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‘A bottom reflectivity measurements program has been undertaken to
determine the acoustic reflection coefficient for specific areas of
ocean bottom as a function of inc'dent angle and frequency. Pulsed
single frequency signals are used for these measurements. Deep sub-
merged source and receivers are oriented so that the direct and firste
order bottom reflected pulses are separable in time and are not interfered
with by the firsteorder surface reflected pulses. The travel time for
the propagation of both the direct and bottom reflected pulses is accurately
determined and recorded along with the desired acoustic signal. Since
multiple receiving hydrophones are used, the data is also recorded in
a nultiplexed form. The requirement for efficient and expedient data
analysis along with the complexity of the measurement has necessitat.-d
the writing of a digital computer program. This program computes the
reflection coefficient and angle of incidence for each reception of data.
The program corrects for difference in path length,taking into account
the depth of the source, receivers,and water, the bottom slope, the
velocity gradient and the recorded travel time for each reception.

This memorandum, therefore, discusses (1) the acquisition and processing
of the acoustical dataj (25 the definitions of the reflection coefficients;
(3) the theoretical relationships that properly determine the angle

of reflection and reflection coefficient, which are governed by the
geometric configuration of the source and receivers and (4) the computer
program along with the input and output requirements. \
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ACQUISITION AND PROCESSING OF THE ACOUSTIC DATA

It is the purpose of these studies to obtain a measure of the loss
that an acoustic signal undergoes upon reflection from the ocean bottom
as a function of incident angle and frequency. This can be accomplished
by resolving the multipath structure of Figure 1, and comparing the
amplitudes of the direct and the first-order bottom reflected pulses,
corrected in terms of propagation loss for the difference in path length.
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Figure 1 Simplified Ray Paths

The acquisition of the bottom reflectivity data is planned around
the availability of an AGOR-type research vessel which has the capability
of lowering an acoustic projector to depths in excess of 10,000 feet.

This capability necessitated the development of a deep submergence package
which contains two free-flooding magnetostrictive scrolls used as projectors.
An accurate depth sensing device is also contained on the package. It
is, therefore, vossible to lower the vrojector below the sound channel
axis. With the receivers positioned below the sound channel axis, the
angle of reflection can be celculated with a greater degree of accuracy,
and a greater signai-to-noise ratio can be expected for the bottom
\& reflected oulses over the ertire range of incident angles.
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One of the desired parameters in this study is the angle at which
acoustic energy is reflected from the ocean bottom. To obtain this
parameter with a sufficient degree of accuracy it is necessary to measure,
as closely as possible, the travel time of a transmitted pulse from

the projector to the hydrophone over both the direct and first-order
bottom reflected paths.

In order to obtain the required measure of travel time, two synchronized
Time/Frequency Standards are used. A master is installed aboard the
transmitting vessel and a slave at the receiving station.
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Figure 2 Synchronizing System

The master coritrols the transmission of the projector while the slave
indicates the exact time of the transmission at the receiving station
and triggers the timing and contro! circuits to process the data.

The desired data are composed of pulsed single frequency signals that
are received at the hydrophone, amplified, full wave rectified and
detected. The resultant signal, the envelope cf the received pulse,
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is converted into digital form at a rate of 1,000 samples per second.
When considering the processing of this type of data via a digital
computer, it is mandatory that only the necessary signals for proper
analysis be fed into the computer. It is wasteful bcth in time and
money to orocess signals or noise that is not pertinent to the analysis.
It is necessary, therefore, that the processing system be accurately
synchronized such that analog signals are converted to digital form
only when the desired data are being received; thus a "signal aperture"
is established.

When the slave Time/Frequency Standard indicates the exact time of
transmission, pulses also generated by the Standard are accumulated

in a preset counter until a predetermined preset number is reached.

The choice of the preset number is made by an operator who bases his
setting of the counter dependent on the position of the previous

pulse in the signal aperture. When the preset number is reached, a
pulse is generated by the preset counter which is used to trigger an
oscilloscope that has its sweep rate set at a value such that the
received pulse is encompassed on the oscilloscope face. At the exact
time that the oscilloscope is triggered, the Franklin analog-to-digital
converter eommences processing of the received signals. The Franklin
converts the signals for a predetermined period of time, dependent

on the pulse length of the received pulse. Thus the pulse is physically
observed in the signal aperture gs it is simultaneously being converted
to digital form. It it necessary, however, to be properly timed and

to have all equipment functions properly sequenced before actually
recording or converting the desired signals to digital form.

Since the preset counter starts accumulating pulses from the Time/
Frequency Standard at the exact time of transmission, and controls the
conversion of the received pulses when the preset number is reached,
the value of the preset number is oproportional to the travel time up
to the signal aperture.

T = N

R i 53 (1)
TR = Travel time
N = Number set into counter
= Frequency of pulses being fed into counter
The rumerals set into the preset counter are recorded through a coding

matrix into the ODD reccrds of the digital magnetic tape format used
for these measurements.
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Mipure 3 Digital Tape Format

! The EVEN records contain the digital equivalent of the received analog
i pulses. The travel time in the ODD records is in milliseconds and is
1 the measure of the time to the beginning of the signal aperture. To
i determine the exact travel time to the signal in the aperture it is

necessary to count the number of digital samples taken up to the
beginning of the received signal. The beginning of the received

signal is defined as the point at which a predetermined threshold level
is exceeded. The number of digital sampnles is corrected to its equiv-
alent time in milliseconds and is added to the travel time number in
the ODD record. Thus, the exact travel time is preserved along with
the data for each recenlion of data.

X

The first ODD record (I.D. Record) of the tapve format contains ten
nuembers that are coded for pertinent information about the file of data.

* It is used as identification of the data, and to cross reference input
cards containing parameters used in processing the data through the
somnuter.
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The acquisition equipment can be operated in two modes dependent on the
separation in time between the direct and reflected pulses. If the
pulses are separated by 100 milliseconds, two separate apertures will be
used to obtain the data in the EVEN record, one for the direct pulse
and one for the reflected pulse. These apertures are controlled by the
accumulators of a dual preset counter. Thus the time of conversion is
kept to a minimum and only the pertinent data is converted. When this
mode is used, there are two sets of 5 binary coded decimal numbers
recorded in the ODD record; the first is the travel time to the direct
aperture and the second is the travel time to the bottom reflected
aperture. If the separation in pulses is under 100 milliseconds,

then only one aperture is used, and this aperture contains both the
direct and reflected pulses. Therefore,there will be only one set of

5 binary coded decimal numbers recorded in the ODD record indicating
the travel time to the signal aperture.

The Franklin analog-to-digital converter system can multiplex input
signals. With the sample rate used for these measurements it is possible
to have up to five channels multiplexed in the EVEN records. It is

also an option of the system to record data from one hydrophone through
two channels, one high gain and one low gain (i.e. a 10 db difference in
gain between channels). Thus, if the high gain channel overloads, the

low gain channel will contain the undistorted data. This increases the
dynamic range of the system but must be taken into account when processing
the data through the computer.

The operator of the preset controls has the responsibility of establishing
a threshold value that will be used as an input parameter to the computer
orogram. This threshold value is constant for a group of pulses,

usually associated with a station at which approximately 100 events are
recorded, and is based on the observed noise level. Additional input
parameterse are necessary for the computer program; however, these will

be discussed later on in the memorandum.

