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~ INTRODU CTION 
~~~~ u

A bottom reflectiv ity measurements program has been undertaken to
deter mine the acoust Ic reflecti on coefficient for specific areas of
ocean bottom as a fUnction of inc1 dent angle and frequency. Pulsed
single frequency signals are used for these measurements. Deep sub-
merged sour ce and receiver s are oriented so that the direct and first—
order bott om reflected pulses are separable in t ime and are not interfered
with by the first-order surf ace reflected pulses. The trave l 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 record e~ in
a multiplexed form. The requirement for efficient and expedi ent data
analysis along with the complexity of the measurement has necessitat d
the writin g of a digita l computer program. This program computes the
reflection coefficient and angle of incidence for each recept ion. of data.
The program corrects for differenc e 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 (i) the acquisition and processing
• of the acoustical data; (2~ the definitions of the reflection coefficient s ;

(3) the theoretical relationships that prop erly determi ne the angle
of reflection and reflection coefficient , which are governed by the
geometri c 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 ACO~~TIC DATA

It is the purpose of these studies to obtai n a measure of the loss
• that an acoustic signal undergoes upon reflection from the ocean bottom

as a f unction of incident angle and freq uency. Thi s can be accomplished
by resolving the multipath struct ure of Figure 1, and comparing the
amplitude s of the direct and the first -order bottom reflected pulses ,
corrected in terms of propagation loss for the difference in path length.

Velocity
Profile

~~~~~~~~~~~~~~~~~~~ ~~~~~~_&_ ~~~~~~~~~~~~~~~~~

— —  — —  — —
~~~~~~ Sound Channel

Source irect P Receiver

•~~~ ~: :- 

ef1ected~~~~~~~~~~~~~

Figure 1 SimplifIed Ray Paths

The acquisition of the botto m reflectivity data is planned around
• the avai lability of an AGOR-type research vessel which has the capabili ty
* of lowering an acoustic projector to depths in excess of 10,000 feet .

This capability necessitated the development of a deep submergence package
which conta i ns two free~floodi ng magnetostrict ive scrolls used as proje ctors.
An accurate depth sensing device Is also contained on the package. It
is , therefore, yx,ssible to lower the projector below the sound channel
axis. With the receivers positioned below the sound channel axis , the
angle of reflection can he calculated with a greater degree of accura cy,
and a greater signai.-t,-noise rat io can be expected for the bottom

_
flected n~~~;~~~ver the ez~tire ranee 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.

TRANSMITTING , RECEIVING
VESSEL STATION

__________

k~~E/FREQi I [~~~ /FREO.I
• [~~~NDARD] I

t I Y
[~~~IME &1 ‘ TIME 17

CONTROL CONTROL
CJRCUIT~J i CIRCUITS

• 

_ _ _ _ _ _  

‘P

SOURCE ENVELOPE ANALOG TO
LDETECTORS J DIGITALI H2 AND CONVERSION
____________ 

SYST EM

Figure 2 SynchronizIng System

The master cor~trolo the transmission of the projector while the slave
indicates the exact time of the transmission at the receiving station
and tri ggers the timing and contro] c:ircuits to r.rocess the data.

The desired data are composed of pulsed single frequency signals that
are received at the hydrophone , anmil l ied , ful l wave rectified and
detected. The resultant signal , the envelope of 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 b,th in time and
money to process 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 FranlUin analog-to-digital
converter commences processing of the received signals. The Franklin
converts the signals for a predetermined period of time, dependent

-. on the pu].se length of the received pulse. Thus the pulse is physically
• obser~ied in the signal aperture as it is simultaneously being converted

to digital form. It is necessary , however, to be properly timed and
to have all equipment funct ions 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,

4 the value of’ the preset number is proport ional to the travel time up
to the signal aperture.

P
N _T* (1)

Travel time

N :.~ Number set into counter
= Frequency ~t’ pu1~ eS he~r.g f’~ ’i into counter

* The I .unerals r€L ifl~~ the  n re~ et counter are recorded through a coding
matrix ~nto the ODD reccrds of the digi tal m am ~’t ic  tape format usedL for these measurementn .
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I Preset I__.I Counter 
~.— ~~~~~ . Signal Aperture

I T h ~
mber

( 
_ _ _ _

• kCD I .  RCD 2

ID Calibration

RCD 3 RCD I+

Travel Time Desired Data

• I
l~CD (N-i) RCD N

- t Travel . Time I r Desired Data I
1”igure 3 Di~ ita] Tape Format

The EVEN records eontain the digital equivalent of the received analog
tiulses. The travel time in the ODD records is in milliseconds and is
the measure of the time to the beginning of the signal aperture. To
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 sanmies 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
t~e data for each recent~orI of data.

The fi rst ODD record (I.D. Record) of the taoe format contains ten
ri ’mb er~ ti~~ ar.’ coded ~or nertinent Information about the fi le of data.

• • It is used as ider~t~ fication of the data , and to cross reference input
cards cont;ainin~ narameters used in processing the data through the

5
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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 corWersion 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 frem 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

* dynami c range of the system but must be taken into account when processing
the data through the conmuter.

• The operator of the preset controls has the responsibility of establishing
a threshold value that will he used as an input parameter to the computer
Program. This threshol.d value is constant for a group of pulses,
usuafly associated with a station at which approximately 100 events are
recorded , and is based on the observed noise level. Additional input
parameters are necessary f o r  the computer program ; however , these will
he discussed Jater o~ in the memorandum.

COEFF1CIENT~ OF REFLECTION

Bottom reflect lvi ty measurernent~ tire nerformed wi th the requl rement of
verIfyi n~ a theoreti~ al mode l (r e fe ren ce  a)  wh i ch considers  the bottom
as a me~i iu ~i made on ô~~ a number ~ : plane naral lel lu .- r ~ of varyi np
ac~u~ tie ~‘rrn)erties. Ausori tion ~)f both longitudinal and shear waves

• has been ~or s id er e rj  i n order to descri e (: the complex refiectic n and
transmissi

~~

rt rrort rL~ns of the ocean bot,t~im. it was necessary, therefore ,
to óeve!op a c- o: tter program that wct.ll. ~o oce:;s and pru sent  the exneri —
r nent ~L r r:~ tau~ c 1 ( r  a? ’~ ~~~ w~ th the r -re ’i ictj o r i s  ~- i  the

6 
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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

(i)  the time average of the envelope of the signal

(2) the mean-square value of the envelope of the signal

+JPza
where p = envelope function of the pressure

P = duration of the pulse
* and (3) by the peak pres sure 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 separate 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 sing)e freçuency plane wave
incident on a multi-layered bottom. Thus, a comparison using the measured
peak 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 aniplituie ,
occuring “t” milliseconds from the beginning of the pulse, can be
regarded as the maximum ampl i tude of a continuous wave containing
components reflected at only those interfaces which the pulse has
traversed in “t/2” milliseconds.

At present, UEL Computer Program No. Ol3~4 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 pronerties. The time integral of the envelope

7
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of’ the signal di vided by the duration of the pulse gives us the average
at ip l i t ude  of the pulse. The time integral of the square of the envelope
divided by the duration of the pulse is proriortional to the energy flux ,
that is , the energy per unit area per uni t  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,
arid In the flow of energy for the other case.

THEORETICAL RE IATIONSIU PS

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 wh ich 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 wi th reasonable accuracy had. to be devised. The following assumptions
arid derivations served as the basis for the mathematical relationships
used in the computer program.

AI~GTIE

The chief assumption here i_ s that a constant velocity gradient exists
in. everN 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 axi s  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 exriuicit solution of the angle c~< without knowledge of the
source angle. From Snell’s Law, it can be shown that the path of an
acoustic ray in a medium having a single constant gradient is the arc
ot a- ‘~i rd e havinc the form

(x- x~)~ ~~~~ (2)

where V . scun~ ‘;elo ci tv a~ the source ,

g the ve l ocity gr a d i en t , a constant ,
~} e ~ou~~”~ angle  ol’ he rFj v

8
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Surface

— ___________ 
Sound Channel

çveiocjty
\Profi le

\
(o,~,)

