000000000
100004000002 000080003000000083000002080880000000000000000030000000000000
e THIS SUBRDUTINE READS THREE DATA VECTORS FROM DISK STORAGE OF o
1e €QUAL LEMGTH AND 300TS THEM INTO THE DUMRY VECTORS X(8),Y(e),2(e), o
1000000020000 00000800000000883000000000030000000800000030200003000008000
SUB Readf1iie3cNames, Jobs, Nediuas,N_dara, X(e),Y(e),2(e))
nnnm F!!o _Naaes(el)
[ 1] LTI ZIYYIYIT XTI IR X 2SR 2R 222222222 222422 Y 2

;..CDQ‘OQOCQO00.0.....0.....00.......Q.......O.'....Q.Q...Q.QO'I

! Name$:' ! NARE OF SEPIAL FILE CREATED TO RECEIVE DATA
! Jobs - t DESCRIPTIVE JOB LABEL OF CONTAINED DATA

! Nediues t ADDRESS OF MASS STORAGE MEDIUMN

! N_data | NUMBER OF DATA ELEMINTS IN EACHN VECTOR .

!00QQ.00000.0Q0.00.Q00000000...00..0000000.000.0.000.0.000'0.0.0
1000000008000 00000000000800000000
t ASSIGH BUFFER 1/0 PATH TO FILE ¢
1980000¢ SPB68900000000080000008
IF Medium®e; INTERNAL® THEN
File_naneseNaneSiNediuns
ELsE
File_nasessMediuntiNanes
CND 1P
assxcu OPath_1 TO File_nanes

19008003000 00300000000000802000800
ENTER OPath_1jJobs
1200000008000 0000050000000302008000

ENTER NUMDER OF ELEMENTS see0

1000000000300 800000300000000000800

ENTER @Path_13N_dats

1000000030000 000083800000820000008

ie® CORRECTLY SIZE DATA VECTOR eee

{90000000000000000000000800808003008

REDIN X(N_dava=1),7(N_dats~1),2¢N_dara-1>

| 0P SRICEERINGN00000000800000000000

tesesese READ DATA ARRAY teccevee

1900000830000 00000000000000000000

ENTER @Path_1X(®),V(®),2(8)

080000008000 000800080000000000800

fonses CLOSE FILE AND DUFFER oseoe

9000000000000 00200000000000000000

ASSICN @Path_1 70 ¢

REDIN XC4096€),Y(4096),2(40%6)

SUDEND
|B330580005308480835000000800000000004000080008802003300022200980080000000008
1900030000000 0000000000¢ SUBROUTINE WRITEFILED evvercccstosns Iy

00000000 00000000000000000¢00000000000000000400000000000008R0000000000

1e THIS SUDROUTINE ACCEPTS THREE DATA VECTORS OF CQUAL LENGTH AND &
e HRITES THMER TO0 A DISK STORAGE FILE UNDER THE FILENAME SPECIFIED »
1e BY THE USER . .

|0.00000000000.0..0000000000000000.000.00000000000000.00.0.00.!000.0....
SUB Writefiled(Names,Jobs,Nediuns,N_dat s, X(e),Y(#),2¢e))

DIM File_names(40)

IQOJOQOOO 0808000020 000R00008083000000000000000000000008000000

tes DEFINITION OF VARIABLES
1006080000088 0000000050000R0000008002008000000000000000000000000

| Names 1 NAME CF SERIAL FILE CREATED TO RECEIVE DATA
! Jobs t DESCRIPTIVE JOD LABEL OF CONTAIMED DATA

! Mediums ! ADDRESS CF MAGS STORACE MEDIUM

! N_data T NUMDER OF DATA ELEMENTS IN EACH VECTOR .

19000000000 00000000080000000.500000000000000080000000000004000008
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SSED 1000000000000 0000000000000000000¢
SS70 e CREATE DATA FILE FOR STORAGE o+
SS.. (0000000800000 0000800000000000000
S398 File_sizesINT(N_datar®
SE08 IF Mediuase®: INTERNAL® THEN
s¢16 File_naaescNanetthedivas

* S628 ELBE .
S€38 File n01000ﬂ0¢|u-osua-¢s
S€4@ END IF
S638 CREATE BDAT File_named,File_size
SEEE 100000008000 080000CP00040000000000
3678 ! ASSIGN BUFFER 1-0 PATH TO FILE +
SE00 (9000000000300 008000000800000000%:
SE98 ASSIGH @fain_1 TO File_nases
G700 1000000000000000000000080000000000
3710 tee CORRECTLY $I12E DATA VECTOR eose
S720 (9000000000000 00000000000000000000
3730 REDIN XCN_data~1),Y(N_data=1),2¢N_data-1)
S740 100000200 0000000000000000000000000
3738 1o STORE JUB LADEL
S760 1se 0000000000000 00000000000¢
3770 OUTPUT @Path_1jJobs
TF700 10000000000000000000000000080000000
$790 tesee STORE NUMDER OF ELCHENTS ooe
SO00 1008000000088 000080000800000000000
Sei1e
se20 990009000033 00000000000000800
3030 1esscsse STORE DATA ARRAY ootoacses
S40 '080000000000000000000000008000000
9830 QUTPUT @Path_1X(e),Y(8),Z(o®)
SHED 10000000000000003000000000008000¢000
sSe7e !
SO00 1000000000000000000008000008080800
SO, ASSIGN OPath_1 TO o
$988 SUBEND '

- - -

3910 000000000000 0000000000010000000000000000000000808000

$920

3930

5940 o THIS SUBROUTINE PRINTS OUT THE DEARING AND RELATIVE »

S950 !e CONTRIBUTION FOR EACH FREQUENCY COMPONENT IN THE DIRECTIONAL o
) S960 s SPECTRUM . b

GSO70Q 10000300320 080000330008000880000000000800%0008308000208000000020000000000
3980 SUB Print_out(Frequency(®),Magnitude(s),Phase(s),N_dats)
S990 PiesdesATN(L)
600@ PRINTER 18 6
6010 PRINT CHRS(12)
€020 PRINT “¢ 00080000205 008000000088000000000R000R00000000000000000 00000000004
[ ZXZIZT2YTZY AS
6930 PRINT “ece000s0000000¢0000000000 FREQUENCY MAGNITUDES AND PHASE ¢seessase
) asenpResesee”
. G040 PRINT “00000000080000008000000000000000000000000000R000000000R SRR SRS
. cessncnecness”
6838 PRINT
6060 PRINT
6070 PRINTY “Frequency Ragnitude Phase (Degrees) °
6008 PRINT
€098 FOR =@ TO N_data~i
6100 PRINT USING Foroat llrrtqucncy(l) Magnitude(l),Phase(])e180-Pi¢
6110 Format_11  InmGEt DD.DDD,16X%,D.DDDE, 22%,8D0D.D
6126 NEXT 1
€130 PRINT CHRS(1D)
6140 PRINTER 18 |
€150 SUBEND
CIlE0 100000000000 E000000000P00UR00R000000000000000080000000000
6170
6180
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;

€190
62080
6210
s220
6230
6249
6230
6260
£270
€200
6230
6300
€310
6320
€338
€340
€330

6360 |

¢37¢
[ %] 1]
€398
€400
[ 231 ]
€420
€430
6440
6490
6460
6470
€400
6490
€300
6310
63520
6330
6340
€330
6368
6370
6580
€396
6600
€610
6620
6630
6649
6630
6660
6670
6600
6690
6700
€710
€720
6730
€740
(241 )
6760
€770
6769
€790
6800
€010
68320
6830
6040
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le THIS SUBROUTINE ACCEPTS THO DATA VECTORS AND PLOTS ONE VERSUS
' THE OTHER . THE USER NEED ONLY SUPPLY THE LINITS OF THE GIVEN
te YECTORS AND THE DESIRED PLOTTING COLOR . SCALING AND AXES ARE AUTO-
te MATICALLY PROVIDED BY THIS SUBROUTINE . L4
1400000008000 080380003000020000080000C00800083000008080000048000008080300000
SUB Plot_file(Xdatac®),Youta(®) ,Nplot, Xein, Xuax, Yain, Yeax,Penc,News,Lbi $)
com /Plov Drocks Xitll..YltC\'.XoffDl! Yoffser

L K 3

'.....!’Q...........’...'....0.0....'.'.OQ..'...Q.....'i.'.l

lovenssseecsses DEFINTITION OF LOCAL VARIADLES evocccsssssess

l.oooooooooo 000040000000000000500000800000080000¢000080¢0000
Xdat ale) ! APSCISSA DATA VECTOR TO BE PLOTTED .

' Ydat a(e) ' ORDINATE DATN VECTOR TO DE PLOTTED .

' Mplot ! MURBER OF DATA POINTS IN VECTORS .

! Xain 1 SAALLEST ELEMENT IN Xdavale) VECTOR .

! Xeax 1 LARGEST ELEMENT IN Xdatace) VE.TOR .

! Yain ! SMALLEST ELEMENT IN Ydatace) VECTOR .

! Yeax t LARGEST ELEMENT IN Ydatace) VECTOR .

! Penc i DESIRED COLOR CODE OF PLOTTING COLOR .

! HewS ! ORDERS THE ROUTINE TO CLEAR THE CRAPHICS

Unites| t DEFINE THE COLOR CODE FOR WHITE

A _colorsihite 1 SET AXIS COLOR WHITE

xTefrue ! DEFINE LEFT OF SCREEN (Plotter Units)

Xrai)l=20 ! DEFINE X AXIS RAIL (Plotter Units)

Xcenter=gd ! X COORD CENTER SCREEN (Plotter Units)

Xright=s128 | DEFINE RIGHT SCREEN (Plotter Uinits)

Yoottoasd t DEFINE LOWER SCREEN (Plotter Units)

Yrattel§ 1 DEFINE Y AXIS RAIL (Piotter Units)

Yecentereds t Y COORDCENTER SCREEN (Plotter Units)

Yrope96 ! DEFINE TOP OF SCREEN (Plotter Untss)

! X_denocs t DENORINATOR OF X PLOTTING SCALE FACTOR .

! ¥_denom | DENORMINATOR OF Y PLOTTING SCALE FACTOP

tesssnes 2000000000000 0000000000000000000003030080000000808

100000000 ERRIRORRVNNORRNOROORRRCRROPROORRRIBRERGRES

tee CLEAR AND INITIALIZE GRAPHICS IF SPECIFIED »

".'.'.."Q..QQ"...'.."0'0.'00..'.'..0......'0

IF News®"Y* THEN

GINIT 1.9

GRAPMHICS ON

PEN HWhite

VIEHPORT X1eft,Xright,Ybottom, Yiop
FRAME
160800000000000000000000080 0080800
'e DRAW PRCPER AXES FOR PLOTVING
1868000000 80080008000800000083008000
IF Xein<@® THEN

IF Yoin<® THEN 100000000000 000000000000000000¢
XoffaeteXcenter e FOUR QUAD RAXES DRAWN HERE ¢
Yoffaseroycerter 1900000000388 8045000000000000000
X_denossXmax

Y_denossYeax
cALL Axis_draw(Xleft,Yoffses,Xright,Yoffset A _color,-Xnax,Xmax)
CALL ﬂxts drawi(Xoffset, Ybocton,Xorr:ot Ycop.ﬂ color,-Yn.x,Y-Ax)

ELSE !oooooooooooooﬁooooooooooooco.o
XoffsetesXcenter 1o es= X TYPE AX1IS DRAWN HERE o
Yoffsetesvrail 1980000000000 00000000800004080088
X_denoarXagx

Y_denoasyYaax-Yain
CALL Axis_drav(Xleft,Yoffset,Xright,Yoffset, A_color, -Xaax,Xsax)
CALL Axis_drawi(Xoffset, Ybottoa,Xof fset,Yvop,A_color,Yein, Yeax)

END IF
ELSE
IF Yain<® THEMN 1200000000035 0000080000000000000
HoffsersXral) Ie 4/= ¥ TYPE AXIS DRAUN HERE o
Yoffsetevcenter 102020000800 0008050000000000000

X_donomexmax-Xain
Y_denos=Yeax-Yain




6030
6060
667¢
6080
669%e
6900
6910
692¢
6930
6940
6950
€960
6970
6980
699%e
7000
7010
7020
7030
7040
7088
7060
re7e
7080
kd 21
7100
7110
7120
7130
7140
7130
7160
r17e
7180
719@
7200
7210
7220
7230
7240
7239
7260
72270
7280
729
7309
7310
7320
7339
7340
7350
7360
7370
7380
7392
7400
7410
7420
7430
7442
7480
7460
7470
7400
7490
7500
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CALL Axis_draw(Xoffset,Yoffset,Xrignt,Yoffser,A_color,Xein,Xeax)

CALL MAxis_drav(Xoffoet,Ybottom,Xoffses,Ytop,A_color,~Yoax, Ymax)
Yoffsetevbottiom

ELSE 1008000000000 0000c000008000000¢
Xoffseteoxrall ‘s ¢ ONLY X&Y AXES DRAWN MERE ¢
Yoffsetoybotton 10CCRRBEB00000088000008000000008
X_denopsXaax-Xain

. Y_denossYaax-Yain
.CALL Axis_draw(Xoffset,Yoffset, Xright,Yoffset,A_color,Xnin,Xaax)
CALL Axis_draw(Xoffset,Voffset,Xoffset,Ytop,A_color,Yain,Yaax)
END If .
END 1F
Xscalen(Xright-Xoffset)/X_denom
Yscalem(Ytop-Yoffset)/Y_denos
END IF
(2060500080000 0050000000000000)
fe DATA VECTORS PLOTTED BELON ¢
190000000000 0300000007000 000008
PENUP
CALL Scaler(Xdata(@),Ydata(®) ,Xain,Xmax,Yain,Ynax,X_plot,Y_plot)
PEN Penc
HMOVE X_plot,¥Y _plot
FOR 158 10 Nplot-1
CALL Scaleri(Xdatadl),Ydata(l),Xein,Xeax,Ynin, Yaax,X_plot,Y _olot)
DRAN X_plot,Y_plot
NEXT |
MOVE Xcenter,Ybottom
LDIR @
LABEL Lbis
SUDEMD
1 2000200 CRRRPRBIBORNDIBIVRINE00EDICRO000EBDOSCRDIBR2E22000000RIDRIEYS
|recscseesecReeR bR SUBROUTINE AXIS DRAN o se00eBetetRRROeS
!OO’.OOQ'.0000000’0...0.0.'0.....0..00'.:.l..."'....l.....".' (2222214 72]
te THIS SUDROUTINE DRANS AN AXIS FRON THE STARTING COORDINATE 7O ¢
le THE FINAL QNE . IT ALSO QUANTIFIES THE ORIGIN AND TERMINUS OF SAID ¢
te AXIS . . L
1080000800200 008000000000800C0800300003000008DRRERRRRRRIRRRRRIRPRIRSRY
SUB Axis_draw(Xstart,Ystart,Xfinal,Yfinal Axis_color,A_atn,A_nax)
Piee4eATNC )
Deltans
PENUP
PEN Axis_color
PENUP
MOVE Xstart,Ystart
DRAM Xfinal,Yfina)
PENUP
CS12E 3.0,.5
CALL Rounder(A_nin,d,Ad)
CALL Rounder(A_max,3,A)
IF XstartesXfina) THENMN
CALL Labelfvt(Xstart-Delta,Yatars ,Pin/2,Axis_color,YALS(RO))>
CALL leo!!t(xflnnl-Dolt;,YflnnlOZGDoltA,P|Q/Z.Axll_color,VﬁLC(ﬂl))
ELSE
CALL Labelit(Xstart,Ystart-Delts,d, Axis_color,VALI(NO))
CALL Labelit(Xfinal-2eDvita,Ystart-Del1a,0,Axis_color,VALS(AL))
END IF
SUBEND ,
108800088800 80800800000003 00080008300 000083 00300083003 00300000000000 00000

1000000000500 0000000 00000 RRINIREERIRRIRIRURIBRIRRIRIRIRERNRAtItedolstass
te THIS SUBROUTINE SIMPLY ACCEPTS THE CIVEN LABEL AND PLACES 1  WHERE +
'e IT 13 SPECIFIED Cie X,Y LOCATION) AT THE GIVEN TILT ANGLE . THE PEN o
1e COLOR “Penc’ 18 ALSO PROVIDED RY THE USER . THIS SAVES R LOT OF »
te REPETITIVE CODE . »
1 0600000000000 00 80000 IRRRtIRNTERIRRtIREsRENIb IR nIIt ItalntesnInitotetatets
SUB Labe!litcX,Y,Tilt,Penc,S8trngs)
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7510
7520
733¢
7340
7358
7560
37¢
7380
7399
2640
610
7630
7630
7640
76380
2660
670
7680
7690
7700
710
7?20
7?20
7740
??3%0
?760
?770
7780
7799
7808
7010
7820
7830
7840
793¢
7860
7870
7666
79%
7900
7910
7920
7930
7940
7939
7960
r97¢
7980
7990
8000
9010
820
8030
8040
soese
s060
8070
8000
8090
9100
e11e@
83120
81380
8140
8130
3160
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FENUP

NOVE X,Y

PEN Penc

LBIR Tis

LADEL Strngs

PENUP -

SUBEND

| B0080000003C0400030000000000 0000000000000 00000R0R000R0RR00NONRRRRRRSD
180003008000 00080000000008% SUBROUTINRE SCALER sessseee tecssassen
18000000000000000000080000000080000000300R0200000008000000 t00e000000
1s «THIS SUBROUTINE SCALES THE DATR PASSED TO 17 FOR CRT PLOTTING o
te PURPOSES . L4
1 S8 000000000008000 200000000000 000000080000000000000000400000080000000000
SUB Scaler(X_data,Y_data,Xain,Xeax,Yain, Ymax,X_ptlot,¥_plos)

COM /Plos_blocks Xscale,Yscale,Xoffset,Yof fset

X_plotsiscales(X data-Xsin)eXoffser

Y_plotsyscalet(Y _data-Yain)eYoffset

SUBEND

160000880 0000000800000880000000000000000000050000000000003000800000800000
{esodassses seansseass SUDROUTINE ROUNDER 000000000000 2800008800800
180000000400 000000000000000080000000000000000000280000¢ se00008000000
1e THIS SUDROUTIME ACCEPTS A NUMMIER OF ANY SIZE NR SIGN AND
1o ROUNDS 1T TO THE SPECIFIED NUMDER OF DIGITE .,
!000000000000000000000000000000.0000.000000000000000000600000000000.0000

BUR Rounder(X_input,H_digits,X_rounded)
1980005882080 00080000000000R0000800800400084800400083800000a0000
{eene
1000080003820 00000003000 0080000000002 0000008000000000008s
1 X_input ! INPUT HUMBER TO BE ROUNDED

DUNHY VARIABLE USED TO PROTECY X_input

! X_dusay

! N_digits NUNDER OF DIGITS DISPLAYED AFTER ROUNDING
' 8ign NUMERICAL POLARITY OF ROUNDED NUMBER

! Magnitude ORDER OF MAGNITUDE OF INPUT NURBER

! Mantissa NANTISEA OF NUMBER UNDER ROUNDING

1 ARGUNENT ! APBRIEVIATED VERSION OF MANTISSA.
{000000000000000000000000000000002000000000000000000C08080
IF X_{input<(>® THEN

1
'
1 X_rounded ! ROUNDED EQUIVALENT OF X_input
L]
'
!

X_duasysX_input
S$1gneSGN(X_duaay)
X dunny-ﬂ!‘(l dusay)
Nagnitudes INTILGT(X dunay))
Mant i ssaeX_dunay/(18~Magnitude>
Arguaent s INTCRant issa010~(N _diQits-1))/10+(N_digits-1)
X_roundedsSigneArgument 418~Magnisude
EL8E
X_roundedsX_input
END IF
SUBEND
ie 000050000000 3R0000000L02 0200000000020 008000800000000008
Is 2880000000000
10008508080 0000000000 0000000080500 00000000000000000000000038000008000000
'e THIS SUBROUTINE PROVIDES THE MEAN AND VARIAKCE OF A RANDOR »
fe YECTOR DOEPOSITED 1IN THE VARIABLE / Vector(es) -, THE NWFAN 18 o
fo DEPOSITED IN THE VARIRBLE - Mean * AND THE VARIANCE IN THE VARIADLE »
ts ‘ Yariance ° .,

'0.0.00...0.0.....00.0.0..000....0..QI..Q...II..Q...Q.....O..Q....'0...’
8UD Sratistics(Vector(e) ,H_vector,Mean,Variance)
(0880000000000 0000 0008848000800 R00003000008 2800000020 00000008

1es0ce0ssss oe DEFINITION OF LOCAL VARIADLES o L2
1000800008000 80000000000000000008000200000¢000000000000000s000083
!t Vector(e) t PSEUDORANDOM VECTOR TO ANALY2E .

! N_VYector 1 LENGTH OF PSUEDORANDOM VECTOR .

! Mean ! STATISTICAL AVERAGE OF RANDOM VECTOR .

! variance, t NEAN SQUARED AVERAGE DEYIATION FROM MEAN ,

] ()

Bum_vector

DUMMY INTEGRATION YARIABLE .




.
»
)
}
{
i
{
t
(
<

817e
8190
190
8200
8210
822¢
823e
0240
8250
0260
[ F3d ]
82900
829¢
9300
8310
8320
8330
8340
8339
8360
9370
8382
€390
8400
0419
8420
8430
8440
0430
8460
8470
8480
94980
9300
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1000300000000 003000000000000000000000008000000000800000000000 0

1008300000000 00000000000800000

te DETERMINE MEAN OF VECTOR o

1800003000003 00000300000000000

$Sus_vectored e .

FOR 10 TO N_vector-]
Suw_vegrorsSua_vectorevVector(l)

NEXT T |

Means$um_vector/N_vecior

|000.0'0.00.0.00..00.90.00..0..0.

te DETERMINE VARIANCE OF VECTOR o

1008000000300 000000800000000 000008

Sua_vectorsd

FOR 1=@ TO N_vector-1
Sum_vectoreSum_vectore(Vector(l>-nean)~2

NEXT |

VariancesSus_vector-N_vector

SUBEND

1 00000000000000000000000000000000000000000000000000000000000008000040
e THIS SUDROUTINE PERFORNS A TRIANGULAR WINDOWINC OPERATION o
t®# ON THE SUPPLIED VECTOR . THIS 18 A PRELUDE TO R FOURIER TRANSFCRM o
te OPERATINN AND IS INTENDED 10 REDUCE SPECTRAL SIDE LOBING . .
10020006000 00000000020080000000000000R3800800000008R8000000000000000 0000
8UB Hindower(Yector(e),. vector)
FOR 120 TO N_vector-i
IF 1(N_vectors2 THEN
Vector(l)sVector(I)e(201/N_vector)
ELSE
Vector(l)esvector(I>e(i-20CI~N_vector/2)/N_vector)
END IF
NEXT 1
SUBEND
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. 1000 100800010000 000000020000000000000080008000000300000000000000000000000000
1010 lsevcessacescossscsossses PROCRAM SPEC_DERIY secsoccscssoose
1020 002000000003 000000030000000000000008000c000000% S0E000%0208000000000

1039 |e THIS PROGRAN GENERATES AND COKPUTES THE FOURIER TRANSFORM ¢
1040 1o OF THE SPATIAL DERIVATIVES d2/dx AND d2/dy AND MRITES THE RESULT- &
103€ !¢ ANMT- TO DISK AMD THE PRINTER IF REQUESTED . .

1080 1308000000000 0000000000000RR000C00800000000000080280002080000080000000
1870 DINM Zdx_uag(4096),2dy_uag(4096),2dx_s1gh 40961 ,2dy_s19h(4896)>

1080 DIM NameS(16),Mame_angs( 161, Nane_sdxs{16),Nane_sdyS(16), Jobs(80)

1090 DIM Phi(4896),Theta(4096>,Dz_dx(4096),Dz_dy(4096)>

1169 DIM Frequency(4096), Duany (4096)

111, rRINT CHRSC(12>

11200 1008000030000 00000030000000000000000000005000000000008000000
1133 1eeseses DEFINITION OF PROCRAM VARIABLES
140 1000000000000000000000008009000000000000000000060000030000000

1130 1 Phi(e) ! ELEVATIONAL ANGLE OF UNIT MORMAL. (Radians)
1168 ! Thetal(#) * AZIMUTHAL RNGLE OF UNIT NORMAL. (Radians)>

1170 ! Dumayc#) ! DUANY VARIABLE USED TO ACCEPT 2(e).

1100+ Dz_dx<(®) | PARTIAL DERIVATIVE OF 2 NRT X.(Rasiomevric)
1190 1t Dx_dy<®) ! PARTIAL DERIVATIVE OF 2 NRT Y.(Ratfometric)
1200 ! Zdx_sag(e) | TRANSFORMED SPECTRAL MAGNITUBE OF DBg_dx(e),
1210 | Zdy _magted { TRANSFORMED SPECTRAL MAGNITUDE OF Dz_dy(e),
1220 1 2ox_sigh(s)>  TRANSFORMED SPECTRAL. PHASE OF Dz_dx(e),
1230 ! Zay_sigh(s> | TRANSFORMED SPECTRAL PHASE OF DZ_dy(e).
1240 ! N_data !t DATA POINT NUMBER IN TEMPORAL DATA STREAM,
1298 | N_point ! N_data POUNDED UP TC NEXT POWER OF THO.
1260 Hediuns=“DASIC/DATA_FILE "

(270 Pie=4sATN(1)

126¢ T_sample=1/69 TENPCRAL SANPLIMG INTERVAL. (Seconds)
12990 F_seplesés SAMPLING FREOUENCY. (Heri12)

1300 ! Name_angs ANGULAR FORMATTED DATA FILE NAME.