COEFFICIENTS OF REFLECTION

Bottom reflectivity measurements are pverformed with the requirement of
verifying a theoretical model (reference a) which considers the bottom

as a medium made up of & number oif plane parallel layers of varying
acoustic nroperties. Avusorntion of both longitudinal and shear waves

has been considered in order to describe the complex reflection and
transmission proverties of the ocean bottom. 1t was necessary, therefore,
to develop a commuter program that would nrocess and present the experi-
menta! dnta in o form suitabie for comnarison with the vredictions of the
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model.

To describe the extent to which the amplitude is reduced upon reflection
from the ocean bottom it was decided to have the computer program
evaluate three different quantities for determing this reduction in
amplitude. Considering a pulse made up of a single-frequency sine wave
which has been allowed to reach a steady state before it is terminated,
and is rectified and detected, it is possible to characterize it by

(1) the time average of the envelope of the signal
]
'T-'j//’/“t
(2) the mean-square value of the envelope of the signal

_71_. j Pt

envelope function of the pressure
duration of the pulse

where p
T

o

and (3) by the peak pressure which is the maximum amplitude of the
steady state signal. By computing each of these quantities for the
pulse of the direct. arrival and the pulse of the first-order bottom
reflected arrival and finding their ratio, three sevarate coefficients
are obtained.

Of the three reflection coefficients which this program provides, the

one based on peak amplitude is currently of greatest interest, since

it can be interpreted as the ratio of steady-state amplitude of a
continuous signal before and after reflection, and can thus be compared
with the predictions of an existing model (reference a). This model

is based on a steady-state solution for a single frequency plane wave
incident on a multi-layered bottom. Thus, a comparison using the measured
veak coefficient can be made as long as the bottom structure used in

the model takes into account the effective penetration of the pulse up
to the time at which the maximum occurs. That is, the maximum amplitude,
occuring "t" milliseconds from the beginning of the pulse, can be
regarded as the maximum amplitude of a continuous wave containing
components reflected at only those interfaces which the pulse has
traversed in "t/2” milliseconds.

At present, USL Computer Program No. 0134 based on this model does not
provide theoretical values for the other two coefficients. However,

it is felt that these two quantities are both legitimate measures of the
ocean bottom's reflective proverties. The time integral of the envelope
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of the signal divided by the duration of the pulse gives us the average
amplitude of the pulse. The time integral of the square of the envelope
divided by the duration of the pulse is proportional to the energy flux,
that is, the energy ver unit area per unit time. Thus, the ratio between
the bottom reflected and incident values of each of these quantities
indicates a reduction in the average acoustic pressure for one case,

and in the flow of energy for the other case.

THEORETICAL RELATIONSHIPS

Unequal path lengths for the direct and bottom reflected acoustic
pulses required that corrections be applied to the ratios so that they
represent the ratios which would actually be measured at the water-
sediment boundary. Furthermore, the angle of incidence at the bottom
was required for each transmission, so that a method of computing this

angle with reasonable accuracy had to be devised. The following assumptions

and derivations served as the basis for the mathematical relationships
used in the computer program.

ANGIE

The chief assumption here is that a constant velocity gradient exists
in every part of the medium which is traversed by the rays we are
considering. This assumption is reasonable, provided the source and
rece’ver are both located below the axis of the permanent sound channel.
Figure L represents the geometry of the ray paths under such conditions.
(See ton of Page 9)

The approach used here is similar to that in reference (b), except that
we require an explicit solution of the angle o( without knowledge of the
source angle. From Snell's Law, it can be shown that the vath of an
acoustic ray in a medium having a single constant gradient is the arc

of & circle having the form

z
2 A V. 2
(x- x,,) + {Y=3.) = __%.ZAec, € (2)
where V., = scund velocity at the source,
g = the velocity gradient, a constant,
Rs - the source angie of the ray
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Figure 4 Geometry of Ray Paths

Specifically, choosing the coordinate system as in Figure 4, we have

(x=X.) +(}=4) = -—5;4&’19; 3)

Ygz_w‘x . ()
Fo]

for path (a), and

(x—x )+ (§-4,)

i\

for vath (b).

Equation (3) can be expressed in terms of o( instead of g by applying
Snell's lLaw:

Vg ee B =\, e <. (5)
Thus, equation (3) can be written 2
2 T Vv "y L :
(X-Xo) + (y=yo) = Fr 42, )

It is now nossible (o ohtain an expression for the angle o( from
equations (4) and (A) in terms of known quantities.
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Differentiating (4) and (6) we get

_in; = — === (7)
dx e

and
éi = — X=Xo (8)
dx Bl 4

At X=Xp 5 ¥y=Yp » these are related to tan as follows:
.~ X

5 B ) — "’+ﬂ41,a( (9)

de—

and

X'""XQ .
i _~t2_._:_____ = ‘bfﬂv“ 3 (10)
5~ o

where the sign of the tangent is determined by the quadrant in which
the ray lies. Utilizing the fact that Yo &nd y, represent the depth
at which the velocity is zero, we have

fi= ==y o)
o
and \/
(j i j——’g 2 (12)

from which we obtain-

YYo= Yg—h = Y2 . (13)

Substituting this in equations (9) and (10) and eliminating Xy, we
obtein

Ve
XC"_‘_". X' + ——_,f—tam.a 3 (lu)
We now need two more equations in order to solve for tan o<r . Consider
equation (h); when x = 0, y = ys.z Thus
2 s VL o eaca: M o )‘l
X(: =T “';jLz e (‘15 Jo ’ (15)
But
t’} -0 -
™ Jo > (15)
10
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therefore, e =
(4s—Y) = ‘—%5; > (17)

and thus equation (15) becomes

A
Ve© Vs
xo n— "‘ 5;”& i %1_ . (18)
When x = R, y = yR’ therefore, equation (&) becomes
Va
R=x,)" + (‘j.{j.) 3‘MC " (19)
Solving for (X - x,), we obtain
s A v
KX +«/ 6 gec«— (g Yy (20)

But
% — VR "“O ’
Ya— ? (21)
thus o
Vi

(‘3«’ 41 = 3% 9 (22)

and equation (20) becomes

Ve Nl
=R +'\[ e .31 . (23)
Combining equations (11;) and (23), we obtain
o =RF -g‘-’; mﬁ’"—\% + Q%ilﬁoc ; (24?

Fauating (24) to (18), we get

P ""v‘ "R /‘/ Sk _‘\‘%éz_‘l’g-%?i?«o( ; (25)

g‘

We can ignore the sivns of the radicais, since these guantities will
all he sgunared in the process of solving for tan 0< .

The resu't of sguaring couation (25) twice and combining terms (an
operaticn which is a little too lengttv to be presented here) is the cubic

A LW%A + ’) b, n( + C tas L —+ D=0 (26)

11
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= — 1§ V;Ké R
B = 4w 59 R -2(v+ ]
C = 8V, gR2VA— (R* #2444
, D - -{‘(V;"vp‘): 2 %1_ R‘-( gg '.'V,:)— ale(lf Vé"‘ %LKJ.)]- L

Thus, if the gradient, range and velocities at the source, receiver,
and bottom are known, the reflection angle can be calculated.