~~~~~~~~~~~~~ N

Figure k Geometry of Ray Paths

Specifically, choosing the coordinate system as in Figure 14 , we have

(~_ x o )t t (~_~o)A~~ ~~~ 4E~?6~c (3)

for path (a), and

~= ~~~~ 4.cc~
:c,( (14)

tor path (b) .

Equation ( 3 )  can he expressed in terms of o< instead of 6~ by applying
Sn eU ’ s Law :

(5 )

Thus , enuatior ( 3 )  can he written

(~— x 0)’ t (
~—~)~ 

-~~~~--‘~~~~~~‘ . ( -
~

)

L It is n~-w ‘~~ sir1 e ~c !-~a~ n an e~ ’~r sic~nl 1 r  ~! ,e a~~~’ c o( from
~e’)at on s ( 14)  and (~ -) ft terms - f Kn c w~ qt ~ar t i  t ies .

9
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Differentiating ( 14) and (6) we get

— _ x — x . 
( )

ciX
and 

• (8)

At X=X
B , 

y=y8 , these are rel~tedto tan as follows:

_ _ _ _ _  

(9)

and

— ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ (io)

where the sign of the tangent is determined by the quadrant in which
the ray lies . Utilizing the fact that y0 and y~ 

represent the depth
• at which the velocity is zero , we have

— V9 0 
(ii)

and

— —~——~-- ‘ (12 )
~~~~ 

t j .

from wh ich we obta in-

~~~~~~~~~~~~~~~~ v (‘3)
4 Substituting this in equations (9) arid (io) and eliminating XB~ we

obtain

X ~ -~~~ -t-- +~Q.41.~~~ 
(114)

We now reed two more equat.~ ens in order to solve for tan 0<’ . Consider
equat~c-n (6) ; ~~ e’~ x = o, y y5. Thus

x~ = ~~~~~~~~~~~~~ (15)

t But

)

10
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therefore,

(u~s
_

~~,)
1 ~~ (~~)

and thus enuation ( 1 5 )  becomes 
__________________

(i8)

When x = R, y = y ; therefore , equation (14) becomes

1- (
~
-i

~
)
~
= ~~~~J ~2c~~ & (19)

Solving for (~ - x
1 ), we obtain ___________________

R —X ~ ~~~~~~~~~~~~~~~~~~~~~~~~ (20)

d (21 )

thus
H ‘

~~~~~H - 
~~~~

__

~~~~ ) (22 )

and equat1en (20) becomes

• (23 )

Comh irJ n~r equations (114) and (23), we obtain

(214’

Equat ing (2 14) to ( i R ) ,  we get

(25~~

We can ignore the si~ns — f tee rad an~~ , since these quantities will
a! .~. 

-~p ~~~ ‘~~~ r- ,— j  ~~; ~Ie 
~~~~~~~~~~~ 

ot ’ ~O 1 J ~~t i ~ I T’ t a n

‘fl~ -~ ~~t’~ :’~ ‘ . of ~~o~ :ar~ ;~~ -auat on (;
~~~~

) Lw c: ’ :n combininc terms (an
(rnerat~~ I ~ t 1 C t .  1 n 1 L t  e L ‘0 ennt ’~ t c~ ‘~~

- c~re~ented here ) is the cubi

A L•I
~~~X 

• • ;;?~~~~:~~ *C~~~~-~1~~~ 
-
~~
- D ~ 0 (~m)
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where

A -~ 
— i ~V c ~R

=

C ~Vcj 1~E2v _ (c +tJ ~
4 4-vj J

D —- 

~(v~f-v~ - ’2 c~ — —

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

RANGE

Although the velocities and deriths can be measured wi th reasonable accuracy,
horizonta1 range from source to receiver ~s di f f icul t  to obtain. Uncertainty
in the boriznr.tal position of a deenly submerged package relative to the ship,
due to the catenar~: which the cable assumes , increases the error introduced
in shiD ~ositioning. 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- 

H L I
• ~eurCe

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
________ R ~~~~~~~~~~~~~ Roceiver

~ / / / / i / / / t / / I I / 
~ / 11 / / / / ~~

‘

~~
‘

‘ if - ~~ rcC ‘) G - - ”~ t ’ :-,’ VI -
~i -  ~nt .’rrining I~ cfl~ t
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Consider Figure 5. Assuming a single , constant gradient below the axis
of the permanent sound channel (the point y = o), the average velocity is
readily computed from the relation

‘V = -( ’
~~~

-1- V~ )= ~~ ( f ~ 4tj$ ). (27)

Thus , f rom the straight line geometry of Figure S,

R= ~/~~~~— (~~~-- ~r (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 cart determine the range
from __________________________

R~~~ ‘)(~~~~~~~~V~J t - ( i i~~~
sY- (29 )

PATH LENGTH

Since the results of this program are to be compared with the predictions
of a ~~de1 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. In
general , the path length of a ray in a medium having a constant velocity
gradient is given by (Reference c~

S~~~~;)[co~’(~ )- C ;’(~~~!:~~,
where

n = an integer ‘which indicates the layer in which the
velocity gradient is constant,

g
~ = the value of the gradient in the layer,

— the velocity at the upper boundary
V’~~1 the velocity at the lower boundary

V~ = 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
incithatlan of any point on the ray is irnowri. From Snell’s Law,

\/ _ Vc~ V— — — a —- x (31)

Thus, V,, for both sections of the bottom pat h cart he 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 0< , can be
computed. However, since no angle is known on the direct path , the
vertex velocity is Wikno’wn, and this pat h length can only be approximated
by the straight line h In Figure 5 and must be computed from

(32 )

where t is the travel time of the direct arrival.

PROPAGATION U)SS 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-

- :  plicative factor derived from the relation given in reference (d)
(Eq. 3A-5)

~ (
-k) (~,o~tj~ 

S,~-S,

where

I~ = intensity at the beginning of the path ,
12 = intensity at the end of the path,
S1 = distance from the source to the point at which I

~ ismeasured ,
S2 = distance from the source to the point at which I is

measured , 2
n = an Integer to be determined by the type of spreading involved ,
a = the attenuation coefficient ,

This is the anti log of the familiar propagation loss equation. For our
~ur’noses, s~herica~ spreading (n= -2) and an attenuation coefficient
given by

a~= c4o~ f
7’

(314 )

were assimted.

L Since the reflection coefficients are ratios of acoustic pressures, we

1k
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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

P Sb 

~ 
q oooç+’(s~- s~)

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

------- ---- ----
~ ----.

Source

•~~mage Source 
- .

~.gure 6
- 

- Ident ificatior~ of Pressures and Paths
Used in Propagation Loss Equations

Consider F~ r . ,. T~e .
~~~ 

represent the acoustic pressure at various
points or the rays. The ratio we desire Is P /P , and the uncorrected
coef’f . en4 S tre ratio of the bottnm reflec~ ed 1to direct peak amplitude ,
or P ~~~ ~!e must, therefore, determine a constant k, such that