1310 | Mawme_sdxs FILENANE OF FOURIER TRANSFORMED Dz_odx.

1320 ! Name_sdys ! FILENARS QF FOURIER TRANSFORMED Dz_dy.

1330 1000000000000 0000000000000000080000000000080800000800000080 s

1349 INPUT “Enter FILENAME of SOURCE DATA (Omit Extension) ....°,Name$
1350 INPUT “Enter SPECTRAL TRWLICATION LENGTH eseas "y N_short

1360 Windouw_$s"N"

1370 Hame_angfsNamest”_ANG*

1380 HWHame_sdxSeNamesi®_SDX*

1398 Name_sdySeNamest”_SDY*

ll" isssesnosssnns LI LI R Y X2 2 XY YRS YRR YRR Y Y Y )

1410 t+ BOOT IN DIRECTIONAL AND VERTICAL SPECTRAL DATA &

1‘20 {90080003000088BRB0RE008R000000080080R0087v8RBRY

143@ CALL Reedfileld(Name_ang$, Jobs,Nediuns,N_da\ a,Phi (0>, Thet a(4), Dunay(e))
14490 H_pointa2~INT(LOG(N_data)/LOG(2)+})

1450 1000003000000 00000 5000000080000 0000000000001 80008000

!
!
!
!

1469 .

1470 10000030400 0000100000000008300300000000000000 (224

1480 CALL Make_slopes(Phi(e),Thetale),N_data,Dz_dx(e),Dz_dy(e®))

1490 1000 P r0r 000000000000 RIRORIRIEs IR R INENeeRRsssctds )
130y 1+ COMPUTE SPECTRUM OF SPATIAL DERIVATIVE VECTORS ¢

1510 10, ¢0000000000¢0000000200000000000000004800000000000¢

13920 DISP “evseen CONPUTING SPATIAL DERIVATIVE FOURIER TRANSFORMS osseee
1330 (7 Hindow_é3°Y* THEN

1549 CALL HWindover(Dz_dax(e),N_point)
13%2 CALL Mindower<Dz_dy(#),N_point)
1960 END IF

1870 CALL Fft(bz.dx(O),N_point,Pi0,Zﬂx_ltg(O),ldx_)lgh(;))
19589 CALL FrudDz_dy(e),N_point,Pie,Zdy mag(e),Zuy_sigh(s))
1398 CALL F-eq_base(N_point,N_short ,F_somple,Frequency(s))
1600 1000000000000 00¢0080800008000080000301"0000000000000

1610 leasase
1620 1sseese G087 008000080208 000030000030000000
1630 INPUT °STORE Spectral VYectors o~ DIBK ? (Y’M/....",AS

o 84
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1648 IF As="Y" THEN

1630 CALL Writefiled(Nane_sdxd,Jobs, Hediuas,N_short,Frequency(e),2dx_nag(e
d,2dx_sighce))

166¢ CALL uritcr!lc:(N.no_tdyO.Jobc,ncdtu-t.n_short.Froqucncy(o),zey_-.g<0
Yy2dy_sigh(e))

1679 EXD IF - -

1680 INPUT “PRINT-OUT Spectiral Cosponents ......",As

1690 IF Ase"¥° THENW

1700 CALL Print_outS(Frequency(e),2dx_nag(s)>,2dx_sigh(e),2dy_mag(e>,2dy_si
gh(e) ,N_short)

1710 END IF

1720 END

1730 10000000000000000000000000000008080000000000080008000000800000000000000¢

1740 1000000000000004000000008090 SUBROUTINE FFT 2000000000008 0000000000v0000¢

1750 100000000000 000000000000000000000000000000000000000000008000000000080000

1760 1o TMIS SUDROUTINE PERFORME A FAST FOURIER TRANSFORM ON TNE o

1770 s DEPOSITED DATA VECTOR “ X _input(#) ‘., THE REAL PART OF THE SPECTRAL ¢

1760 1s VECTOR I8 RETURNED IN THE YARIAILE F_real(s) ‘ AND THE INAGINARY ¢

179@ ie PART 1S RETURNED 1IN VYARIABLE F_isagecs) - , IT I8 IMPORTANTY TCO ¢

1600 1e NOTE THAT , IN ORDER FOR THIS FFT ALGORITHM TO NORK THE NUMBER OF ¢

1818 1o DATA POINTS UNDER ANALYSIS MUST BE A POMER OF THO I} *

1820 1000000000000 000000000000000000000000000000000000000000000202000000000000¢

1830 8UB Ffecx_input(e),N_point,Pie,Nagnitudels),Phase(s))

1848 DIM Real 1(4096),lnage_1(4096),Rea)_2(4096), Inage_2(4096)

1830 DIRM P_index(2048),0_inder(2048)

1960 REDIN Real_1(N_point-1), lmsge_1(N_point=-1)

1870 REDIN Real _2¢(N_point-1), Insage_2(N_point-3)

1809 RAD

1990 PiesdsATNC(S)D

1900 V_point=INTCLOGIN_point>/LOG(2))

1910 10000000600000000800008000080000080000000000000000000000

1920 TRANSFORNM

1938 G00000000005000080880083083303380080000800000000s

1949 CALL Dit_reversecX_input(#),N_point,V_point , Resl_1(s)>

1930 'o0sssvesscesersnenisessenssnsase

1960 1o NULL IMAGINARY INPUT VECTOR ¢

1979 120800004800 0000 1180800000000 08

1900 FOR (=0 TO N_nn\ t/2-)

1990 Inage_1<1)3=y

2000 NEXT 1

2610 FOR 1 _stage=0 TO V_point=1 ! START STAGE STRODING LOOP

2020 CALL Buttarfiy(N_point,V_poiny,l1_stage,P index(#),Q_index{#)>)

2030 FOR J_butterflysd TO N_point/2-1 ! 6TART DUTTERFLY STRODING LOOP .

2049 190008080000 000000000000030080000 00000

2039 'e DETERNINE BUTTERFLY DRANCH POINTS o

2060 19900000000 800000000000080030000000000

2070 PaP_index(J_butterfly)

2000 0=0_index<J_butterfiy)

2090 R_poweresFNModulo(J_butterfiyed (v_point-1-1_stages,N_point/2)

2100 CALL Phasor(Pie,N_point,R_pouer,d_real,N_iaage)

2110 CALL Product_complex(i_real,H_inage,Real_J<0),Inage_1¢Q>,Dunmy_real,
Dusay_inage? .

2128 1000002028000 000000080300800000000000

2130 1e COMPUTE UPPER HALF OF BUTTERFLY ¢

2140 108090000000 003000080000800008008008

2130 Rea!_2(P)sReal_1{P)+Dunny_rea)

2160 Inage_2(P)=lmage_1i(P)+Dunay_inage

2179 0000000000000 0000000000000000000000

2180 e COMPUTE LOWER MALF OF BUTTERFLY »

2190 1000008008080 00000300000000300000000

2200 Real_2¢Q)sReal _1(P)-Duney_real

2210 Inage_2¢(@)minage_1(P)-Duany_inage

2220 NEXT J_butterfly

2230 18830000000 03030080008000840008450000000

2240 ' UPDATE NEXT CYCLE SOURCE VECTOR »

22%0 100000200000 00RP30800088000000008000

B S et 4 (O PP ]




2260
2270
2200
2290
2300
2318
2320
233
2240
2330
23¢0
2370
2380
23%0
2400
2410
2420
2430
2440
24%0
2460
2470
2480
2490
2%90
2310
29520
2330
2940
23360
2560
23?0
23082
2390
2600
2610
2620
2630
2640
2690
2660
2670
2680
2690
2700
2719
2729
2730
2740
27%0
27¢€0
2770
2790
2790
2000
2810
2020
2830
2040
20380
2060
2070

2000
2090
2900
2910
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MAT Real_loReal_2
MART lmage_lelaage_2
NEXT [_stage
12080000480 0000000000000000000800000000000003000
te DETERNINE MAGNITUDE AND PHASE OF SPECTRUM o
10000000000000000000000000000000800808080000000
CALL Mag_phasecReal_2¢(#), Image_2(¢0),N_poins,Magnitudecs),Phase(s))
SUDEND
B0 00000000000000000000000000000000000080330000000000008000000000000¢
LeNee00s0DE0R0RCRCRCNOSMIOMISY SUDROUTINE NAG PHASE 20000005080 0000000000000
1 000000000000000000000000000000000000000000000000000000060080000000000000
e THIS SUBROUTINE COMPUTES THE MAGNITUDE AND PHASE OF TNE COMPLEX ¢
te VECTORS PROVIDED IN THE VARIABLEE ° X real(e) “ AND ‘ X_imagecs) 7, o
Yo THE RESULTING WAGNITUDE 18 THMEN STORED IN THE VECTOR 7 R_mag(s) ‘o
te AHD THE PHASE 1S STORED IN THE VECTOR ‘ P_phase(s) - .
19000008000 00000000000000000000000000000000000000000000000000000000000000
SUB Mag_phase(X_real(®),X_tuage(®),N _point,R_nag(e?,P_phase(s))
PievsdeATNC))
FOR (=0 TO N_point=-{
R_0ag(I)=8QR(X_res I)eX_real(l)+X_inmageCl)eX_tmagecl))
IF X_real(13¢<>0 THEM
PhasesATH(ARS(X_image(l)/X_real(l)))
ELSE
PhasesPies2
END IF
X_signeSCN(X_real <l
Y_signeSCN(X_image<I))
IF Y_sign>e® THENM
IF X_signd>e8 THEN
P_phasell)ePhase
ELSE
P_phase(l)sPie~Phase
END T:

ELFE -
IF X_sign>=9 THEN .
P_phase(l)=s-Phase
ELSE
P_phase(l)>sPhase-Pile
END IF
€ND IF
NEXT 1
SUBEND
10080808080 000000000000000000R000000T0000C0RR0RR000000000000000000000080
100920000000 000000080858 SBUBROUTINE DIT REVERSE 00000000000 0000800000000
100000000003870000000000000000000000004040000000R00000000000000000000000
‘e THIS SUBROUTINE PERFORMS A JBIT-REVERSAL OPERATION ON THE o
's DEPOSITED INPUT VYECTORS INDICES . THIS I8 IN PREPARATION FOR RN o
1e IN-PLACE FAST FOURIER TRANSFORM OPERATION . .
1000000000000000000000R00000RN0000T000CR00000000000800000000000080000030000
8UD Bit_reverse(Vector_in(e),N_vector,N_power,Vector _out(e))
DIN Index_inC16), Index_out (16> B '
1080080000000 0000000000000000000000000000000000¢
tesesosssesnsese DEFINITION OF LOCAL YARIABLES o
10080000000 8000000500000000500000000000004000000083000008000
! Vecror_in(e) t INPUT VECTOR TO BE DI1T REVERSE SORTED.
t N_powver ! LOG DASE TWO OF INPUT VECTOR LCMGTM .
t N_vector ! ACTUAL LENGTH OF INPUT VECTOR .
! Index_{incCs)> t DINARY INPUT VECTOR REFERENCE INDEX .
! Index_out(e) { DINARY BIT REVERSED OUTPUT VECTOR INDEX
! Vector_out<e> t DIT REVERSE SORTED OUTPUT VECTOR .
100000000000 000000 00000000000 00000000000000000000008000000
FOR 120 TO N_powver I NULL BIT INDEX WORDS
Index_in(1)e0
Index_out(1)>s=0
NEXT 1 :
FOR [=0 70 N_vector-1

86
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IF 1<>8 THEN

CALL Inc_bimary(lIndex_in(®),N_pover)
END IF
CALL Reflect(index_ince), H_pouer, Index_out (#))
CALL Dase_tan(Index_in<s>,N_pover,1_input)
CALL Base tca(indo: out(o) N_pouer.1_output)
'..0...000..0...0000...0...00..0.0000..'.0..
tee PIT REVERSED INDICES OPERATION BELON .o
1900008000000 00080008800008000008020000000000000
Vecror_out(l_output)dsVector_in(l_input)

NEXT ]
SUBEND
| 000000000000 000000000080000300000000000000000008000000800000000000000000
1eseossssnsgesene os SUBROUTINE INC_BINARY oo2oetssessssstssconssdes

| 990000000000 0000000000800300Q00000RRR00RRRGORRIERNRRRNNRGIRRNORNRRIRIREYS

X3 THIS SUDROUTINE PERFORNS A BINARY INCREMENT OPERATION ON THE +
te DEPOSITED DINARY VECTOR - Word_inc(e> -~ AND RETURNS THE RESULT IN ¢
te THE SAME VARIRILE . .

1900000080008 008000000003200000300000008000220000300000008800280000000000000
SUB Inc_binaryilord_inc(e),N_powver)
Carry_flage®
Bone_f1ag=s
10
MHILE Done_f1lage®
IF (=0 THEM
IF Hord_1inc(l)s0 THEN
Hord inc(])e|
Done_flagel
ELSE
Nord_.nc(l"-e)
Sarry_flag:t
END IF
ELSE
1F Carry_flagel THEN
1IF dord_inc(1)=8 THEN -
Hord_inc(1)el
Done_~1age1
ELSE
Mord_inc(l>=®
Carry_f1aget
END IF
END IF
END 1IF
lele}
IF 1eN_power THEN
Done_f1ag*!
END IF
END MWMNILE
SUBEND |
1020002000000

1060000800000 0000003000880000000000000000000000000030RRRR00000000000000080

te THIS SUBROUTINE TRANSPOSES THE POSITION OF THE B1TS IN THE INPUT o
e YGCTOR TO OPPOSITE POSITIONS HITH RESPECT TC THE CENTROLD OF THE o
te BINARY WORD . .

1900000000000000000000000000000000000000000000000000000000000000000000000
SUD Reflect(Kord_ince),N_power,Nord out(o))
FOR 120 TO N_power-1

Word_out(l)sdord_in(N_power-1-1)

NEXT T

SUBEND

1008008308000 000800000030800800000000000000000000800000000000 000000008000
1000000000000 000¢00002000 SUPROUTINE BASE TEN 0008800000000 0000000000000
’“00000000.00.0000..00..0.0.00.00000000QQ:QQOQQQQQQQQOI0.0..00..000...00
te THIS SUDROUTINE CONVERT: THE DEPOSITED BINARY VECTOR TO A PASE -
te TEN INTEGER . THE BASE TEN NUMBER IS RETLINED IN THE VYARIABLE ‘X_out” o

87
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1000000000000 80800000000000080080080030000000080000880000000083400080000000
SUB Dase_tenchord_ince),N_power,X_out)
X_out=§
FOR 129 TO N_power-i
X_outsX_outelord_in(l)e2~1
NEXT 1 - -
SUBEND
1000000000008 030000000000000000000000040000000000003000300000000000000008
2080000800200 0208aé0 JUBROUTINE DUTTERFLY 000008380000 000800000300000
1000000082808 00000030R00300000000000008000000000000040000080000000000000
1e THIS SUBROUTINE GCEMNERATES THE NECESSARY (HDICES DEFINING THE o
te DUTTERFLIES NHICH PERFORR THE IN-PLACL COWPUTATIONS OF N FAST o
e FOURIER TRANSFORAN
lQO'00000000000.0.00000.0l00QQ’00000.000...000.0.'0.0'.0..0.00..000.000.
SUB Dutterfly(N_point,v_point,Stage,PCe),0Ce))
1900000000000 00000200R000Q000000006000000000000000
DEFINITION OF LOCAL VARIABLES
000500000000 00008000005000040000008080000000
N_point ! NUMBER OF POINTS IN FOURIER TRANSFORM .
v_pointy 1 LOG BASE TWO OF NUMBER OF TRAMEFORM POINTS.
st age t STAGE OF TRANSFORM VECTOR PROCESSING .
span ! WIDTH OF ROW SPAN OF BUTTERFLY .
H_butterfly | NUNBER OF DUTTERFLIES IN TRANSFORN STAGE.
N_cross ! NUNBER OF BDUTTERFLIES FOUND .
Up_cross ! POSITION OF UPPER BUTTERFLY BRAMCH.
Lov_cross I POSITION OF LOWER BUTTERFLY DRANCH .
PCe) t ‘P’ IMDEX OF BUTTERFLY ‘M_cross’ .
ece) 1 ‘07 INDEX OF BUTTERFLY “N_ _Cross’ .
1000000000000000000000000005000000000000000000000800000803000¢
Spans2-~Stage
10000000000000000000000000000
1s DEFINEC INITIAL DUTTERFLY o
10sAGc00BRORRILR N2C0RRORNS
Up_croes»pd
Lov_crossefpan -
N_crazer=t ,
IF 8pan>1 THEN 1 TEST OUT CASE OF STAGE ZERO
HHILE N_cross<k_eoint 2 -fpan
For Teup_cross To Lov_cross~]
M _crossesd crossed
PN _cross)e!
O<N_cross =leSpan
NEXT 1
Up_cross®@(N _cross)+}
Lov_crosseUp_crouss+Span,
END WHTLE
ELSE
FOR 1s@ TO N_point-2~-1
PClIm2e]
Q(lre2el+}
NEXT 1
END IF
SUJEND
10000000000000000000000807000008000J0000800008000800000000000000000000000
o FUNCTION MODULO
CH000I000000000000000000000000000080030000000080882000000000000480088
THIS FPUNCTION RETURNS THE MODULO VYALUE OF AN INTEGER »
'e ARGUMENT WART THME MODULO LIMIT SPECIFIED A8 * Mod_max’ . L
1000000000000000000000000000000000000000000000000000000008000¢000000000008
DEF FNModuto(Nuaber,h Mod_sax)
Du.-y-lNT(Nulborfﬂod sax?
N -od-Nu-bcr-Dun-yOHoc aax
RETURN 1 _mod
FNEND
180200000000 -08000000000000800000000R000000R008000000800000000000020080508
'80000008004 0n000e0es SUDROUTINE PRODUCT_COMPLEX 294030000000 0000000008




4240
4250
4260
279
4200
4290
4300
A3le
4320
4339
4340
4350
4360
4370
4300
4399
4490
4410
4420
4430
4440
44%0
4460
4470
4490
4490
4300
4310
4328
4530
4340
4350
4360
4370
4582
4390
4608
4618
4620
4630
4640
4630
46690
4670
4689
4690
4700
4710
4729
4738
4748
L X411
4768
4778
47200
4790
4080
4910
4920
4830
4940
4930
4960
4870
4000
4990
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160000000000000800000000000000000000000000000000000000000000000000000008
te  THIS SUBROUTINE PERFORMS A COMPLEX MULTIPLICATION OPERATION ON THE ¢
te DEPOSITED  X_real * X_image - AND 7 Y_real ¢ ¥ _image ° INPUT o
te VYARIABLES AND RETURNS THE RESULT™ IN  THE  VARIABLES o
e ¢4 Z real + 2_tmage ° . .
100000000800000000000000 S000E000. 00000000V 0R0000300000000000000008000
BUP Product_complex<X_real,X_isage,Y_real,¥Y_inage,Z_resl,2_isage)
1200000083080 000803008000L300000000003000800000000000000000000

DEFINITION OF LOCAL VARIABLES osa

RERL PART OF THE PRODUCY OF INPUT VARIABLES .
Z_image ' IMAGINARY PART OF PRODUCT SUM OF INPUT VARIABLES
180300800000 0000030000008008800000000000000000000000000000008
Z_realsX_realtY_real-(X_imagesy_image)

2 i..gnlx re.lov 'ICg.’X 1n.golY real

SUBEND

1800000000000 00000000
108000000000 000000808
1000000000000000000000000000050R0000000008000009000000000000000008000030
te THIS SUBROUTINE COMPUTES THE REAL AND IMAGINARY PARTS OF AN »
le EXPONENTIAL UNIT TRANSFORM PHASOR RAISE) TO THC POWER ‘ R _power ‘. @&
100600080000 8000000000800000000800030040030.00000000000000000000000000000
SUB Phasor(Pie,N,R, KH_real,_inage>

W_realsCOS(2ePieoR/N)

W _108ges8IN(2oP i eeR/N)

SUBEND

1900000000000 00003000R000000000000000000000000RR0000000000000000000000000

lee B0C0000000LTRENBDINNONIBOTINIRINENIEIRIRORR see
! K_resi ! REAL PART OF FIRST INPUT VARIABDLE .

' X_1mage ! IMAGINARY PART OF FIRST INPUT VARIABLE.

' Y_real ! REAL PART OF SECOND INPUT VARIABLE .

' Y image ! IMAGINARY PART OF SECOND INPUT VARIABLE

[} 13

L}

205080808000 000000000000

1550088508538 5544608300003003040008300030004000083300000 R0 00080000008

‘e THIB SUBROUTINE EXTENDS THE LENGTH GF THE RECORD TO THE MEXT o
t+ HIGHEST POMER OF TWO DY FILLMWC THE REMAJNDER W1TH ZEROES . .
1 E0NSP0DPIPCSRRRLRRSQR00200000000080000800002000000000004500880000800000
SUB Zero_f111(DuasyCe),N_in,N_out) )
V_ineINTTLOGCN_in>-L0G(2)) ! COMPUTE PONER OF THO OF DRTA RECOAD.
N oute2-¢v_inel) ! INCREASE RECORD LENGTH TO NEXT HICH-
REDIN Dumay(N_out-1) t §8T PHER OF THO .
FOK I=N_in TO N_out-1

Dumay(l>e@ ! ZERO FILL REMAINDER OF DATA REZORD .
NEXT 1
SUDEND

1490080808800 008%0008000000000 Q0005080008000 0000000000RR0RR00R0RRRIEYRSS
10080000000 00800000u0088 SUBROUTINE MAKE SLOPES 0000000000000 0254000000
1040000000 0000000080008000000000000080000000R00000000R000000800RNREARERS
'e THIS SUBROUTINE GEMERATES TME SPATIAL DERIVATIVE VECTORE o
te FROM THE ANGULAR FORMATTED WAVE COMPUTER DATA FILES . *
IRV Ese8e000tte e eionatsaeRieeeeietinyintatessntsesicitatesssoesonsos
GlJB Mere _slopes(Phice) , Thetal®), N eala.nz dx<e),Dz_dy(e))>
FOR 120 TO H_dasa-t
Dz-dx(l)-ofnu(Pht(l))OCOS(thta(l>>
Dz_dy(1)s-TAN(PhiCI) > e8IN(Thetall))
NEXT |
SUDEHD
1600000000000000 0000080000000 0308002000000R0000000000000R00000000000004

(9000808880 8000R 0000080000800 00000000080000000000000000

e THI® SUNROUTINE ACCEPTS THREE DATA VECTORS OF EGUGL LENGTH AND ¢
te MRITES TMEM TO A DISK STORAGE FILE UNDER THE FILENANE SPECIFIED o
te BY THE USER . [

100088000 00R00ES1000000000000000000000000000000000000000000000080000000¢
BUB Hritefiled(Nanes, Job.,nchU.t.N data,X(e),Y(8), 2¢0))

DIN File_nanes(48)
|00.00.0000I‘00&.0000.000000.0000.0.00.00..0.0000.0'00.0.00.0.0.
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4900
4910
4920
4930
4949
4930
4960
4978
4960
4990
Seee
S010
3020
S030
Se40
Sese
S060
3876
3000
35090
100
s110
S120
S130
S140
S190
3160
3176
Si00
S170
s200
3210
s220
S230
3240
5290
3268
sare
5200
5290
3300
5310
3320
33350
$340
5130
3360
3370
3380
s39%0
S400
S410
3420
S430
S440
S480
S460
3470
S400
3490
3500
3510
o P1 )
sa3e
3340
939¢

NWC TP 6842

! Ngmes$ ! NAME OF SERINL FILE CREATED TO RECKIVE DATA

! Jobs ! DESCRIPTIVE JOB LASEL OF COMTAINED DATA

! Nediuas 1_ADDRESS OF MASS STORAGE mEDIUM

! N_datas ! MUWBER OF DRTA ELEMENTS IN EACH VECTOR .