RANGE

T

Although the velocities and deoths can be measured with reasonable accuracy,
horizontal range from source to receiver is difficult to obtain. Uncertainty
in the horizontal position of a deevly submerged vackage relative to the ship,
due to the catenary which the cable assumes, increases the error introduced

E in shivp vositioning. Since acoustic travel time can be measured fairly
Precisely, it was felt that range computed from travel time, average velocity
and depth would be sufficiently accurate. 2
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Figure 5 Geomctry for Determining Range
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Consider Figure 5. Assuming a single, constant gradient below the axis
of the vermanent sound channel (the point y = o), the average velocity is

i readily computed from the relation
Vz(%%"v‘b): %(‘3““13)‘ (27)

Thus, from the straight line geometry of Figure 5,
- < 2
R——'\/I"(yﬂ“ﬂs) : (28)
. Making use of the travel time t over the direct path h , which is

directly measured for each transmission, and the average velocity
over h as computed from equation (27), we can determine the range

from . —
R= ’\[E}(‘J.z-*‘jsyva_]zt""(‘gn'js)l . (29)

PATH LENGTH

Since the results of this program are to be compared with the predictions
of a model which does not consider loss due to propagation in the water,
corrections for the path lengths of the direct and bottom reflected
arrivals must be applied to the measured reflection coefficients. 1In
general, the path length of a ray in a medium having a constant velocity

; S":(%n)[oo;'(%;}_ cos b"l] > (30)
r

gradient is given by (Reference ¢}
where
n = an integer which indicates the layer in which the

velocity gradient is constant,

p g, = the value of the gradient in the layer,
¥, © the velocity at the upper boundary
: Vn+1 = the velocity at the lower boundary
f VX = the velocity at which the ray vertexes.

The inverse cosines in the brackets must be expressed in degrees. The
vertex velocity can be determined if the velocity and angle of
inclination of any point cn the ray is known. From Snell's Law,

..Y- s V,___’ ot ( l)
(:(.\-,ve e G’ LA 3

Thus, V, for both sections of the bottom path can be calculated, since

-

13

:
{
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the velocity at the bottom is known, and the angle which the ray makes
with the horizontal, which is just the grazing angle o , can be
computed. However, since no angle is known on the direct path, the
vertex velocity isunknown, and this patl length can only be approximated
by the straight line h in FPigure 5 and must be computed from

1\ =vt (32)

where t 1is the travel time of the direct arrival.

PROPAGATION LOSS CORRECTION

As was mentioned earlier, the reflected and direct amplitudes must be
corrected for differences in path length in order that their ratio
accurately represents the reflection coefficient. The appropriate
corrections are made to the ratios themselves by application of a multi-
k- plicative factor derived from the relation given in reference (d)
(EQO 3A'5) ) n —a(S—S')
S S' o,l =
r =2 -(__=~) (\O ) (33)
I, S
where

Il = intensity at the beginning of the path,

I> - intensity at the end of the path,

Sy = distance from the source to the point at which I, is
measured,
S, = distance from the source to the point at which I_ is
; measured, e
EJ n = an integer to be determined by the type of spreading involved,
a = the attenuation coefficient ,

P This is the antilog of the familiar propagation loss equation. For our
purnoses, soherical spreading (n= -2) and an attenuation coefficient
givern by

P QA= GOl {:z
% (34)

were assumed.

A

Since the reflection coefficients are ratios of acoustic pressures, we

1k

r
{
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must take the square root of both sides of the above equation, which
gives us the ratio of acoustic pressures measured at two points along
the path. Thus, if a and b are two points on a ray path, then

g -5 ‘O_°~°°°5“‘(S»'So.)
o™ Sa

(35)

Receiver

IfTI/////]’f”' I S ST G R N AT ST SR N S
Pt
s.//
/

.

¢ Image Source ]
Figure 6
Identification of Pressures and Paths
Used in Propagation Loss Equations

Consider Fig. 0. The Oi represent the acoustic pressure at various
points or the rays. ‘The ratio we desire is P_/P_, and the uncorrected

coefficient s the ratic of the bottom rerlecéedlto direct peak amplitude,
or Pg/Ph‘ Yle must, therefore, determine a constant k, such that

P = K Tf (36)
1 4

15
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Using equation (35), we obtain the following relations between the
! pressure amplitudes at the various points: )
S, ,, ~0.0005 (35 -8)
£ 210 =C, (37-a)
4 : 2
g S, 'O—-o,ouoé"‘:(s—;) L5
P Sa+5 e, | (37-b)
R S+s )
! 2
: fz & SS, ’(:r-cg<30c>5’F (SE”SL)-_.‘?
- —E* = § -C3 (37-¢c)
i Combining (37-a) and (37-b), we get
! f Se—— .,_-}.-.—- 8)
= taR - G

Substituting P in (37-c) into (38), we obtain
AT N

—

l:‘) C'C‘ Py - (39)
Thus, by computing the ratio CB/C C from equation (37), in which
12

frequency has units of kc/sec and the path lengths Si’ expressed in kyd,
are determined from equations (30) end (32), the corrected reflection
can be obtained. It should be noted that S _, which corresponds to the
distance between the source and the point ag which the acoustic pressure
"at the source” is measured is taken to be one yard by convention,

to prevent indeterminate terms from arising.

; COMPUTER PROGRAM DESCRIPTION

5 USL Computer Program No. 0289 processes observed data for the determination
of reflection coefficients.

; The input is in the form of digitized magnetic tape (Datrac), and

i Hollerith cards as detailed in Table I. Two cards are required for

3 each file of information on Datrac Tape. The tape consists of up to
three files, the even records of which contain voltage readings to three
significant fipures vroncrtional to the acoustic pressure. The first

odd record in each file is an identi<ication word which is comvared with
the corresvonding identification word from cards. The first even record

e R

16
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in each file is calibration data and is used to obtain a multiplicative
constant by which low gain date are modified to correspond to high gain
information, when applicable. Subsequent odd records contain information
as to the time (in milliseconds) until the aperture for the direct pulse
information begins, and possibly the time to the start of the bottom
reception aperture. If only one value appears in the odd record, it is
assumed that the signal was recorded continuously, after the beginning

of ire direct aperture, through the bottom reception. The even records,
af'ter the first for each file, contain reception data for direct end bottom
reflection. The program allows for up to five channels of information
from these even records. Each channel may pertain to one hydrophone,

or two channels may be allocated to one hydrophone so that high and low
gain data are present. If the high end low gain condition exists, the
procram has an alternative means of getting results when the maximum
reception voltage is obhserved in the high gain channel. It is assumed
that calibration data will be present in the second record of each file
even if the high and low gain option is not being used.

The program has two main divisions. The first pertains to obtaining and
processing all the necessary data from tape, and the second deals with
the computation and printing of the desired output results. The
separation of these two major parts is at statement number 200 in the
progranm.