— _ _ _ _ _ _ _  (36 )
L1.
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Using equation (35) ,  we obtain the following relat ions between the
pressure amplitudes at the various points:

p 5~1~~
-o.ooos c~ s,--~) = C1 (37-a)

P 3

~~~~~~~~~ ~~~~~~ — C 2 (37-b )

— 
r~~

,0
_ o.ooocf 1(S3_ 5~)

—s- -- s — ‘•i (37-c)
3

I: Combining (37-a) and (37-b), we

— (38 )

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

— c , c~ ~~~~

Thus, by computing the ratio C
3
/CC from equation (37), in which

frequency has units of kc/sec and the path lengths S1, expressed in kyd,
are determined from equations (30) and (32), the corrected reflection
can be obtained. It should be noted that S , which corresponds to the
distance between the zource and the point a~ which the acoustic pressure
“at the source” is measured is taken to be one yard by convention,
to preveot indeterminate terms from arising.

• COMPUTER PROGRAM DESCRIPTION

USL Cc,nnjuter Program No. 0289 processes observed data for the determination
of reflection coefficients.

The -Input is in the form of digitized magnetic tape (Datrac), and
Hollerith cards as detailed in Tabl.e I. Two cards are required for
each fi le of i nformation on Datrac Tape . The tape consists of up to
three files , the even records of whIch contain voltage readings to three
significant f~~ures uroncrfional to the acoustic pressure. The first
odd record each file is an identi:’ication ward which I s  compared with
the corre~u~’i:~dj.r~ identat’i-atior word fr’m cards. The first even record

16
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in each file is calibration data and is used to obtain a multiplicative
constant by which low gain data 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. II’ only one value appears in the odd record, it is
assumed that the signal was recorded continuously, after the begi nning
of ~The direct aperture, through the bottom reception. The even records,
after the first for each file, contain recept ion 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 and low gain condition exists, the

• pro ’~ram has an alternative means of getting results when the maximum
reception voltage is observed 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
processir.g 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
program.

In the ~ cor~d nart of the program is a subroutine for solving a specific
third degree pol ynomial . The polynomial is in terms of tangent o~
where 0< 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 oolynomial one degree and solving the resulting equation
by the quadratic fo rmula. The first root obtained is accepted if the
remaining roots are imaginary 1 or if the remain ing roots lay outside
the rani~’,e of +20 to -4-8 5 . If one of these conditions is not met, a
message wi l l  be printed by the computer. A starting value of alpha
is part of the i nput data for the nrogram ari d is necessary for the

• operation o~ this iterative process. Experience with the data determining
the coef fic ient .s of  these nol ynomials has i ni l icat ed that a choice of angies
between i~ O0 an&’~ ‘÷ 7C~° w i l L  insure convergence if the data affect ing
direct travel time are correctly given to the propram .

-

‘ In t~~’ fi rs ’. ~ar~ cl uhe ‘irograin ~,e ni-f- i ,~cd cr~ te r ia  arc u sed to
determine when the di rect arid bottom pulses have begu n and ended . In
the case of the direct pulse , ten consecutive samples above threshold
are ~~~~~~~~~~~~ t~~ ~e~~ roi r e  t h e  start of the ~ai1se , ani t’i. ’re consecut i ve

J o w i he :~~re~hol .J V ’i t.~t- i~~i i catc the c~;d ni ftc r’u~ se.

17 

T1. 1~-~1 r-~ ~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~ 



r ~~~~~~~~~~~~~ 

—

~~~ 

-

~~~~~~~

- -- 

~

- — - -  - - -  —-

~~

--

~~~

USL Tech Memo
9l3-~&-6 5

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 agai n 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 Fi gures 7 and 8. Figure 7 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 singly 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 favorable 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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PROGRAM Oi7rp~yr SENSE SWITCH ONE DOWN

IBM TAPE NO. 285 FILE NO. 1

ID WORD APPW)X . RANGE EVENT FREQ PULSE WIDTH THRES . VOLT. SOURCE DEPTH REC . DEPTHS
1c803514011 1.0 KEDS. A 1.OKC 10.NSC. 0.015 VOLTS 2925JT. 3862.FT.

14165.

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

PEAK COM~~JTATIONS
DIRECT PEAK REFLECTED PEAK DIRECT PRESS. /SOURCE PRESS. REFLECTED/DIRECT

l.o6lo 0.091. O.75780631E-O3 0.110

AVE RAGE COMP~JI!ATIONS
DIRECT SUM DIRECT AVERAGE BOTTOM SUM 1 BOTTOM SUM TOTAL BOTTOM AVERAGE BOTTOM AV. /DIRECT Ày .
11.680 O. 1e33 L1459 L1459 0.0149 0.1145

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

0.3314 0.0914 0.003 0.017

MI SCELLA.NDOUS
90-ALPHA BOT . SAMPLES DIR. SAMPLES FIRST BOT. SAMPlES DIR. TRAVE L BOT. TRAVE L COMP - RANGE
Ii8 .~~~DEG. 30 27 30 o.8io SEC . 1.0145 SEC . 1.280 EYD-

IBM TAPE NO- 285 FILE NO. 1 RECEPTION NO. 3 CHANNE L NO. 3
PEAK COMPUTATIONS

DIRECT PEAK REFLECTED PEAK DIRECT PRESS . /SOURCE PRESS ; REFLECTED/DIRECT
0.896 0 092 O.7142O5969E ..O3 0.125

AVERAGE COMPUTATIONS
DIRECT SUM DIRECT AVERAGE BOTTOM SUM 1 BOTTOM SUM TOTAL BOTTOM AVERAGE BOTTOM AV . /DIRECT AV.
10- 1437 0- 1417 1.7141 1 (141 0.050 0.1145

ENE RGY FLUX COMPUTATIONS
MEAN SQUARE!) DIRECT SliM OF BOTTOM SQUARED MEAN SQUARED BOTTOM BOTTOM/DIRECT

0 2714 0.113 0.003 0.0214

~fl SCELLANEOUS
90-ALPHA SOT SAMPLES DIR. SAMPLES FiRST SOT. SAMPLES DIR.  TRAVE L DOT. TRAVE L COMP . RAN GE
51 ’~TDEG. 35 25 0.~~ - (  SEC . L O0—~ SEC . 1.280 KY!) .

FIGURE 7 USL TECH MEt4)
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PROG!W4 OUTP’JT SENSE SWITC H TWO DOWN

- - DAT RAC TAPE MAS TFR TAP E
NO. FIL E RECEPTIONS NO. TOTAL ~ECOP DS

1 1~ 14~

FVFN T Tb NUMBE P
A 1060132114

HYDROPHONE DEPTH IN 90— A L P H A  ( b EG)

NUMRFP FEET M A X .  MIN.