!00000 ooo000000000000000oo0000.00000.000000.000000000000.000

NS0 080vVERRDRRRGRGY

e cnla?s navﬂ rth FOR STORAGE o¢
(0000080508000 00002000000200000000
Pile_sizesINTC(ON _data/y)
IF megiuass=y IMTERNAL® THEN

File_nassfohanestfediuag
ELSE

File_nanefoNediunstNanes
END IF
CREATE IDAT File_names, File_size
1000080000808 080000000080000000000
1 ASSICN DUFFER 1/0 PATH TO FILE o
(2300800502000 00003800040000800000
ASSICN OPath_1 TO File_naaes
1008003000873 0080000500081000080004000
1e¢ CORRECTLY SI1ZE DATA VECTOR
1000000000005 0000R000080000%0000800
REDIM X(N_data-1),Y(N_data-1),2¢(N_dats-1>
1000000000080 000038300000000000080
fasssses STORE JOD LABEL cecsecder
1 90RO CORCODOEO0ERICBESPOEIRORES
OUTPUT oPath_1jJobs
1000000080000 000000000000000 000000
1ooee STORE WUMBER OF ELEMENTS eoe
{0020030200000000200000000000008 000
OUTPUT SPath_1iN_data

10020000000000000000000000800008000
OUTPUT @Path_1gX<e),Y(8),2¢®)

1900000000000 800C00000000000000088

1050000000000000000000000080000009
ASSICN OPath_i TO ¢
SUDEND
1000030000 00080000000000000C000I000000000000R0000000000000000000000080000
. SUDROUTINE READFILED oo
000500000080 00000000000000000000
te THIS SUBRCUTINE READS THREE DATA VECTORS FROM DISK STORAGE OF o
te EQUAL LENGTH AND PGOTS THEM INTO THE DUMMY VECTOPS X(8),Y(®),2(¢e), ¢
10000000000008000300000000000000000000000080000000038000000000800000000
SUD Readfiled(Names,jobs, Nediuns, N_data,X(e),Y(8),2(8)}
DIN File_nanes(48]
19000000800008030000800C0000000000000008000000 see
Iossescncccsscssasss DEF,NITION OF VYARIAILES .
1 00800000000000000000000000000000000000005000000800000000000000¢
| Hame$ ! NANE OF SERIAL FILE CREATED TO RECEIVE DATA
t Jobs ! DESCRIPTIVE JOB LABEL OF CONTAINED DATA
! Mediums ! ADDRESS OF NASS STORAGCE MEDIUM
! N_data ! HURDER OF DATA ELEMNENTS IN EACH VECTOR .
| 6000 0EREE0000000008080000000000000000000000000000000880000000000
190000008000005680000080800800000000¢
! ASSIGN DUFPFER 1/0 PATH YO FILE ¢
19020000¢08000000800000000000008000
17 Mediuase " INTERNAL" THEN

File_naseS=NasefiMediuns
(48 1

File nl..l'ﬂ.d1u.‘tﬂll"
ENC IF
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S%60 ASSIGN @Path_1 TO File_nanes

3370

$3s0

SIP0 100 0000E RN BIRELERDRIGNENRINES

3600 ENTER #Parh_1jJobs

5610 (0000000000000 00000000000000000000

9620 1099 ENTER NUMDER OF ELEMENTS

SEI0 1020000500008 0300005E0000000000

S640 ENTER $Path_1)N_data

SES0 10000000000000088000008000000000000

S€60 1es CORRECTLY SIZE DATA VECTOR ese

SE70 0200000030000 05080000080020000008

3680 REDIM X(N_data-1>,Y(M_data-1),2(N_data-1>

SEID 1000000000000 0000000080080000080000

S708 |escsces READ DATA ARRAY osowssice

S710 1020000000 0000082000080000000800000

S720 ENTER SPath_1)XC9),Y(®),2(®)

S730 100800000000000080800008000000000¢

S740 ¢ CLOSE FILE AND BUFFER

S7S0 106000003300 80080080000000000004006

S768 ASSICN 0Path_1 TO o

S?770 REDIN X(4096),Y(4996),2(409¢)

3768 SUBEMD

S790 100020000 080000080000000000000800000000020088030080000000000008800000000

9000 t1ss000s0n

SOI0 100000000000¢00003080000000008000000003030000000000000800800000000000380

3820 te THIS SUBROUTINE PRINTS OUT A SIX YARIAILE DATA TABLE ON THE 0

9830 1o LINE PRINTER .

S840 I000ooooooooooooooooooooooncooooooocoonoltoaoooolooooncuo.ono0000000000

J830 SUB Print _outI(X1(e) ,X2C¢(0),XIC0),X4C8),XT(8),N_print)

se¢s PrInTER 1T €

9070 PiemssATNC])

S000 PRINT CHRSC(12)

9098 PRINT

S900 PRINT

99190 PRINT TN e0000000000000000000000000000000000000300000000800008000000¢
000003800008

9920 PRINT “eecesscessveosses SPECTRAL COMPONENTS OF SPATIAL DERIVATIVES ecees
2000005 000000°

9930 PRINT “000000000000000005000000800000480000000000000000000000000000000000¢
0000082040000

9940 PRINT

3980 PRINT

9960 PRINT “Frequency MAG F(d2/dx) PHASE F(dZ/dx) MAG F(dZ/dy) PHASE
F(d2/dy) *

9970 PRINT

5988 FOR 1@ TO N_print-g

5990 PRINT USING Foraat JHIXICD)  X2C1),XICT)0100/P1e,X4C1),XB(1)0100/Pie

6000 Format_11 INAGE 1X, . DD, 8X,D. nnl,xox.snnn D,8%,D.DDE, ?X,8DDD.D

6038 NEXT I

6020 PRINT CHRS(12)

6038 PRINTER IS 1

6048 SUBEND

‘.S. 1000006000080 000000000000080008000080800080080000000000080300000083000800000

060 100000000080 0000000000000 SUPROUTINE FREQ BASE 0050500000000 000000000008

GOT0 1906000000060 000004000000000003000080000000000000008000 000000000000 000

6000 1o THIS SUBROUTINE COMPUTES THE FREQUENCY BASE VECTOR FOR THE .

6099 !+ RESULTANT OF THE DIRECTIONAL FOURIER TRANSFORM .,

‘l.. |00.000000000000.0!00000.00000.0..000.00.0.600.000.G.GQ.0.000IO.........

6110 SUD Freq_d: .¢(N_point ,N_frequency,P_sasple,frequency(s))>

6120 F_de)taef sasple/N_point

6130 FOR 120 T8 N_frequency-1

6148  Frequency<Treler_detta

6190 NEXT 1

6160 SUDEND .

‘17. 160004000000 080000000008%08000800004000300000000000000000000000004000000000
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6180
6190
6200
€210
6220
€230
6240
€250
6260
6270
6200
6298
€300
€319
€320

€330 !

€340
€330
6360
€370
€300
€399
6400
6418
6420
6430
6440
6490
6469
6470
6408
6490
6300
6310
€320
e330
€340
6350
€360
€370
[$+11]
€39
€600
€610
6620
€638
({21}
(13.1)
[ 114
({134}
(12 1]
€698
€700
€710
6720
€720
€740
[24-1]
760
6772
€789
€799
co00
€819
€020
€030

NWC TP 6842

(0000000000005 0000000000 SUBROUTINE PLOT FILE €¢0000000000020000000000000
fe 2800000400000 000 0IQOO00000000000000:0000000.00000000.00 1 2
1e THIS SUDROUTINE ACCEPTS THO DATA YECTORS AND PLOTS ONE VERSUS o
1o THE OTHER . THE USER NEED ONLY SUPPLY THE L.NMITS OF THE GIVEN ¢
te VECTORS AND THE DESIRED PLOTTYING COLOR . SCALING AND AXES ARE AUTO- ¢
1o RATICALLY PROVIDED BY THIS SUDROUTINE . L
1900008000000 000000000000000000003000000000000030800030000000000 00000000
SUB Plot -file(XNdatale),Ydata(s) ,Nplot,Xain,Xean,Yain, Yaax,Penc, Nevs)
COM /Plos_block/ Xscale,Yscale,Xoffses,Yoffaet
1000000000000 000003800200080000000 0000000000080 0080000000000
DEFINTITION OF LOCAL VARIABLES cecesccsecsse
SOBLBRBR0B02E02BBF2LERIDABBVGIVRDR0E000200

! ABSCISSA DATA VECTOR TO BE PLOTTED .

! Xdatace)

! Ydatale) t ORDINATE DATA VECTOR TO DE PLOTTED .

t Nplot ! MUMBER OF DATA POINTS IN VECTORS .

I Xetn | SMALLEST ELEMENT IN Xdata(e) VECTOR .

! Xaax { LARGEST ELEMENT [N Xdeta(e)> VECTOR .

! Yain t SMALLEST ELEMENT IN Ydata(s) VECTOR .

! Yaax ! LARGEST ELEMENT IN Ydava(e)> VECTOR .

! Penc t SESIRED COLOR COBDE OF PLOTTING COLOR .

! NewS ! ORDERS THE ROUTINE TO CLEAR THE GRAPHICS
Hhitew} t DEFING THE COLOR CODE FOR WMITE

A _coltorsihite ! SET AXIS COLOR MNITE

XTefeap ! DEFINE LEFT OF SCREEM Plotter Units)
Xrail=20 ! DEFINE X AXIS RAIL Plotrer Units)
Xcenteregd t X COORD CENTER SCREEN (Plotter Units)
Xright=128 t DEFINE RIGHKT SCREEN (Plotter Units)
Ydbottoaed ! DEFINE LOWER SCREEN (Plotter Units)
Yrailslg ! DEFINE Y AXIS RPIL (Plotser Units)
Yeconterss® t Y COORDCENTER SCREEN (Plotver Unists)
Yiope9é ! DEFINE TOP OF SCREEN (Plotver Units)
I X_denos t DENOMIMATOR OF X PLOTTING SCALE FACTOR .

! DENOMINATOR OF Y PLOTTING SCALE FACTOR
230308000008
|00000‘.l000!000000000..I0000000000.000000090000
tes CLEAR AND INITIALIZE GRAPMICS IF SPECIFIED o
100000000000 0040R0000000000000000000000000000008
I1F News=s"Y" THEN

GINIT 1.3

GRAPHICS UM

PEN Mhite

VIEHPORT Xlefi, Xright,Ybottom,Ytop

FRANE

1000200 R200PHRBRER000202000000000

1o DRAW PROPER AXES FOR PLOTTING o

100800088300 8008800050303808000800000

IF Xaind<® THEN

IF Yain<® THEN 1200808104008 00000000000000000
XoffsesvsXcenter te FOUR JUAY AXES DRAWN HERE ¢
YoffseteYcenter 1800000000000 000000 000008 Rs00

X_denoaeXaax
¥_denoasYmax
chLL Axis_draw(Xleft,Yoffser,Xright,Yoffset,A_color, ~Xaax,Xsax)
CALL Axis_draw(Xoffset,Ybottoa,Xoffset,"top,A_color,~Ymax, Yaax)

ELSE 190000000000000000000000800050090
KoffseisXcenter (@ o/ X TYPE AXIS DRAWM HERE ¢
YoffseisYrall 1000000080002 00002000028000080
X_denoasXmax

Y _denoasYaax-Yain
chL. Axis_drau(Xieft,Yoffser,Xright ,Yoffset,A_color, ~Xmax,Xnax)
CALL Axis_draw(Xoffset.Ybottom,Xoffset,Ytop,A_color,Ymin, Yeax)

END IF
ELSE
1F Yain<® THEN 1000000000008000000000000000000
XoffsetexXrpi) - 16 o7- ¥ TYPE AXIS DRAWN HERE o

YoffsetisYcenter 120000000000 00000000000000000¢0




6040
(111
6060
(1.24
¢80
€890
- €990
€910
6920
€930
6940
6938
6960
6970
6990
$990
2008
7910
7020
7030
7040
7030
7060
7070
2080

7090
2100
7110
7120
7130
7140
7138
7160
7179
7180
7190
72680
7210
- 220
7230
| 7240
2%
7269

7270
7280
7290
7300
7310
7320
7330
7340
7330
?7936¢
7370
7300
739
. 7400
7410
7420
7430
7440
7430
7460
7470
7480
7490
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X_dencesXmax-Xain
Y_denossYaax-Yain
CALL Axis_draviXoffset,Yoffset Xright,Yoffset,A_color,Xain,Xeax)
CALL Axis_drav(Xoffset,Ybottom,Xoffset,Yiop,A_color,~Yoax, Yasx)

Yoffsetevbotton
[ 1K ] o - - 1000000000000008000080800300000
XoffservsXrail 10 ¢ ONLY XLY AXNES DRANN HERE

. Yoffsevreydotion 100000000000 0000000008000300000
. X_danoasXaax-Xain
Y_dencasYeax-Yain
CALL Axis_dravw(Xoffset,Yoffset,Xright,Yoffset,A_color,Xain,Xeax)
CALL Axis_drav(Xoffset,Yoffset,Xoffset,Ytop,A color,Ymin, Yaax)
€MD IF
END IF
Xscaleos(Xright-Xoffset)/X_denos
Yscales(Ytop-Yoffset)/Y_denon
END IF
1000006000000 000000000000000000
e DATA VECTORS PLOTTED DELON ¢
100000000000 0000000500000000000
PENUP
CALL Scaler(Xdatal®),Ydavacl),Xnin,Xnax,Yain, Yeax,X_plot,Y_plet)
PEN Penc
MOVE X_plos,Y_plot
FOR 1=@ T0 MNplot-1
CALL Scaler(Xdatall),Ydata(l),Xain,Xmax,Yain,Yeax,X_plot,¥Y_plot)
DRAN X_plot,¥Y_plot
NEXT 1
SUBEND
10000000000003030000000000000000800000000008000600000000080008080000000000
08000000000030080000000
108088000000000000000000000000000000R0RERNRRBRRRRERRItRIRERtINRREntOlese

1e THIS SUBROUTINE DRANS AN AXIS FROM THE STARTING COORDINATE TO o
te THE FINAL ONE . IT ALSO QUANTIFIES THE ORIGIN AND TERMINCS OF SAID o
1o AXIS . - N

! ...0..00..0.00.0Q0000Q00000000..000...QQQ..QQ.0.0..’.0.00.00..00.’.....
U Axis_drav(Xstart,Ystars ,Xfinal,Yfina),Axis_color,A_ain,A _sax)
Ples4eATNC(Y)
DelvanS
PENUP
PEN Axis_color
PENUP
MOVE Xstart,Ysvart
DRAN Xfinal.Yfinal
PENUP
cs12€ 3.9,.9
CALL Rounder<A_sin,3,AN>
CALL Rounder<A_asx,3,A])
IF XstarteXfinal THEN

CALL Labelit(Xstart-Delta,Ystart,Pie/2,Axis_color, VALS(ABG)Y)

CALL Labelit(Xfinal-Delta,¥final-2eDe1sa,Pte /2,Axis_color,VALS(AL))
ELSE .
CALL Labelit(Xstart,Ystart-Delta,0,Axis_color,VALS(AO))

CALL Labelit(Xfinal=2eDelta,Ystart-Delts,8,Axis_cotor,VALS(AL))
END IF
SUBEND
100000000000 0060000000000000000000000000000000000000000000000500000000000
10000000000000000000028 SUBROUTINE LADELIT 02003000030 00000000800000000080
1900000000000000090000000000000000800000000000000000000080000000000000000
te THIS SUBROUTINE SIMPLY ACCEPTS THE GIVEN LADEL AND PLACES IT WHERE L]
te IT 18 SPECIFIED Cie X,Y LOCATION) AT THE GIVEN TILI ANGLE . THE PEN ¢
te COLOR ‘Penc’ 18 ALSO PROVIDED BY THE USER . THIS SAVES A LOT OF »
fte REPETITIVE CODE . L
199000000000000000000000000000000000030000000083000000000000000008000000089
SUB Labelit(X,Y,Ttit Penc,8trngs)
PENUP .
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7500
7810
7820
7530
7340
7330
7360
737¢
73586
739
2600
7610
7620
7630
7640
7650
7660
7679
7600
7690
7700
7710
7720
730
7748
779
7769
7770
7768
7790
7080
7810
7820
7830
7040
7890
7860
707¢
7600
789
7900
7910
7920
7930
7940
7950
7969
7970
7900
7990
2000
90130
0020
8030
9040
8030
8060
9070
000
00%0
9100
0110
9120
132
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MOVE X,Y

PEN Penc

LDIR Tile

LABEL Stirngs

PENUP

SUBEND - -
000000000000 000 0 08020000000000000000000000 T Y YTy Y YYYYYY)
SUBROUTINE SCALER eoece YYYYYY Y] 1YY}
100000000000000000000000000008000000000000000000000000000000000000008080
1e THIS SUBROUTINE SCALES THE DATA PASSED TO IT FOR CRT PLOTTING o
e PURPOSES . .
1000800080000 0004000000000000000000000800008000000000000800000000000800800
SUB Scalar(X_data,Y_data,Xain,Xsax,Yetn,Yeax,X_plot,Y_plot)

COM /Plot_block/ Xscale,Yscale,Xoffser,Yoffset
X_plotsXscale®(X_data-XeindesXoffset

Y_ploteYscaled(Y_data-YeindeYoffser

SUBEND

te Yy COLONSNININERNNB00005000000500 rYYYYYY) essnesen
1e see +o80088e SUBROUTINE ROUNDER [2Y% ) 42800008

{S0000200000000003000000L00000000000000000000000000%000R38008000000800000
1e THIS SUBROUTINE ACCEPTS A NUMBER OF ANY SIZ2E OR SICN AND ¢
1000000000 L008000000008000000080080000000000080400000000000008800000000000
SUD Rounder(X_input,N_digits,X_rounded>
tessssscesnss DEFINITION OF LOCAL VARIABLES sssccscsssessas
(0300080000308 3080008000003000000000000000000000000080000000

X_dusny DUMRY VARIABLE USED TO PROTECT X_input

N_digivs MUMBER OF DIGITS DISPLAYED AFTER ROUNDING

sign NUMERTICAL POLARITY OF ROUNDED NUMDER

nagnitude ORDER OF MAGHITUDE OF INPUT NURMBER
I ARGUMENT ! ABBREVIATED VERSION OF MANTISSA.
I0.00.00000000'Q.000.0l.000.0000000000..00000,0.000.000000

X dunny-x tnput

OCQAOOGN(X duaay)

n.gn!\udo-IHY<LGY(x dunsy))

Mant issasX_dusay~ (18~Magnitude)

X_rounded=gigneArguaent #10~Hagnitude
ELS
EWD 1IF
SUDEND

te ROUNDS 1T TO THE SPECIFIED NUMBER OF DIGITS . .
1000008200000 000000000000000000000000000000000000000000002
1 X_input { INPUT NUMBER TO BE ROUNMDED
' 1
PN '
! X_rounded ! ROUNDED EGUIVALENT OF X_inpus
1 t
1 t
| Mantissa 1 MANTISSA OF NUMBER UNDER ROUNDING
IF X_input<>@ THEN
X du-.yonl‘(x duaay)
ﬁrqu.ontllNT(ﬂlh\Il.l’lO“(N _digits=1))/10~(N_digits-1)
X_roundeds=x_input
120000000280 0200000000000000000000000080000000000808000008000000000000080

(0000000000000 000000000000003058000000000000000000000000080000000000008
1e THIS SUBDROUTINE PERFORMS A TRIANGULAR WINDOWING OPERATION o
te ON THE SUPPLIED VECTOR . THIS 18 A PRELUDE TO A FOURLIER TRANSFORN o
te OPERATION AND 18 INTENDFD TO REDUCE SPECTRAL SIDE LODING . .
1500000000000000000000000000000000000000000008000000000000000000000800
SUB Windower(Vector(e),N_vector)
FOR 1=8 TO N_vector-1i
1P 1<N_vecior/2 THEN
Vector(ldevector(1)4(2e1/N_vector)
(19 ] 4 :
Vector(lrsvector(l)e(1-20C1-N_vector/2)/N_vector)
END IF
MEXT |
SUDEND
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1009
1919
1929
1939
1940
193¢
1860
167¢
19000
1090
1100
1119
1120
1130
1140
1130
1160
1170
1180
1190
1200
1210
1220
1230
1240
1230
1260
1270
1200
1299
1300
1319
1320
1339
1340
1330
1269
1378
1300
13%0
1400
1410
1420
1430
1440
1430
1460
1470
1480
1490
1900
1510
1526
1330
1940
1990
19¢¢
XYYy
1870
1500
139
1600
1610
163¢
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7 22106134 -

1000880 RRORRPRRRBICREOIVDNONRRCNVRNNNOONOORODENIVPORNNTRIOENERLOIRBREES

20525380000 00000000

ee® PROGRAM DIR_FFT sonsasensesstoscosser

160008020800 5000 000000300 000000000R000000000020000000 R RTIRERIRRNNNS

1e
19
1e
18
‘s
18
‘e

1408000000000 0000G000RIRIRRERIR00RCORRRRR 0000008000030 00000000000000¢

con
DIn
Din
Dinm
Din
1ee
oo
1e0
[ 4
T
D
]
F
)]
1

| Magnitude(s)

'
t
t
[)
1
1
!
[ 4
'
[
!
I N
f
t
]
F_s

L oot i
rPle

Rel1_cons (o)
N_dava

"—
N_shors
D_gamea

THIS PROGRAN BOOTS IN AN ANGLULAR FORMATTED SEA SURFACE FILE
AND PERFORMS A DIRECTIONAL FASTY FOURIER ON THT SINCPRt(®Y) , THIS
OPERATION WILL TEND TO ERPHASICE THE SHORTER WAVELENGTH COMPONENTS.
THE RELATIVE CONTRIBUTION FREQUENCY AND DIRECTION OF EACH COMPONENT
18 THEN [IDENTIFIED FROM THE ARRAY “Spectrum(e,®)’ , THE RESULTING
FREQUENCY, DIRECTION AND RELATIVE CONTRIBUTION [8 THEN STORED OM
DISK FOR LATER USE .

7Fouriers Spectrum(312,3¢),Frequency<312),Direction(3¢>
Phi(4096), Thet a(4896),2(4096), Duesay(312)
Integrand(4996),Msonitudec4896) ,Phase(4096)>
Dearing(312),Rel_cont (312
Name$C15),Nane_ins(16),Nane_out$(16),Mediuns(29),J0b8(80)
0220000200300 20000000000000000000000000000000000000000800
ssveceesssees DEFINITION OF LOCAL VARIABLES 46322000000 00000
SR00S0008020008R08000000700082000000003000000000000000000
hi(e) ! CELEVATIONAL ANGLE OF UNIT NORMAL. (Radians)
netace) AZINUTHAL ANCLE OF UNIT NORMAL. (Radians)
DUMMY VARIABDLE USED TO ACCEPT 2(s).
UNIT NORMAL DIRECTIONAL MAGNITUDE SPECTRUM.
FREQUENCY ORDINATE RXIS OF SPECTRUN,(He-t2)
UNIT TESY VECTOR ANGULAR BEARING. (Degrees)
NORMAL PROJECTION OF TEST VECTOR.
SPECTRAL NACHITUDE OF PROJECTION TRANSFORM.

[
vaey(s) ]
|
'
!
!
!
hase(®) ! PHASE SPECTRUN OF PROJECTION TRANSFORNM.
1
}
[
1
1
!
1

pectruals,e)
requency(s)
trectton(e)
ntegrand(+)

earing(e®) ANGULAR DIRECTION OF NAVE FRONT. (Radians)
SPECTRUN RELATIVE CONTRIDUTION OF COMPOMEMT
NUMBER OF DATA POINTS IN TEMPORAL STREAN,
MN_data ROUNDED UP TO HEXT PONER OF THO.
NUMBER OF TEST DIRECTION VECTOR STEPS,
TRUNCATED SPECTRUN CCHPONENT LENGTH.
ANGULAR STEP S$12€ OF TEST DIRECTION VECTOR.
anples6@ 1 WAVE CONPUTER SANPLING FREQUENCY. (Hert 2)
anplen1/F_saspie | TENPORAL SANPLING INTERVAL. (Seconds)
a4 oATNCY)

_point
direction

Mediuass"BASIC/DATA_FILE/*! DEFINTION OF MASS STORAGE MEDIUN.

I N
I N
1ee
oR1
INP
INP
INP
Wim

ane_ing | ANGULAR FORNATTED SOURCE DATA FILE.

ane _outd t FILENARE OF DIRECTIONAL INMFORMATION FILE.
000000000080 0000000000800008300000000000008000080800000000

NT CHR$C12>

UT “Enter FILENANE of SOURCE Data File . (Omitv Extensiond...”,Nane$
UT “Enter DIRECTIONAL ANGULAR STEP SI1IK (ﬂcerccn) e e®,D_ganaa

UY “Enter TRUNCATED DATA STREMM LENGTH ...."°,N_short

dow_#="N*

N_directionsINT(100/8_ganea)

Nas
Nas
CAL
N

cAL
CALI
FOR

2 PE A T TIAAN £ TRy VS Y 3T I 1 S WY 108 7 RN 2 § R g W T Oy ey

e_insoNamesbL® HNG®
e outtiﬂa.olt‘ _DIR
L Readf 1 1e3CHame _ins,Jobs, Hediua$,N_data,Phi(e),Theta(9), 2(e))
o!nt-2~luT(Loc(N datad/L0G(2) 1)
L 2oro-f|l|t'h6(o),n,dot.,n_’e|nt) .
L Zero_f111<(Thetale) N _datas,N point)
10 T8 N_direction-1
sgEr

DISP “scsoseses OPERATION °INTCLO08L/N_direction)y® PERCENT DONR ¢eee

Direcsion(id>=10% gaasa
GaamasDirectioncTroPie 100
CALL Integrandi{Phi(s),Thetale), Pio.n_poino,cnn-.,ln‘cqr.nd(!))
If Window_#a*Y® THEN
CALL HTndower<integrand<s),N_paint)
END 1P

95
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1630 CALL Fricintegrand(+),N_point,Mie,Magnitudecs),Phasece))

1640 CALL Stuff_array(Magnitude(s),N_short,I) -

1630 NEXT 1

1660 CALL Freq_base(N_point,N_short ,F_saaple,Frequencyl®))

1670 CAIL Flnd_podkt( oqucncy(c).bcrcctlon(o).)oarlno(').lol_cont(0>,n_nhort,
N_direction)

T1680 INPUT °*STORE Directional Spectrus on DISK ? C(Y/N) ,...",As

1690 1F Age~Y" THEN"

1700 CALL Nritefile3d(Name_outs,Jobs,Mediuns,N_short,Frequency(s),Bearing(s)
'Rel _cont<e))

1710 END IF

1720 INPUT “Dump Directional Spectrum to the PRINTER ? (Y/N)....",AS

1730 1F Ase"Y" THEN

1748 CALL Print_out(Frequency(®),Bearing(e),Rel_cont(«),N_short)

1790 END IF

1760 END

1770 100000000000 08000000R0000000000000000000000000800000000000000800000000004

1700 1000000000000 000001400000060 JUBROGUTINE FFT 0008050000000 00000000008080000

17’0 | S00Q000%00000000078000003000000000000000000008R00300300003000000000 00008

1600 1o THIS SUBROUTINE PERFORNS R FAST FOURIER TRANSFORM ON THE o

1610 (o DEPOSITED DATA VECTOR ‘ X _fnput(e) ‘. THE REAL PART OF THE SPECTRAL

1920 1o VECTOR 18 RETURNED IN THE VARIADLE * F _real(e) ‘ AND THE IMAGIMARY

1630 i» PART 18 RETURNED 1IN VARIABLE  F l-.gc(o) 7 « 1T 18 IWPORTANT YO

1040 !¢ NOTE THAT , IN ORDER FOR THIS FFT “ALCORITHM TO WORK THE NUMBER OF

1630 1o DATA POINTS UNDER ANALYSIS MUST 2€ A POMER OF THO !

l.“ (900000000000 0300000000000000000000000R000800008000004000000000000000000

1870 SUB FFfL(X_input(s),N_pcint,Pie,Magnitudecs),Phasels))

1688 DIM Rea? 1(4096) Image_1(4096), Rea) _2(4096), Inage_2(4096>

1090 DIn P_ |ndox(2.4.> o_ index<2048)

1900 REDIN Reas) I(N_point 1), Inage_1<(N_point~1)

1910 REDIM Real_2(H_point-1), lnage_2¢N_point-1)>

1928 RAD

1930 Pie=4sATN(])

1940 V_pointsINT(LOG(H_point)/LOGC2))

1950 I0.000..000000000OQQO00'.00.’0.0.000000.000'.0000‘..00

1960

1970 120000200 0400000000000000000000003000800000000000000000

19680 CALL DBit_reverse(X_input(#),N_point,¥ _point,Real_1(#))

1990 '00¢0008500000000000000000000000

2000 te NULL INAGINARY INPUT VECTOR e

2010 1920000008808 000800080000000308000

2020 FOR 1=0 TO M_point~/2-1

2020 Inage_1<¢(1)>=0

LI N B B

2040 NEXT 1

2030 FOR I_stage=® TO0 V_point~1 1 START STAGE STRODING LOOP

2060 CALL Butterfly(N_point, v_potnt,l stage,P_1ndex(®),0_index(#))

<070 FOR J_hultorflyi‘PTo N_pelntlz- ! BTﬁRT )UTTERFLY STROBING LOOP .