In the secord vart of the program is a subroutine for solving a specific
third degree polynomial. The polynomial is in terms of tangent

wherec( is the angle of reflection that the acoustic ray makes with the
bottom. The subroutine uses the Newton-Raphson method for obtaining

one root of the cubic equation. The other roots are obtained by

reducing the polynomial one degree and solving the resulting equation

by the quadratic formula. The first root obtained is accepted if the
remaining roots are imaginary, or if the remaining roots Jay outside

the range of +2° to +859. f one of these conditions is not met, a
message will be printed by the computer. A starting value of alpha

is part of the input data for the program and is necessary for the
operation of this iterative process. Experience with the data determining
the coefticients of these nolynomials has indicated that a choice of angles
between +60° ana +70° will insure convergence if the data affecting

direct travel time are correctly given to the propram.

In the first part of the nrogram cemi-fixked criteria are used to
determine when the direct and bottom pulses have begun and ended. In
the case of the direct pulse, ten consecutive samples above threshold

are =ourht to determire the start of the nulse, and five consecutive
samv.es velow the thieshold voltage indicate the end of the pulse.

17
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The bottom reception starts when ten consecutive samples appear above

the threshold voltage. The end occurs when one sample falls below or
equals the threshold voltage. However, if subsequently, five consecutive
pulses exceed the threshold voltage, then all the samples which occurred
since the previous termination are considered as part of the bottom
reception. In addition, the bottom reception includes all those that
continue to stay above threshold for a predetermined time or until

the samples again equal or fall below threshold, whichever comes first.

The Fortran Program is available as Appendix A. Also, samples of the
printed output are contained in Figures 7 and 8. Figure T represents the
output when sense switch one is down, and Figure 8 covers the print-out
with sense switch two down. These options may be exercised simgly or
jointly. With sense switch two down, all the calculated data are put on
a master tape togeter with the pulse values above threshold and all

input information. This can then be used for statistical studies done
by other specially written programs.

SUMMARY

This memorandum discusses an integrated system for the acquisition,
processing and analysis of Bottom Reflectivity Data. A technique has
has been successfully adapted and favorsble results are presently
being obtained. The acquisition of data is semi-automatic, once
sychronization is established, and the data is obtained in digital form
for computer processing. The computer program also discussed has

been written based on an analysis procedure outlined in this memorandum.
This program determines reflection coefficients as a function of angle
of incidence. The analysis procedure and the eutput requirements of
the program are such that an effective comparison of the results can

be made with predicted theoretical results. These results are obtained
from a multi-layered theoretical model of the bottom via a computer
program where the input parameters are determined from analyses of
sediment cores obtained at the same area of ocean bottom where the
acoustical measurements were made.
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FRANCIS R. MENOTTI RICHARD D. WHITTAKER . - 2 Eln

Physicist Mathematician Senior Project Engineer
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PROGRAM OUTPUT SENSE SWITCH ONE DOWN

IBM TAPE NO. 285 FILE NO. 1
ID WORD APPROX. RANGE EVENT FREQ. PULSE WIDTH THRES. VOLT. SOURCE DEPTH REC. DEPTHS
1080354011 1.0 KYDS. A 1.0KC 10.MSC. 0.015 VOLTS 2925.FT. 3822.”.
165.

IBM TAPE NO. 285 FILE NO. 1 RECEPTION NO. 1 CHANNEL NO. 2

PEAK COMPUTATIONS
DIRECT PEAK REFLECTED PEAK DIRECT PRESS./SOURCE PRESS. REFLECTED /DIRECT
1.064 0.091 0.75780631E-03 0.110

AVERAGE COMPUTATIONS
DIRECT SUM DIRECT AVERAGE BOTTOM SUM 1 BOTTOM SUM TOTAL BOTTOM AVERAGE BOTTOM AV. /DIRECT AV.
11.680 0.433 1.459 1.459 0.049 0.1L5

ENERGY FLUX COMPUTATIONS
‘ MEAN SQUARED DIRECT SUM OF BOTTOM 1 SQUARED MEAN SQUARED BOTTOM BOTTOM/DIRECT

0.334 0.094 0.003 0.017
MISCELLANEOUS
90-ALPHA BOT. SAMPLES DIR. SAMPLES FIRST BOT. SAMPIES DIR. TRAVEL  BOT. TRAVEL  COMP. RANGE
L8.98DEG. 30 27 30 0.810 SEC. 1.045 SEC. 1.280 KYD.
IBM TAPE NO. 285 FILE NO. 1 RECEPTION NO. 1 CHANNEL NO. 3
PEAK COMPUTATIONS
DIRECT PEAK REFLECTED PEAK DIRECT PRESS./SOURCE PRESS: REFLECTED /DIRECT
0.896 0.092 0.74205969E~03 0.125

AVERAGE COMPUTATIONS
DIRECT SUM DIRECT AVERAGE BOTTOM SUM 1 BOTTOM SUM TOTAL BOTTOM AVERAGE BOTTOM AV./DIRECT AV.

10.437 0.417 1.741 1.741 0.050 0.145
ENERGY FLUX COMPUTATIONS
MEAN SQUARED DIRECT SUM OF BOTTOM 1 SQUARED MEAN SQUARED BOTTOM BOTTOM/DIRECT
0.274 0.113 0.003 0.02L
MI SCELLANEOUS
90-ALPHA BOT SAMPLES DIR. SAMPLES FIRST BOT. SAMPLES DIR. TRAVEL BOT. TRAVEL COMP. RANGE
51.67DEG. 35 25 35 0.62( SEC. 1.007, SEC. 1.280 KYD.
FIGURE 7 USL TECH MEMO
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PROGRAM OUTPUT SENSE SWITCH TWO DOWN

DATRAC TAPE
NOe FILE RECEPTIONS

218 ) 15
FVENT 1D NUMBER
A 10601321134

HYDROPHONE DEPTH 1IN

NUMBER FEET
1 3640,0
2 375260

MASTER TAPE
NO, TOTAL RECORDS

3138

90-ALPHA (DEG)

MAX o MIN,
524640 524308
534165 526777
FIGURE 8
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APPENDIX A

DETERMINATION OF REFLECTION COEFFICIENTS FROM OBSERVED DATA 0289

ION OCT 016060606060
IBB OCT 226060606060
1CC OCT 236060606060
IDD OCT 246060606060
IEE OCT 256060606060
122 OCT 716060606060
DIMENSION 1D(2)9AP(2)9CALNI(5) 9CALD(5)9sWD(59100)sDR(5)9YR(5)9sVRI(5)
IDUMP(9)yNSD(5) sNSBIS)eTTDIS5) o TTBIS)sLD(5)sLB(5)
SUMA(5) 9SUMS(5) sWMAX(5) s SUMB (5) s SUMBS(5) +BMAX(5)sSVIX(5)
sNSB2(5)9SVI(S) s TAP(180)sTMP(180) sAMNA(5) yAMXA(S5)
READ 143 IRTIFTHMIT
i 5 CLA IRT
' S TZE %]
DO 1111 L=14IRT
S RTD 1
1111 CONTINUE
. S 10D
i 1 READ INPUYT TAPE 3959IBMeIFILEsID3sID4GsEVENT yPWIFREQIGAINIMULToX»
1 NRECF » IWPRIAPR yAANGFACsGs THoVASDADBsDSHDR (1)
READ INPUT TAPE 346 »(DR(I)s1I=2+5)+PM
DO 2 I=1,5
AMNA(1)=90.0
2 CALN(I)=0.0
3 FORMAT (15HDATRAC TAPE NOesI59S5XBHFILE NOes»395X15HMASTER TAPE NO.
19A5/46HRECORDS ON MASTER TAPE TO START OF DATRAC FILE»16)
IDUMP (6)=]IDUMP(6)+2
5 FORMAT (1331192A59A19F3e09F2e192119F2e091391492F3019F2e19F5e49F3¢3
192F46043F540)
6 FORMAT (4F5409F10e3)
S CLA G
S TZE #12
: PUNCH 3+IBMyIFILEWMITIRT
! CALL DATSP (T7+1D(1)9s091909090+0+0)
' DO 666 12152000
STZ CALN(1l)
666 CONTINUE
NH=MULT/ IGAIN
CAL ID3
ARS 6
sus 1D(1)
TZE #*10
7 PRINT 8
8 FORMAT(38H ID ERRORs CHECK INPUT CARDS WITH TAPE)
PAUSE 7007
10 CAL 1D4
ARS 6
suB 1D(2)
TZE #15
TRA #7
12 NRECF=(NRECF#2)+3
DO 13 J=1sNRECF
RTD 7