1. 3640 .0 52 . 640  52 .30 P

2 3752 . 0  ‘ 3.165  52 . 7 7 7

FIGURE 8
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AT~~T- Nfl 1~-~ ~

C DETER M I N A T I O N  OF REFL E CTION COEF F 1C I~~N TS FROM Ob SERVE I) DATA 0289
C
S ION OCT 016060606060
S IBB OC T 2l(~O606060b0
L ICC OCT 236060606060
S IDD OC T 246060606060
S lEE OCT 256060606060
S l iZ OCT 716060606060

DIMENSION I D ( 2 )  , A P ( 2 )  , (A L N (5 ) ,C A LD ( 5 )  , W D (5 , 1 0 0) , D R ( 5 ) .Y R ( 5 ) ,V R ( 5 ) ,

I ID UMP (9),NSD (5) ,NSt~(5) ,TTD (5 ) .TTb (S ) ,LD (5 ),LB (5) ,
2 SUMA (5) ,SUM S (5 ) ,WMAX (5 ),S IJM B (5 ) ,SUMU s (5 ) ,BMAX (5 ) ,SV IX (5 )
3 ,N SB2 (5),SV I (~~) ,TAP (1 80),TMP (180 ),AMNA (5 ),AMXA (5)
RE AD 14 ,IRT ,IFT ,M IT

S (LA JRT
S TiE *1

DO 1111 L 1 ,IRT
S R I D  1
1111 C O N T I N U E

S 100
1 READ INPUT TAPE 3 ,5 ,IBM ,IFLL€ ,1D3 ,ID4 .EVEN T ,PW ,FREQ ,IGAIN. MULT ,x ,
1 NRECF .IWPR ,AP R ,AAN~~.FA C ,G ,TH ,VA ,DA ,Db ,D S ,DR (1)
READ INPUT TAPE 3,6 , (DR (I) ,I~~2 ,5),PM
00 2 1~~1,5
AMNA ( 1 ) 90.0

2 CALN (1)x0 .0
3 FORMA T (15HDAT RAC TAPE NO ..15 .5X8HFILE NO ..13 ,5XI5HMASTER TAPE NO.
1,A 5/46HRECORDS ON MASTER TAPE TO START OF DATRAC F ILE ,16)
ID UMP (6)= IDUM P (6)+2

5 FORMAT (13 ,I1 ,2A5 ,A1 ,F3 .0 ,F2 .1,211 ,F2.0 ,13 ,14 ,2F3.1 ,F2.1 ,F5.4 ,F3.3
1,2F4.0~ 3F5.0)

6 FORMA T (4F5 .0,F10.3)
S CLA G
S T ZE *12

PUNCH 3 ,IBM ,IF ILE ,MI T ,IRT
CALL DA TSP (7,ID(1),0,1.0,0,0.0,0)
DO 666 I~~~1,2O00

5 STZ CAL P4(1)
666 CONTINUE

NH~M ULT / IGAI N
S CAL 103
S ARS 6
$ SUB I D ( 1 )

S TZE *10
7 PR I NT 8
B EO R MA T (3 8 H  ID ERROR , CHECK INPUT CARDS WIT H TAPE )

PAUSE 7007
$ 10 CAL 1D4

S ARS 6
5 SUB I D ( 2 )
S T Z E  *15
S T R A *7

12 NR(CF (NREC F* 2)+3

00 13 J~ 1,NRECF
S RTD 7
5 iOD

13 CONTINUE

A -i  USL TECH ~~~
~1 ~~-14- t 5

— — - ,-- — — .._ . - - . - , , ,

- - — ~~~~ —-- -- -- ~~~~~~~~-~~~~~ - — -  
~~~~~~~~~

- p - - -



r 
_ _

~~~~~~

_ _ _—

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

— - - --

~4 ~ORMA ( ~2 I 5 . A - )
I1~~; M P e e z IDL i M P ( b t _ - 2

~~U T O 1
i~~ S ENS E S W I T C H  1)  16.21

16 PR I N T  ~0 ,l 8M ,1 F tL E ,I D 3 . 1 O 4 .A PR ,EV FN 1.FkEQ,PW .TH ,D S ,(DR (I),I~~1,NH )
20 F O k M A T ~1H1 /1HC ,1 8X L 2 H I B M  TAP E rlO. ,14 ,9X8M F !LL NO .,12/ 1HO ,1X9 1H ID

1W OR D APP R U X~ ~AN~~E EV E NT FkE~ -~ULSL WI D T H THRES. VOLT. SOU
2r~~E DEPTH RE L . D L P T H S / 1 X . 2 A 5 , 3x ,~~5.1 HK1DS. ,5x ,Al ,3X ,F4 .1 ,2HKC ,
3 3 ~~,F 5.),~~r~ 1~~~.,4 X , F 5 . 3 , b H  V C )LT ,5X ,F ~- .Q,3HFT. ,3X ,F7 .O ,3HFT ./82X ,

• 4~ 7.O/82X ,F7.O/82X ,F .s Q / 8 2 X * F 7 e 0 )
21 T 1 . 10. *1h

~ 0 ~ —0 A
VS =Y S* G+VA
VA YB *G + VA
IM~ 1
lEzO
NCA = 100
15~~I WPR ~~( 100*MULT)

S TPL *38
- — N CA~~I W PR /MUL T

1W4 ~ 0
IREM ~ 0

S T R A  *39
38 1W4 ~~ IW P R/ (MULT* 10O)

IREM~~( IW PR— IW 4 * MULT * 1O0 ) / MU LT
39 I SA V E7 IW 4

ISA VE8 = IREM
I SAVE 9 NCA

C
C USE CALIBRATION DATA
C

CALL DATSP (7,WD( 1 ,1) .O .0.NCA ,MULT ,5 .1,Ot
IF (IGA I N—1 ) 46.46,40

40 DR (4 )~~D R( 2 )
D :~ ( 3 )  =DR (2
D R I2 ) * D R (1 )
DO 45 I’l ,MUL .T ,IGA IN
CALN ( I )=0.0
CALD ( I l .0.0
K I +1
DO 44 J= 6 .15
CALN ( I ) -= CALN ( I )+WD (I ,J)
CALD I I ) CALD ( I )+W D (K ,J )

44 CONTINUE
C A L N ( K ) CALN (  I )/CALD ( I)

45 CONTINUE

~.6 IF (SENSE SWITCH 2) 446,47
446 WR I T E  OUTPUT TAPE 1 ,447 ,IBM ,IFILE ,ION ,NH ,ID3 ,104.APR ,EVENT ,FREQ ,

1 PW ,TH ,D S , (DR (I),I= 1 ,5) ,CALN (2 ),CALN ( 4)
• IRT Z !RT +1

447 FORMA T (13,I1,5XAI,!1,2A5 ,F4.1 ,A1 ,F3.1 ,F4.0 ,F4 .2 ,F5 .0 ,5F6.0 ,2E15 .8
1)

47 00 48 J~~1,MULT
Y R(J )~~DR (J )—DA

48 VR (J ) -~YR (J )*G+VA
50 A P(1)~~0.0
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hSBl = ()
L i - i
LMM~~O
INN 1~~C