2000 1000000000000000000000000000000000000%

2090 te DETERMINE BUTTERFLY BRANCH POINTS o

2109 1080880884088 830063000R308388000000008

2110 PoP_index<J_butterfly)

2120 0-0 index<J buttcrfly)

21239 R_powersFNModulo(J_butterfiye2~(V_point-1-1_stage),N_po'nt /2>

2149 CALL Phasor(Pie,N_point ,R_pover,N_real, N Ooago)

2180 CALL Product_~omplexcl_real,N_isage, Rc.l 1(0) Inage_1¢(Q@),Dussy_real,
Duamy_isage)

216 100000000008000200000000000000000000

2170 te COMPUTE UPPER MAL¥ OF DUTTERFLY ¢

2180 1000000000065 0000000000000000000000082

21%0 Real_2(PreReal_1(P)+Dunay_real

2200 lnnqo 2(?)-1-050 1(P)+Dunay_inaye

2210 190000000000000000000000000000¢000000

2220 te COMPUTE LUWER HALF OF BUTTERFLY ¢

2230 1820000000003080000000000000008000000

2240 Real_2¢(Q)=Real_1(P)-Dumny_real

22%0 laage_2¢Q)sImage_1(P)-Dusny_inage

STV P B O £ ST e R



2260
2279
2260
2299
2300
2310
2320
2330
2340
23350
2360
2370
2380
2390
2409
2410
2429
2430
2440
24390
2460
2470
2400
2490
23500
é%10
23529
4330
2949
239%0
2956¢
2570
r+1 1]
+390
2300
F{3Y]
26.9
263
264
2650
2660
2670
2600
2690
27600
2710
2720
2730
2749
27%6
2760
2770
2780
279%0
2800
2010
2029
2020
2040
2090
F{:11)
2670
2800
20%0
2900
2910
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NEXT J _bdbutterfiy
10000000007 0033000000030 0000000000
e UPDATE MWEXT CYCLE SPURCE VECTOR ¢
100000000000000000000000000000000000
RAT Real_isReal_2 /
AAT leage_ielesge 2 /
NEXT | tage
18 eaesst0000000008000000ysntatieesssastsssness
!> DETERMING MAGNITUDE MWD PHASE OF SPECTRUM ¢
(505000000000 300000000840000800000000080000000
CALL Mag_phasecReal_2(4),Image_2C(9),N_point,Nagnitude(e) ,Phase(e))
SUBEND /
1000000000000 0000000000000080000000000000000000000000080000080080000880¢
'e00c00000000s00000000000e SUBROUTINE PAG_PHASE 080000008000 0000000tstese
'tOOQQO.'0000000000.‘.00000.000000.0.00.0.0000000.0000000.00.00.0...0000
te THIS SUBROUTINE COMPUTES THE MAGNITUDE AND PHASE OF THE COMPLEX ¢
‘e VECTORS PROVIDED IN THE VARIABLES - X _real(e) - AND ‘ X_imagec(e) “, ¢
te THE RESULTING MAGNITUDE IS THWEN STORED IN THE VECTOR R _8ag(a) ‘&
‘e AND THE PHASE 18 STORED IN THE VECTOR ‘ P_phase(e) ‘ . .
1000000033000 000 304000000000 00000008300000800008000300003000002800 00800007208
SUB Mag_phase(X_real(s),X_image(®),N_point,R_mag(e),P_phase(s))
PiecdaeATN(L)
FOR 120 T0 N_poipt-t
R_uagCI>e3QR(X_real<ldex_realI)+X_inage(l)eX_inage(1))
IF X_real<1><D0 THEN
PhasesATNIANS(X_toage(l)/X_real (1))
ELSE
Phase=Pi¢/2
END IF
X_s1QgneSLNix_real<ly
Y_signesSQNKX_tsagecl))
IF Y_signYe® THEN
13 x sAgn>e8 THEN
1’\."( 1>ePlLase
ELSE -
P phase(l)ePie-Phase
4

END
ELSE
IF X_sign>s® THEN
P_phasecCl)s-Phase
st
P_mhase(lrePhase-Pie
END IF
END IF
NEXT 1
SUBEND

189000000000 0000008000000000000800000030000000000800003000000500000000008

le THIS SUDROUTINE PERFORMS A DIT-REVERSAL OPERATION ON THE o
‘e DEPOSITED INPUT VEACTORS INDICES . THIS IS IN PREPARATION FOR AN e
'e IN-PLACE FAST FOURIER TRANSFORM OPERATION . [

1808000000008 3000000080000000003000000000000000000000008000090%00%00000000
SUB Bit_reversel(vectior_in(#),H_vectior,N_gover,Vector_out(e))

DIM Index 1n(16),Index ou\(IC)

leneaes 0.0000.00000..00000000..000.00.0.0. 00

DEFINITION OF LOCAL VARIADLES
10000000000 00000000080400000000000080000000800000000000080809
' Yector_in(e) t [HPUT YECTOP TO BE BIT REVERSE SORTED.

' N_pover ' LOG DASE THO OF INPUT VECTOR LENGTH ,

t N_vector ' ACTUAL LENGCTH OF [NPUT VECTOR .

Vo Index_in(e) ! PINARY INPUT VECTOR REFSRENCE INDEX ,

! Index_out(e®) ' JINKRY DIT REVERSED OUTPUT VECTOR INDEX
' Vector_out(e) ' PIT REVERSE SORTED OUTPUT VECTOR .
180080800 00000000000000000020000000003000800000000 0000000009
FOR 120 TO N_power ! NULL FIT INDEX WORDS




2920
2938
2%
2950
2960
2970
2960
2990
3000
3010
3020
3030
3040
3030
3060
Jo7e
3ee0
3090
3100
3110
3120
3130
3140
215
160
317e
3180
319
3260
3210
3220
3230
3240
32358
3260
3270
3200
3290
2380
3310
2320
3330
340
33%¢
3360
3370
3380
32%
3400
LT
3420
3430
3440
24350
3460
3470
480
3490
3300
3510
3520
asae
3540
Isse
Isee
Isve
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Index_incl)>=8
Index_out(1)ed
NEXT 1
FOR Je8 10 N_vector-i
1F 1<>0 THEN
CALL Inc_bipary(lndex_{n(e) ,N_power)
€ND IF
CALL Reflezt(lndex_ince>,N_pover, Index_out(e))
CALL Base_sencindex_in(®) ,N_power, ! input)
CALL l.sc-son(ln¢.u_nut(0),u_po~or.7_output>
10600000000640000000000000000000000000080000
tes DIT REVERSED INDICES OPERATION BELOW .e¢
1009000000000 0000008000083 230000800800000000
vVecior_out(l_output)rsvVector_inll_input)
NEXT 1
SUBEND
1000000000000 00000000080200000000000000R00000000000000000000000000000008
SUDROUTINE INC_BINARY
100000000000 00000000008R000008000000000000000000000000003000000000¢000000¢

‘e THIS SUBROUTINE PERFORMNS A BINARY INCREMENT OPERATION ON THE ¢
te DEPOSITED DINARY VECTOR “ Hord_inc(e) * AND RETURNS TME RESULT IN ¢
' THE SANE YARIABLE . ¢

1308000800008 03000000000008400030000000R00R800000000030000000 00000800000
SUB Inc_binary(Hord_1inc(#),N_power)
Carry_flage®
Done_f1ages
100
MHILE Donme_{1aged
1F 18 THEN
1F Word_inc(1)28 THEM
Word_inc(l)el
Done_f1agst
ELSE
Hord_inc(1>s8
Carry_f1ag=1 -
END IF .
ELSE
IF Carry_flag=i THEN
IF Hord_inc<Id>=@ THEN
Mord_inc(I)et
Done_flage=}
ELSE
Word_inc(l)e@
Carry_flagel
€END IF
END IF
END IF
Teale)
IF 1sN_powver THEN
Done_fr)age=}
END IF
END WHILE
SUBEND
100000000000 0000C00008000003008008000000000000000008030000000800040000080000
‘ocere
1008000000000 00000 V0000808800000 0000005000002%000000
re THIS SUBROUTINE TRANSPOSES THE POSITION OF THE BITS IN THE INPUT o
!¢ YVECTOR TO OPPOSITE POSITIONS MWITH RESPECT TO THE CENTROID OF THE o
s DINRRY WORD , ¢
1008000000000 00000000000000000000000 0000900002303 001000088800000000000009
SUD Reflect(dord_in(e),K_gowver,bord_ocut(e)?}
FOR 1e@® TO N_power~i
Hord_out(1)edord_in(N_pover-1-1)>
NEXT T
SUBEND
168500008800 000000000808008008000000008800300300% 0000000000000 0080000080
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560 1000030000000000000000200 SUBROUTINE BASE_TEN 000000000000000000004 0000
35’0 1000882000000 00 OI00000000000000.0000:00000 S22 000000000 00000
600 o THIS SUBROUTINE CONVERTS THE DEPOSITED DINARY VECTOR YO A DASE o
3610 'e TEN INTECER.THE DASE TEN NUMBER 1S RETURNED IN THE VARIABLE ‘X_out’, e
3620 1000000383350 0000000000000000000000080000020000005000000000000000000000000
3620 SUB Dase_ten(Hord_1n(e),N_pousr,X_out)

. 3640 X out=p
3630 FOR 1e¢ Y0 M_pouer=1
2660 X oulnk.cutoﬂord_tn(l)Oz‘l

2670 NEXT 1

3660 SUDEND

369%0 BR008080000050000000000000000000000000000000000800000
3700 ¢ SUBROUTINE BUTTERFLY

37]‘ 1900C0800000008C00000000000000000080000080000002008000020003080800000000000
3720 1o THIS SUBROUTINE GENERATES THE NECESSARY [INDICES DEFINING THE o
3730 te BUTTERFLIES WHICH PERFORN THE IN-PLACE COMPUTATIONS OF A FASY o
3740 1o FOURIER TRANSFORM . .

3730 1500000000 00000000000000000000000000000000000000000000000000000000000000
3760 SUD Dutterfiy(N_point,v_point,Stage,P<e), Q(e))

3?7. {00008808030000 8000030000000 00RTBRTRRNIVITO0ODRO0R0CRNRRCRCRRY

3700 10000c0concscce DEFINITION OF LOCAL VARIADLES e0csscsesecesone

790 10000000000000000000000000030000000000000000300000000000000000

3000 ! N_point 1 NUMDER OF POINTS IN FOURIER TRANSFORM .

e v_point LOG BASE TMO OF NURDER OF TRANSFORN POINTS.
3820 $tage STACE OF TRANSFORM YECTOR PROCESSING .

k] 31 ] $pan HIDTH OF ROM SPAN OF BUTTERFLY .

3640 ! N_butierfiy | NUMDER OF BUTTERFLIES IN TRANSFORM STAGE.

! '
! '
1 '
! !
3090 ! N_cross t NUMDER OF BUTTERFLIES FOUND .
! '
' '
' '

3060 ' Up_cross POSITION OF UPPER BUTTERFLY IRANCH.
3070 1 Lov_cross POSITION OF LOWER DUTTERFLY BRANCH .
3080 : P(o) ‘P’ INDEX OF BUTTERFLY “N_cross’ .

2890 ' G(e) t “Q’ INDEX OF BUTTERFLY ‘N_cross’ .

900 2000900000000 00000400000000000000000800008000800880008000000800080
3918 Spans2~ftage

3920 1000000000000 0000000000000008 .
3920 ‘o DEFINE INITIAL BUTTERFLY ¢

3940 10000000000000000000000000000¢

39%¢ Up_cross=®

3960 Lov_cross=tpan

3970 N_crosse-])

3300 17 span>1 THEN ! TEST OUT CASE OF STAGE 2ER0O
39%¢ WHILE N_cross(N_point- 2-8pan

4000 FOR T-Up_cro.l 70 Lou_cross-~1!

4010 N_CrosseN_cruss+}

4020 P(N_cross)el

4030 G¢N_cross)=l+Span

NEXT |
Up _crosseQ(N_cross)el
Lovw_crosssyp_crosse+Span
€nD wnTLE
(181
FOR =0 TO N_point 2-1
P(1)e20]
Q(1re20]0)
NEXT
END IFf
SUDEND
1000000000000 00000000000000000000000000000000000000000008080000000008000 I
0030000000000 000000000000¢ FUNCTION MODULD ©050000000000000000000000000 {
PR R00000000000000000000080000000000000000000100000008000000000000000000
. _ te THIS FUNCTION RETURNS THE MODULO VALUE OF AN INTEGER o
4190 ‘o ARGURENT WRT THE MODULO LIMIT SPECIFIED AS ° Mod_sax’ . .
4200 1000000000000 0000000000000000000000000000000000000000000000000000000000¢ |
4210 DEF FNModu) oCNuaber,Mod_sax)
4220 Dumsy=INT(Number/Mod_uax)
4230 N_modnHuaber-Dumay®Mod_max

99
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4240 RETURN N_aod

4230 FHNEND

4260 ‘'esveves 000P0000000000F 0000000000000 00000000000000000000000008000000
4270 1sevee sses SUBROUTINE PRODUCT_CORPLEX oo
4280 (000003000000 00000000380000000000013000000080000000030000000000000800008
4296 1o THIS SUBDROUTINE PERFORMS A COMPLEX MULTIPLICATION OPERATION ON THE o
Y 4300 ‘e DEPOSITED ~ X _real ¢ X_image ° AND ’ Y_reul ¢ Y_image * INPUT o
4310 ‘e VARIADLES AND RETURNS THE RESULT IN Tue YARIADLES ¢

Ay 4328 's ‘ 2 real ¢ 2_image ‘. .
.}HJ 4330 100000000000000000080000000000000000000000000820000000000000000890300800
a“n 4340 SUB Product _coeplex(X_real,X_isage,¥Y_real,Y_ieage,2_real,2_isage)

Gﬂ“ 4390 100000000000 0000000 00000 R0CC00CRCERERRRRERRERRERR0RR000RY

Ay 4360 'eccessosresecs DEFINITION OF LOCAL VARIABLES #o

.&ﬁo, 4370 1000000000000 0000006000000000000200000000000000000000408

1.9, 4380 ' X_real ! REAL PART OF FIRST INPUT VARIABLE .

B 4390 ¢ X_image IMAGEINARY PART OF FIRST INPUT VARIADLE.

4410 Vzlongo IMAGINARY PART OF SECOND INPUT VARIAMLE

4420 | 2 _real REAL PART OF THE PRODUCT OF INPUT VARIADLES .

4430 ' 2_ ! IMAGINARY PFRT OF PRODUCT Sum OF INPUT VARIADLES

Q440 1000000000000000000000000000000000000000000000000000000000000

4430 2_realex_realsY _real-(X_imagesyY_image)

4460 2_imagesX_roalsy_imagesX_imagesy_real

4470 SUBEND

4400 10000000000000000000000000080000080000000000800000000080000080008¢ (YY)
4490 1000000004800 000800008002008¢ SUBROUTINE PHASOR oscecssssssss
4300 0000000000000 00000000000008000R0RURRRRRIRIORRRRR000EB00N00R0R0RNRRGESS
4310 ' THIS SUDROUTINE COMPUTES THE REAL AND IMAGINARY PARTS OF AN ¢
4320 '+ EXPONENTIAL UNIT TRANSFNRN PHASOR RAISED TO THE POWER ° R_power ‘.
2930 1000000000000 000¢000000000080000000000000000000000000C0000RR0RNRCRRIRRNRS
4340 $UB Phasor(Pie,N,R,H_real,l_inage?

4390 W_resi=C08(20P19eR/N)

4360 W_1nage=SIN(ZePigoR/N)

4370 SUDEND

!

4408 ¢ Y_real t REAL PART OF SECOND INPUT VARIADLE .
'
'

S300 1000080000000 00000000000080080000000080000000000000008000000000R000020000008
oW 4390 .
:dﬂ' 4600 100000000000060000000000000000000000000000000000800000000000000000004L00¢
L 4618 ‘o THIS SUBROUTINE EXTENDS THE LENGTH OF THE RECORD TO THE NEXT ¢
JJJ 4620 '+ WIGHEST POMER OF THWO BY FILLING THE REMAINDER WITH ZEROELS . .
Jﬂ“ Q60 1000000800000 03000000000000000000000000000000000000040000000030000400000
] 4640 SUD 2ero_f1)1(Dusmy(®),N_1n,N_out)
4%&' 4630 V_ineINTCLOGCN_1n>/L0G(2)? ¢ COMPUTE POWER OF THO OF DATA RECORD.
N 4660 N_outre2~(V_ine])> ! INCREASE RECORD LENCYH TO NEXT MIGH-
) 4670 REDIM Dumsy(N_out-1> t €8T SOMER OF THO .
W 4600 FOR 1eN_in T0 N_out-1
J{ 4690  Dumey(1)=0 ! 2ERO FILL REMAINDER OF DATA RECORD .
KAL) 4700 NEXT |
RX 4718 SUBEND
“’. G720 100000000000000000000060000000000000000000000008003000000000000000000008
-4 4730 eessses SUBROUTINE INTEGRAND eeonse
}ﬂ' 4740 Q00BN ARRBE0DERCV00020202 00000000 000000 00
it X ) 4730 THIS SUBROUTINE COMPUTES THE DIRECTIONALLY SIFTED TEMPORAL ¢
y 4760 o RECORD OF THE SEA SURFACE UNIT NORMAL ANGLES “Phi’ AND ‘Theta’ . ¢
P00 4770 'e THAT 18 , THE FOURIER TRANSFORM I8 LATER TAKEN OF THE SINE OF »
f\. 47260 'e ‘Pni’ MODULATED DY A DIRECTIONAL CAUSSIAH SIFTER WITH ‘Thets’ AND o
Jﬁk 4790 1o ‘Conma’ AS ARCUMENTS . REFER TO SECTION ENTITLED ‘Deteramination ¢
&Y 4800 'e of Weve Direction ° IN MAIN REPORT FOR RELATED TMEORY. . v
“’. 48350 '00000000003020000000008008008008000000000000000008080000220000000000000
W\ 4820 8UD Integrand(Phic(e) ,Thetale),Pie,N_point,GCanna,Yector(e))
\ 4830 RAD
i 4040 '190000000000000000000000000430 4008000048008 300060000000000%000
L 030 ¢ DEFINTION OF LOCAL VARIADLES
.l'r G8ED 1000000000000 80000000000000000000000000000000000000800000000
.15' 4873 ' PhiCe) t ELEVATIONAL ANGLE OF UNIT NORMAL .
W 4980 ' Thetacs) '\ AZIMUTHAL ANGLE OF UNIT KORMAL .
R » 4992 ' dera ! LINE OF ACTION ADJUSTED Thetatl) .
‘ »
WA
A
5
A
1's
[}
N
\
a0
N
\ 100
b}
@
R

DOMCMEN I RACE MR o R IR ANR SANAARARADAS WY MO OO XY X000 U UK AR RAANANRANLROANG L OOONCUIAANADNTANERR A AN LA X AL AR
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i

4900
4910
4920
4930
4940
4930
4960
4970
4900
4990
soee
sSeie
se20
S030
S040
Se3e
s060
sere
Sos0
350%0
S100
J11@
3120
S1390
3140
31390
S$160
S170
3180
S190
S200
S210
S220
$230
3249
82350
S260
S270
S280
3290
5300
oluen®
$310
$320
$330
LELT ]
$3%e
3360
3370
3360
33%
9400
3410
3420
S420
S440
3430
S460
3470
S400
S490
3300
3310
3320
3330
3940
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' N_point ! LENGTH OF TEWPORAL DATA RECORD TO 3€ SIFTED.
' Gasma ' CURRENT SIFTING DIRECTION AZIAUTH ANGLE .
' Siges ' STANDARD DEVIATION OF SIFTING OPERATOR .
' Vector(®) | RESULTING DIRECTIONAL FOURIER INTEGRAND .

1000000000000000000000000000RR00R08300000000000008000000000008
FOR 10 T0 W_poiht=y

vector(I)eS8INCPAIC1))>eC08CTRetaCI)~Canna)
NEXT 1 -
SUBEND -
1060000000000000000030000000000000000000000000000800500000008800080000800
190000000080 0800000000000 SUPROUTINE FREQ DASE 000000000000 0000000000000
‘0000.00..0.0....00.0.0.0.0.000....0...'.:.00.0.. S2B800000800801080000000
‘e THIS SUDROUTINE COMPUTES TKE FREQUENCY BRSE VECTOR FOR THE o
' RESULTANT OF THE DIRECTIONAL FOURIER TRANSFORM . L4
180000000083 0083380000020803003803000000008008000800800200000803000000000000000
$UD Freq _base(N_point,N_frequency,F_sasple,Frequencyce))
F dol\.QF lh.plcfﬁ _point
#3r 140 TO N_frequency-1

Froquoncy(!)-IOF delta
NEXT |
SUBEND
100000000000 00000 0000000000 RIRRRROORRRRRRERCO000R0EC0RORRRIRPRNRRIREROsY
(RZXX XYY
1000000000 0000000 3300000000000 0000003003R0R0RBRIBREROTRRRRRRIRRRRRRR0YN
1 THIS SUDROUTINE INSERTS THE DEPOSITED COLUMN VECTOR INTD THE »
'e ARRAY SHOWN IN THE COMMON BLOCK “FOURIER" . .
(00000000000 CRR0R00000000000R2200000000000000820000000000R000200000000000
SUD Stuff_array(Dumay(#),N_duasy,K_colusn)

COM /FourTer/ Spectrum(312,36),Frequency(512),Birect ion(36)
FOR 1=0 TO N_dusey-~1
Specirua(l,K_coluan)eDusay(l)
NEXT 1
SUBEND
(X} FE420RCBRRRRETRVNRVNTEBATRENIVOOOC LR 00D00000130000020208008000000

(0000000808000 0000000000R0000203000000000800000P4020800000000030000% 00000080
e THI8 SUBROUTINE DETERMINES THE LOCATION OF THE DIRECTIONAL o
e PERKS IN THE SPECTRUM FOR EACH FREQUENCY COMPONENT AND ALSO ¢
' DETERMINES THE RELATIVE CONTRIBUTION OF EACH FREQUENCY COMPONENT . o
(000000088000 000008 0030200000000 000000000000400000000000000000000000000¢
8US Fing_peaks( requency(s),Direction(s), BearingCe),Rel_cont(o),N_row,N_¢

DIN Dumey(2%36>

PiewasATNC)

Sus_specod

FOR 1% TO N_rov-1
CALL Pull vcctor(nu-.y(-) N_coluan, ])>
CALL Peak doto:t(bunny(o) N colu-n.nax’-un I_maxisus)
Dearing(1deDirectioncl -.xt.u-)oric/leo
Su-_an:-Su._spocOHlxllub
Re)_cont(l>eHaxiaum

NEXT 1

{00 0000000000000000000300000 00000000000

' SCALE RELATIVE CONTRIBUTION VECTOR o

Q00000 ABICRERITITIRENNNRIRNOEERRNOROOOVOYS

FOR 1%0 TO N_rov~-i
Ret_cont(T)=Rel_cont(1)/8um_spec

NEXT |

SUBEND

ORI 000081000 ItIEotItnIsattsnteIveteitnteniocintesnetniererseasnves
1eseees

1900000008000 000000000000003 000000000000 00008000000000000080000000000000000
te THIS SUDROUTINE PULLS A ROW YECTOR FROM THE NATRIX IN TME ¢
'e COMMON STATEMENT BELOW. THIS ROW VECTOR IS RETURNED IN YHE VYARIABLE #
e ‘ Dumeyi®) 7 , ’ .

