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FOREWORD

The documentation of computer programs requires a careful
explanation of the various aspects of each program. The Research
Computation Center of NRL has a desirable and recommended format
for reporting computer programs. This report follows that format.

The author thanks his coworkers in the Signal Processing Branch,
Acoustics Division, and the members of the Research Computation
Center for their encouragement, cooperation, suggestions, and
advice.

ABSTRACT

PLOTBEAM is a Fortran program designed to simulate the
power response of an arbitrary, focused hydrophone array to an in-
coming spherical wave whose source is at some predetermined dis-
tances. It is used with a three-dimensional plot routine to display
output values as a response surface. The program is useful in the
study of response dependence on such factors as focal direction and
distance, delays due to hydrophone positioning, signal frequency, and
hydrophone weighting.

PROBLEM STATUS

This is a final report on one phase of the NRL Problem.
AUTHORIZATION
NRL Problem S01-39

Project RF 05-552-403, Task 4069

Manuscript submitted January 21, 1972
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A FORTRAN PROGRAM FOR COMPUTING THE POWER RESPONSE
OF A HYDROPHONE ARRAY TO A SPHERICAL WAVE
AND PLOTTING IT AS AN ISOMETRIC SURFACE
IDENTIFICATION
1.1 Title
Hydrophone Array Power Response to a Spherical Wave
1.2 Identification Name
T3-NRL-PLOTBEAM
1.3 Classification Code
T3 - Applications and Application-Oriented Programs, Other Physical Sciences
1.4 NRL-Research-Computation-Center Identification Number
T3002000
1.5 Entry Points
PLOTBEAM
1.6 Programming Language
Language: 3600/3800 Fortran
Routine Type: Main program
Operating System: DRUM SCOPE 2.0
1.7 Computer and Configuration
CDC 3800
1.8 Contributor or Programmer
Leon P. LaLumiere, Jr., dee 8144, Signal Processing Branch, Acoustics Divi-
sion (the program is based on the original of J.W. Jenkins, Code 8144, cited as
Ref. 1 in Section 3.15)
1.9 Contributing Organization

Naval Research Laboratory (NRL), Washington, D.C. 20390
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1.10

1.11

1.12

LEON P. LaLUMIERE, JR.
Program Availability
1.10.1 Submittal: Program write-up, Fortran source deck, and the source listing
1.10.2 w: Program library of the NRL Research Computation Center
Verification
This program has been used and tested as discussed in Section 7.
Date

1 September 1970

2. PURPOSE

2.1

2.2

Description of the Routine

PLOTBEAM calculates the power response of an arbitrary, focused hydrophone
array to an incoming spherical wave whose source is at some predetermined dis-
tances and angles. These calculations are then used to produce plotting com-
mands for use by the subroutine cited as Ref. 2 in Section 3.15 in making an
isometric response surface.

Problem Background

Many sonar systems use a beamformed array of receptors as their primary
sensor. An array of receptors is the most convenient means of sampling a
large-scale, long-wavelength, extended field. Since the individual receptors of

a large array cannot be moved, control of the array directional sensitivity must
be introduced through processing of their output signals. The beamformer per-
forms this task by altering the relative delays and amplitudes of individual
receptor outputs before summing them to form an array output.

The computer program described herein was developed to provide visual aid
in acquiring insight into the response of a beamformed array of hydrophones
to a special wave. In particular the effect of a parameter such as focal direc-
tion and distance, hydrophone position, frequency, or hydrophone weighting
on array response can be easily seen.

The basic geometric variables involved in array response to an incoming spherical
wave are shown in Fig. 1. A brief discussion of the mathematics of array
processing is presented in Section 4.

References are listed in Section 3.15. Extended discussion of array processing
are presented in Refs. 3 and 4. The analysis and conclusions based on the re-
sults of this program are given in Ref. 5. This report has a companion in
Ref. 6.
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Fig. 1—Basic geometric variables
USAGE
3.1 Calling Sequence or Operational Procedure
Since PLOTBEAM is a complete program, the insertion of data cards along with
the necessary control cards is the only requirement. The data cards control
the program.

3.2 Arguments, Parameters, and Initial Conditions

The following parameters must be punched on data cards (Section 3.9 gives the

formats:

LUN1 = storage unit for the response calculations. (This may be the drum
or magnetic tape as desired.)

LUN2 = storage unit for the plotting commands. (LUN1 and LUN2 must
be integer numbers in the range 1-49.)