C O B T A I N  AP [RTURE ~
C

CALL DATSP ( !.AP (j) ,0 ,O ,1 ,2 ,2 ,1 ,1)

~~= IE~ 1
ID UM P t 6 ~ ID U M P i 6 )  ~-2i VT I r~ T

S 3 CLA AP (2 )
S T i E  *25 5
S (LA A P (1 )
S TZE *65
S T R A  *75

65 AP (1) AP (2 )
AP (2 ) 0.O

75 CALL DATSP (7 .W D (1 ,1).O ’O .NCA ,MULT ,5 ,12 ,0)
C
C SEARCH FOR START OF DIRECT PULSE
C

TV~ TH
I~~~1M
I C D 1

- 1 NTV -0
00 81 J= 1,1 00
NS~ NS +1
IF ( W D ( I . J ) — T V ) 80,80.79

79 N TV = NTV +1
- - IF (NTV—1 0 ) 81 ,83 ,93

80 NtV = O
81 C O N T I N U E

JFK~~JFK + l
IF (JFK—3 ) 8000,8000,9000

8000 bACKSPACE 7
GO TO 75

9000 SUMA( I ) 0.0
IF (SENSE SWITCH 1) 9001,190

9001 PRINT 82 , 1
82 FORMA T (jHO ,I1HCHANNEL NO ..13 ,47H SHOWS NO S1 (.’NAL ABOV E THRESHOLD

u N  100 SAMPLES )
GO TO 190

83 NS~ NS— 1O
.JFK~~0
T T O ( I ) = N S
TTD ( i ) u T T D (I ) / P N + A P (1 ) + X
I i = N S +~
L O ( I ) ~~0

84 SUM A (I )~~0.0
SUMS ( I) ”O .O

N TV~ 0
USL TFC I~ MEMC
rn - ~~~
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NS’) (I I

1 5 0
• ~~ M~~X~~O .O

W HAX ( I )  = ii -~ 1 I .1)
L 1 1~~ O

C S T A R t  OF DIRE(..T PULSE
C

86 DO 93 J~~ I I , N CA
IF (WDU. J i --9.9,} ~7,94.9’~

87 IF C I V - W D I I , J ) )  89,68.88
88 NTV NTVi- I

SUM8X -~SUMBX +W D ( I ,J)
SUMi4SX~ SUMF3SX + ( W D t 1 , J ) * * 2 )
TM P ( L T ) ~~W D( I . .) )
LT ~~LT+1

• IF ( N T V — 5 )  92 ,97 ,97
89 IF IW D (I ,J ) — W M A X I I ) )  91,91.90

F -  9O~~~MAX(i )zW D (I ,J )
91 SUMA (I)-~SUMA (I)+WD(I.J)+SUMBX

SUMS (I)xSUM $ (1)+(WDt1,J)**2)+SUMbSX
S CIA SUMBX
S TZE *992

DO 991 L~~i .NTV
L T M~ L T—NT V+L —1

991 TAP (L TM )e TM P (LTM )
992 SUM BX~~0.0

-
‘ N TV *0

• SUMBSX~ 0.O
TA P (LT )~~W 0 ( I ,J)
IF (LT --22 ) 2992 .2663,2662

2662 L 1 1 X L T — 2 2
LT :22

2663 IF (SENSE SWITCH 2) 2664.2669
2664 W R I T E  OUTPUT TAPE 1,998 , IBM, IF ILE, IE , I , 168 ,(TAP ( L) ,L= i ,LT)

LMN LMN+l
L T 1

S CLA Lii
S T Z E ~92

DO 2665 L~~1 ,LTi
2665 T A P ( L )~~ TAP ( L + 2 2 )

LT zL T1 +1
L T 1 0
GO 10 92

2669 L T 1~~0
LT~ O

2992 LT LT+1
92 NSD ( 1 ) NSD( I 1 -4- 1
93 CONTINUE

GO TO 113
C
C DIRECT PULSE SWITCHED TO LOW GAIN CHANNEL
C

94 L 1~~1
S CIA INN
S TiE *994

USL TECH MEMO
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DO 993 L~~1.LMN
B A C K S P A C E  1

993 CONTINUE
LMNZ O

994 IF ( I G A I N — 1 )  1Q 7,1 97 ,9 5
95 IF (10 (I )—i ) 995,197,197

995 IV = T V / C A L t 4 ( ( + 1 J
TTD (I+ 1). TTD (I )
SUM A (1)~~9.99
LD (I) 1
1=1 +1
LD II )*i
IF ( l C D — i )  84 .84 .96

96 BACKSPAC E 7
ICD~ 1

-
- 

- 1 2= 1
CALL DATSP ( 7 , W D ( 1 . 1) .0 ,O , NCA , M U L T .5 , I2 ,0 )
I1~~NS+ 1
GO 10 84

C
C D I R E C T  PULSE IS T E R M I N A T E D
C

97 I1 NSDI I )— I 5+ 1+ 1 1
TV ~~TH
I 5~~0
LI LT— 6

S IZE *999
996 IF (SENS E SWITCH 2) 997.999
997 W R I T E OUTPUT TAPE 1 , 9 98 , I B M , I F I L E , I E , I , I B B , ( TA P ( L ) , L a i , L T )

LMN=LMN+1
998 FORMA T ( 13 , I i , 13 . l 1 . IX A 1 .2 2 F5 . 2)
999 LT~~1

- - ZRT-IRT+LMfrJ
LMN 1 LMN
NSD ( I ?~~N5D (I)— 4
NV NSD( I)

S CIA 10(1)
S T Z E  *98

SUMA( I )*SUMA ( I 1 -*CALN ( I)
-‘ SUMS ( I )*5U145( I )* (CALN (  1 )**fl

W M AX (1 )~~WMAX( I )*CALN ( I P
S 98 CIA AP ( 2 )

$ TZ E *103
1 2 .IWPR/ (2* MULT )+1-ICD* 100

$ TM I * 102
NCA. i0O
BACKSPAC E 7
I1= IWPR/ 2+ 1
12.( IWPR/200)* 100+1.
I 1* ( I 1—1 2)/MULT+ 1
1W4 z ( IWPR _ 12+ i )/ ( MULT * 100 )

• IREM R( ( IWPR _ 12+ 1 )_ ( MU IT * 1W 4 * 100 ) ) /MULT
t S CIA

S T Z E  *99
S IRA ~~~~~~~

99 NCAs IREM
100 CALL DATSP (7 ,WD ( 1 , i ) .O ,Q , NCA , M ULT .5 , I 2 .O )

A -5 USL TECH MEMO
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I CD= I~
~O TO 101,