100000000008 0R00000 000000000000 00R00000CR0R0EARER200R08R000200000000000
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$536 SUB Pul)_vector(Dumay(#),N_dumsy,K_row)

8860 COM /Fourter~s tpoctru.(SlZ 36).Froqucncy(512) Direcrion(36>

$370 FOR Is8 TO N_dumay-i

3500 Duany<tisSpectrua(K_rov,J)

$596 NEXT J

3600 SUBEND o

SE10 0000000000000 000000 0000000000080000000000000000800000000000000000000
S620 SUBROUT INE PEAK_!
S€30 0003000000 000000000000000000000000000080008

S640 THIS SUBROUTINE FINDS THE MAXIRUM ELERENT IK THE VECTOR o
S6S® ‘e ‘ Dusmay<s) - AND RETURNS IT N THE VARIADLE ‘NMaxisus’ ALONG NHITH ¢
3660 'e IT8 INDEX IN THE VARIABLE ‘' I_eaximua ‘ . L]
5‘7‘ 19000000800 0000088000000080000008000080820008020800008000000008000030000000000
3600 SUP Peak_detect (Dummy(s),N_dumay,Maxiaum, I_saxisus)

3690 Maxisue=®

3700 FOR =0 TO N_dusay-i

s718 IF Dumay(l>>Maximaus THEN

720 MaxisveseDumay(l)
3730 1 _saxinume]

749 enp T¢

S730 NEXT |

3760 SUDEND

G770 1900000000000 000000800000000083000000000000000005000000R00000200000R000000
780 lese
G790 100000000000 00000000000000000000000000000800008

5000 te THIS SUBDRQUTINE READS THREE DATA YECTORS FRON DISK l?OlﬂG( 0' [
3810 ‘e EQUAL LENGTM AND BOOTS THEM INTO THE DUMMY VECTORS X(0),Y(8),2(®), o
s820 !000000000000000000000000000000000000o000000000000000000000000000000000!
S030 SUB ReadfilediNames,Jobs, Mediunt,N_dats,X(#),Y(8),2(8))
S840 DIN File_nane$(40)

SOS0 1008000000000 00000000001000000000000000000000000000800000
S8EO l1ssosvsstscsssssccese DEFINITION OF VARIABLES srnscacees
SB70 10000000000 0000000001400000000000000000300000000000R000000000000

S880 | Name$ | NAME OF SERIAL FILE CREATED YO RECEIVE DATA
898 ! Jobs | DESCRIPTIVE JOB LABEL OF CONTAINED !ﬁ?ﬂ
3900 ' Mediums ! ADDRESS OF MASS SYORAGE MEDIuUM

S910 * N_data | WUMBER OF DATA ELEMENTS IN EACH VECTOR .

920 1003000050 0008000000000500000000000000000000000000000008008000000
SPI0 (0900003530008 00300008050000000000

$940 | ASSICN BUFFER 1/0 PATHM T0 FILE

SIS0 | udeveeneteeetsdonsnnisdineianydses

$960 1F Mediua®s"; INTERNAL® THEN

s97e File_nasesesNamestNediuns

3960 ELSE

3990 File_namsessMediyasiNanes

6080 END IF

601@ ALSIGN PPath_1 TO File_names

6020 9009000000000 000800000000000000000

6030 'esvsvvas READ JOD LADEL ecsseserre

CO40 10000000882 00000E800000000000800000

6030 ENTER #Path_1jJobS

COEL 222922000000 000800000000000000000

6070 tees ENTER NUMDER OF ELEMENTS onee

CE00 10030000003 000008090000008000000000

[{1]] !NT!I OPath_1§N_dars

GLO00 1000000000000008000000000000000800

6110 1 CORRECTLY $12E DARTA VECTOR
€120 100000000000000000000000000000000
€120 REDIM X(N_data-1),Y(N_data~1),Z(N_data-1>
G140 100300000000 0000800000080808. 000000

6130 leseosses READ DATA ARRAY sescnece

6168 10000000000000000000000000000000¢00

€170 ENTER #Patn_13%(0),Y(0),2(®)

€100 1000000000000000000000000000000000

€192 'eoson» CLOSE FILE AND BUFFER ecete

€200 '8900020000000000000000000000000000

%
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6210
6220
6230
6240
6230
62660
627¢
6200
6290
6300
€310
6Jz2¢
6330
6348
6330
6360
6370
€300
6390
6400
6410
6420
6430
6440
€450
6460
€470
6400
€490
6399
63516
6320
6330
6340
€359
6360
6370
6300
6399
6600
6610
6620
6638
6640
6630
(171 ]
6670
6600
6690
6700
6710
6728
6730
€748
[ 341 ]
€760
6?70
6780
6790
6800
(131 ]
6820
6930
6842
6850
6860
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ASSIGN OPath_1 TO o

REDIM X(4896),Y(4096),2(4096)

SUBEND

1 00000000000000000000080000000000000080000000080000000000000800000000000
1002000000000 00000000000 SUBROUTINE NRITEFILES eoeceervcone
1000008 R00000REIBR00000TDICRINERRENORETUROOORINDR0REOINROOOOROIRNIEROIS

te THIS SUBROUTINE ACCEPTS THREE DATA VECTORS OF EQUAL LENGTH AWD o
'e NRITES THEM TO A DISK STORAGE FILE UNDER THE FILENANE SPECIFIED o
te BY TME USER . L

1RO OUee 000000000 R 000000000000 0000000000R0R0RIRR0RN00RRR00RR 000D
SUB Writefilel(Names,Jobs,Mediuns,N_dat s, X(#),Y(8),2(8))

DIR File_nanes(40)
1000000000000000000000000004000000000008000000000000000000080004000
tessoesesnescecsnsese DEFINITION OF VARIABLES sssdesesess
100000000 0000000000000000000000000000000000040000000000080000000

! Name$ ! NAME OF SERIAL FILE CREATED TO RECEIVE DATA
¢ Jobs t DESCRIPTIVE JOB LABEL OF COMTAINED DATA

! Mediums$ | ADDRESS OF MASS STORAGE mEDIUM

! N_data ! NUNBER OF DATR ELEMENTS IN EACH VECTOR .

100000¢00000000000000080000000000000000000000000000R380000000000
10600000000008000200000000008000008
ts CREATE DATA FILE FOR STORAGCE oo
10000000080 00000000300080800000008008
File_size=INT(N datas®)
1F Meaiumss* s INTERNAL® THEM
File_naneSeoNazetiNediuag
ELSE
Fite_nameseofediunttNanes
END IF
CREATE BDAT File_naned,File_size
1900000000008 00400 0000082200000 0000
} ASSIGN BUFFER 1-0 PATH TO FILE »
1900000000000 0000000000000000000000
ASSICN @Parnh_1 TO File_naaes
1000000200 0000050000080000000000008 -
teo CORRECTLY SIZE DATA VECTOR ece *
190000000008 00000080000000000000008
REDIM X<(N Yy Y(N_data~1),2(N_data~1)
1000000000000000080000000000000000
tesstase STORE JOD LADEL edcecssee
(0000000000000 00000000000000000000
QUTPUT @Path_1jJodbs
1000000000000000000000000000000000
ieese STORE NUMBER OF ELEMENTS ede
(000800060008 000000000000000000000
QUTPUT OPath_1N_dcata

1900000000008 0000000000008002000 08
OUTPUT OPath_13X(#),YCe),2(e)

100000000200 80000000000004800000000

ASRIGN OPath_i TO o

SUBEND

1000200000000 000000800000080000080000830038080%000000002

tosusessnessinscecsnsssas SUBROUTINE PRINT_OUT ssen X
1000000000000 00000000000000000000008000000000000400000000000080000800000¢

1e THIS SUBROUTINE PRINTS OUT THE DEARING AND RELATIVE o
‘e COHTRIDUTION FOR EMCH FREQUENCY COMPONENT IN THE DIRECTIONAL o
‘e SPECTRUN .

100000000000000000000000000800000080000U0000000000RRCRRRBRRRRRIRNRRR000S
 11) Print_out(Fr.qu'ncy(l).l'.rlng(or.qu_cont(O),N_d.\.)

PiesdesATN(L?

PRINTER 18 6

PRINT CHRS$C12)>
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PRINT 0000000030 0000000000000000000000000000000000000000000000000000000%8

(XXX XY T B

6380

PRINT “eeveaccessrsscrcsrcecrse FREQUENCY BEARINGS AND CONTRIBUTIONS eeoee

e*vesccocesne” .
G090 PRINT “ 0000000000000 00000000000 0000000000000 00000080000000000000000000000

ss000000000 00"

€998 PRINT -

€910 PRINT

€920 PRINT “Frequency Beartng (degrees) Relative Contributio
n (%) * .

€930 PRINT

6940 FOR 1®@ TO N_data-1

69%0 PRINT USING Forsat_1iFrequency(l), INT(Bearing(1>01800/Pie)/18, INT(Re)
cont(])01000>/10

6966 Format_11 IMAGE DD.DDD, 16X,DDD.D,22X%,DD.DD

€970 NEXT |

6980 PRINT CHRS$(12)

€990 PRINTER IS 1

2002 SUDEND

?’l‘ 100000000008 0000088000R0000000 0003000080800 000000030000000800000000000

7020 1000000000000000000000808 SUBROUTINE MINDONER €00800080000800000000000

’.3‘ 10D BRDIBOROIOBRIBRORIGERNOBBIBIIBINRBRIBRORODNR000200000302000C030000

7040 ‘o THIS SUDROUTINE PERFORMS A TRIANGULAR WINDOWING OPERATION e

?70%@ te ON THE SUPPLIED VECTOR . THIS 1S5 A PRELUDE TO A FOURIER TRANSFORM »

7060 '+ OPERRTION AND IS INTENDED TO REDUCE SPECTRAL SIDE LODING . L

7070 100080005008 000080000000080000000030300000000002000000080004800200000000

7080 SUD HWindower(Vector(#),N_vector)

7090 FOR 1=0 10 N_vector-1

7100 IF 1<N_vector-2 THEN

7110 Vectorcl)svector(l)e<2el/N_vector)

7120 ELSE

71230 Yector<l)svector(l>e(1-20(]=N_vector-2)/N_vector)

7140 END IF

7150 NEXT |

7169 SUBEND

104
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1000
1010
1820
1930
1060
1099
1960
1079
1680
1090
1100
1110
1120
1130
1140
1180
1160
1170
1180
1190
1200
1210
1220
(8>
1230
1240
1230
1260
1270
1200
1290
1300
1310
1320
1330
1340
€, Y™
1339
1360
1370
>
1300
1390
1400
1419
1420
1430
1440
1430
1460
1470
14802
1499
1500
1518
1520
1530
1540
1350
1360
1577
1540
1590
1600

NWC TP 6842

196? 20140122

1900008000000 R0 0CRIRRRRCRRRORRNRERIRRORGUBRRR002003R0000030 0030000000000

1000008000008 2 000000 RCRRRPRRRSOIROREIRReROERiRetedaldidalasastatontssaiae

e THIS PROGRAM BOOTS IN A FREQUENCY SPECTRUM AND PERNITS THE »
e USER TO PLOT AND EXAMINE 17T . 3
1200000000008 20000000 000000000 RRRRCRRRROOCRRRIRRRRERNNIRRIQRRRRRSYS
DIN Frequancy(4896),Magnitudec4096),Phase 4976

DIM Names(16),Mediuas(20],Jobs(89)

1 9000000000000 00000000000000000000000000000000000000 000000008

DEFINITION OF LOCAL VARIABLES ¢
1000000000000 00000000000000000000000000000000000008080800800
T_sample=i/60

Pie=4oRTN(Y)

Hediums$="BASIC/DATA_FILE-*

Pences2

100000000000 000300000000080 8802000000080 2000000038088 00000000

PRINT CHRS$(12)

INPUT “Enter FILENAME of SOURCE Data File .....°,Names

INPUT “Enter FREQUENCY LIMIT on Spectrum (Hertz) ...°,F_max

100000600000 00000000000080800000001R00003000

tesssasee COMPUTE TIME BRASE VECTOR sessvssasse

1020082008800 0800808000000000000200000800000

CALL Readfile3(Names$, Jobs, Nediuas,N_point,Frequency(s),Magnitudecs),Phase

PRINT CHREC(12>
PRINT Jobs
N_tiaiteINT(F_max/Frequency(i)?
100000800000 00000000000000000008080808000030000
te CONVERT DATA TO FOURIER TRANSFORM SCALE +»
10000000008 000000300000003000003808R080000 000
REDIM Frtqucncy(ﬂ_l|-lt-1).ﬂ.on||udo(N_ln.0t~1>,Phnan(N_li-a$-l)
FOR 1=0 TO N_timit=-1
magnitudecl)=Ragnitude(lisT_sample . -~
MEXT I
S_saxsAAX(Magnitude(e))
CALL Plot_file(Frequency(®),Magnitude(®) ,N_11ait,0,F max,-S_max,$_smax,Pen

INPUT “Hit Return to0 CONTINUVE ...",Rs
PencesPencel
CALL Plov_file(Frequency(®),Phass(#),N_11mit,8,F_max,~2¢Pie,2%P1¢,Penc,"”Y

PRINT

PRINT "Total Record Length 1s “jH_point;® Points....."

INPUT “HIT RETURN ...",Rs

GRAPHICS OFF

PRINT CHR$(12>

END

(9000009000000 0008000000 03000 RRRRS R RRIRERIRIRZORRORRRs0380000080000

‘e THIS SUBROUTINE READS THREE DATA VECTORS FROM DISK STORAGE OF o
1o EQUAL LENGTH AND BOOTS THEM INTO THE DUMMY VECTORS X(#),Y(e), 2¢e)>, ¢
1000 e0000R I ERIRBISERRIORRRRIRIRRRRORRNITI0RREIREINERREtIDLINOORIORESS
SUB Readftle3(Names,Jobs Mediuns,N_data,X(®),Y(#),2(e))

DIN File_name$(40)

1380083300800 803000000380000000000000880000000000008800000000000

1280080000000 8000000 DEFINITION OF VARIADLES

1 000800000 0000000000000000000000000000800000000000006008880000002
Nanes$ | NAME OF SERIAL FILE CREATED T0 RECEIVE DATA

! Jobs ! DESCRIPTIVE JOB LABEL OF CONTAINED DATA

! Medruns ' RDDRESS OF MASS STORAGE MEDIUM

! N_data ' NUMBER OF DATA ELEMENTS IN ENCH VECTOR .

1000000000008 02 120003000000 000 300000 RRRINERERRRRRRRRRR 200000
1220800020008 000000 2081000008000 000
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1610
1620
1639
1640
1630
1660
1670
1690
1690
1790
1?10
1720
1730
1740
1750
1760
1770
1700
1790
1690
1810
1020
1830
1840
1830
1060
1876
1890
1890
1900
1910
1920
1930
1940
1950
1960
1970
1900
1990
2000
2019
2020
2030
20490
2030
2060
2070
2080
2090
2100
2110
2120
2130
2140
2190
2160
2170
2100
2i90
2200
2210
2220
2230
2240
22%0@
2260
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| ASSIGN BUFFER 1-0 PATH YO FILE o
1900000000000000000000000000000000
IF Mediuass™; INTERNAL" THEN
File_namesoName$iNediuas
ELSE
File_nanessNediuastNanes
END IF
ASSIGN #Path_1 .T0 File_nanes
1900000500000000008000000000000000
teessess READ JOB LADEL ecesscere
10000000000000000000600000000800000

{1
1008000080000000080000000000000000
1ese ENTER NUMBER OF ELEMENTS seee
1900000000000 000000000000000800000

1090000000000000000500000000000000s
1es CORRECTLY GI1ZE DATA VECTOR ass
100000062000 0000000000000000000000
REDIM X(N_data-1)>,Y(N_data-1),2¢(N_data-1>
0880008008000 0300000000 L 4

100000008003 00000000000000000800000
ENTER OPath_13XCe),Y(8),2¢0)

1900000000008 00000080800080000800008¢
1eevee CLOSE FILE AND DUFFER osese
1000000000000000000000000000000000
ASSICN OPath_i TO o
SUBEND

0000000200000 0000000000000000000000080

SUBROUTINE PLOT_FILE o

1000000083300 00800000000303000000000330203000003003003000803030200000000 0
re THIS SUBROUTINE ACCEPTS TWO DATR VECTORS AND PLOTS ONE VERSUS »
t®# THE OTHER . THE USER NEED ONLY SUPPLY THE LIMITS OF THE GIVER e
te VECTORS AND THE DESIRED PLOTTING COLOR . SCALING AND AXES ARE AUTD- o
te MATICALLY PROVIDED DY THIS SUBROUTINE . ° .
19 0060C0000000000000000000000000000000000000R00000000800000000000000000
SUD Plot_file(Xdata(e),Ydata(e) ,Nplot,Xntn,Xeax,Yain, Yeax,Penc,News)

COM /Plot_block’ Xscale,Yscale,Xoffset,Yoffset

100000002803 000000000000000000000000000040000000000N0 000000000
1esensesessesess DEFINTITION OF LOCAL VARIADLES eovscesesssse
1000808000000 000030000300R080000000000000000000080000000800000
! Xdata(e) ! RBSCISSN DATA VECTOR TO DE PLOTTED .

1 Ydata(e®) ! ORDINATE BATA VECTOR TO BE PLOTTED .

! Nplot ! MUMBER OF DATA POINTS IN VECTORS .

1 Xmin ! SHALLEST ELENENT IN Xdata(e) VECTOR .

! Xeax t LARGEST ELEMENT IN Xdata(e®) VECTOR .

! Yetin ! SHALLEST ELENMENT IN Ydatale) VECTOR .

! Ymax ! LARGEST ELEMENT IN vdatace) VECTOR .

t Penc ! DESIRED COLOR CODE OF PLOTTING COLOR .

! Nevs ! ORDERS THE ROUTINE TO CLEAR THE GRAPHICS
WHhiies] ! DEFINE THE COLOR CODE FOR WHITE
A_colorsihite ! SET AX18 COLOR WHITE

Xlefr=0 ! DEFIME LEFT OF SCREEN (Plotter Units)
Xraile28 ! DEFINE X AXIS RAIL (Plotter Units)
Xcenters=64 t X COORD CENTER SCREEN (Flotter Units)
Xright=128 ' DEFINE RIGHT SCREEN (Plotter Units)
Ybottomned ! DEFINE LOMER SCREEN (Plotter Units)
Yrailsi§ ! DEFINE Y AX1S RAIL (Plotter Units)
Ycinters48 ' ¥ COORDCENTER SCREEN (Plotter Units)
Yiop=96 ! DEFINE TOP OF SCREEN (Plotter Units)
! X_denocs ! DENOMINATOR OF X PLOTTING SCALE FACTOR .
! Y_denos | DENOMINATOR OF Y PLOTTING SCALE FACTOR
1006000088008 80000008080200000380000 0020002030200 00000300000
(0000040808000 08000003000R080.L00000080000 042000008

tes CLEAR AND INITIALIZE GRAPHICS IF SPECIFIED »




BT

2279
2268
229¢
2300
2310
2320
2330
2340
2330
2360
2370
2380
2390
2400
2410
2420
2430
2440
24350
2460
2470
2480
2490
2300
2310
2328
2330
2340
23930
2360
2379
2568
2599
2600
2610
2620
2630
2649
2650
2660
2670
2680
2690
2709
2719
2720
2738
2740
27%9
2768
2779
2780
2799
2000
2019
2820
2039
2049
28%0
20e6e
2879
2880
2890
2900
29190
2920
2930
2940
29%e
2960
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10000000000000000800000000000000000008800000%00000
IF NewSs*Y" THEN

GINIT 1.8

GRAPHICS ON

PEN Mhite

VIEWNPORT Xleft,Xright,Ybottom,Ytop

FRANE

10900900000000000083008200000000000

te DRAN PROPER AXES FOR PLOTTING »

1000000000000000000003000000000000

IF Xain<® THEN

IF ‘ain<® THEN 100000000000 0002000000000330000

Xoffsetucenter s FOUR QURD AXES DRAWN HERE ¢

YoffsevsYcenter 1908000080008 40093080000083000002

X_denceeXmax

Y_denoasYaax

CALL Axis_draw(Xleft,Yoffset,Xright,Yoffset,A_color,-Xaax,Xaax)

CALL Axis_draw(Xoffset,Ybortom,Xoffset,Yiop,A_color, -Yaax,Yeax)
ELSE 19000000000 000840000000000000000

XoffserteXcenter 's +/= X TYPE AX1S DRAWN HERE +

Yoffset=sYrail 1000000000008000000800000000008

X_denoasXmax

Y_denomsYaax-Yein

CALL Axis_draw(Xleft,Yoffset,Xright,Yoffset,A_color,-Xaax,Xnax)
CALL Axis_draw(Xoffset,Ybottom,Xoffset,Ytop,A_color,Yain, Yaax)
END IF
ELSE
17 Yain<@ THEN 1800508000800 000000800080300000
XoffsetoXrail 1e «/= Y TYPE AX1S DRAKWN HERE o
Yoffset=Ycenter 1900000400000 000000000000000000

X_denomsXmax-Xein
Y_denoasYeax-Yain
CALL Axis_drav(Xoffses,Yoffser,Xright,Yoffset,A_color,Xain,Xsax)

CALL Axis_drav(Xoffset,Ybottom,Xoffset,Ysop,A_color,~Yaax,Yaax)
YoffsetsYbottom .

ELSE 1900000000 000000080000000000808
XoffseteXrail 18 ¢+ ONLY X&Y AXES DRAKN MHERE »
Yoffset=Ybottos | 200000000000088000000000000000

X_denomsXmax~Xsin
Y_dencasYaax-Yain
CALL Axis_draviXoffset,Yoffset,Xright,Yoffset ,A_color,Xein,Xnax)
CALL fAxis_drav(Xoffset,Yoffset,Xoffset,Ytop,A_color,Yain, Yagx)
END IF
END IF
Xscaleo(Xright-Xoffset) /X denom
Yscalesi{Ytop~Yoffset) Y_denos
END 1IF
1800000000000 00000000000 000000
I+ DATA VECTORS PLOTTED DELON ¢
1000080000800 0808458333838050008
PENUP
CALL Scaler(Xdata(@),Ydatal®),Xain,Xvax,Ynin,Ynax,X_plot,Y_plov)
PEN Penc
MOVE X_plot,Y_plot
FOR 1@ TO Nplot~1i
CALL Scaler(xdata(l),Ydatacl),Xuin,Xmax,Yein,Ynax,X_plot,¥Y_plot)
DRAW X_plot,Y_plot
NEXT |
SUBEND
1000000800000 00030003 8834080000008 000C000883000008803000030000200000000000)
1e030s8202000820%00080 0% SUBROUTINE AXIS DRAN »es (YXYITXY)
'000.000000000000..000.Q000.000000000000:.00000.l....l'.........."’....
'e THIS SUBROUTINE DRAKS AN AXI1S FROM THE STARTING COORDINATE TO o
'e THE FINAL ONE . IT ALSO QUANTIFIES THE ORICIN AMD TERMINUS OF SAID
e AXIS . . L
1940080080000 0 0083830808000 80808088002400038000000002802308000000030000009008
SUB fAxis_drawvi(Xstart,Yetart, Xfinal,Yfinal,Axis_color,A_sin,A_max)
PiesasATNC(Y)
Deitges
PENUP




29?8
2990
9%
080
aete
3020
3030
3Jeq0
Jese
66
3070
Jese0
3090
3100
3ne
3120
3130
3140
3130
3i¢e
3170
3100
3190
3200
3210
3220
3232
3240
32%0
3260
3270
3200
3290
3300
30
3320
3330
3340
33%0
3360
3370
3390
3398
34690
3419
3420
3430
3440
3432
3460
3470
3400
3490
3300
3sie
3520
%38
3340
3330
3%¢e
3370
Isee
I%90
Jéo0
3610
3620
3630
J640
JEsO
3660
3670
36s0
3698
3700

NWC TP 6842

PEN fAx1s_color
PENUP o
MOVE Xstart,Ystart
DRAN Xfinal,¥fina)
PENUP
CEI12€ 3.9,.8
CALL Roundcr(ﬁ min, 3,00
CALL RoundercA™| -ux.3 A
IF XstartsXfinal THEN

CALL Labelit(Xstart-Delta,Ystare,Pies2,Axis_color, VALSC(AR))

CALL Labelit(Xfinal-Delta,Yfinal-2¢Delta,Pie 2,Axis_color, VALSCAL))
ELSE

CALL Labelit(Xstart,Ystart-Delta,®,Axis_color,VALS(RO))

CALL Labelit(Xfinal-2eLelta,Ystart-Delta,®,Axis_color,VALSCAL))
END IF
SUBEND
1000008500000 30003000800003 0800000000030 008000088003003000000000000000800%0)
tesesasssers
1880000000000 0 0000000000000 000030000¢ 0000808080000 000000040023200004000%000>
te TH1S SUBROUTINE SIMPLY ACCEPTS THE GIVEN LRBEL AND PLACES IT WHERE .
‘e IT 1S SPECIFIED (ie X,y LOCATION) AT THE GIVEN TILT ANGLE . THE PEN »
‘e COLOR “Penc’ IS ALSO PROVIDED BY THE USER . THIS SAVES A LOT OF o
‘e REPETITIVE CODE . .

10000000500 0800000080 20000000000 30080000080080800 1000000000000 800008000000
SUB Labelit(X,Y,Tilt, Penc,Strngs)

PENUP

MOVE X,

PEN Penc

LPIR Tt

LABEL Strngs

PENUP -
SUDEND .