LoD nNn N

w N

1]

O nn

wn e n

i00
IDUMP (6)=1DUMP(6)+1
13 CONTINUE

|
| ;
k S

A-1 USI, TECH MEMO
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CHRP R v

an o

14 FORMAT (2154A5)
JOUMP (&) =IDUMP (6 ) -2

GO T0 1
15 1F (SENSE SWITCH 1) 16421
16 PRINT Z0sIBMsIFLILESID3sI0GsAPRIEVENT oFREQsPWsTHsDSs(DRIT)sI=19NH)
20 FORMAT (IH1/1HCs])B8X12HIBM TAPE NOes[493XSHFILE NOesI2/1HO»1X91HID
3

WORD _ APPROXs RANGE EVENT FREQe 2ULSE WIDTH THRESe VOLT, SOU
RCE DEPTH RECe DEPTHS/1X02A593KaF5e1+5HKYDSes5XsAl 93X sFlbols2HKC s

33X9F5eD94HMSCas3XsF50306H VOLTSsoXsFEeQo2HFTa93XsFTe093HFTe/82Xs
4F Te0/82XsFTe0/B2X9F7e0/82X+sFT740)

21 TH=10e®*TH

Y5=05S-DA

YB8=D8-DA

VS=YS#*#G+VA

VB=YB*G+VA

IM=]

IE=0

NCA=100

I5=TWPR-(100#MULT)

TPL %38

NCA=TWPR/MULT

IW4=0

IREM=0

TRA #39
38 IW4=IWPR/ (MULT#*100)}

IREM=( IWPR-IW4®#MULT*100) /MULT
39 ISAVE7=1W4

ISAVE8=1REM

ISAVE9=NCA

USE CALIBRATION DATA

CALL DATSP (7TsWD(151)90s0sNCAsMULT 9591901}
IF (IGAIN=1) 46+46940
40 DRI(4)=DR(2}
DR(3)=DR(2)
DR12)=DR(1)
DO 45 I=19sMULTIGAIN
CALN(I)=0.0
CALD(I)=040
K=I+1
DO 44 J=6415
CALN(I)=CALN(I)+WD(TsJ)
CALD(I)=CALD(1)+WD(KsJ)
44 CONTINUE
CALN(K)=CALN(1)/CALDI(I)
45 CONTINUE
46 IF (SENSE SWITCH 2) 446+47
446 WRITE OUTPUT TAPE 14447 9IBMyIFILEsIONINHeID3 9104 +sAPRIEVENTIFREQo
1 PWeTHsDSe (DRI sI=195)9sCALN(2)+sCALNI(4)
IRT=IRT+1
447 FORMAT (130]1195XA19I192A50F4el9AlsF3el sF4e09sFae29F54095F6e092E1548
1)
47 DO 48 J=1sMULT
YR(J)=DR(J)=-DA
48 VR(J)=YR(J)®G+VA
50 AP(1)=0e0

A-2 USL TECH MEMO
013-4-65




A o @ 4

o N o

C
C
2
S 63
S
S
S
S
65
75
c
€
(2
79
80
81
8000
9000
9001
82
813

84

AP(2) =00
NSB1=0
LT-1
LMN=0
LMN1=0C

OBTAIN APERTURES

221

CALL DATSP (74AP(1)+0s0s1s2+25s10s1)
1E=1E+1

IDUMP (61 =1DUMP{6)+2

IVI=IRT

CLA API(2)

TZE #255

CLA AP(1)

TZE #65

TRA #75

AP(1)=AP(2)

AP(2)=040 .

CALL DATSP (T+WD(1s1)s090sNCASMULT+541250)

SEARCH FOR START OF DIRECT PULSE

TVaTH

I=IM

ICD=1

NS=0

NTV=0

DO 81 J=1,100

NS=NS+1

[F (WD(IsJ)=TV) 8098079
NTV=NTVY+1

IF (NTV=-10) 81,83,83
NTV=0

CONT I NUE

JFK=JFK+1

IF (JFK=3) 8000+8000s%9000
BACKSPACE 7

GO TO0 7%

SUMA(I)=0.0

IF (SENSE SWITCH 1) 9001+190
PRINT 821

FORMAT (1HO911HCHANNEL NOesI3947H SHOWS NO SIONAL ABOVE THRESHOLD

1IN 100 SAMPLES)
GO 70 190
NS=NS-10

JFK=0

TTO(I)=NS
TID(II=TTD(I)/PM+AP (1) +X
1i=NS+1
LO(I)y=0
LBii)=0
SUMA(T1)=0.0
SUMS(1)=060
NS1=0

NTV=0

A-3

el - - ‘ L L
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r
{

5 W

86

88

89
90
91

991
992

2662

2663
2664

2665

2669
2992

92
93

94

NSD(11=0

[5=0

SUMBX =060
SUMBS5X=(0.0

WMAX () )=wWD(lel])
LT1=9

START OF DIRECT PULSE

DO 93 J=11sNCA

IF (WO(19J)~9e¢99) BT294+94

IF (TV=-WDtlIsJ)) 89,88+88
NTV=NTV+]

SUMBX=SUMBX+WD (I +J)
SUMBSX=SUMBSX+(WD(]sJ)R%2)
TMP{LT)=WD(1sJ)

LT=LT+1

IF (NTV=5) 92997997

IF (WDULodi~WMAX(I)) 91991+90
WMAX (1) =WD(]sJ)

SUMA( T )=SUMA(T)+WD(]sJ)+SUMBX
SUMSTTI=SUMS(II+ (WD (1o ) ¥R2)+5UMBSX
CLA SUMBX

TZE %992

DO 991 L=1sNTV

LTM=LT-NTV4L~-1
TAP(LTM)}=TMP(LTM)

SUMBX=0e0

NTV=0

SUMBSX=0s0

TAP(LT)=WD(IsJ)

IF (LT=-22) 2992266342662
LT1=LT-22

LT=22

IF (SENSE SWITCH 2) 266492669
WRITE OUTPUT TAPE 15998+ IBMsIFILEsIEsIsIBBy(TAP(L)sL=1oLT)
LMN=LMN+]