C = speed of sound in water

NHYDRQ = number of hydrophones in the array



FREQMN
FREQMX
DFREQ
R(1,1)
R(1,2)
N(1)
R(2,1)
R(2,2)
N(2)
R(3,1)
R(3,2)
N(3)
R(4,1)
R(4,2)
N(4)
R(5,1)
R(5,2)

R(5,3)

N(5)

R(6,1)
R(6,2)

R(6,3)

N(6)

LEON P. LaLUMIERE, JR.
minimum frequency
maximum frequency (may be left blank)
increment in frequency (may be left blank)
minimum theta
maximum theta (may be left blank)
number of increments in theta (leave blank if R(1,2) is blank.)
minimum chi
maximum chi (may be left blank)
number of increments in chi (leave blank if R(2,2) is blank)
minimum phi
maximum phi (may be left blank)
number of increments in phi (leave blank if R( 3,2) is blank)
minimum rho
maximum rho (may be left blank)
number of increments in rho (leave blank if R(4,2) is blank)
minimum beam focal distance
maximum beam focal distance (may be left blank)

increment size for beam focal distance (leave blank if R(5,2) is
blank)

if blank, beamfocal distance is assumed to be measured in feet. If
nonzero, it is assumed to be measured in nautical miles

minimum signal source distance
maximum signal source distance (may be left blank)

increment size for signal source distance (leave blank if R(6,2) is
blank)

statement as to whether the signed source distance is in feet or
nautical miles (if blank, the distance is assumed to be measured in
feet; if nonzero, the distance is assumed to be measured in nautice
miles)



3.3

3.4

3.5
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X

Y } = coordinates of each hydrophone

Z

W = weighting of each hydrophone (if blank, the weighting is assumed
to be 1)

XZERQ® = horizontal distance in inches to the lower left-hand corner of the

plot from the plot origin

YZERQ = vertical distance in inches to the lower left-hand corner of the plot
from the plot origin

DELTAX = horizontal separation of data points in inches
DELTAY = vertical separation of horizontal cuts in inches
SLANT = horizontal offset in inches of adjacent horizontal cuts

HIDDEN = instruction concerning hidden points (if > 0, hidden points are to
be plotted; if < 0, hidden points are not to be plotted)

SCALE = multiplying factor giving the desired height of the plots, since
0 < response < 1

Space Required (Decimal and Octal)

3.3.1 Unique Storage: 24502 octal or 10562 decimal locations

3.3.2 Common Blocks:

COMMON NHYDROQ, WAVE, NSCALE, W(401), X(400), Y(400), Z(400),
SP(650), SP(650), CP(650), SR(650), XB(1), YB(1), ZB(1), XS(1), YS(1),
7ZS(1), RB(400), DELRB(400), RS(400), DELRS(400), NH, CR(650),

BMIN(1), SMIN(1), LUN1, LUN2, DATATAB(650), NR, SCALE, NUMX

3.3.3 Temporary Storage: Results of the calculations are stored on the drum
or magnetic tape as desired. Plotting commands are stored on the drum

or magnetic tape as desired.

Messages and Instructions to the Operator
None
Error Returns, Messages, and Codes

A message is printed if neither phi nor rho is incremented.
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3.6 Informative Messages to the User

The following are listed:

All input data along with computed increments

All distances for which calculations are made

A statement that measurements are made in feet (or meters) or are made in
nautical miles

The largest computation multiplied by 1 million in decimal and octal

The number of records for plotting purposes in decimal and octal

The plotting parameters used in subroutine PLOTISOM

The identifying number of each storage unit

3.7 Input

The input consists of data cards containing the parameters listed in Section 3.2
and illustrated in Section 3.9.

3.8 Output

The output is given in Section 3.6. All plotting commands can be placed on a
magnetic tape for off-line plotting (and is recommended). All computations can
be placed on a magnetic tape if desired.

3.9 Formats

Example of an Input Data Deck

CARD* Data in Various Columns on the Cards
1-6 10 [ 13-17 | 20 | 26-29 | 36-40 | 46-49 | 55-58 | 66-68
1 1 2
2 4900.0
3 8
4 490.0
5 90.0
6 90.0
7 90.0
8 0.0 180.0 629
9 50.0
10 20.0 80.0 1.0
(17.5 0.0 0.0
12.5 0.0 0.0
7.5 0.0 0.0
2.5 0.0 0.0
NHYDRO | —2.5 0.0 0.0
-7.5 0.0 0.0
-12.5 0.0 0.0
\-17.5 0.0 0.0
Last 1.0 1.0 0.02 | 0.05 0.05 0.1 4.0

*See footnotes on following page.
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*The cards contain data as follows (defined in Section 3.2):

CARD 1 = LUN1, LUNZ2 (in 2110)

CARD 2 = C (in F10.3)

CARD 3 = NHYDRO (in 110)

CARD 4 = FREQMN (in 3F10.3)

CARD 5 = R(1,1) (in 3F10.3,110)

CARD 6 = R(2,1) (in 3F10.3, 110)

CARD 7 = R(3,1) (in 3F10.3, I10)

CARD 8 = R(4,1), R(4,2), N(4) (in 3F10.3,110)

CARD 9 = R(5,1) (in 3F10.3,110)

CARD 10 = R(6,1), R(6,2), R(6,3) (in 3F10.3,110)

NHYDR® CARDS = X, Y, Z, W (in 4F10.3)

LAST CARD = XZERQ, YZEROQ, DELTAX, DELTAY, SLANT, HIDDEN, SCALE (in 7F10.3)
3.10 External Routines and Symbols

3.11

3.12

3.13

3.14

DATAGETR
WEIGHT
BEAMFOCI
PHASE
OUTPUT
SIGRANGE
CALC
PLOTS
PLOTISOM
STQPPLOT
SINF

COSF
SQRTF
PLOQT

Timing
The compile time is 59 seconds; the running time is approximately 0.3 second
per hydrophone per line of plot using 629 angular increments.