102 I1 ~~100+I2
12 = 1
00 10 104

103 1451.5

~~~
IF (I 1— N C A )  105.105.125

C
C SEARCH FOR START OF BOTTOM PULSE
C

105 00 112 J = I1 , NCA
NS1~~N S1+ 1
IF (W D(I ,J )—TV 107.107.106

106 NT V = NT V + 1
IF ( N T V — 1 0 ) 112 .136,136

107 ?IITV SO
112 CON TINUE

G0 T0 125 -

C
C GET MORE DATA FOR DIRECT PULSE
C

113 ;2= 12 + (100’MULT
I 5=N SD ( 1 )
IF (ICD—IW4) 115.114,180

$ 114 (LA IREM
S TZE *180

MCA .IREM
115 BACKSPACE 7

• CALL DATSP (7 ,WD( 1,i) ,0 ,0 ,NCA ,MULT ,5 ,12 ,0)
ICD=ICD +1
11=1
G0 T0 86

C
C GET MOR E DATA IN SEARCH FOR BOTTOM PULSE
C

125 IF 4IC D— 1W 4) 127.126,184
S 126 CIA I R E M
S T iE *184

• NCA— IR EN
127 12 .12+ (100*MULT )

I 5 =N S1— 5
BACKSPAC E 7
CALL DATS P ( 7 ,W D ( 1 . 1 ) . 0 .0 , N C A , M U L T ,5 , I2 ,0 )
11=1

• I CD ICD+ i
GO 10 105

128 N CA~ 1O0
C
C START OF BOTTOM PUL SE IS AT THE END OF PREVIOUS DATA

12 12 (100* MULT )
ICD ICD— 1
11 100+I1
BACKSPAC E 7
CALL DATSP ( 7 ,W D ( 1 , i ) .0 .0 , NCA ,M ULT .5 ,12 ,0 )

A-6 USL TECH MEMO
913-14-65