(8003000000000 80000000 000 00008000 R0000000000000000008000000800000400s
120308000000 000000s000a0008 SUDROUTINE SCRLER #02000000050080000000008000
(9080800000300 00000000 000000000000 00C R8RS RRRL 2268800008000 30030000000
e THIS SUBDROUTINE SCALES THE DATR PASSED TO IT FOR CRT PLOTTING o
‘e PURPOSES . .
1080000000000 000800000 0Nt NteRRIINCRIRIRIt I INRPReRRRtORsRRRtntnette
SUD Scaler(X_data,Y_data,Xmin,Xmax,Yein,Yeax,X_plot,Y_plot)

COn -Plot _block- Xgcale,Yscale,Xoffser,Yoffset
X_plotexscales(X_dsta-XmindeXoffset
Y_plotsvscales(Y_dataYsin)eYoffser

SUBEND

160000800000 000000000003800000000000C0 0000004083003 0000000000R0R0NRRR0Y

L0000 00000000000000000 200000000 00000000R0020000000000080800008R 000000000
'e THIS SUBROUTINE ACCEPTS A NUWMBER OF ANY SIZE OR SIGN AND ¢
'e ROUNDS IT TO THE SPECIFIED NUMDER OF DIGITS . *
10000000000 00000000008000 000000800000 000000000000L0000000008000000000000
8UD Rounder<X_input,N_digits,X_rounded)

19000000000 00000000000000000000000000000000000000000000000

fesesssasesnd DEFINITION COF LOCAL VARIABLES 2arscsesecepre

1000000000000 00000000000R0000R0R0R0R0RE0R000RRRNRRR0RSRRS

! X_input ! INPUT NUMBER TO BE ROUNDED

X_duesy DuMMY VARIADLE USED TO PROTECT X_input
N_digits NUMBER OF DJIGITS DISPLAYED AFTER ROUNDINC
ROUNDED EQUIVALENT OF X_input

Plagnitude ORDER OF MAGNITUDE OF INPUT NUMDER
MantLissa MANTISSA OF NUMIER UNDER ROUNDING
! ARGUMENT t APBREYIATED VERSION OF MANTISSA.
1000008800080 30005800800004800300833003800050000000000803000s
IF X_input<>8 THEN
X_dusmysX_input
$1gnaSCN(X_dummy)
X_dunaysABS(X_dusay)>
n.onixuao-lNT(LGT(x guasy?’)
MantissasX dun-y/(lo~ﬂnqn01uao)
Rrgunon!-INT(ﬂnntl;n.ola*fn _Q19i1ts=1)>/10~(N_digits=-1)
X roundodi!lgniﬂrgu-cntOIO*qunltudo
ELSE
X_roundedsX_input
ENDTIF
SUDEND

! '
! t
! X_rounded 4
! Bign ! NUMERICAL POLARITY OF ROUNDED NUMBER
' '
' f
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Appendix E

SEA SURFACE REPRODUCTION SOFTWARE

(1) MAKE_MODEL Progran
(2) MAKE_WAVES Program

(3) VIEW_SEA Frogram
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31 Aul 1967 20142, 10
1080
1019
1020 XX I X X X X X YR XY YNSRI YXRRINZ IR ANIINEITIZR RS SXZZR 22 2SR RSS2 2422222 X2 2 2 3
1830 to THIS PROGRAN GENERARTES ALL OF THE NECESSARY INFORWATION ¢

10490 o TO CREATE A MPDEL OF THE SER SURFACE DPASED ON NWAVE COMPUTER ¢
1050 !e MEASUREMENTS . ]

1060 1000000000500 00 0000000080000 000000000 PURORTERONOETLARIR  1ES0030404 f
1070 COR /Mavelengih/ 20_uag(¢096),2dx_sagi4096),2dy_nag(4096)

1080 DIM 20_sigh(40%96)>, 249x _81gh(e@9s), idy $1gh(4096), Dunny (4096

1090 DIN NameS(i6),Nane anqotl‘l Naag spe:t(lﬁ) Name _mods(1€]1,J0b87001 b .
1160 DIM PhiC4096), Thet ac409€>,Dz_dx(4096), Dz ¢y<¢osz>

1110 DIM Frequency(4096), ﬂ.pliludl(“"l.’hlli(d.QG)

1120 DIN Bearing(4096),Mavelength(4096),Velocity(4096)

1130 PRINT CHRS(12>

1149 1000000003000 00000200000800000020000000000000040000R 0BRSS

1198 teveee seees DEFINITION OF PROGRAM VARIABLES 32080008004

1169 0000000 ¢0 5000200000380 0000000000000000000000000080000 88080

11290+ 20_sag(e) t 2 VECTOR ®MAGNITUDE SPECTUM. (Feat /Hertz)

1190 ! Dz_dx(e) ' PRRYIAL BERIVATIVE OF 2 HWRT X.(Dimensionlessd

1190 ' Dz_dyce) I PARTIAL BERIVATIVF OF 2 HRT Y.(Dimensionless)

1208 ! Phi(e) ! ELEVATIONAL ANGLE OF UNIT NORMAL. (Radians)

1210 | Thetat(®> ! AZINUTHAL ANGL. O° UNLT NORMAL. (Radians)>

1220 ! Dumay(e) ! GENERAL PURPOSE DumHY VARIAZLE.

1239 ' Frequency(s) ¢ PRESUENCY OF WAYE COMPONENT., (Hert2)

12490 | 20x_mag(e) 1 d27dx  MAGHITUDE SPECTRUN (Y 7Hertz) s
1230 | 2dy_eage> v tZsdy MAGNITUDE SPECTRUN, Ci/Kert )

1260 ' 2dx_sigh(e) ' dl-dx PHASE SPECTRUA . (Radiang)>

1270 t 20y_sigh(e)> v dZ/dy PHASE SPECTRUM . (Redians>

1260 ' AspTistudece) ! ARPLITUBE OF WAVE COMPOMENT. (Fegr)

1290 ' Phase(e> 1 ANGULAR DELAY OF WHAYE COMPONENT. (Rgdians> /
1300 ' Bearirg(e) ! PLANE WAVE COMPONENT DIRECTION (Radians)

1310 ! Mavelemgih(s) ! HAVELEMGTN DF WAVE COMPONENT. (Feet) -

1320  Velocity(e®) ! VELOCITY OF WAVE COMPONENT, (Feer/second)

1330 ! HW_data ! NUMBER OF DRTA FOINTS IN SPECTRURS,

1340 ! N_point !t MUNBER OF FFT POINTS COMPUTED.

1330 N _eax ! MURDLR OF MODEL FREQGUEMCY COMPONENTS CONSIDER

1260 Rcﬁ'ul.-'llilclnaih FILE/" g
1370 PieadoATNH(])

1300 T _sanpleni %0

1390 1000000063 200050000000000000033000000000R00R0000000080002000000000

460 I1MPUT “Enter FILENAME of BOURCE DATA (Dmiv Extension) .,..",Hanes

1418  INPUT “Enter CONPCMENT TRUNCATION LENGTH ....",H_sax

1420 Hame_i5=Nase$b" _SPIC*

1420 Name_dir@sNamesi®_diIR*

1440 Nans_angfeNase®t®_MANC*

1438 dame_sdxfsHamedt®_SODX*

1460 Name_sdySaNassst®_SDY*

1470 Nane_sod$sianesi®_NOD“

1400 1006000000800 6000080000083030083000005000040000000400

1499 s BOOY IM DIRECTIONMAL AND VERTICAI SPECTRAL DATA o

1260 [ B00000320000060034800008080000300330000000000000080008

1910 DIG® “ssssccccorssece JOOTING IN REQUIRED DATA FILES tossnscscsssers’®

1920 CLALL Readfilcd(Name_z¢,Jobs,Mediuns,N_dava,freovency(9),20_sag(e),20 sig

needr) R .
1330 CALL Readfiled(Hame_dirs,Jobs,Mediuns,N_data,Dusayte),Bearing(s), Dumay(e R
)
: 13490 CALL l..df||'3(Nlll_tdxl,Job'.ﬂodiu.l,N-dlt..ﬂul.y(o),de-look’),ZdK_lfﬂ
nrey)
. 1359 CALL Readf:led(Name_sdys,Jobs, Meciums,N_data,Duenyce),2dy_mag(e),2dy_sig
nce))
1360 N_dusaysN_data
1579 CcALL char1103(N¢oc _angs,Jobs,Mediuas,N_dumey,Phi(e),Thet 8(»), Dusayce))
1900 DIsSP
1399 N_point®2~INT/LOG(N_dummy)/LOC(2)¢1)

@
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1600 1000000000000004/90000000000000000000000000000000000
16190 1asasesetsd EFFECT BEARING ADJUSTHENTS ecsssoscosese
1620 100060004.0000002000000000080000000000200080000000008
1630 CALL Bearing_fix(Bearing(s) N_data,Pie)

1640
1688
1668
1670 MAT Phases23_sigh

l‘.. {seesepe 00090080080 RDD2000000000000000000020000
1690 o
1700 treee OONEPOR000000000000080000000000500000800000
171@ CALL Aeplitude(20_sag(e)>,N_da ,N_point,Aeplitudelsd)

1729 1000000000000 800000000000000000000000800000080000¢00

1739 'ee. OMPUTE WAVZLENGTHS OF FREQUEKCY COMPONENTS oe

1760 1000000000808000030000000 3000000000 000000000000000

1739 CALL Havelength(Bearing(®),N_data,Pie,Havelength(e))

1760 10050800030 03682000000800000000000030000000080000000

1?70 tee COMPUTE MAVE FREQUENCY COMPONENT VELOCITIES eo¢

1700 1800000080000 8000000000080800000000000000000000000¢00

1799 CALL Velocity(Freguency(®),Navelength(e) N_data,Velocity(e))
1800 100000000000400002030000000080000000088080000
1910 1es0cseses OUTPUT DATA TO DISK AND PRINTER o4o
1920 100000000000000000000000080000000000000800000000000

1030 INPUT °STORE Mode! Coefficients on DISK ? (Y/N) ,....°,AS .
10406 IF Ase*Y® THEN P

ot
o
§§
]
) 1038 DISP *esecscscsens STORING SEA SURFACE MODEL COEFFICIENTS e¢secessescce
1860 CALL Hr!torllo‘(Nnno_oodt.Jobt.ﬂcdlu.!,N_ntx.'rcquoncy(').a-plltudc('
1970 (END IF
E%
Ié%
@

),Phase(e),Dearing(e) Havelength(e) , Velocity(e))

1900 INPUT “DUNP MODEL PARAMETERS 1o the PRINTER ? (Y/N)....*°,A$

1990 IF Asevv" THEN

1902 DISP "sesss QUTPUTTING SER SURFRCE MODEL COEFFICIENTS TO PRINTER eeee
.

1910 CALL Print_outé(Frequency(s), n.plitu¢c<0) Phasecs),Pearing(e), avelien
Quh(e) ,Velocity(ed N dgtn)

1920 €END IF

1930 IALL Video_gamect)

1940 DISP “scesteccscosse MODEL RECORDINC PRNCESS COMPLETE o0es0s0secsesss®

19%¢ END

1969

1970

1900

1900000000000 000¢0 00870000 RRRRRRRCIRARRURBO00ERINLERDORIRRODRRONRIIOES

10000000000 00000000000R000000080000000080%00800°.0008000000%08
1990 1 THIS SUBROUTINE PERFGRMS A 7. oT FOURIER IRANSFORM ON THE o
2000 te DEPOSITED DATA VECTOR * X tnput(e)> -, THE REAL PHRT OF THE SPECTRAL o
2019 'e VECTOR I8 RETURNED IN THE VARIADLE - F _realcs) - AND THE INAGCINARRY o
2020 1o PART 18 RETURNED IN VARIANLE ° F 1..@0(0) “ . 1T 18 INPORTANT YO o
2030 's NOTE THAT , IN ORDER POR THMIS FFT “ALGORITHN TO NORK THE NUMDER OF o
2040 1o DATA POINTS UNDER ANALYCIS MUSY BE A PONER OF THO 1! L
2050 1000000020000 000000 022008020808 RRR20R0R0200800800200000000000000000000000
2069 BUB Frecx_input(e),N_point,Pie,Magnitudece),Phase(s))

. 2070 DIM Real_ T<4096), Inage_1(4096),Real_2(4096), Inage_2(4996)

2000 DIm P_ 1n¢cx(204.) a_ Index(2048)

2090 REDIM Rea) I(N_polnt-l) 1mage_1(N_point~1)

2100 REDIM Real_2C¢N_point=1), lnsge_2(N_pcint=1>

2110 RAD

2120 Piec4asATN(Y)

2138 V_polnt-lNT(LOG(N_potnx)/LOG(Z))

2140 10000000000000000008000000000000000000030000000¢
2190 tsssee ORDER DATA VECTOR FOR INPUT OF TRANSFORM
2160 190000005000000000080000000000008000300000000000000000
2170 CALL Dit_reverse(X_input(#),N_point V_point,Real_1(0))
2100 (eecoetsssoes 2008000000000 000

2190 18 NULL IMAGIHARY INPUT VECTOR o

2200 130000080000 000008000040000000000

2210 FOR 120 TO H_point/2-4
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2220 Inage_1<12e0

2238 MEXT 1

2240 FOR 1_stage~d YO V_point-i ! START STAGE STRODING LOOP
¢ 2230 CALL Busverfiy(N_point,v_point,l_stage,P_index<s),0_index(s)>)
‘ 2260 FOR J butterfiy=@ T0 N_pantrz- [} stiit BUTTERFLY STRODING LOOP .
i 2279 {00000000000000000¢0000000008300080880840

2260 fe DETERNINE BUTTERFLY BRANCH POINTS o

2299 1606000000000000000000000000000008000¢

2200 PoP_tndex<J_butierfiy)
L 2310 QeQ_index(J butterfiy)
¥ 2320 R_powereFNNGduU) 0<J_butterfiyeg~(V_point=-1-1 348992 N_point 2>
[ ] 21300 CALL Phasor(Pte, Tpoﬁnl 1R_pouer,H_real, ¥ !-aoo)
] 25490 CALL Product_complex<i_real, i 1-.00 locl l(ﬂ).!o.qc_l(O).nu.-y_rcq|.
» Dusey_t{sage)

%0 1900000000000000000200040400000000000

2360 1s COMPUTE UPPER MALF OF BUTTERFLY o

2370 1900004000000000000000000000000000000

2300 Reat _2(P)sReal_1(P)*Dunsy_real

23% l..eo 2(')010090 I(P)onu--y isage

2400 160009800000000008000080800000000000
. 2410 te COMPUTE LOWER HALF OF BUTTERFLY o
% 2420 loooooooooooo00.00000000000.00000000

2430 Real_2(0)sReal_1<(P)~Duany_real
J 2440 l-ago 2(0)010‘40 1(’)-nu--y isage
v 2450 NEXY J bultorfiy

2460 10090000000000005600000000000000080800

2470 te UPDATE NEXT CYCLE SOURCE VECTOR ¢

2480 10000060200 0830000000300000880080000

2490 MAT Real_ivReal 2

2900 NAT !oaoo 101-090 2

2910 NEXT I_stage

2520 Q0000000000006000000000000000000oo000000000000

2930 1o DETERMINE MACHNITUDE AND PHASE OF SPECTRUM ¢

2940 1000000000030 000980000000000000800000088000000¢

29350 CALL Mag_phase(Real _2(®),1mage_2¢®), N_po!n‘.ﬂ.on.!uﬂ!(') Phesece))
2968 SUIEND

2570 1000005000000 030000000000000000080000000000080000300000800000080000800000000
2300 1as0sseer

2990 1000 cessnse L
2690 10 THIS SUBROUTINE COMPUTES THE MAGNITUDE AND PHASE OF THE CONPLEX o
2618 1¢ VECTORS PROVID“ IN THE YARIADLES ° X _real(e) ~ AND ‘' X Ou.qoto) ‘e @
2620 14 THE RESULTING ~+ NITUDE 1S TWEN sTORED In THE vEcToR k_magie) ‘o
2630 te AND THE PHASE .. STORED IN THE VECTOR - P_phasele) - . .
Q640 1000000000000 000000000000008000000000000000000000000000000080200000000000

2630 sV ”.‘T'h."‘x real(e),X_image(e),N_point,R_sage),P phase(®))
2660 PiecsonTn(l)

2670 FOR e TO N_point~]

2680 R _mag(1)eSAR(X_resal(IdeX_real(l)eX_iamagecidex_image(1))

2690 IF X_read(1)<>P THEN

2700 PhasesATH(AIS(X _1nageCl)/X_real(1d))
2718 LSt
720 PhassePie/2

2730 gEND 1P
2740 X_signeSGN(X_real (1))
2790 Y_signeBCN(X_inage(]))
2760 IF Y _signra0” THEN

277 17 x_signred THEN

2780 P_phase(ld>ePhase
2790 148 ] 4

2008 P_phase(ld>ePie-Phase
2810 END T’

2020  ELSE

2030 1f X_sign>e® THEN

20408 P_ph.sc(l)n-rh¢‘0
2850 ({8 ] 4

2060 P_phaseclioPngse-Pie
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2070 END IF

2090 €MD IF

2098 NEXT 1

2900 SUBEND

2910 10000000000000000000000000000000000000000000000000000080008000000000000¢
2920 1002000000000 00000040000 SUSROUTINE BIT REVERSE c00sccer0n0ecoscncstone
2970 16000000000000000000800000000000300000000000000000000600000000000000000¢
2940 1o . THIS SUDROUTINE PERFORNS A DIT-REVERSAL OPERATION ON THE o
29390 1o DEPOSITED INPUT VECTORS INDICES . THIS IS IN PREPARATION FOR AN o
2960 1o IN-PLACE FAST FOURIER TRANSFORM OPERATION . L4
2970 10000000000000000000000000000600000000000000800000000000000000000000000¢
2900 SUN Bit_reverselVecrtor_in(e),N_vector,N_paver,Vector_out(®))

2990 DIN Index_in(16>, Index_out (16>

3000 'esens BE0R080000080000000000048000000000000:

3010 o
020 1000080003003 0000800000000005000000034000080080008000000000000
3020 ! vector_in(e) ! INPUT VECTOR TO BE 31T REVERSE SORTED.
3040 ! N_peover 1 LOG DASE TWO OF IMPUT VECTOR LENMGTH .
3038 ! N_vector ! ACTUAL LENGTH OF INPUT VECTOR .

3060 | Index_ince) I BINARY INPUT VECTOR REFERENKCE INDEX .
3070 ¢ Index_out(e) ! BINARY BIT REVERSED OUTPUT VECTOR INDEX
3000 ! Yector_out(e) ! BIT REVERSE SORTED OUTPUT VECTOR .

JC90 1000000000800 000000080000040088008008000000808008000080800000%
3100 FOR o8 TO N_power f WULL DIT INDEX WORDS

19 Index_incl)ed

3120 Index_out(l)>=@

3130 MEXT 1

3140 FOR 120 TO MN_vector-1

2150 IF 108 THEN

3160 CALL Inc_binaryl{lndex_in(®),K_pover>

117e END iF

3190 CALL Reflect(Index_in(e),N_pover,Index_out(e))

3190 CALL Dase_ten(index_in(e),N_pover,1_input)

3200  CALL Dase_tencIndex_out(e),N_power,T_output)
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210 1000600000 000000000000000000008 000080000008
220 tee BIT REVERSED INDICES OPERATION BELOW . oo
3230 10000000000000000000000000000000008000003000
3240  vector_out(I_output)isvector_inCI_inpus)

3250 NEXT 1

3260 SUDEND
J270 1000000000000 0000000000000000000000000000000000000000000000000000003000¢

280 ¢ SUBROUTINE INC_BINARY

290 1000000000000 0000000000000000000000000000000080000000000000000048000010%000
3300 e THIS SUBROUTINE PERFORMS A BINARY INCRENENT OPERATION ON THE ¢
3210 s DESOBITED BINARY VECTOR ‘ Mord_inc(e) - AND RETURNS THE RESULT IN o
3320 'e THE SAME VARIADLE . [}

n

3370 1000000000000 000CE000000000000800000000000 0000000080000 00000000000000
3340 SV lnc_binary(ﬂord_lnc(0),N_powor)

3398 Carry_flag=0

3360 Done_flag=0

3378 1=0

2300 WHILE Done_f)age®

. 3% IF 120 THEN

A7 RS = KIS0

400 IF MWord_inc<l)ed THEN

23T Nord_inc(l)e}

3420 Done_f1agel

3420 ({8 1

440 dorg_inc(l)=d

3450 Carry_flagel

460 END IF

3470 ELSE

400 IF Carry_flagel THEN
¥ 3490 IF Word_inc(l)e® THEN

31300 Word_inccl)el

as10 Done_f1agel

%20 ELSE

113
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Hord_inccl)=0
C.rry flagel
END tF
END IF
EMD IF
lale}
IF 1sN_power tntu
Done_flage}
€MD 1IF.
END HHILE
SUBEND
100000080800 0080000000000000000000000000000080000050000000000000000000000
10000060000000000000000480¢ SUBROUTINE REFLECT 000000000000000000000000000
1000000000000000000000000000000000000000000000000000000000000000000000000
1e THIS SUBROUTINE TRANSPOSES THE POSITION OF THE DITS IN THE INPUT o
'e VECTOR TO OPPOSITE POSITIONS HITH RESPECT TO THE CENTROID OF THE o
e BINARY WORD .
0onoooooocoaooooooooo.oooooooooo000000.oooocoooo..oooooooooQooooooocoooon
SUS Reflect(Mord_in(e),N_pover, Word_out(e))>

FOR ]=¢ TO N_poucr—l

Word_out (])alord_in(N_pouer-1-1)

NEXT

SUBEND
100000000000000003000000v0000000000000000000000200000000080000000008000800
1eeee see SUBSROUTINE DASE_TEN o

1000802000000 00000000000000003 00080000060 00300000000483000000 0000800000
te THIS SUBROUTINE CONVERTS THE DEPOSITED DINARY VECTOR TO A BASE ¢
te TEN INTEGER.THE DASE TEN NUMDER 18 RETURNED IN THE VARIABLE 'X_out’.e
100000000000 000C000000000000000C00000000000000000004008000000000000008000
SUD Dase_teniNord_in<e),N_pover,X_out)

X_outeg

F3R 128 T0 N_power-1

X_outeX_out *Nord_in(1)e2~]

NEXT 1

SUDEND

l0000000000...000000.0000.00000.0.0.0000’0.‘00.000...0..0.0&00..00.0'0'00
V000030200000 000000800000000000000000? 000000000000

1e THIS SUDROUTINE GENERATES THE NECESSARY INDICES DEFINING THE ¢

te BUTTERFLIES WWICH PERFORR THE IN-PLACE COMPUTATIONS OF A FAST o

‘e FOURIER TRANSFORM . .

1000000000000 0000000000000000000000000000800000000000000000000008000000

SUB DutterfiycN_point,V_paint,Svage,P(e),0(¢0)

100000000000 E000 00000000000 00000000000008000000000080000000080¢
1ocoeesssseccne DEFINITION OF LOCAL VARIADLES 405506080020 0800
1000000000000000000000000000000008000000000000¢ oy
I N_point | MUMBER OF POINTS IN FOURIER TRANSFORM .

t V_point 1 LOGC DASE THO OF NUNBER OF TRANSFORN POINTS.
! 3tage ! STAGE OF TRANSFORM VECTOR PROCESSING .

! Span | WIDTH OF ROW SPAN OF BUTTERFLY .

t M _butterfly | NUWMBER OF DUTTERFLIES IN TRANSFORM STACGE.

! N_cross | NUNBER OF BUTTERFLIES FOUND .

! Up_cress ! POSITION OF UPPER DUTTERFLY DRANCH.