Accuracy

The accuracy is variable, depending on the input data; it is also limited by the
accuracy of the plotter: 0.01 inch.

Cautions to Users

The control of this program depends on the optical use of incremental param-
eters at the discretion of the user. The maximum number of angular increments
is 629. The maximum number of hydrophones is 400. At least one of the
angles must be incremented (usually rho). For off-line plotting at the Research
Computation Center, the plotting tape must be recorded at low density (200
bits/in.).

Program Deck Structure

7
9 JOB card
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EQUIP card

©

for magnetic tapes (optional)
EQUIP card

FTN card

program PLOTBEAM

subroutine WEIGHT

subroutine BEAMFQCI

subroutine PHASE

subroutine SIGRANGE

subroutine CALC

subroutine QUTPUT

subroutine DATAGETR

subroutine PLOTISOM (J5-NRL-PLOTISOM)
SCQPE card

LOAD card

RUN card
data cards

77
38 EQF card

References—Literature

(1) James Jenkins, ‘“Program to Compute Array Response Surfaces,” NRL
Memorandum Report 2077, Sept. 1969

(2) Henry A. Brown, “A CDC 3800 Computer Subroutine for Producing
Isometric Plots on the 565 CalComp Plotter,” NRL Computer Note 31,

1 Aug. 1969

(3) Edward C. Jordan and K.G. Balmain, “Electromagnetic Waves and Radiat-
ing Systems,”” 2nd edition, Prentice-Hall, Englewood Cliffs, N.J., 1968

(4) John D. Kraus, ‘“Antennas,” McGraw-Hill, New York, 1950

(5) George W. Byram, G.V. Olds, and L.P. LaLumiere, “Array Beamforming
Response Studies,” NRL Report 7331, Oct. 1971.

(6) Leon P. LaLumiere, Jr., “A Fortran Program for Computing the Power
Response of an Hydrophone Array to a Plane Wave and Plotting It as an
Isometric Surface,” NRL Report 7392, 17 April 1972
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METHOD OF ALGORITHM
In Fig. 1 the geometry is as follows:
R = distance from the origin to the beam focus = R(5,J),
S = distance from the origin to the signal source = R(6,J),

d.

; = distance from the origin to point F on R,

D; = distance from the origin to point G on S.

For an array of n hydrophones the power response is P = A2, where the amplitude
is defined by

A = (\/(RE)Z + (IM)z)/i W,
i=1

in which
n f
i=
and
n f
Iy = Z:; W; sin [27r€(Di _di)] .
i=
Here W, is the weighting of the ith hydrophone, f is the frequency, and c is the speed

of sound in water. D; determines the delay due to the signal source, and d; deter-
mines the delay due to the beam focus; these are defined by

D; = 8 —/(x; ~xg)2 + (¥; ~¥g)? + (Z; — Zg)?
and

d; =R —/(x; —xg)2 + (y; —yr)? + (Z; — Zg)2,

in which
Yi»¥i» Zi = coordinates of the ith hydrophone,
Vs, ¥s, Zg = coordinates of the signal source,

XR, YR Zg = coordinates of the beam focus,
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and

Xg = S sin ¢ cos p,
¥g = Ssin ¢ cos p,

Zg S cos ¢,
Xg = R sin 0 cos ¥,
YR = R sin 0 sin x,
Zg = R cos 0.

The variables are calculated in subroutines as follows: P in DATAGETR, A in
QUTPUT, Ry and Ly in CALC, D; in SIGRANGE, d; in PHASE, xg, yg, and zg in
SIGRANGE, and xg, YR, and zg in BEAMFQCIL. Subroutine WEIGHT sums the °
hydrophone weightings, and this is used to normalize A in @QUTPUT.

SOURCE LANGUAGE LISTING

A listing of the program in the Fortran language is reproduced on the following 12
pages. '
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PROGRAM PLOTREAM
1DENT NUMRER = T3002000
TITLE = HYDROPHONE ARRAY POWER RESPONSE TO A SPHERICAL WAVE,
IDENT NAME = T3=NRI=PLOTBEAM
LANGUAGE = FORTRAM
COMPUTER « CDC~3800
CONTRIBUTER « LEON P, LA LUMIERE JRs, CODE Al44
(PROGRAM RASED ON THE ORIGINAL OF Je We JENKINS, CODE B8l44)
SIGNAL PROCESSING 8RANCHs ACOUSTICS DIVISION
ORGANIZATION = NRL « NAVAL RESEARCH |LABORATORY
WASHINGTON, D,C, 20390
NATE = 1 SEPT 1970 :
PURPQOSE = TO CALCULATE THE POWER RESPONSE OF AN HYDROPHONE ARRAY
TO A SPHERICAL WAVE TO BE USED FOR PLOTTING AN ISOMETRIC
SURFACE,

eeess INPUT DATA DECKe DATA CARDS CAN BE LEFT BLANK AS DESIRED.
«eCARD 1 = LOGICAL UNIT NUMBERS (LUN1)s (LUM2)y IN (2110),