~~~~~~~~~

-‘ 

~~~~~~~~~~~ :::~~ - 
_ _ _



r

GO TO 140
C
C START OF b OTTOM RECEPTION
C

136 N S I = NS 1— 1 0
$ (LA A P ( 2 )
S TIE *138

T T B U ) — N S I
00 10 139

138 NIV A P ( 1 ) *PM
ITB( I I N S1+N S+NV +NTV

139 TTB ( I ) .T T B (  I )/P M+A P ( 2 ) + X
1 1~~1 1+NS1— I5— 5

S P41 *128
140 SUMBCI) s0.O

SUM8S (l J~~0.0
SUMBX O.0
SUMBSX O.O
N SB ( I ) 0

- - 1 4 5 8 2 ( 1 1 — 0
NSB 1.0
NT V
NUM.1
B M A X ( I ) NV
NFSD~ FA C* B MA X ( I)
BMAX ( I ) — W 0 ( I . I 1)
ISAV E1 I  1
ISAV E2•12
ISAV E 3 ICD
ISAV E4 NCA

• L T 1
LI I
LMN O
SVI (1 )— O .0
S V I X ( 1) 0.O
l 5 z ( IW P R — 1 2 + 1 ) / M U L T — I 1+1
IF ( 1 5  — NFSD) 141,142.142

141 NF SD—I5
142 15=J 1+NFSD— 1

IF (15—100 ) 145~~144,144
144 15=100
145 NFSD.NFSD+I1— 1— I5

00 159 J .I1.I5
IF (W D ( 1 .J ) - 9 . 9 9 ) 150.175.175

150 IF ( T V — W D ( 1 . J ) )  154.151,151
• S 15 1 CLA MUM

S IZE *152
S V I ( I )— S U M 8 ( I )
SV IX (  I ).SUMBS( I)
NSB2 ( I ) * NS B ( 1 )
NUM.0

152 NTV I
153 SUMBX .SU MBX+WD (1,J )

SUMBSX RSU MBS X + IWD ( I ,J l * * 2 )
• NSB1 .NSB 1+1

IMP( LT ) W D ( I . J )
LT IT+1

A-7 USL TECH MEMO
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~~~IF ~r— -~ -

GO TO 159
1’~
4 IF  ( W 0 4 1 . J ) — H M A X ( 1 ) )  15 6 , 15 6 . 1 55

• 15~ 13MAX (1 )— wD II. J )
S 156 C LA 14T ’1
S TIE *158

I’ NT V = N T V + 1
IF (NTV—5) 153,153,157

157 141V 0
NSB ( I )=NSB ( I )+NSB 1
SU M B ( 1 ) ~~SUM B ( I)+SUM BX
SUMBS (I) -SUMBS 1) +$UM6SX

S CIA NSB1
S TZE  *958

DO 957 L 1.MSBI
LTM LT—N5B1+L—1

957 TAP (LTM) TMP (LTM )
NSB1— 0

958 SUMBX O.0
SUMBSX O.0

158 SUNB (I)=SUMB (1)+WD (1,J)
- - SUMBS (I).SUMBS (I)+(WD (I,J)**21

NS B ( I ) N S B ( I ) + 1
TAP(LT )—WD (I.J)

F! IBG=1
1140=22
115—0

2958 IF (11-221 6959,1959,1959
1959 IF (SENSE SWITCH 2) 2959,8959
2959 WRITE OUTPUT TAPE 1,998,IBM,IFILE,IE,I,!CC, (TAP (L).LuIBG,IND )

LMN LMN+ i
IT LT—22
LTSS 1
l8G zL~3G+22
IND. IND+22
GO TO 2958

56959 CIA LT5
S TiE *8959
S CLA L. T
$ TZ E *8959

DO 7959 Lsl.LT
LT i  IND+L—22

7959 T A P ( L ) . T A P ( L T1 )
8959 LI LT+1

159 C ONTINUE
C -

C GET MORE DATA FOR BOTTOM RECEPTION
C
$ CLA P4F SD
S T Z E  *190

IF ( I C D — 1 W 4 )  162 ,161,190
- 

• S 161 CLA IREM
S TZ E *190

NCA =I REM
162 12z 12+( 100 ’ MULT )

BACKSPAC E 7
CALL DATSP ( 7 ,WD ( 1, 1) ,0 ,O , NCA ,M U L T ,5 , I2 ,0 )
Z CD=ICD+ 1

A-8 USL TECH MEMO
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I1=
‘-~O TO 142

I

C BO TTOM PULSE ~IWI TCHED I’) LOW GAIN CHANNEL
C

175 L T ~~1
— 

NSB1~~0
S CLA 1MM
S TL E *1175

00 1175 L*1,LMN
BAC K S PA CE 1

11 75 CONTINUE
I MN=O

2 17 E IF ( ( G A I N — i )  197, 197,176
176 IF ( I B U ) — 1 )  177,197,197
177 L B ( I ) T 1

TTB (I+1 )=TTB (I )
TV :  T V / C A L N ( I +1)
1= 1+1
LB (I) 1 -

• i F ( l C D — i )  140.140.178
178 BACKSPACE 7

ICD-ISA VE3
I 1 = I S A V E 1
12 — I S A V E 2
MCA . I SAV E4
CALL DATSP (7,WD (1, 1),0,0,P4CA,MULT,5,12,O)
GO 10 140

180 IF (SENSE SWITCH 1) 181.187
181 PRINT 182.1

IRT =IRT+ LMN
182 FORMAT (1HO,24HRECOR D ENDED FOR CHANNEL .14,2X39HWITH DIRECT PULSE

1STILL ABOVE THRESHOLD)
GO TO 187

184 IF (SENSE SWITCH 1) 185.187
185 PRINT 186,1
186 FORMAT (IHO,24HRECORD ENDED FOR CHANNEL,14,2X43HW I TH NO BOTTOM BOU

1NCE PULSE ABOV E THRESHOLD )
187 1 — I M

B M A X( i ) . 0 . 0
SUMB ( 1 1=0.0
SUMBS (I) 0.O
SVI (I ) 0.0
SV IX ( I ) .0 . 0
118(11.0.0
1 - 4 5 8 ( 1 ) 0
1 4 5 B 2 ( I ) s 0
L B ( 1 P 0
LB (P+1) 0

- t LT S LMN
• L T 1

NSB1-0
LMN O

S C L A LT S
$ IZE *~ 9O

DO 189 L 1,LT5
189 BACKSPACE 1

A-9 USL ThCI-T MEMO
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I R T = I R  i— i T S
C

• C END OF TAPE W ORK FOR ONE CHANNEL
C
S 190 CIA L B (I )
S T iE *194

-SUMBI I ) *SUMB ( I )- ‘CALNI I I
5 U M B S t I ) : S U M 3 S ( 1 ) * ( ( A L N ( I ) * * 2 )
SV !  ( I  ) :SV (  ( I  )*CALN ( 1)
SVI X ( I ) SV IX ( I )* ((ALN ( I )‘*2)
BM A X (l )~~bM A X (I ) *CALN (I )

194 1M z IM f L G A I N
LT LT— 1— 14 S 81

S TZE *9196
IF (SENSE SWITCH 2) 195.9196

195 W RITE OUTPUT TAPE i,998,IBM,IFILE,IE,I,ICC,(TAP(L),L .i,LT)
LMN.L MN+1

I 9196 11=1
IRTw 1RT+LMN
NSBI =0 

-

L M N O
L MN 1 O
1 2 — 1
1W 4 .ISAVE7
1REM-ZS A V E8
NCA . I SAVE 9
IF (IM — MULT ) 196,196,201

196 BACKSPACE 7
GO TO 75

197 IF (SENSE SWITCH 1) 198.200
198 PRINT 199,1
199 FORMA T (1HO .2OHVOL T AGES FOR CHANNEL,14,2X711*$AVE EQUALED OR EXCEED

lED THE MAXIMUM VOLTAGE. THIS CHANNEL WAS ABORTED. )
200 SUMA (IM I=O.0

S (LA LMN L
S TiE *194

DO 9201 L 1 ,LMN L
9201 BAC K SPACE 1

IRT ’ IR T—L NN 1
00 10 194

C
C ALL TAPE WORK COMPLETE. PREPARE FOR FINAL COMPUTATIONS
C

201 I~~1
202 j44zf

S CIA S U M A ( I )
$ TZE *245

• J . L D ( I ) + L B ( I )
IF  L i — i )  220.203 .219

203 J J+ 1
S CIA 10 (1)
5 T iE *204
S T RA *207

204 NSD ( J , N S D ( I P
T T D ( J ) T T D ( I )
SUMA (, 1).SU MA ( I )
SU MS ( -J ) . SU MS ( I )

A -- 1O USL TECH MEMO
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#~M AX I J )  w M A X  1 1 )
GO ‘- C fl-i

207 NSB- i ,h~~NS’i f 1)
NSB2~~J - ~~s6 2 I 1
T T 8 ( J ) ~~T T b (  1 )

• SUM B i J i~~$ U M B 1 ;
S I)M~~~S ( J ) = S U M B S(  I )
BMA * ) 1=B MA * . (f l
SV I ( J ) — S V I  ( 1)
SVIXL )=SV IX ( I )

219 I T .1
220 SO .001

V:VR (1 )
BA NO- A A 140

221 CALL CU BIC ( BAN~~,G , R A N & ,V 5 ,V ,V 5 ,A N G)
S CLA ANG
S TZE *25 3

VX~ VB/COSF (ANG)
S 1.S0*VX/ (G’3- .0)
S2=Sl* (ATANF (SORTF (VX**2_v**2 )/V )_ANG )
S1~~S1* (ATA M F (SQR TF (VX **2~ VS **2 )/V S) — ANG )
S~ =SO *SQRTF (RANG **2+tDR (1)_DS)**2) ,3.0
F3=—.000 5*FREQ **2* (53—S O )
F3z 10. ** F 3* S 0/ S 3
RAT IO .0005* FREQ**2* (S 1+52_ S3)
RATIO ~I (S1+S2)*1O .**RATZO)/S 3R RT O ’ R A T I O * 8 M AX (  I ) / W M A X (  I)
RbS~~S = R AT I O * * 2 * S U M8 S ( l ) / S U MS ( I )
SUMA (L)~~SUMA (1)/1O .
A Ba N S D I 1 I
A D z S U MA ( I ) / A B
S(JMS ( I ) 5(f ~45( 1 I/ (lOO.*A81
SVI  ( I  ) SV I ( I  )/ 1 O .
SUrIIB( I ) SUMB ( I )/ 1O .
W M A X (i ) — W M A X ( i ) / 1 O .
BMA ~~(I ) *E ~MAX (I )/ 1 0 .
T t O (  1 )1S Q*TTZ~( I)
TTB (I )—S O’TTb (I)
A 8 : P 4 S B ( I )
SUMBS( I )-SUM BS( I )/ (  iO0. *A B )
AB =SUMB ( I ) / A B
RB O = RA ’ IO ’A B/A D

5 DCI
$ MOP

SV IX (  I ) = S V I X (  1)/100 .
ANG = 9 0.—ANG *57 .2957795
RANG-SO*RANG/3.O
IF IS FN SF SW )Trw

222 PRINT 225 ,IBM,IFILE,IE,I
225 FORMAT ( 1 H O/ I H O .3 X I2 H I B M  TAPE NO. .14,7XBHF ILE N0 .,12 ,7X13i-IRECEPT IO

iN NO.,I4,7Xi1HCHANS~4EL NO.,12
PRINT 226,WMAX (1),SMAX (I),F3,RRTD

226 FORMAT ( 1HO , LTH P EAK COMPUTAT IO NS/ 5X, 11l4DIRECT PEAK .7X 14HR EFLECTEO
1Pt .~K .b~~27 H O I R E C T  PRESS./s Q URCE PRESS.  ,6X I6 H R EF L E L T L D / L ) I R ECT / b X , F6 .
23,15X,F5.3.17X,E15.8,16X,F6.3)
PR iNT 227,SUMA (I),AD,SVI (I).SUMB (I),AB,R60
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2 2 7  -O~4 M A 1  I 1,) ,2 O - -v~~~A~~- I O M P UT A T 1O t ~L,,5xiOHD1RELT SUM ,~ X14HD1RECT AV
i E RA C , E ,5~~1 HPO~~T(Y~ ~ L A  1, 5 X I 6 H BO T T O M  SliM TOTAI,5X14HBOTTOM AVERAGE ,
25X21~-~ -~~TTCM A -I. /CIR ECT Av ./6x,F8.3,1Ox .F5.3,j2X,F8.3,11X,F8.3,13X ,
3F 6. i ,1c ~X ,r 7 . 3 1

PRIt I I 22~3 , M ’ t H ,~~V 1 X t I ) , S U M B S t I ) , R B 5 D 5
228 FORMAT I1hu,24li E~4 E RGY FLUX COM PU IAT ION S/5X 21 H MEAN SQUARED D iRECT

1,5X23 r th J~ OF bo rT oM 1 s~~uA REO ,5x 21 H MEAN SQUARLD BOTTOM ,5x13s80TT
20M/D IRLCT/I1X .F 8.3. 19X.F8.3.19x,F8.3,15x,F7.3)

PR INT L ANO , t 1 ) , N S O t I ) , N S i 3 2 ( 1 ) , T T L ) I 1 ) , T T I~ I 1) , RANG
~~~ q F O R MA T  I 1F-IO,13HMISCELLANLOLJS/5X8k-190—ALPHA, 5x12r4801. SAMPLES.5X12H0