! Low_cross ! POSITION OF LOMER DUTTYERFLY BRANCH ,

I ! cP- INDEX OF BUTTERFLY “N_cross’ .

t e t 7@’ INDEX OF BDUTTERFLY ‘N _cross’ .
1000000800000 0C00 000 ERRRRRRRRRRR00RR0R0000000200000000000000
Spane2-§tage

1000000800000 000000000800000 0

1o DEFINE INITIAL BUTTERFLY

1200000300000 0220000000000000

" crosse-]
Span>1 THEN ! TEST OUT CASE OF S$TAGE 2ER0O
WHILE N crosn(N_poInt/Z Span




-

4930
4860
4070
4080
4899
4900
4910
4920
4920
4940
4930
4960
4970
4980
4990
See0
se10
Se2e
sSe3e
3040
sese
3060
sSoze
Seee
3090
S100
Si1ie
S120
S13¢
3140
3130
S160
S17¢
3190
s190
S200
3218
S220
3230
S240
$2950
S26e
S27e
3200
$290
S30¢
3310
$220
$230
9340
3290
S360
Saze
3300
339
S400
S410
3420
9420
S446
3430
5460
3470
S4e8
S490
3300
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N_oute2+(v_inel) I INCREASE RECORD LENCTH TO NEXT WIGH-
/EDIn Duasy(N_out-1) ! €87 POWER OF TWO .
FOR leM_tin TO N_out-1
Dusay(l)ag t 2ERO FILL REMAINDER OF DATA RECORD .
HEXT 1
SUBEND - -
190002000000 0000000000000000000000000000008080000800000000000000008200000
KXY IYTYIYYY) seoseess SUBROUTIHE MAKE SLOPES ssacstecescestetestonsde
(K222 X1 YTXY 2] 0.0.00000.0.QQQ...0000..:0.0000000.0.00000.00.0.0.0.6.0
te THIS SUBDROUTINE CENERATES THE SPATIAL DERIVATIVE VECTORS o
1o FROM THE ANCULAR FORRATTED WAVE COMPUTER DATA FILES . .
1903000000003 0000000000800000000008000000008000000000000830000003000000800
SUD Make_slopea(Phi(e),Thetace), N_data,Dz_dx(e)>,Dzx_dyce))
FOR Je0 TO N_data-1
Dx_dx(1)e-TANCPRI(1))eCO8(Theta(l))
D3_dy(1>s-TANC(PRICI))eSINCThetacl))
nexy T
SUBEND
12000000000 20000000208000080080000000000000080000000800000000000000000000000

1000000000000 0000000080000060000000080000000000800000000000000000000000080
e THIS SUBROUTINE ADJUSTS ALL FREQUENCY BEARING FIGURES SUCH ¢
fe THAT THEY ALL EXIST IN QUADRANTS 11 AND 111 , THAT I8 HEADINGC FOR ¢
1o SHORE . ]
1000000000000 000000030000000000000000000000000000000000800000030000000000
SUB Dearing_fix(Bearing(e),N_dats,Ple)

FOR J=§ TO N_data-1

1F Dearing(1)<Pite’/2 THEN
Searing(ldedearing(id-Pile

END IF
NEXT
SUDEND
{900000000008000800000000000000000080000000000000000000000000000000000000
1800800000000008000v0000¢ SUBROUTINE HAVELEMCTN 0c0cscootessseenssstetsdes
I.0000.Q00000000.0.0.00000.000...0.0......Q'000.0..0000.00.0..0....'.QO
te THIS SUBROUTINE CORPUTES THE HAVELENGTH OF EACH SPECIFIC ¢
fe FREQUENCY COMPONENT IN THE SPECTRUM . L4
10000000000000000000000000000000000090000000000000000000000000000000%04
SUD Havelength(Bearing(e),N data,Pie,Havetength(e))

COM /Havelength, 20_eag(409¢),2dx_sag(4096),2dy_sag(4096)>
FOR (=0 TO N_data-}
IF 2dy_eag(1)>2dx_nmag(l)> THEN
Havelength(1)e2ePiesARS(SIN(Bearing (1573220 _mag(l) 2ay_mag(l>
CLSE
Havelengih(1)e2:PieoABS(COS(Bearing(15))920_sag(l)/2dx_magll)

END IF
NEXT 1
SUDEND
{esessssess SRS 00000000002000200000000000000000000000000
80003 SUBROUTINE VELOCITIES cccverorsesaners
100000000300000000000000000000008000000000000000000000000080000000000000¢
(K THIS SUBROUTINE COMPUTES THE KAVE FRONT VELOCITIES ¢
te FOR EACH FREQUENCY COMPONENT OF THE SEA SURFACE MODEL . .
19000000°000000000000000000000000000000000000000000500000000800008000190
SUD Velocity(Frequency(e) avelengith(e),N_data,vVeloctity(e))

FOR 10 TO N_data-i
velocity(Tranavetength( i) eFrequency(l)

NEXT 1

SUDEND

200e8ebe

0000000
1200000000080 000000080000008000000000 0000000000000 00000000000000000000000
fe THIS SUDROUTINE COMPUTES THE AMPLITUDE OF THE FOURIER SERIES o
te COEFFICIENTYS FROM THNE 2 VECTOR SPECTRUN L4
19000000000000000000C000000000000000000000000000000000000000003000000000
SUB Replitude(20_mag(e),N_data,N_point,Anplitudecs))
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FOR =0 TO M_dasa-l

Replitude(1)e20_eag(lde2/N_point
NEXY 1
SUBEND
1000600000000000000000000000000000000000800000000000000000000002000000000
sos SUDROUTINE WURITEFILES o 000000000000

COB0000R000RR00000000000000 200800000000000
1e . TM1S SUBROUTINE ACCEPTS THREE DATA VECTORS OF KQUAL LENGTH AND o
1o HRITES THEM TO A DISK STORAGE FILE UNDER THE FILENARE SPECIFIED o
te BY THE USER . .
| 000000000000000000000000000000000000000000000800800000200000008080000000
V) HFlQQ"‘0‘(“!.0..Job'.ﬂ'élu-‘,N.GO\A.RI(O),XZ(O),XJ(O).XC(.).XS(O),K‘
DIN File_nanes(40)
12000000000000000000000000000000000000000000000000000000080000000
1o00s00000s0c0000ece DEFINITION OF VARIABLES o¢00cceosrsssscesece
1000000000000000000000000000000000000000000000000000008080000000¢
! Nase$ I NARE OF SERIAL FILE CREATED TO RECEIVE DATA
' Jobs t DESCRIPTIVE JOB LABEL OF CONTAINED DATA
| Medives t ADDRESS OF MASS STORAGE MEDIUM
I N_dara ! NUMBER OF DATA ELEMENTS IN EACH VECTOR .

19000000000000000000000000000050000000000000080000000000000000000
1900000000000000000000000000000000
te CREATE DATA FILE FOR STORAGCE
1900000000C00000000000000000000000
File_sizeoINT(N datard)
IF Mediuvass®y INTERNAL® THEN
File_naneS=NaneStNediuad
L8t
File_nameteoNedivasiNaned
END 1P
CREATE BDAT File_nanes,File_size
1000000800000000080080000002000000000
! ASSIGN DUFFER 1/0 PATH TO FILE o
2000000000000 05000000030000000000
ASSICN @Path_t T0 File_nanes *
1000000000800 000000000000000000000
1ee CORRECTLY SI2E DATA VECTOR eee
{003 008000000080000000000000000000
REDIN X1(N_data-1),22CN_data~1),XI(N_data-1)
REDIN XE(N_ _data-1), XS (N _data-1), XG(N datr-1)
|00000000.000000000000..0000.00.00
fevesses BSTORE JOD LADEL eccseases
1000000003000 0000000000808000000000
OUTPUT @Path_1jJobs
1900000008000 00030800000000000800000

tee STORE NUMDER OF ELEMENTS eeo

1600200000000 0008000030802000000000
OUTPUT OPath_1N_data
1000000000000 000000000000000000000

OUTPUT OPath_15X1(®),X2(8),XI(8),X4(8),XT(8) NECH)
1000000000000000000006000000000000

teossee CLOSE FILL AND BUFPFER soese

1000000000000 000000000000000000000

ASSICN OPath_3 TO »

SUDEND
10000000000000000000000000000000020000000000000000000000000000000000000¢
102000000000002000000000 SUSROUTINE READFILES 000000020030000000000000%2
100800000000600000000000000000900000000000000000008000000000000000000000¢
‘e THIS SUDROUTIME READS THREE DATA VECTORS FROM DISK STORAGE OF o
te EQUAL LENGTH AND DOOTS THEM INTO THE DUMMY VECTORS N(e),Y(e),2(e), o
100000000001 000000000000000000000000020000000000080000000000000000000000
SUD Resdf1led(Hanes,Jobs,Mediuns,N_dats,X(e),Y(e),2¢e))

DIN File_named{40)"
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6160
6170
180
6190
6200
6210
6229
€230
6240
6230
€260
€270
6290
6290
€300
€310
€320
6320
6340
6290
€360
6370
6300
€3%0
6400
6410
6420
€430
€449
€480
6460
[ L24 ]
6400
490
6200
6310
63520
€520
€340
€530
€360
6370
(311
6398
(11 1)
6610
6620
6620
6649
$630
6668
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1900000008000 0000000000000000000000000000800000080000000000000000
100000000800000000000 DEFINITION OF VARIABLES 0000000000000 00000e

10000000000000000R000RRRTICRNIEI000000000000000000000000000000000
! Name$ ! NAME OF SERIAL FILE CREATED TO RECEIVE DATA

! Jobs t DESCRIPTIVE JOB LABEL OF COMTAINED DATA

¢ Mediums {- ADDRESS OF MASS STORAGE MEDIuUM

! N_data ! NUMDER OF DATA ELERENTS IN EACH VECYOR .

0T 00U e000000000000000000000000200000000000000080000000000000
1000000000000000000000000000000000
! ASSIGH BUPFPER 1/0 PATH TC FILE o
100000000000000000000080000080000000
IF Mediuese®) INTERNAL® THEM
File_nasef=NasesiNedtuas
({8 14
File_nasesanediunstNanes
END 1IF
ASSiGN #Path_I TO File_nsaes
1600000000000 0000000000000000300000
1oe00sne READ JOB LABEL ceessssr
1008000808000 00000030000030000000
ENTER OPath_1jJobs
1080000800000000000000000000000000¢
1ese ENTER NUMDER OF ELENENTS ceoe
1900000000000000000000000000000000
ENTER @Path_1)N_dasa
1000088080020 000000000000800000000
190 CORRECTLY S12E DATA VECTOR eee
19000000000000000000000003080000020
REDIN X(M_data-1),Y(N_data-1),2¢(N_data-1>
1000000008000 000000000000080000000

ENTER OPath_1X(e),Y(0),2(0)
1000000000005 000000008000000800000
tecssse CLOSE FILE AND BUFFER eosee
1000800000000 000020000000000800000%00
ASSIGN OPath_1 TO o

SUBEND
{002000000000000000800000080020000000000300000300000832000003003000000000
1000000000000000000400000 SUBROUTINE PRINT QUTE 000000000000000800000000
1R Iss0000000400000000000000000000000000004000000000000000000080080000
1o THIS SUDROUTINE PRINTS OUT A SIX VARIADLE DATA TABLE ON THE ¢
te LINE PRINTER . L]
1000000800000 000000000000000000000000000300080000000080020003008003000000
SUB Print_outB(X1(®),X2{8),XI(0),X4(0),XS(0) ,XE(#),N_print)

erinter 1T ¢

PleedeATH(L)

PRINT CHRO(12)

PRINT

PRINT

'.l”' 0G0 0000000000000 00000004000000000030000000000400000020000000000000

20000000000 8"

€670

PRINT “oos2pescvoccncenesoccre SEA SURFACE MODELING PARANETERS ecooncssoe

000000000000 "

({11

PRINT "000000000000000000000000000000000000000000000000000000000000000008

000000000000 "

6690

€708

€710
ty®
€720
6?30
6740
| §)

67950
[ 1

PRINT
PRINT
PRINT “Frequency Anplitude Phase Dearing Havelength Veloct

PRINT
FOR 120 TO N_print-1
PRINT USING Format_1yX1¢1),X2¢1),X3C1)0186-P1e,X4(1>0100/P1e, X3C1), KL<

Format i IMACE 1x,DD.DDD, SX,D.DDE, SX,8D0D. D, 3%,$DDD. D, 5%, D, DDE, 5X,D. DD

117




6?60
6?70
(14 [
€790
€000
6010
€820
6830
6840
6830
6068
(4 ¥4 ]
({1 1]
6690
6900
6910
6920
6930
€940
6999
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HEXT 1
PRINT CHRS$(12)
PRINTER 38 1
SUDEND
,QOOQ...........’.’..................'...Q.I.Q... eted 20400
1900000300000 008080300838 SUDROUTINE VIDEO NOISE »
'OQOIOQ’QQ..QQQQOQOOQIQQQOQOQQCOI...0.....:......0..0.0...0.000....'0...0
te .THIS SUDROUTINE GENERATES CENUINE VIDEO CAME SOUND EFFECTS FOR o
1e MANY CYCLES A8 YOU SPECIFY . U
1900080000800 0000000000000000000000003200000000000020000000000000000000
8UD Video_game(N _cycles)
1F M_cycles<t THEN N_cyclessl
FOR K=@ TO N_cycles-i
FOR 1=9 TO o
FOR Je@ TO 10
PEEP Jelme,1/108
NEXT J
NEXT |
NEXT K
SUBEND
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31 Aug 1967 2014441

1000 0800000000000 000000000000000800300008000000080000000000000000000000000008
1010 !000esc0000000000000se28¢ PROGRAN MAKE NAVES 00200000340 08000058080080000
l.ze !0'l...lI.llb0.0...000000.QQ.Q.Q.Q....:.0..Q.0.....0.00000......{0.0.0.0
1830 'e THIS PROGRAM READS IN A SEM SURFACE MODEL FROM THE GIVEN DATA ¢
1040 1o FILE RECONSTRUCTS IT AND PLOTS IT ON THE CRT

1050 !000000_.!'0'..0.000'0000000I.QQQ..Q..l0000..000000....0..0..000'.0.0.0..0
1060 COM /Labels’/ Xlabel8(40),YVabels(48), JobsLBO)

1070 COM -Haves’/ Freq<312),Aep(S12),Phase(S12),0ear(312),Landai312),8peed(S12>
19080 COm sZolorss Data_color,Axis_color,Ladel_color

1090 COM /Answers/ X_ord(209),Y_ord(200),2 coord(200,200"

1180 DIR Fite_1n8(40),File_outsisen)

1110 RAD

1120 100000000000000000,000000000800000000808000000088000000000
1130
1149 B0060000000080000000080000000000000800080300030000
1130 Pilesd4asATNC))
1160 ' Amp(e)

! WAYE MOP~L PEAK AMPLITUDE .

1179 ! Phasece) ! WAVE MODL. TEWPORAL PHASE .

11869 ' Bear(s) ! WAVE MODEL MAVE DIRECTION .

1190 : Lamdace) ! HAVE NODEL COMPOMENT MAVELENGTM .
¢
'

1200 ¢ Speedcs> WAVE NODEL COMPONENTY VELOCITY .
1210 1 X_ord(e®) ' X SPATIAL COORDINATE OF SEA SURFACE.
1220 ' Y_ord(e) t Y SPATIAL COORDINATE OF SER SURFACE.

1238 | N_uaves
1240 Crosase“N"
1290 Rede2

! NUWMBER OF NAVE COMPOHEMTS IN MODEL.
| DISABLE Y ORDINATE CROS8S CONTOURS.
| DEFINE RED PEN COLOR.

1260 Greenes ! DEFINE GREEN PEN COLOR.

1270 Yellowe3 ! DEFINE YELLOW PEN COLOR.

1200 Aqua=$ ! DEFINE AQUA PEN COLOR .
t
1
3
U

& 1290 Blue=é DEFINE BLUE PEN COLOR,
1300 Whitgn] DEFINE MHIYE PEN COLOR.
1310 Dava_colornAquas DEFINE DATA SURFACE COLOR.
1320 Labe) _colo-aGreen DEFINE LADEL COLOR.

| 1330 Fxis_colorsinive ! DEFINE AXIS COLOR.

Y 1340 Medium_ir.63"BASIC DATA FILE-*

L}

$ 1399 Mewfun_owtss~DABIC/NAVE_FILE~*

". 'lJ“ < C'ﬂO"' 5'00600'0.000000000.00..00Q'.'.O.'QQQ..QO0000000
4 1379 SAINT CHASC12)

i. 1308 IHPUT “Enter SPATIAL EXTENT of Simulation (Feetd...*,L_max
. 199€ H_waxel_wax

p J14€8 Y_sax®m,
: 1416 X1abelge (- East "LYALS(L_sax’L” Feetr*®
1429 Y'avelfe®-)> North "LVALSC(L _max)s" Feet"®

Y 1430 INPUT “Enter DIFFERENTIAL SPATIAL STEP SIZE (Feet)...",Delta_x
4 1449 INPUT “Enter TEMPORAL FREQUENCY LIMIT (Mert2z) ...",F_max
4 1430 Delta_yeDelta_x
N 1460 N_pointeINT<(L_max/Deits_x)
) 1470 108000000008 0000000000008003080080000
1480 14 DECIDE ON CROSS HATCMING SURFACE »
'h 1490 1000000008000 000000020000000200000000

1300 IF H_point(4@ THEN
1510 Crosssacy”

A}

i 1520 EL8€

) 193¢ CrossseN”

{ 1540 END IF

'. ‘ 1990 100000000000000000000000000000000008000000000000000000000008000380000

1560 teseseces SI2C DOWN ORDINATE VECTORS AND COORDINATE ARRAYS oo
K 1570 100000000000000000000000000000400000000000080000000800000008000030000
i 1500 REDIM X_ord(N_point~1),Y_ord(N_point-13),2_coord(N_point=1,N_point=1)
™ 1596 INPUT *Enrer FILEMAME of Sea Surface ModeT (Omit Extensiond...- JFilet
1609 File_tnSnfiless” nop-
o 1619 CALL Rooar1105(rslo ing, Jobs,Mediun_1ins,N_uave,fFreas), Anp(e),Phasecs), e
) ar(e) , Landale),Speed(e)) .
1620 1000000000000 00008003000000008000000000
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1630
1640
1630
1660
1670
1680
1690
1700
1710
1729
1730
1740
1730
1760
1770
1700
179%
1000
1010
1020
1039
1040
1830
Tine
1860
1878
1800
19%¢
1900
1919
1920
193¢
1940
19%¢
1960
1970
1960
1990
2900
2019
2020
2039
2040
20%0
2060
2070
2080
209¢
2100
21180
2120
2130
2140
2130
2160
2170
2180
2190
2200
2210
2220
2230
2240
22%¢
2260
2270
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1e COMPUTE TRUNCATED COMPONENT LEMGTH »
1000000000000000043000000000080000000000
N_freqeINT(F_nmax/Freqél))

100000000000000000800800000000000000008

1000000000000 0VRIRINRNRERNOROIBIRERS
Aax_wvavesHAX(Anple))
FOR 1=8 YO M_point~}
X_ordlldelebeita x
JEEP
DISP “vee OPERATION *FINTC(10091/N_point>;~ PERCENT COMPLETE 1! ®e°
FOR Jo@ 70 N _point-}
Y_ord(J)sJedDelva_y
CALL Make_vave(X_ord(l),Y_ord(J>,0,N_freq,Pie,Z_wvave)
2_coord(l,J)=2_vave
NEXT J
NEXT 1
Tilts30
1908000000 88008000000000008080000008000800000000000000000

fece Q0002000000000 002 2000 0RC 00020000000 800808
NHILE Tiiv (>0
INPUT “Enter TILT ANGLE for 3~D Plot (Degrees)...lEnter @ to ESCAPE.)"’,

IF T114¢>@ THEN
CALL Plot_3d(TiltePie-368,N _point,Crosss)
END IF
END WHILE
1008032080000 0000080880000803000830030000080000080
tesensesee OFFER DISK STORAGCE OPTION seasesesce
10600000000 0000000000000000080004000808000000800
INPUT “STORE Sea Surface on DIBK ? (Y/N>...",Rs
IF Asa-y~ THEN
F|lc-oull.'SEﬂ'lFQIQGIS,?]GVRL'(F-ICX)G'.'tVﬂL‘(L_.ax)
CALL Store_array(File_out$,Medium_outs,N point)
END IF
GRAPHICS OFF
CALL Vvideo_game(1)
DISP "essessnssssssersness DPERATION COMPLETE !!! econcccecssecnsesdedar®
END
1088030000000 8000033000800800000008080000080000000000°R%008C8000000000080T
*¢ SUBROUTINE MAKE_WAVE ¢
8008030000000 000000000000000000000000R0000¢0000000

1esencenossnnerses

te THIS SUBROUTINE GENERATES R SINGLE VERTICAL POINT ON A ¢
te RECONSTRUCTED SEA SURFACE FOR THE GIVEN ‘X’ AND ‘Y- COORDINATE AND o
e A POINT IN TINE ‘T . *

1000000000000 80000000080030800030033200030800000830000030008000000¢00000000
SUD Make_wave(X,Y,T,N_vaves,Pie,l_weve)
COn /Haves’ Freq(S12),Map(312),Phane<912),Bear(312),Landal312),8peed(312)
RAD
I_wvavesd
FOR 1@ T0 N_vaves-1}

Dot _prodexeCO08<Pear(1))+ 7231 (Dearcl))

Zyutv.vz_ucUOOA.p(l)OCOR(Zcflc'(hot_prod-tp..d(I)OT)/LQIGA(!)-PH‘SO(1))
MHEXTY 1
SUDEND
1000800800088 00035300084000¢000000000000080008000080080000003008000080000
ssseconss QUIROUTINE PLOT 3D esee
[RIYTYYY) 0000.000‘600.0.0.000000:000000 0000020008000 004000000 00
te TMIS SUBROUTINE 18 RESPINSIDLE FOR PLOTTING THE DATA SURFACE o
'e GENERATED BY THE MAIN PROGCRARN NAIN FRANE . IT PERMITS FOR THE o
te OPTIONS OF PLATE BIZE , AXIB TILY ANGLE AXIS COLOR AND SURFACE o
te COLOR , *
{0008 000200800000002020080000003RRNPRIRFRRRRRRR0BRR00820080300000000000
SUB Plotv_3d(Thetax,Ngrid,Crosss)
COM sLabels” Xiabel!3(40),Y1sba18(40],J0bs1302
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2280 COn -Colors/ Data_color,Axis_color,Labe) _cotor

2290 COM /Answers”s X ord(?..) Y ord(ZOO) 2_ coord(200,208)>
2300 COn /Plotlink~s Xor!gln,?orlgln Lort,llght,!otton.Top
2319 COM sScalers X_sin,X_sax,Y_ain,Y_sax,2_sax

2320 DIN Mave_saxsi®e) ’

2320 PiesesATR(1)

2340 RAD

2350 1000005000 00000000000000000000000000000800000000000000¢0
2360 lesasseds ESTADLISH DEFAULT PLOTTING PARAMETERS eseseee
2370 10000000000 00000000000000000002030300005000000000000000
2380 Lefted

2398 Right=323

2400 Botionsd

2410 Tops12%

2420 Si1opesTANC(Thetax)

2430 Yorigine(Right~Left)e8lope

2448 Xorigine(Right~Left )72

2450 Deltatexte(Top~Portom) /29

2460 D_thetasPies3é

2470 OffsersS

2400 X _ainmMIN(X_ord(e))

2490 X_saxsMRX(X_ord(e))
2300 Y_ainsAINCY _ord(e))
2810 v ..:-HAX<Y _ord(e>>
2320 Poak .nx-nﬂxtz coord(e)>)>
2%3¢ 7rough naxenINCZ _coord(e))
2948 Have .ax-(Pc.k -;x-trough max)
2338 Uavae -.xl-'nnxtnu. Peak to Trough Depth is “LYALSCINT(100Wave_aax)/18)4"
Feer”
2360 2_offe=donave_sax
as7e 27 onxtSOHovc pax
2500 2
235%
2600
2‘1. 1990090000000 00080000800000 00000 0RRRRRYRRRRRRRS
2620 GINIT 1.29
2630 VIEWPOR L,R1ght ,Botrom, Top
2649 uxunow“t:szfivgn‘,)oz;e-.rop
2650 GRAPHICS ON
2660 PEN Frame_color
2670 FRANE
2680 C$12€ 2.5,.73
2690 PENUVP
2700 10000000080 000000004000003088000¢000
2?10 sessse DRPAW AXES te0ssconcsrs
2720 10000000500 00000000000800000000000 08
2730 PEN Axis_color
2740 NOVE Xorigin,Botiom
2750 DRAN Right,XorigineSliope
2760 DRAW Xorigin,Yorigin
2770 DRAN Lefr,Yorigin-XorigineSlope
2780 DRAN Xorigin,Bottem
2790 PENUP
2000 MOVE Xorigin,Yorigin
2010 PEN Axis_coler
2038 DRAN Xorigin,Top
2030 PENUP
2040 PEN O
2090 1000000000 0000000000000000030000000000000000080004008
2060 f(ecosonnnseness LADEL ORDINATE AXES ¢esese
2970 10000000000000 0000000000030 000080000800030000004000>
2000 XiexteXorigins2+Deltatext
290%0 YiextesPoriomeYorigins4
2900 CALL Labelit(Xiext,Yvext,-Thetax+D_theta,Label_color,Xlabels)
2916 YtextesBortiom+Delteatexs
2920 XiexteXorigineDeltatext

]
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2930 CALL Labelit(Xtext,Ytext,Thatax-D theta,Ladel _color,Ylabels)

2940 .l.......i....00!00.000000000.00000.0..0000.00.'