LUN1 IS THE STORAGE UNIT FOR THE PLOTTING COMMANDS. PLOTTING
CNOMMANDS STORED ON MAGNETIC TAPE MUST BE IN LO NENSITY,

LUN2 IS THE STORAGE UNIT FOR THE ARRAY RESPONSE CALCULATIONS,
«oCARD 2 = SPEED OF SOUNDs IN (F1043),

++CARD 3 = NUMBER OF HYDROPHONES o+LE, 400s IN (110),

«eCARD 4 = MINTMUM FREQUENCY, MAXIMUM FREQUENCY, INCREMENT, IN
(3F10'3’ .

eeé CARDS GIVING ANGULAR PARAMETERS IN DEGREESs IN (3F10449110),
IF INCREMENTS ARE NOT DESIRED N(I) SHOULD BE BLANK OR ZEROs AT
LEAST ONE OF THE SET (N(3)s N(4)) SHOULD BE .GE, 2 AND NONE SHOULD
EXCEED 629, THEN THE ANGULAR R(I,3) ARE COMPUTED INTERNALLY, IF
R{393) OR R(4s3) ARE INCLUDED AS DATA THE CORRESPONDING N(I)

MUST BE RLANK OR Z2ERO.

R(1¢1) = MINIMUM THTAy R(192) = MAXIMUM THTAs R(1¢3) = INCREMENT,
N(1) = NUMRBER OF INCREMENTS.

R(241) = MINIMUM CHI, R(242) = MAXIMUM CHI, R(2,3) = INCREMENT,
N(2) = NUMBER OF INCREMENTS,

R(39s1) = MINIMUM PHIs R(391) = MAXIMUM PHIs» R(3,3) = INCREMENT,
N(3) = NUMBER OF INCREMENTS.

R{4el) = MINIMUM RHOs R(491) = MAXIMUM RHOs R(&43) a INCREMENT,
N(4) 3 NUMRER OF INCREMENTS,

THTA = ANGLE OF PREFERRED BEAM FOCUS DIRECTION FROM THE Z~AXIS,
CHI = ANGLE OF PREFERRED BEAM FOCUS OIRECTION FROM THE X=AXIS.
PHI = ANGLE OF INCIDENT BEAM FOCUS DIRECTION FROM THE Z=aXIS,
RHO = ANGLE OF INCIDENT BEAM FOCUS DIRECTION FROM THE X=AXIS,
ee?2 CARDS GIVING BEAM FOCUS AND SIGNAL SOURCE DISTANCE PARAMETERS
IN (3F10,3,110),

R{5y1) = MINIMUM REAM FOCUSs R(592) = MAXIMUM BEAM FORCUSs R(5,3)
= INCREMENT, N(5).

R(ge1) = MINIMUM SIGNAL SOURCE DISTANCEs R(g92) = MAXIMUM SIGNAL
SOURCE DISTANCE» R(643) = INCREMENT» N(6),

IF N(5) <AND, N(6) ARE ZERO THEN THE BEAM FOCUS AND SIGNAL SOURCE

LR B B I B S22 R B 2 R R E B B B B 3 B BB B NN I P R T R T E T R E P T T TR
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NISTANCE ARE ASSUMED TO BE MEASURED IN FEET, OTHERWISE THEY ARE
MEASURED TN NAUTICAL MILES.

« o NHYNRO CARDSy EACH GIVING THE XoYeZ COORDINATES OF THE
HYDROPHONES AND Wy THE WEIGHTING OF EACH HYNROPHONE IF DESIRED,

IN (4F10,3), OTHERWISE W IS ASSUMED TO BE ONEe

THE FOLLOWING DATA CaRD 1S REQUIRED FOR SUBROUTINE PLOTISOM,
eeLAST CARD = XZEROs YZEROv DELTAX» DELTAYe SLANTs HIDDENs SCALE
IN (TF10,3),

SCALE IS A MULTIPLIER GIVING THE DESIRED HEIGHT OF THE PLOTS,
NUMX, NUMY, AND INTERP ARE COMPUTED INTERNALLY RBY THE MAIN PROGRAM
SUBROUTINE PLOTISOM IS THE RCC LIBRARY IDENT, NAME J5=NRL=PLOTISOM

NIMENSION AMP (650) s R(9¢3)s N(9)y PLTARRAY(P54)y PEAK(6909)

COMMON NHYDRO ¢ WAVE ¢NSCALE ¢ W (401) 9X(400) Y (400)92(400)sP(400) 4SP(65
10)+eCP (6501 9SR(A50) ¢ XB (1) s YB(1)9ZB (1) o XS(1)oYS{1)9ZS(]1)sRB(400) +DEL
2RR{400) yRS(400) sDELRS(4600) «NHyCR(650) +BMIN(1) #+SMIN(1) » LUN1sLUN2¢DA
3TATAB(650) ¢ NRy SCALE 9 NUMX