h R .  SI~M P L L 5 ,5X 1 8 H F ! RS 1  t O T .  SAMPLES,5x 11HDIR.  T R A V E L , SX ] 1 H B O T .  TRA
2VEL,5 A 1 1 C ’ i ~P. RANG E / 4X,F-~~.2,4i1DEG.,7x,I4,13X,l4,16x,I4,13x,F7.3,
i~4H5EC.,5X,F7.3,4~-~5EC .,5X,F7 .3,’,HKY0.)

230 IF (SENSE S W I T C H  2 )  2 3 1 ,24 5
S 231 C LA B M A X ( 1 )
S TZE *245

W R I T E  OUTPUT T A P E  1 ,2 3 2 , I B M , I F I L E , I F , I , I D O ,W M A X I I ) , B MA X I I ) , R R T D ,
1 S U M A ( I ) , A U , ,V I ( I ) , 5 U M 0 ( I ) , A 5 , R b D , M S B ( 1 ) , N S D ( I ) , F 3
WRITE OUTPUT TAPE 1,232,IBM,IFILE,IE,I,IEE ,SUMSU),SV1X (I ) .SUMBS(!

11 .Rf4 ~~D S . T T D (  14 ,T T E 3 ( I)  ,RANG,ANG ,DlJMM~’ .NS82( 1)
L R T = I l ~T + 2

232 FORMA T C I3 , I 1 , 13 , I1 . 1X .A 1,9 F 9 . 4,2 14 , E 15 . 8)
M 0

233 IF ( IG A IN— 1 1 2 4 0 ,2 4 0 ,2 34
234 IF ( 1 — 2 )  2 3 5 .2 3 6 ,2 3 7
235 A M X A ( I + 1 ) = A M X A ( I )

A M N A (I + 1 ) = A M N A (I )  -

GO TO 240
236 A M X A ( I — i ) A M X A (1 )

AMNA( 1 — 1 ) = A M 14A (I I
GO TO 240

237 I F ( I— 3 )  2 38.235 ,236
238 STOP 1010

S 240 CLA M
S INZ *245

AM X A( I I M A X 1 F (A M X A (  I) .AMG )
A M N A ( 1 ) M 1 N 1 F (A M N A ( I ) , A N G )
M 1
GO 10 233

245 I ” IM+ IG A L M
IF ( I— MULT I 202 .202.246

246 IN-I
IF (SENSE SW ITCH 1) 250.9997

250 PRINT 251
251 FORMAT C 1 H 1 )
9997 IF (SENSE SW ITCH 51 9998,9999
9998 IDUMP (1 ) — 3

!DUMP (2)- +O
IDUMP (3) =2* IF ILE
IDUMP (4) —7
I OUMP (5) +O
ID IJMP ( 7 ) £ —  1
IDUMP (8 )= +O
IDUMP (9) • IRT
CALL DLIMP (IDU M P )

9999 CONTIN UE
IF (LR T— 2 0000 ) 9095,9090.9090

A -12 USL TECH MEMO
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9090 PR i N T  9091,11- U
9091 FORMA l ( 1~~1/IH0,25h A PL uNIT j  IS FULL W I T H  , I5 .85H RELOR0~,. COR E

1WILL ~iE DUMPED ON TAPE uNIT 5. R E S T A R T  W I T H  A NEW TAPE ON TAPE UN!
21 1./lH1 )

W R I T E  OUTPUT TA ~~E 1.276,112
END F I L E 1
REWIND 1
!RT O
GO TO 9998

9095 IF (IE—NREC F ) 50,270,270
252 FORMA T L JHO ,14HAPPROX. ANGL F~~,F 6.2 ,iOx13HRECEPT l ON NO. ,I5)
253 PRINT 25 2 , BA NG .1 E

BAN Gs~ ANG +5.O
I F  ( B A NG—AAN G— 5 .O ) 221 .221 .254

254 iF ( I V I— I R T )  285 ,245 ,245
255 CALL DATSP (7 ,WD I1.1) , 0 ,O .NCA.MULT ,5.I2 ,Q)

IF (SENS E SWI TCH 1) 256 .246
256 PRINT 259 , 1
259 FORMAT (1H0.35HBOTH APERTURES FOR RECEPTION NUMBER,14,1X45HARE ZER

10 AND THIS RECE PTION HAS BEEN SKIPPED. )
GO TO 246

S 270 RID 7
S IOD

I DUMP (6) • IDUMP (6 ) +1
IF (SENSE SWI TCH 2 )  271.1

271 PRINT 280 , IB M , IFZ L E ,Z E , M IT , I RT ,EVENT , 1 D3 , 1D4
DO 1271 L 1,N H
M-L+IGAIP4— 1
PR INT 3 2 7 1 .L , D R ( M ) ,AMXA ( M ) ,AM NA ( M )

1271 CONTINUE
DO 1272 L 1.5
A M X A ( L ) 0.0

1272 AM NAI L ) 90.0
IF ( I F I L E — I F T )  1,272.1

272 PRINT 275 ,IRT .IFILE
275 FORMAT (1H1 / 1HO,14HTHERE ARE NOW . I 5,4 O H  RECORDS ON TAPE UNIT 1 AF

1TER COMPL ETING .1 3.22H FILES ON TAPE UN IT 7./1H1 )
PUNCH 14. IRT
W R I T E OUTPUT TAPE 1,276 . IZZ

276 FORMA T ( 9XA 1 )
END FILE 1
GO 10 1

280 FORMA T ( 1HO/ 1HO/ 1HO/1HO,9X11HDATRAC TAPE ,18X I3 HMASTER TA PE/5 X3HN
10.,2X16HFILE RECEPTIO NS,12X3 HNO.,4X 13HTOTAL RE CO R DS/ 4 X 13 . 5X 1 1 .
26X1 3, 14XA5 ,8X1 5/LHO /3X5HEVEN T .5X9HID NUMB ER /5XA 1 ,7X ,2A5/1HO/Sx2IHH

~“~ ROPHON E DEPT I-! IN.7X14H90—ALPHA (DEG )/7X6HNUM ~ ER ,7X4HFEET ,
48X4HMAX. ,8X4H MIN.)

285 MA IVT+ 1
DO 287 L MA ,IRT
BACKSPAC E 1

287 CONTINUE
I R T — I V T
1 M 1
PR INT 290

290 FORMAT (1HO/1HO.2oHCONPLETE RECEPTIO N SKIPPED)
GO TO 250

3 271 FORMA T (1OX I1 .8X F6.1p4XF6 .3 .6X F6.3 )
ENDCO ,1.1.1.1)  A-13 USL TECH MEP4O
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