LT=1

CLA LTl

TZE #92

DO 2665 L=1yLT1
TAP(L)=TAP(L+22)

LT=LT1+1

LT1=0

GO TO 92

LT1=0

LT=0

LT=LT+1

NSD(I)=NSD(I)+1

CONTINUE

GO TO 113

DIRECT PULSE SWITCHED TO LOW GAIN CHANNEL

L=l
CLA LMN
TZE %994
E Ak USL TECH MEMO
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S «mmv———————————_—___“

DO 993 L=1+LMN
BACKSPACE 1
993 CONTINUE
LMN=0
994 [F (IGAIN-1) 197,197,95
95 IF (LD(I})=1) 995,197+197
995 TV = TV/CALN(I+1)
TTO(I+1)=TTD(I)
SUMA(1)=9,99
LD(I) =1
I=1+1
LDt =1
IF (ICD~1) B84+84¢96
96 BACKSPACE 7
1CD=1
g 12=1
E. CALL DATSP (T7sWD(191)90s0sNCAIMULT$5512+0)
: I1=NS+1
GO TO 84

C
F € DIRECT PULSE IS TERMINATED
C

97 I1=NSD(])~-15+1+1]1
TV=TH
15=0
LT=LT=-6
S TZE #999
996 IF (SENSE SWITCH 2) 997+999
997 WRITE OQUTPUT TAPE 199989 IBMyIFILESIEsIsIBBy(TAP(L) sL=1sLT)
LMN=LMN+1
998 FORMAT (I391191391191XA1022F542)
999 LT=1
IRT=IRT+LMN
LMN1=LMN
NSD(I1=NSD(I)=4
NV=NSD(1)
| S CLA LO(1
i S TZE =98
i SUMA( T )=SUMA(T ) *CALN(I)
P4 SUMS(I)=SUMS(T)#(CALN(])®%2)
WMAX (I )=WMAX (T )*CALN(I)
S 98 CLA AP(2)
S TZE #103
[2=IWPR/ (2#MULT )+1-1CD*100
S TMI #102
NCA=100
BACKSPACE 7
I1=IWPR/2+1
12=(IWPR/200)%#100+1
I1=(11-12)/MULT+]1
IW4z(IWPR=12+1)/7(MULT#*100)
IREM=((IWPR=1241)=(MULT®#IW4*100))/MULT
CLA IW4
TZE %99
TRA #100
99 NCA=1REM
100 CALL DATSP (7eWD(1s1)90909sNCAsMULT5+12+0)

L
nwoen

A-5 USL TECH MEMO
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I1CD=1
G0 TO 104
. 102 11=100+12

[2=1
GO TO 104

103 NS1=5

104 1=1M
NTV=0
IF (11-NCA) 10591054125

C SEARCH FOR START OF BOTTOM PULSE

105 DO 112 J=11sNCA
NS1=NS1+1
IF (WD(IsJ)-TV) 10751074106
106 NTVaNTV+]
IF (NTV=-10) 112136136
107 NTvV=0
112 CONTINUE
GO TO 125

GET MORE DATA FOR DIRECT PULSE

a¥aKa)

! 113 12=12+(100#MULT)

15=NSD(1)
IF (ICD=IW&4) 1159114,180

S 114 CLA IREM

S TZE #180
NCA=IREM

115 BACKSPACE 7

CALL DATSP (7sWD(191)9s0s0sNCAsMULT$5912+0)
ICD=1CD+1
11=1
GO TO 86

GET MORE DATA IN SEARCH FOR BOTTOM PULSE

125 IF (ICD=-IW&) 127+,1264184
126 CLA IREM
: TZE #1864
E | NCA=REM
127 I12=212+(100%MULT)
15=NS1-5
BACKSPACE 7
CALL DATSP (ToWD(1s1)9090sNCASMULT$591240)
11=1
2 ICO=ICD+1
: GO TO 105
; 128 NCA=100

wn (a¥alal

START OF BOTTOM PULSE IS AT THE END OF PREVIOUS DATA

(aNalal

[2=12-(100%MULT)

ICD=1CD-1

11=2100+11

BACKSPACE 7

CALL DATSP (T7sWD(1s1)90s09NCAYMULT+5:12+0)

A-6 USL TECH MEMO
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GO TG 140

START OF BOTTOM RECEPTION

NS1=aNS1I-10

CLA AP(2)

TZE %138

TTB(I)=NS1

GO TO 139

NTV=AP (1) ®PM
TTIB(I)=NS1+NS+NV+NTV
TTB(1)=TTB(I)/PM+AP (2)+X
I1=11+NS1-15-5

TMI %128

SUMB(1)=0.0
SUMBS(11=0e0

SUMBX=0e0

SUMBSX=060

NSB(I)= O

NSB2(1)=0

NSB1=0

NTV=0

NUM=1]

BMAX(1)=NV
NFSD=FAC#BMAX(1])
BMAX(1)=WD(Is11)
ISAVELl=I11

ISAVEZ2=1]2

1SAVE3=1CD

I SAVE4=NCA

LT=1

LT1=0

LMN=0

SVI(11=0e0

SVIX(I)=0,0
I5=(IWPR=12+41)/MULT~-11+1
IF (15 = NFSD) 14191429142
NFSD=15

15=11+NFSD-1

IF (15=100) 145,1&49144
15=100
NFSD=NFSD+11-1~-15

DO 159 J=I1y15

IF (WD(14J)=9¢99) 15001755175
IF (TV=WD(1¢J)) 154,151,151
CLA NUM

TZE #1152

SVI(1)=SUMB(1)
SVIX(1)=SUMBS(1)
NSB2(1)=NSB(I)

NUM=Q

NTV=1
SUMBX=SUMBX+WD (19J)
SUMBSX=SUMBSX+ (WD(1eJ)%*#%2)
NSB1=NSBl+1

TMPILT) =WD(1sJ)

LT=LT+1

USI, TECH MEMO
913-4-65




1564
. 155
S 156

157

957

‘i

958

158

2958
1959
2959

56959

7959
8959
' 159

wonon

161

won

162

A TR T TR, W N

GO 7O 159

IF (WDUieJ)~BMAX(I)) 15641564155
BMAX(I)=wD(1+J)

CLA NTV

TZE #158

NTV=NTV+1

IF (NTV=5) 15351534157
NTV=0

NSB(I)=NSB(I)+NSB1
SUMB(1)=SUMB(1)+SUMBX
SUMBS (1) =SUMBS (1 )+SUMBSX
CLA NS81

TZE %958

DO 957 L=1sNSR]
LTM=LT-NSB1+L~1
TAP(LTM)=TMP(LTM)

NSB81=0

SUMBX =060

SUMBSX=0e0

SUMB( T )=SUMB(T)+WD(]sJ)
SUMBS (I )=SUMBS(I)+(WD(IoJ)#¥*2)
NSB(I)=NSB(I)+1
TAP(LT)=WD(IsJ)

IBG=]

IND=22

LTS5=0

IF (LT-22) 6959»1959+1959
IF (SENSE SWITCH 2) 2959,8959
WRITE OUTPUT TAPE 199989 IBMyIFILEsIEsI o ICCo(TAP(L)sL=IBGyIND)
LMN=LMN+1