EXTERNAL DATAGETR

FORMAT (2X+4SHHYDROPHONE ARRAY RESPONSE Tn a4 SPHERICAL WAVE//)

FORMAT (19H SPEED OF SOUND = 4F10.3/)

FORMAT (2X4916HHYDRQOPHONE ARRAY/)

FORMAT (2Xy24HNUMBER OF HYDROPHONES = s134//9 X 1HX 99X o IHY 19X ¢ 1HZ,
17X AHWEIGHT/)

FORMAT (14H FREQUENCY = 93F10e39//91X0e18H ANGULAR VARIABLES/)

FORMAT (/42X,43HBEAM FOCAL DISTANCE AND SIGNAL SOURCE RANGE/)

FORMAT (/+2Xs4THTHESE DISTANCES ARE MEASUREN IN FEET OR METERS./)

FORMAT (/+2Xe4THTHESE OISTANCES ARE MEASUREN IN NAUTICAL MILES/)

FORMAT (1H191X¢OHRECORDs4X s 4HBEAMy TXsOHSIGNAL/ v 2X 9 6HNUMBER4X 4 SHF O
1CUS+6X s SHRANGE /)

10 FORMAT (/92X9]17HLARGEST NUMBER 2 9I17410H OR QCTAL s07)

11 FORMAT (/+2Xs17HNO, OF RECORDS = 9I3,10K OR OCTAL +03+11H FOR LUN
1= 412) .

12 FORMAT (37H ERROR NEITHER PHI NOR RHO INCREMENT )

13 FORMAT (3110)

14 FORMAT (3F10,3,110)

15 FORMAT (2X¢2HR(91146HyJ) = #3F10,3,110)

16 FORMAT (1H 10F1043)

17 FORMAT (4F10,3)

18 FORMAT (3XsI393XeF9ele3XeF9el)

19 FORMAT (TFl0.3)

20 FORMAT (1H191Xs19HPLOTTING PARAMETERS//2X,9HNUMX = 913/92Xy9HNUM
1Y 3 913/7¢2X99HINTERP = 413)

21 FORMAT (2X¢s9HRXZERO = ¢yF6e3I/92X99HYZERD = 4F6¢3/92Xs9HDELTAX = ,F
1643/92X99HDELTAY = 9F6,3/92X99HSLANT 3 4F6,3/92X99HHIDDEN = ,F6,3
2/42X99HSCALE = #F6,3)

22 FORMAT (//42XeTHLUNL = 412s/92XeTHLUNZ = 41?)

23 parMAT_(1HD)

READ 13, LUNT,LUN2
READ 14, C
READ 134 NHYNRO

LW N~

VP~ TN

P> DPDPPBPBPDPDEPDPPDPLBDODDBDLODDPPPDPDERPPDPPEPDBPDEBPDPD PEPEPRPDPEPPRPREPDDDEPPRPRPEDDEDDD D

51
52

Sé¢
585
56
57
58
59
60
61
62
63
64

66
67
68
69
70

Tl

73
T4
75
76
77
78
79
a0
81
82
83
84
85
86
87
a8
89
90
91

93
94
95
96
97
98
99

100
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25
26
.27
28

29

30
31

32

33

34
35

36

37
a8
39
40
41
42
43

4b
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READ 14y FREQMNFREQMXDFREQ
PRINT 1

PRINY 2y €

PRINT S, FREQMN+FREQMXDFREQ
no 31 I=l,.4

READ 140 (RUTeg)ry=1e3)en(])
1F (N(I)) 24425924

TeN(]) =1
Rited)=(R(1y2)=R(1,1)) /T

G0 TO 28

1F (R(I+3)) 27426427
N‘!”loo

GO To 2R
N({I)=ABS((R(T92)=R(Ts1))/R(103)) 4149
PRINT 15, T9(R(1vJ)9J=143),yNI(])
no ?9 Jﬂl,3

RUT1eJ)BR(TsJ) /574295778

CONT INUE .

IF (N(I)) 30,3131

N(TY==N(T)

CONTINUE

PRINT 6

No 32 la5,6

READ 149 (R(TI9J)oJz143)

PRINT 159 To(R(IeJ)eU=143)sN(1)
CNANTINUE

IF (N(S) FQeNeANDsNI(6) EQe0D) GO TO 34
NO 33 I=5,6

Nno 33 Jsl.3
R(TeJISR(T9JI#6076,1033
PRINT a

60 To 35S

PRINT 7

PRINT 23

PRINY 3

PRINT 49 NHYDRO

Do 36 4=1,NHYDRO

READ 174 X ()oY (J)9Z (D) eW(Y)
CALL WEIGHT

NO 44 J=1+NHYDRO

1F (J=5S1) 46,43,37

IF (Jel01) 464443438

TF (J=151) 44943939

IF (J=201) 444943940

IF (J=251) 464,43,4)