29%¢

2960

297¢

2990

2990 100000000008 000000000000000000000000000000000000

3998 PENUP .

3010 FOR 1=0. 70 Ngric-

Je2e PEN Dava_color

3630  FOR J=0 TO Ngrig-t

3040 CALL Scaler(X_ord(1),Y_ord(J)>,2_coord(1,J)+2_off,$10pe,Xplot,Yplot)

39%e PLOT Xplov,YpTet

3060 MEXT J

3070 PENUP

3088 NEXT 1

3090 PENUP

3‘.0 (G000 008000000000000000003000030280000040000000000

3110 tessssss PLOT X ORDINATE CONTOUR LINES esevacsas

3229 | 200C00000000R 000000000000 000000000808000000000

3130 IF Crossse"vy" THEN

3149 FOR Je@ TD Ngrid-i

31%0 PEN Data_color

3169 FOR 1e@ TO Ngrid-i

3170 CALL fcaler<X ord(1>,Y_ord(J>,2_coord(1,J>+2 off,8lope,Xplot,Yplo
t)

3180 PLOT Xplot,Yplor

3199 NEXT

3200 PENVP

3210 NEXY J

3220 END IF

230 1000000000000 000000000000000000000000000000008

3240 teesesse ENTITLE PLOT OF SER SURFACE sssecase

A2T0 1000000000000 00000000000000000800000000000000

3260 C812€ 2.3,.7%

3270 CALL LabelitcLef1+3,Top-5,0,Labe)l _color,Jobd)

3206 CALL Lnbol|t(cht030 Top-8, 0.2 Have _eaxs)

3299 INPUT °Mit RETURN to CONTINUE ....",ARs$

3300 GRAPHICS OFF

33190 SUBEND

3320 0000000000000 00000000000000000000000000000000000000000000000000020840000

3330 1e0s0ssssenssnnecstonssse SUDROUTINE SCALER ¢

334Q 10060002000 0000000000000000008000008000000080 2820000008300 0000000000

3330 s THIS SUPROUTINE I8 RESPONSIBLE FOR CONVERTING THE THREE DIMENSIONAL

3360 1» DATA POINTS X’ , -¥‘ AND “Z° INTO THE THO DIMENSIONAL DATA POINTS o

337¢ e ‘Xplot’ AND ‘Yplot-. *

J360 100600000000000000000000000000000003500000000000000000000800000008000000

3390 8UB Scaler(X,Y,Z,5lope,Xplot,Yplot)

3400 COM /Piotltnk/ Xorigin,Yorigin,Left,Right,Bottom,Top

3410 CON “Scaler” X_min,X_max,Y _ain, Y _sax,Z _sax

3420 XploteXorigineT1-(X-X mind7(X_max- X_@ind+lY=-Y_nir)/(Y_uax-Y_maind)

2430 Yplot-VorOgin«(Top~<R19ht~Lort)oelop.)o(z/z .‘x)‘Xorlgin09|0900((X-x nind
7(X_max-X_ain)el¥-y _®ini)/(Y_sax-Y_ain))

34e0 sUBEND

3‘5’ ,0...00.0..000000000..0'000.00000.000..l’.'....l.l..l.i000....0.00.0.0000

3467 10000 SUDROUTINE LABELIT o

470 1990000009000 0000000000900000000000000000000000800000000000000000300008008

3480 '+ THIS SUPROUTINE SINPLY ACCEPTS THE GCIVEN LABEL AND PLACES IT WHERE *

3490 te 17 I8 SPECIFIED (ie¢ X,Y LOCATIONY AT THE GIVE! TILT ANGLE . THE PEN +

3300 e COLOR ‘Penc” 13 ALSO PROVIDED BY TME USER , THIS SAYES A LOT OF

3310 t& REPETIYIVE CODE . e

39520 |ooeo.ioooooooooooooooocooo.oooooQoooooooouoooooo;o-oo.o.oon.oooooooooooo

3330 SUD Labelit(X,Y,Tils,Penc,8trngs)

3%40 PEN Up

3350 MOVE Xx,Y

3%60 PEN Ponc




O g |

3370

b 3see
3590
600
3610
3620
3¢30
3649
3§%0
3662
3670

*))

3680
3690
3700
3710
3720
3730
3740
37%0
3760
3ar’re
aree
3aree
3500
3810
3820
3830
3840
0%
3860
3870
3989
3890
3900
3910
3920
3930
3940
39%0
3960
3970
3980
3990
4000
4010
4020
4030
4€40
s0%e
4060
4070
4080
40%
4100
41190
4120
4130
4140
4150
4160
4179
e180
4190
4200
4210

IS TR SSAS W & LY N BRI

L5538

4808

TOCVed T Dy

e
~
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LDIR Tt
LABEL Strngs
PEN Up
BUBEND

tEP QR VSV ERBDT TRV CORPRRESPRVCGVDE RV CBORIVBIVNEOBRTRLDAUNAIBRNI0ROSDOE
102008 0005000200300 00000¢ SUBROUTI.E READFILEG ¢¢200000000030800000000008
1830008000000 R08008000030030%00 .2000000 080002080 R P00800 3P 2280000 0B
re " THIS SUBROUTINE PEADS 8I1x DATA VECTORS FROM A DATA FILE AMD o
te BOOTS THEM BACK TO TME MAINFRAME PROGRAM

l000Q000'0Q00000000000000000000000000!000Q.OG0'90!000elo...vo..o"ooo..o
SUP Readfi1le6(Nanes, JobS, Nediums,N_data,X1(®),X2(#),XI(0),X4(®)  XS(#),X6¢

DIM File_nanes(49]
1080000700000 000008000R0 R 70000000080 000000058000000030000 80000004

1ossaseensnreesssses DEFINITION OF VARIADLES 0es0sceroscstssvery
LB EN PRIt R a0t tittersin asesnsonnictacetniodisnenstesssested
' Name$ t NAME OF SERIAL FILE CREATED TO RECEIVE DATA

t Jobs ¢ DESCRIPTIVE JOB LABEL OF CONTRINED DATA

!t Mediuas + ADDRESS OF MASS STORARGE MEDIUM

! N_data ' NURDER OF DATA ELEMENTS IN EACH VECTOR ,

1aseee BR800 0R0000RE0000RNORETRNENRR000RRRTIRRS

180000000000 000000000000000000000
toe ESTABLISH COMPLETE FILENANE oo
19000007 /300000000000800000008000000
IF Mediunse®; INTERNAL" THEN
Fiie_nameseNgmestifediuns
ELSE
File_names$ehed unsiNanes
END IF
1040007 ¢0s0000001 38008000808 00008008
i ASS1ILV BUFFER 1-0 PAYH TO FILE o
10000000000000100,0000.00008000000
ASSIGN #Path | 70 File_naames
10¢0s0000 00000V I RO TRRIR RS RS
'edsrsss READ JOB LABEL ve2e
1900000000008 5000000000048800000000
ENTER @Path 1jJobs
10000000000 R000000000000080000000¢

100080400080 300R0002500004000000 00

ENTER dPath_1¢N_dara

100006000085 00300000040300000003000
tes CORRECTLY SIZE DATA VECTOR eeo
190000800080 0000230006008000800320800
REDIM X1(H_data-1),%e . A_data-1),X3I(N_data-1)
REDIM X4(H_ _data-1), XS (N _data-1), XN _ _data-1)
‘0000090.000...000000...00..00'...

190003000003 000002080veRu000B8RRRRY

ENTER OPAtn_15X1¢0), X2(0)>, XI(#) Ne(#),XB(8),X6( D)
1903-¢00000080050000000000048000800
¢+ CLOSE FILE AND DUFFFR
1850000 0000000000000002800080080¢

ASSICH OPath_1 TO o

SUDEND

10000000000000000000000s800000R000000RI00RERURRO EERONNRRINIRRRRIsRIRES
102000000020 0000008 s SUBROUTINE STORE ARKRY sees
10000000000 t0000s000000000s00000000000000000000000000800070R0000000800
'e THIS SUBROUTINE STORES TME GEA SURFACE ARRAY ALONG WITH 178 ¢
‘e TWO ORDINATE VECTORS . .
1008830800000 -4908080000000800080808s800000000000000800004808008000000000
88Ul Siore _array(fi ¢_nanes,Mediums,N_data)

CON /Answerss X 014(200) ¥_ord(200), Z _£oord(200,200)

con sLabels~s Xl.b.l‘["l Yl.b"‘tdﬂ) Job’(OOJ
'....'C..Q..0’..'0"...’....00..0..'.....00'...

!teeossesse DETERMINE COMPLETYE FILENANE esvnssze
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4220 100000000000000000000008000000000800000000000300
4230 IF Mediuass®) INTERNAL® THEN

4240 File_nametefile_nanestNediuns

4238 ELSE

4260 File nnnclvﬂndiunclrtlc nans$

4270 END IF

4200 File_size=INT((N_data~2¢20N_data)/9®

4290 1800000030000 06080000000000000000

4380 1o CREATE DATA FILE FOR STORAGE o

4310 10000008000 0000008000000000000000

4330 CREATE DDAT File_nanes,File_size

4330 1800000000 02000003000000800000500

4340 tees JPEN CHANNEL TO 1/0 PATH see

€350 1000000400000 08000060000000000000

4360 ASSIGN #Parth_1 TT File_neaes

43?70 !000909000'0000000000000000000900

4200 te STORE VICTOR AND PARAY $12€ oo

4390 100030000000 0000000000000000800000

4408 OUTPUT 6Farn_i N_data

4410 0800000020000 2000000000000000048¢

4420 *s STORE JOD LADELS oo
44230 190000¢0000000000000080000000080000
4440 OUTPUT @Path_1jJobs

4439 OUTPUT @Path _1iXlabels,Yiabels
4460 10000¢520800000000000080000000000
4470 1000 STORE ORDINATE VECTORS oee
4460 1000000000000 000000800000830000000¢
4498 REDIN X_ord(N_data~1),Y_ord(N_data-1)
4508 OUTPUT FParh_Ti1x_ ordce)Ty _ord(e)
4310 100000000000000000000000000000000
43520 1000 STORE 2 COORDIKATE ARRAY oo
4530 10000000003 000000000800000%0008000
4548 FOR lep TC N _data-i

sSSP FOR Jed T8 WN_dasa-l

4360 OUTPUT #Path_:i32_coord(l, ) ‘
4370 NEXT J
4580 NEXT 1

4990 120000000005 300000000000080000800

4600 o0 CLOSE CHANNEL TO DATA FILL se

4610 120000000000000000000000000004000

4620 ASSICN OPath_i 10 ¢

4620 SUIEND

‘600 100000008000 00000000000000000R0000000000000080000080000003080000000000000
4630 !esecncssesvsovscecsesae SUBROUTINGE VIDEC NOISE 0000200000088000000000000
4660 1000000000300 00008000080000000030008000080000000000000600080000000000800
4670 e THIS SUBROUTINE GENERATES CENUINE VIDEO GAME SOUND EFFECTS FOR o
4600 'e MANY CYCLES AS YOU SPECIFY . L4
4690 (9000000003000 0004000000000000000000000008000000000400020080000080080000000
4700 SUD Yideo _QaBe(N cycles)

4718 IF N_cycles<t THEN N_cyclene)

4720 FOR K»@ TO N cyclo.-l

4730 FOR 1e8 7O 4

4740 FOR e0 70 10

4790 BEEP Jr108,1/100
4760 NEXT J

4770 HEXT |

4700 NEXT K

4790 SUBEND
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31 Aug 1907 20145147

1000 '0000050000000000000000000000000006000050008000000000000000000000800000200

1010 68080000000 000000020008080 PROCRAN SEE SPEC 2060000800 00000000000000000

1020 100080000000000000000000000008000500000060000000080000000000000000000008

1030 o THIS PROGRAM DOOTE IN A FREQUENCY SPECTRUMN AND PERMITS TME o

1040 te USER TO PLOT AND EXAMINE IT .

1050 '00000000000000000000000000000000000008400000800000000000008000000008000000

1060 DIN Freguency(409%6) ,Magnitudel4096),Phase(40%6)

1070 DIN Namnas(16),Medivas(20),Jobs(00]

1000 1s00evsce VHEOC00000000000000000300300008880800800800080008000

1090 (960000 c0cecnse DEFINITION OF LOCAL VARIADLES esosdscscsssosess

1100 1000000000000000000000003000000000000000000000000000030000000

1110 T_sasplesi 60

1120 PTeedeATN(Y)

1130 Nediuase*BASIC/DATA_FILE/*

1140 Pence2

1190 100000000000000000000000000000000000000008000080000000000000009

1160 PRINT CHRS$C12)

1170 INPUT “Enter FILENAME of SOURCE Data File .....°,Names

1100 INPUT “Enter FREQUENCY LIMIT on Soectrum (Hertz) ...°,F_sax

1190 10000000060000001900000008000000000800080000000

1200 iessscecs CONPUTE TINE DASE VECTOR osoee

1210 1000000000000000000008000008008000000000

1220 CALL loaﬂlilo:(unnot.!obc.Hodiu-l.n_potnt,Fraqucncy(o),ﬂnqnctudo(').'hlbo
(o))

1230 PRINT CHRSC(12)>

1240 PRINT Jobs

1290 N_lieitesINT(F_sax/Frequency(1))

1260 1900000000000060000000¢000008000000800000000

1270 ‘e CONVERT DATA TO FOURIER TRANSFORN SCALE o

1200 100000000000000000000008000000000008000000800

1290 REDIN Frequency(N_timit~1),Hagnitude(N_liait-1),Phase(N_tiait-1)

1300 FOR 120 TO N_ Timit~}

1310 ﬂlqnilud'(l)-ﬂ.gn1\u¢0<l)07_'c-pll

13280 NEXT 1 .

1320 S_sax=HAX Magnitude(e))

1340 CALL Plos _file(Frequency(s), Hagnitudece) N_1imis,0,F_asx,~$_sax,$_sax,Pen
€y YY"

1390 INPUT “Mit Return to CONTINUE ...°,AS

1360 PencePencel

1370 CALL Pilot _filecFrequency(e) ,Phasece®),N_liait,8,F eax,-2oPie,20Pig,Penc,"Y
b

1398 PRINT

139€ PRINT “Total Record Length is “;N _point ) Points,...."

1400 INPUT “"HIT RETURN ,,.°,RAs

1418 GRAPHICE OFF

1420 PRINY CHRS(12)

1430 IND

1440 1000000000000000000000000000000000800000000000000000000000000000000000000¢

1450 3508085008808 0800040800 SUBROUTINE READFILED 282229509000 0200000080000000

1660 100000000000 2000000000000000800000000000000000080000000000000000800080008

1470 ‘e THIS SUBROUTINE READS THRCE DATA VECTORS FROM DISK STORAGE OF ¢

1400 's EOUAL LENGTH AND DOOTS THEM INTO THE DUMMY YRECTORS X(e),Y(#),2¢8), @

1490 10000000000000000000000020000000000000000000000000000080000R000000000000

1500 SUD Readfiied(Nanes,Jobs,Mediuas,N_dats,X(®),Y(8),2(e8))

1810 DIN Zile_naned(40)

(W pw] 50T pwam: BT L, o e S ] R

1920 1000000000 000000000000000000000000000000000000 20300000000
1920 seeccene DEFINITION OF VARIABLES .o
1940 1000000000000000000000000000000000000000000000000002004000000000
1990 ' Ngmes ! NAME OF SERIAL FILE CPEATED TO RECEIVE NATA
1960 ' Jebo | DESCRIPTIVE JUB LADEL OF CONTAINED DATA

1978 ' Mediuns ! ADDRESS OF MASS $T.-AGE MEDIUN

1900 ' N data ! NUMDER OF DATA cLEMENTS IN EAMCM VECTOR .

1990 1000000000000 8080004000000000000800000000000080000200000000800000
1600 '200000000905000004000000000080000

RRITATA A @ POTIITST @ Fro ool o TSI
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161¢
1620
1630
1640
1650
1660
1670
1660
1690
1708
1710
1720
1738
1740
1730
1760
177¢
1780
1796
1800
1810
1830
1030
1840
1090
1860
107¢
1806
1090
1900
1910
1920
1930
1940
193¢
1966
1970
1960
1999
2000
2010
2020
2020
3040
2080
2060
2070
2000
2090
2100
2110
2120
2130
2140
2136
2160
2170
2100
2190
2200
2210
2220
2220
2240
22%0
2260
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t ASSICN DUFFER 1-0 PATH TO FILE o
1000000000000 0200000030000000000000
1IF Nediuass” INTERNAL" THEN
File_naneseNanetiMediuas
ELSE
File_nanesafedivasiNanes
END 1F
ASSICN 0Path_1 TO File_nanes
1008000080000000000000000000000000¢

16000000000000000000000000020008000
ENTER ®Path_i)Jobs
10000000000000000000060000802008000
tese ENTER NUMBER OF ELEMENTS ocse
100000006000008000000000000000000¢
ENTER OPath_1N_datas
160000000000000000000000000000000¢
lee CORRECTLY S812€ DATA VECTOR see
100000000000000000000000050800080%0008
REDIM X(N_data=-15,Y(N_da >,2(N_data-1>
100000000060000000000000000080000000
1eassses READ DATA ARRAY ¢esessee
10000000000000000000000000008v0000
ENTER OPath_1jX(e),Y(0),2(e)
1000000000000000000000000005000000

1000000000303 00000000000000000003008

ASSIGN OPatn_1 TO o

SUBEND

100000000000 00000000000000020000000000R000008000800000000000000000000000
(Y2 XXX Y]

1900000000000 0003000000000808303300000000080808000000002030000000000000008000
1e THIS SUDROUTINE ACCEPTS TWO DATA VECTORS AND PLOTS ONE VERSUS o
'e THE OTHER ., THE USER NEED ONLY SUPPLY THRE LINITS OF THE GIVEN ¢
te YECTORS AND THE DESIRED PLOTTING COLOR . SCALING AND AXES ARE AUTO- ¢
te MATICALLY PROVIDED BY THIS SUBROUTINE . * .
1000000000000 000800000000008000000000000000000080500000000000000080008000000
SUD Plot_file(Xdatale),Ydata(e) ,Nplot,Xnin,Xeax,Yain,Yaax,Penc,Nevs)

COn /Plot_block/ Xscale,Yscale, Xoffser,Yolffest

1000000000000 0000000000000R00000000000020000000000000000000

® DEFINTITION OF LOCAL VARIADLES oseccsssesssss
V0000000000000 00000000000000000000000000800000

! Xdatace) ! ABSCISSA DATA VECTOR TO 3€ PLOTYED .

I Ydatals) t ORDINATE DATA VECTOR TO DE PLOTTED .

1 Nplot 1 NUMDER OF DATA POINTS IN VECTORS .

| Xetn I SHALLESY ELEMENT IN Xdatale) VECTOR .

! Xeex I LARGEST ELEMNENT [N Xdatal(e)> VECTOR .

' Yain t SMALLESY ELEMENT IN Ydata(e)> VECTOR .

! Ymax ! LARGEST ELEMENT IN Ygatace) YECTOR .

! Penc t DESIRED COLOR CODE OF PLOTTING COLOR .

! Mews t ORDERS THE ROUTINE TO CLEAR THE GRAPHICS
Whitee} 1 DEFINE THE COLOR CODE FOR WMITE

A colorelinite ! SET AXIS COLOR WMITE

xTerroe t DEFINE LEPT OF SCREEN (Plotser Unity)
Xraile20 ! DEFINK X AXIS RAIL (Plotter Units)
Xcenteraéd I X COORD CENTER SCREEN (Plotter Units)
Xrighte}28 ! DEFINE RIGHT SCREEN (Plotter Units)
Ybotioned ! DEFINE LOMER SCREEN (Pilotter Units)
Yratisi§ t DEFINE Vv FXIS RAIL (Plotter Units)
Yeenterndg ! Y COORDCENTER SCREEN (Plotter Units)
Yiope9é ! DEFINE TOP OF SCREEN (Plotter Univs)
t X_denos ! DENOMINATOR OF X PLOTTING SCALE FACTOR .
! ¥Y_denoa | DENOMINATOR OF Y PLOTTING SCALE FACTOR

1000000000020000000000000000000000030005000000000800808000000¢
100000000000000000000095000000000000098800000000
tee CLEAR AND INITIALIZE GRAPHICS 1F SPECIFIED o

126




NWC TP 6842

2270 120800000800 0000000000000008080805000000000000000
2280 IF NeuSs"Y" THEN

2296 GINIT .93

2300 GRAPHICS OM

2310 PEN dnhtre

2320 VIEWPORT XlefiyXeright,Ybotton, Yrop

2330 FRANE

2340 10000000000008000000000080000000000

233%¢ e DRAW PROPER AXES FOR PLOTTING o

2360 1600000000000000000800080000000008000

2370 1F Xainc<® THEM

2300 IF Yainc® THEM 1000000000000000000000000000000

2390 XoffseteXcenter te PFOUR QUAD AXES DRANN MHERE o

2400 YoffseteYcenter 1000000000000000080000000000000

2410 X_denomsXmax

2420 Y_denoasYaax

2430 CALL Axis_drawcXleft,Yorfses,Xright, Yorfoet ,A_color, -Xaax,Xeax)
2440 CALL Axis cr.u(xofrsot.Ybostoo.!of!oo£ Ytop.a color,~Yeax,Yeax)
2430 ELSE 100000000000000080000000800000008

2460 XoffseveoXcentor 18 o/= X TYPE AX1S DRANN NIRE ¢

2470 Yoffsetevraitl 1000000000000000000000000000000

2480 X_denoasXmax

2490 Y_denocacYaax~-Yain

2500 CALL Axis_draw(Xiefs,Yorfses, Xright,Yoffset,A_color, -Kaax,Xsax)
2518 CALL Axis cr.u(xotr:ct.Ybotto-.xorrooﬁ vsop.l color,Yain,Yasx)
295230 END IF

253 ELSE

3940 IF Yain<® THEM 100000000000000000000000000008¢

29%0 NoffaseteXrail te e/e ¥ TYPE AXIS BRANN MERE o

29560 YoffserseYceonter 16000000000000000000000002080000¢8

870 X_denoasisax-Xain

Fe11] ¥ denoasYaeax-Yain

23% chL Axis_dr wi(Xoffset,Yoffser,Xright,Yoffset ,A_color,Xain,Xesx)
2609 CALL Axis dr.u(xofrsot Ybosrom, Xoffset,Yiop, A_ color,-Yeax, Yeax)
2610 YoffseteYbotton

2620 [ 4% ] ¢ 1000000000000000000000000008000¢

2620 Xoffsetsirall 16 o ONLY XY AXES DRAWN HERE ¢

2640 YoffseteYporion 10000000000000000000008008000000

F{$1} X_denoacsXsax-Xain

2660 Y_ denocasYaax-Yein

2670 CALL Axis _drav(Xoffset,Yoffses Nright,Yoffset A _color,Xnin,Xeax)
2680 CALL Axis_ _draw(Xoffset,Yoffses Xoffset, Yiop,A_ color,Yain, Yaax)
2690 END 1P

2700 END IF

2718 Xscatee(Xrighi-Xoffset)/X_denoa
2720 Yscaleo(Yiop-Yoffser) vy _, denos
2720 €MD IF

2748 1902000002290 00080002000800¢20000
2780 1o DATA VECTORS PLOTTED BELOW ¢
2760 1000000000000000000000000000000
2776 PENLP

2700 CALL Scater(Xdata(®),Ydatac®),Xein,Xeax,Yain,Yeax,X_pilot,¥Y_plet)
2799 PEN Penc

2000 NOVE X plot,Y_plot

2010 FOR 109 TO Nplot-1i

2020 CALL ScaleriXdatal(l),Ydatacl) , Xatn,Xeas n,Yaax,X_plot,Y_plot)
2020 DRAW X_plos,Y_plot
2040 NEXT |

2090 SUBEND
1090000000000000000000000800000000000000000000003R0000000000000000000008

* SUDROUTINS AXIS_DRAN
1000000000000 0000000000000800000000000000000200000000000000000000000000008

re THIS SUBROUTINE DRANS AN AXIS FROM TME STARTING COORDINATE 1O o
1o THE FINAL ONE . IT ALSO QUANTIFIES THE ORIGIN AND TERAINUS OF SALD o
e AXIS ., : .

1 0000000000000 0000000000000000000000000000000000008030000000000000000000
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SUD Axis_dravixkstars,Ysvart, Xfinal,Yfinal,Axis_color,A_ain,A_sax)
PleseoATNC(])
Deitges
PENUP
PEN Axis_color
PENUP .-
MOVE Xstaert,Ystart
BRAN XeCinal,YPénal
PENUP .
C$12E J3.0,.3
CALL Rounder(A_ain,3,A0)
CALL Rounder(A_ _eax,3,M)
IF XsiartaXfing! THEM

CALL Labelit(Xstart=Delta,Ystars,Pie/2,Axis_color,YALS(AR))

CALL Labelit(Xfinai~Delta,Yfinal-2¢Delta,Pte 2,Axis_color,VALS(A]))
ELSE

CALL Labelivi(Xstart,Yotart-Delia,8,Axis _color, VALSC(AD))

CALL Labeliv(Xfinal=-2eDelty,Ystart-Delts,0,Axis_color,YALS(AL))
END IF
SUBEND
1o80s0000000008000 0880080080030 30000800000000000804800030030000 000000
SUBROUTINE LADELITY (1]
1900008030000 300008000020000800000000800000000000080008000 000
1o THIS SUBROUTINE SIMPLY ACCEPTS TYE CIVEN LABEL AND PLACES 1T WWERE L}
e IT 18 SPECIFIED Cie X,Y LOCATION) AT THE GIVEN TILT ANGLE . THE PEN o
te COLOR “Penc”’ 18 ALSO PROVIDED BY THE USER . THIS SAVES A LOT OF o
‘e REPETITIVE CODE . .
1900000000000 00000000000 0000000800000 000030000080000000000000080080000000000
SUB Labeliv(X,Y,Tiit,Penc,Strngs)
PENUP
noveE x,v
PEN Penc
LDIR Tie
LABIL Srrngd
PENVP
SUBEND

te THIS SUPROUTINE SCALES TNE DATA PASSED TD IT FOR CRT PLOTTING ¢
te PYURPOSES . L4
1000000000000 08008000030000000000000000R080000080050008008000002000000000000
SUB Scaler(X_data,Y_data,Xein,Xeax,Yain,Yeax,X_plos,Y_plot)

COM /Plot_block/ XNscale,Yscale,Xoffset,Yoffset
X_plotsXscaleo(X_data-Xsin)eXoffset

Y_ploteYscalee(Y_dara-Yain)+sYoffser

SUBEND

te THIS SUBDROUTINE ACCEPTS A NUMDER OF RNV S$12E OR SICN AND ¢
te ROUNDS 17 TO THE SPECIFIED NUMBER OF DINITS . .
1050000000080 000000000000000050000460000000000000000000000000000000000000

loo.ooooooooo DEFINITION OF LOCAL VARIABLES ecscnccssssssce
1000000000000000000006000000000080000000000000000000000000
! X _input I INPUT NUNDER TO DE ROUNDED

-

X_dusay DUMRY VARIABLE USED TO PROTECT X_input
N _digits NUMBRR OF DIGITS DISPLAVED AFSER ROUNDING
ROUNDED EQUIVALENT OF X_input

!
!

! X_rounded
!

! ORDER OF WAGNITUDE OF INPUT NUMDER
1]

'
'
1
$Tgn ! MUMERICAL POLARITY OF RSUNDED NUMDER
Magnttude '
' Mantisse ! MANTISEA OF NUMBER UNDER ROUNDING
! ARGUMENT ! ADDREVIATED VERSION OF mANTISSA.
1600000008000 00000080005000000000030080800080000003000000000
IF X_tnput<)8 THEN

X_dusayeX_input

SigneSGN(X_dusay)

l_du.ov-hl'(x dusey)

Mgnitudes INTILET (X _dusay))

Mant { ss 80X dumay~ (18~Nagnitude)

Arguaent @ INT (Mant 18820 10+(N_aigits=1))/10~(N_digits=1)

X roualod-tlgnoﬂrgunontol.*aaqnlludl
[ (K] S

X_roundedeX_input
END 1P
SUBEND