LT=LT-22

LTS5=1

[8G=18G+22

IND=IND+22

GO TO 2958

CLA LTS

TZE #8959

CLA LT

TZE #8959

DO 7959 L=1LT
LT1=IND+L-22
TAP(L)=TAP(LT]1)

LT=LT+1

CONTINUE

GET MORE DATA FOR BOTTOM RECEPTION

CLA NFSD

TZE #190

IF (ICD-IW4) 1629161190

CLA IREM

TZE #190

NCA=]REM

[12=12+(100%MULT)

BACKSPACE 7

CALL DATSP (T7sWD(191)909s0sNCAIMULT95+12+0)
1CO=1CD+1

A-8 USL TECH MEMO
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e

175

1175
2175

176
177

178

180
181

182
184
185
186

187

189

[1=]
G0 TO 142

BOTTOM PULSE SWITCHED TO LCW GAIN CHANNEL

R

NSB1=0

CLA LMN

TZE #2175

DO 1175 L=19LMN
BACKSPACE 1

CONTINUE

LMN=0

IF (IGAIN-1) 197+197+176
IF (LB(1)=1) 17791974197
LB(l)=1
TTB(I+1)=TTB(1)
TV=TV/CALN(I+1)

I=l+1

LB(I)=1 3

IF (ICD-1) 140+140,178
BACKSPACE 7

1CD=1SAVE3

I11=15AVE1l

12=]1SAVE?2

NCA=1SAVE4

CALL DATSP (T7sWD(191)909s0sNCAWMULT5512+0)

GO TO 140

IF (SENSE SWITCH 1) 181,187
PRINT 182»1

IRT =IRT+LMN

FORMAT (1HO+24HRECORD ENDED FOR CHANNEL »1492X39HWITH DIRECT PULSE

1STILL ABOVE THRESHOLD)

GO TO 187

IF (SENSE SWITCH 1) 185,187
PRINT 1861

FORMAT (1HO»24HRECORD ENDED FOR CHANNELsI492X43HWITH NO BOTTOM BOU

INCE PULSE ABOVE THRESHOLD)
I=IM
BMAX(1)=0e0
SUMB(1)1=0.,0
SUMBS(1)=0e0
SVI(I)=0.0
SVIX(I1)=0e0
TTB(I)=0e0
NSB(I)=C
NSB2(1)=0
LB(I)=0
LB(I+1)=0
LTS=LMN
LT=1
NSB1=0
LMN=0
CLA LTS
TZE #1190
DO 189 L=1sLTS
BACKSPACE 1

A-9
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B . T )

i
L]

nnrnnNn AN

[a¥aXa)

e

IRT=IRT-LTS5

END OF TAPE WORK FOR ONE CHANNEL

190 CLA uB(1)
TZE *194
SUMB(1)=5SUMBI(1)*CALN(I)
SUMBS t I )=SUMBS (1) (CALNIT)*#%2)
SVI(I)=SVI(I)*CALN(I)
SVIX(I)sSVIX(T)* (CALNCT) *%2)
BMAX (1)=BMAX(1)*#CALN(I)
194 IM=IM+IiGAIN
LT=LT-1-NSB1
TZE #9196
IF (SENSE SWITCH 2) 19599196
195 WRITE OUTPUT TAPE 199989 IBMsIFILEsIEsI o ICCo(TAP(L) oL=1sLT)
LMN=LMN+1
9196 LT=1
IRT=IRT+LMN
NSB1=0
LMN =0
LMN1=0
12=]
IwWe=]SAVE?
IREM=]SAVES
NCA=]SAVES®
IF (IM=MULT) 19691969201
196 BACKSPACE 7
GO TO 75
197 IF (SENSE SWITCH 1) 19859200
198 PRINT 1991
199 FORMAT (1HO»20HVOLTAGES FOR CHANNELs14+2X71HHAVE EQUALED OR EXCEED
1ED THE MAXIMUM VOLTAGEe THIS CHANNEL WAS ABORTEDs)
200 SUMA(IM)=0.0
CLA LMN1
TZE *#194
DO 9201 L=1sLMNI
9201 BACKSPACE 1
IRT=IRT-LMN1
GO TO 194

ALL TAPE WORK COMPLETEs PREPARE FOR FINAL COMPUTATIONS

201 I=]
202 IM=]
CLA SUMAI(TI)
TZE ®#245
JeLD(I)+LB(])
IF (J=1) 220+203,219
203 U=]+1}
CLA LD(I])
TZE #204
TRA #207
204 NSD(J)=NSD(I)
TTD(J)=TTD(])
SUMA(J)=SUMA(T])
" (
SUMS(J)=SUMSI(]) 520 USL TECH MEMD
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WMAX ( J)=WMAX(1])
GO TC 219

207 NSB(JJ)=NSB(1)
NSB2(J)=NSB2(1)
TTB(J)=TTBI(])
SUMB(J)=SUMB(1)
SUMBS (J)=SUMBS (1)
BMAX({ J)=BMAX(])
SVIitJ)r=svIi(l)
SVIX(J)=SVIX{])

219 I=1+1

220 S0=,001
RANGaSQRTF ((SO*TTD(I)*I1G/2¢0%(YRII)+YS)+VA))#%2-(YR(])=-YS)H#%2;

VaVR(])
BANG=AANG
221 CALL CUBIC (BANGsGsRANGIVBsVsVSsANG)
’ s CLA ANG
, S TZE #253

VX=VB/COSF (ANG)
S1=50#%VX/ (G¥340)
S2=5S1%(ATANF (SQRTF (VX*#%2~y#%2)/V})-ANG)
S1=S1*(ATANF (SQRTF (VX%#2~VS*%#2)/VS) —~ANG)

l S3=SO*SQRTF (RANG**2+(DR(1)-D5)#%2) /340

v F3=-e0005#FREQ¥*2%(53~50)
F3210«%%F3%50/53
RATIO=e0005#FREQ##2%(S1452-53)
RATIO =((S51452)%10+%%RATIO)/S3
RRTO=RATIO*BMAX (1)/WMAX (1)

, RBSDS=RATIO#*2#5UMBS(1)/SUMS(T)

. SUMA( L) =SUMA (1) /10

AB=NSD(1)

AD=SUMA (1) /AB

SUMS () =SUMS(1}/(100+%AB)

SVI(I)=SVI(I1/10e

SUMB(1)=SUMB(1)/10s

WMAX (1) =WMAX(1)/104

BMAX (1) =BMAX(I1/10

TTD(I)1=50%TTO(I)

TTIB(1)=SO%TTB(I)

i AB=NSB (1)
SUMBS (1)=SUMBS (11/(1004%AB)
AB=SUMB(1)/AB

| RBND=RATIO®AB/AD
i 3 DCT
S NOP

! SVIX(i)=SVIX(1)/100,

i ANG=90+~ANG#5742957795

[ RANG=SO*RANG/340

| IF (SFNSF SWITrH 1) 222.22N0
222 PRINT 225+1BMy IFILESIEs]

§ 225 FORMAT (1HO/1HO»3X12HIBM TAPE NOeslasTXBHFILE NOey[247X13HRECEPTIO
g 1IN NOo»I&4 s 7TX11HCHANNEL NCesl2)
i PRINT 226 sWMAX (1) 98MAX(1)sF34RRTD