TF (Je301) 444643442

1F (J=351) 44443944

PRINT 23

PRINT 44 NHYDRO

PRINT 169 X(J) oY (D) sZ(J) oW (D)

PrepDpbEPPRPPPDPDDBPDODPEDPDDPLELD PR DEBDLDDEPDDDDDDD DD

13

101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
162
143
144
145
146
147
148
149
150



14

45

46

47
(Y.}

49
50

51

82
53
54
55
56

57
58

59
60

b e )

WAVE=FREQOMN/C
THTA=R(1,1)
CHI=ZR (24 1)
T=0

INDEX=4
AA=R(391)
RRA=R(441))
NX=zN(3)

no 45 K=1yNX
SP(K)=SIN(AA)
CcP(x)=COS(AA)
AA=AA+R(3°3)
NX=N(4)

NO 46 K=1.NX
SR(K)=SIN(BR)
CR(K)=COS (RB)Y
BR=RA+R (443)
IF (DFREQ) 47,51,48
NFREQ==DFREQ
FREN=FREQMN=NFREQ
INDEX=1
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IF (FREQMX=FREQ) 50,486,50

FREQ=FREQ+DFREO
WAVE=FREQ/C

GO T0 S9

1F (N(1)=)1) 52,5552
INDEX=2
THTA=R(1,1)=R(1s3)
IF (N(1)=1) R6+86+54
THTA=THTA+R(1,3)
InYed

GO TO 59 ‘

IF (N(2)=1) 56459,+56
INDFX=3
CHIZR(241)=R(2,3)

IF (N(2)=1) B6,86,58
CHIRCHI+R(243)

T=1+]
BMIN=R(§9]1) =R (593)

JF (R(5+2)=R(541)) 60,86,60

BMINZBMIN+R (5,3)

CALL REAMFOCI (THTAJCHI)

CALL PHASE
PRINT 9
SMIN=R(641)=R(693)

IF (R(692)=SMIN) BGIBE1E2

SMINESMIN+R(6,3)
RHO2R (441)
PHIZR(3y1)

IF (N(3)=1) 65,63,76

PPBDPPPPBEPEPEPPPEPDDDPEPDPDLDODBDEPODDPDPDPDODPPDPEPDPDPEPEPDDDDD DD DD DD

151
152
153
154
158%
156
157
158
159
160
161
162
163
164
165
le6
la7
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200



613
64
65

66
67
~8
69
n
72
73

74
75

76

77
78
79

R0
A1
R2
83
a4

85

R6
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IF (N(4)=1) 65464466
PRINT 12

sSYOR 4

HHO=R (491) =R (443)

M=

MN=1

IF (N(4)=M) AR,6B,75
CALL OUTPUT (N(4) 4 AMP)
TE (NH=51) 73,72969

TF (NH=1n1) 73e72¢70

IF (NH=181) 73,724+71

IF (NH=201) 73,72,74
PRINT 9

PRINT 18¢ NHeBMINsSMIN
GO TO (494,53457961)s INDEX
RHOZRHO+R (49 3)

M=Me+ ]

CALL STGRANGF (PHI,RHO)
CALL CALC (MNg¢M9sAMP (M))
a0 Ta 67
PHTzR({3,1)=R(3,3)

MN=N

M,l

IF (N(3)<=MN) TBy7R,80
TF (S5«INNFX) T79986,79
CALL OUTPUT (N(3)+AMP)
GO TO (49¢53,57901,86)s INDEX
MAN=MN e 1

PHI=PHI+R (3+3)

IF (N(4)=«1) R24819R2
CALL SIGRANGE (PHT 4RHO)
CALL CALC (MNyM9AMP (MN))
Go To 17
RHO=R(491) =R (44+3)
TNPEX=5

[YF )]

IF (N(4)=M) R4,484,485
CALL OUTPUT (N(4)yaMP)
Gn T 17

MaMey

RHO=RHO+R(&4+ )

CALL SIGRANGFE (PHIWRHOQO)
CALL CALC (MNyMsAMP (M))
6n Tn 813

PRINT 10, NSCALEWNSCALE
PRINT. 11y NHyNH

END FILE LLUN2?

REWIND LUN2

NIUIMY aNH

READ 199 XZERO.YZEROWDELTAX9DELTAY o SLANToHINNEN,SCALE

P>»D>PPDPO>PPDPPDDPPEPDDPPDPPLDI>PDD PDPDDPDPDPDDPDDPDODDDEPODDDDDDODDD DD DDPDDDDD
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201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
221
228
229
230
231
232
233
234
23%
236
237
238
239
240
241
242
243
264
245
246
247
248
249
250
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INTFRP=DELTAX/0e01=1,
PRINT 20y NUMX o NUMY 4 INTERP

TF (SCALF) BR4RT4RA

SCA F=1,0

PRIMT 21, XZERDGZYZ7EROGNELTAX9DELTAY s SLANT,HIDOENSCALE
CALL PLOTS (PLTARRAY 2549 UN1)

CALL PLOTISOM (XZEROSYZEROsNUMXsNUMY ¢ DEL TAX¢NELTAYsSLANTSINTERP4HT
TONFMGDATAGE TR DATATARyPEAK)
XNFW=SLANTS (NUMY=1) ¢ NEL TAX# (NUMX=1)

CALL. PLOT (XNFEWsYZFROy=3)

CALL. PLOTS (0+0)

cALl. STOPPLOTY

FNN FILF LUNY

REWIND LUNMY

RFWIND LUN?

PRINT 22+ LUNT4LUN?

STOP
FND

SURROUTINF WEIGHT

COMPUTES THE SUMMATIONM OF HYDROPHONE WEIGHTINGS.

COMMON NHYNRO§WAVE yNSCALEsW(401) 9X(400) oY (400)+Z2(400)sP(400) 4SP (65
10) 4CP(650) 4SRI650) 4 XA (1) 4 YR (1) o ZB (1) o XS (1) 4YS(1)9Z5(1)+RB(400) 4DEL
2RR(4n0) yRS(400) sDELRS(400) sNHyCR(650) +BMIN(y) » SMIN(]) o LUN]9LUN2yDA
ATATAR (650) ¢NRy SCALE « NLIMX

n0 2 1=1,"HypRn

IF (W(I)) 29792

W(T)=1leN

W(eN1y=w(a0l)+aABS(WI(]))

RETURN

F NN

SHRROUTINF REAMFOCI (THTASCHI)

CNMPUTES THE COORDINATES OF THE HEAM FOCUS.

COMMON NHYDRO 9y WAVE yNSCALE+W(401) 9X(400)eY(4ND)osZ2(400)9P(400),SP(65
10).cp(650).SR(650).XH(I)oYH(l)le(l).XS(l)oYS(l)oZS(l)oRB(“OO)9DEL
PRB(400) 9RS(400) 9yDELRS(400) ¢yNHyCR(650) ¢BMIN(1) s SMIN(1) oLUN1sLUN2,DA
ITATAR(650) sNR9SCALE s NUMX

XR=AMIN#STIN(THTA) #COS(CHI)

YREAMIN#SIN(THTA) #SIN(CHI)

7R=AMIN#COS(THTA)

RF THRN

END

SURRAUTINF PHASE

COMPUTES THE HYDROPHONE DELAYS OUE TQ THE BFAM FOCUS,

COMMON NHYDRNGWAVE ¢NSCALEsW(401) 9X(400) 9Y(400)472(400)sP(400),4SP (65
L0Y s CP(650) 9SRI650) ¢ XRIT) o YH (1) oZB (1) 9 XS(1) 9YS(1)9ZS(1)4yRB(400) sDEL
2RB(400) ¢RS(400) 9DELRS(400) yNHyCR(650) ¢yBMIN (1) 4SMIN (1) 4LUN]4LUN2,DA
3TaTAR(650) sNRISCALF Y NUMX

D> DPD>D>DDDDPDDDDDO DD D

jo N w R v v BRw | OO0 NOOHON O DTXIDIIILIDBDITDID I
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256
257
258
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260
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263
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265
266

267
268
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NN 1 T=14NHYDRO

RARSAZ(X(I) =XRIBIX(T)=XH) ¢ (Y(I)=YR)B(Y(])=YRY$ (L(I)=ZR)#(Z(])=ZR)
RR(1)=SART (RRSN)

PO 2 gzl yNHYDRO

NELRR(J) =qMIN=RB ()

P(J)=6.2R3194WAVE#DELRR (J)

RFTURN

FND

SURROUTINF SIGRANGE (PHTWRHO)

COMPUTES THE COORDINATES OF THE SIGNAL SOURCFe
COMMON NHYNRO 9 WAVE s NSCALEsW(401) ¢ X(400)9Y(400)¢7(400) 4P (400) 4SP (65
10) yCP(65N) ¢SRI6D0) o XH (1) oYB (1) 9 ZR (1) 4XS (1) aYS(1)eZS (1) 9RB(400) 4DEL

2RR(400) yRS(400) »yDFLRS(400) oNHyCH(650) 9BMIN (1) 9SMIN(1) yLUNLLUN2,DA

ITATAR(650) o NReSCALF o NLIMX
XS=SMINSTIN(PHT) #CNS (RHO)
YS=SMIN#SIN(PHI) ®SIN(RHO)
7S=SMIN#COS(PHT)
nn 1 T=l,nHYnRo
RSSOz (X (1) =XS)#(X(T)=XS)+ (Y () =YSI#(Y(])=YS) e (Z(])=2S)#(Z2(])=2S)
RS(T)=SNRT(RSSNH)
no 2 JslynHYNRN
NFLRS(J) =SMIN=RS(.})
RFTIIRN
FND

SURKROUTINF. CALC (MNsMyAP)

COMPUTES THE aMPLITUDE DUE TO THE SUMMATION OF abLl OELAYS.