226 FORMAT (1HO+17HPEAK COMPUTATIONS/5Xs11HDIRECT PEAK s TX14HREFLECTED

1IPEAK s 6X2THDIRECT PRESSe/SQURCE PRESSe96X16HREFLECTED/DIRECT/6XeF6e
23915X9F563917X9E15e8916X9F6e3)
PRINT 227+sSUMA(I)sADsSVI(I)sSUMB(1)+ABsRBD
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227 FORMAT (1HO,ZOHAVERAGE COMPUTATIONS/5X10HDIRECT SUMe5X14HDIRECT AV
TERAGE + SX1/HBOTTOM 5UM 1s5X]16HBOTTOM SUM TOTAL +5X14HBOTTOM AVERAGE »
25X2IHBCTTCM AVe/DIRECT AVe/6XoFBe3s10XeF5e3012XesFBe3911X9FBe3913Xy
3F6e3316XeFTe3)

PRINT 228sSUMSTI)»SVIXCT) s SUMBSIT) +RBSDS

228 FORMAT (1hus 24HENERGY FLUX COMPUTATIONS/5X21H MEAN SQUARED DIRECT
1+5X235UM QF BOTTOM 1 SQUARED5X21H MEAN SQUARED BOTTOM ,5X13HBOTT
ZOM/DIRECT/11XeFB8e3919XsFB8e3019X9FB8e3915X9F7e3)

PRINT £ZG o ANGs NSO T ) oNSDIET) oNSB2(I 1) o TTOULI) e TTBL1) s RANG

229 FORMAT (1HO»13HMISCELLANEQUS/S5X8HI90-ALPHAS5X12HB0T « SAMPLES»SX12HD
1IRe SAMPLESSX18HFIRST EOTe SAMPLES5X11HDIRe TRAVEL5X]11HBOTe TRA
ZVEL 95X11HCOMP e RANGE/4XosF6e2 9y4HDEGe s 7Xeo 49 13Xel6s16Xsl4s13XsFTe3y
IGHSEC o 95X oF 703 34HSECa 95X oF Ta394HKYDG)

230 IF (SENSE SWITCH 2) 2314245

231 CLA BMAX(])

TZE #245
WRITE OQUTPUT TAPE 19232 IBMyIFILEsIFE 41, IDDyWMAX(]1)+sBMAX{I)sRRTD,
1 SUMA(TI)sADsSVI(I)sSUMB(1)sABsRBOSNSB(1)eNSD(I),F3
WRITE OUTPUT TAPE 192329IBMyIFILEsIESI S TEEsSUMSIT)eSVIX(I)sSUMBS(!]
1) yRBSDSsTTD(IIsTTB(I)sRANGYANGsDUMMY sNSB2( 1)
IRT=IRT+2
232 FORMAT (13511913911 01X0sA139FFe49214451548)
M=(Q
233 IF (IGAIN-1) 240+2409234
234 1F (1-2) 23592364,237
235 AMXA(I+1)=AMXA(])
AMNA(I+1)=AMNA(T])
GO TO 240

236 AMXA(I-1)=AMXA(I])
AMNA(T-1)=AMNA(T)
GO T0O 240

237 IF(1-3) 238423549236

238 STOP 1010

240 CLA M

TNZ %245
AMXA(] ) =MAXIF(AMXAL(T) sANG)
AMNA( L) =MINIF(AMNAC(T) sANG)
M=1
GO TO 233
245 I=IM+IGAIN
IF ([-MULT) 202+2029+246
246 IM=1
IF (SENSE SWITCH 1) 25099997
250 PRINT 251
251 FORMAT (1HI1)

9997 IF (SENSE SWITCH 5) 999899999
9998 IDUMP(1)=~3

IDUMP (2)=+0
IDUMP (31 =2%[FILE
IDUMP (4 ) ==7
IDUMP (5) =40
IDUMP(T7)=~1
IDUMP (81 =40
IDUMP(9)=IRT
CALL DUMP (IDUMP)

9999 CONTINUE

IF (IRT=20000) 9095+9090+9090
A-12 USL TECH MEMO
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9090 PRINT 90919 IRT
9091 FORMAT (1M1/1HOQ#25H ARPE UNIT 1 IS FULL WITH +15+s85H RECORDSe CORE
IWILL BE DUMPED ON TAPE UNIT 5¢ RESTART WITH A NEW TAPE ON TAPE UNI
2T le/1H1)
WRITE OUTPUT TAPE 142769122
¢ END FILE 1
REWIND 1
IRT=0
GO TO 9998
9095 IF (IE-NRECF) 5092700270
252 FORMAT (1HO9»14HAPPROXe ANGLE=9F6e2+10X13HRECEPTION NQOes15)
253 PRINT 2529+BANGsIE
BANG=BANG+5.0
IF (BANG-AANG-5¢0) 22192214254
254 IF (IVTI-IRT) 28552454245
255 CALL DATSP (TeWD(191)90s0sNCASMULT$5012+0)
IF (SENSE SWITCH 1) 2569246
256 PRINT 2591
259 FORMAT (1HO»35HBOTH APERTURES FOR RECEPTION NUMBERsI4+1X45HARE ZER
10 AND THIS RECEPTION HAS BEEN SKIPPEDe)

GO TO 246
S 270 RTD 7
S 100
IOUMP (6)=IDUMP (6)+1

IF (SENSE SWITCH 2) 271»1
271 PRINT 2809¢IBMe IFILESIEsMITSIRTSEVENT2ID31D4
DO 1271 L=1sNH
M=L+]IGAIN-1
PRINT 3271+LeDR(M)sAMXA(M) s AMNA (M)
1271 CONTINUE
DO 1272 L=1s5
AMXA(L)=0.0
1272 AMNA(L) =500
IF (IFILE-IFT) 1427241
272 PRINT 2759IRTHIFILE
275 FORMAT (1H1/1HO914HTHERE ARE NOW s15,40H RECORDS ON TAPE UNIT 1 AF
1TER COMPLETINGsI13+22H FILES ON TAPE UNIT 7e/1H1)
PUNCH 14+¢IRT
WRITE OUTPUT TAPE 102769122
276 FORMAT (9XA1l)

END FILE 1 ﬁ
GO TO 1

280 FORMAT (1HO/1HO/1HO/1HO»9X11HDATRAC TAPE»18X13HMASTER  TAPE/SX3HN
10092X16HFILE RECEPTIONS»12X3HNOe»4X13HTOTAL RECORDS/4X13s5XI1s W

26X13914XA598X15/1H0/3XSHEVENT +SX9HID NUMBER/SXA197X92A5/1H0/5X21HH
3vDROPHONE DEPTH INs7X14H20-ALPHA (DEG)/7XSHNUMSER,, TX4HFEET
48 X4HMAX ¢ 9 8X4HMING)
285 MA=IVT+]
DO 287 L=MAIRT
BACKSPACE 1
287 CONTINUE
IRT=]VT
IM=]
PRINT 290
290 FORMAT (1HO/1HO»26HCOMPLETE RECEPTION SKIPPED)
GO TO 250
3271 FORMAT (10X]1+8XFb6elobXF6e396XF6e3)

END(Os1slolsl)
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