COMMON NHYDRO9gWAVE ¢NSCALEsW (401) 9 X(400) 4Y(4n0)27(400)9P(400),4SP (65
10) oCPI650) ¢SR(AD0) ¢ XR (1) 9YR(1) 9 ZB (1) 9 XS (1) 9¥S(1)9ZS (1) eRB(400) 4DEL
2RR(400) 4RSS (600) 9DFLRS(400) NH.CR(bsO).HM1N¢1).SM1N<1),LUN1.LuN>.oA
ITATAB(650) INRISCALE *NUMX

A=0,

R=ne

NO 1 121 WNHYNRND

ARG=6+2RITIRWAVEH¥OFELRS(I) =P (1)

AzA+W () #STIN(ARG)

RSR+W (1) #COS (ARG)

AP=SART (A®A+R#R)

RFETURMN

FAND

SURROUTINF OUTPUT (KeA)

STORES THE RESPONSE caALCULATIONS IN LUN2,

COMMON Nuvnnn,wAvs,NSCALe.w<401i.X(aoo).vtann).7(400).91400).sp«es
10)9CP(650) 9SR(650) 9 XR (1) e YH(1) 0 ZB (1) o XS (1) s YS(2)9ZS (1) sRB(400) 4 DEL
2RB(400) yRS(400) 9DELRS(400) ¢yNHyCR(650) 9yBMIN (1) 9SMIN(1) 9LUN]L9LUN2,DA
3TATAR(650) +NR¢SCALE » NUMX

DATA (NA=629(0))

NIMENSION A(&5N0) s NA(650)

MMM T aHT AT M AN N O mMMmmmaMam M maaMm MMM M 320 20220333
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NI IMX =K
nn 2 Js=1eK

ACIY=ACY) /W (401)

NA( ) =A())#1000000,

TF (NA(UY=NSCALE) 22"

NSCAl E=NAC(Y)

CONTINUF

TF (IUNITHLUNP) 394

RUFFFR OUT (1.UN291) (A(1) eA(NUMX))
NH=NH+ ]

ReTIIRN

FNN

SURROUTINF DATAGETR

INPIITS THE RFSPONSE CALCULATIONS FOR USE RY SURROUTINE PLOTISOM,
COMMON NHYDRO yWAVE ¢ NSCALE oW (401) 9X(400) 4Y (4Nn0)47(400) 4P (400) ,5pP (65
10) 40P (650) ¢ SR(650) ¢XR (1) o YB(1) 9 ZB (1) 4 XS (1) eYS(1)9ZS(1) sRB(400) 4DEI
2RR(4N0) 9RS(400) sDELRS(400) ¢yNHyCR(650) 9BMIN (1) 9SMIN(1) s LUNLyLUNZ,DA
3TATAR(650) o NReSCALE s NUMX

RUFFER TN (LUNPsl) (NDATATAB(1)sUATATAB (NUMX))

TF (LUNITWLUN?) 1,2

N 3 I=140NIMX

DATA TAR(T)y=NATATAR(I)#DATATAR(I)#SCALE

RF TURN

FNN

SURROUTINF PLOTISOM( XZERQes YZERQs NUMXy NU4Ys DELTA Xo DELTA Y,
1. SLANT, INTERP, HINDDEN, DATA GETH, DATA TAB. PEAK )
INENT NUMRER = JS0103R00
TITLE = ISOMFTRIC PLNTTING
TRENT NAMF = J§=NRL=PLOTISOM
LLANGUAGE - FNRTRAN
rOMPUTER = CNC=3H800
CONTRIBUTNR = HENRY A, BROWN, CODE 5344
TARGFT CHARACTERISTICS BRANCH, RADAR DIVISION
ORGANTZATION o NR « NaAVALL RESEARCH LABORATORY
WASHINGTON® DsC, 2039n

NATE = 1 AUGUST 1969
PURPNASE = TO PLOT THF HWORIZONTAL CUTS OF A FUNCTION

0F TWO VARTARLES ONE CUT AT A TIMF,
THF FOLLOWING PARAMETFRS MUST RE SET IN THE CALLING PROGRAM w=-a

X7ERN = HORIZUNTAL DISTANCE IN INCHES To (| OWEn LEFT HAND CORNER

OF PLOT FROM PLOT ORIGIN

YZERO = VERTICAL OISTANCE IN INCHES TO LOWER LEFT HAND CORNER
OF PI.OT FROM PLOT ORIGIN

NEIMX = NUMRER OF DATA POINTS IN X DIRECTYON

11
12
G 13

6 15
6 16
6 17
G 18

G
G 10
G
G

G 20-

O LN & WN =

10
11
12=

IXIXIIXTITITIIITITXT X

00000100
00000200

00000300
00000600

00000500
00000600
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
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1

NHIMY
NDELTA X
NELTA Y
SILANT

INTERP

HIDNEN

#NATA GETR# IS A SURROUTINE WRITTEN BY THE USER AND DECLARED
EXTERNAL IN THE CALLING PROGRAM WHICH TRANSFERS INTO
NATA TAB THFE DATA REPRESENTING ONE HORIZONTAL CUT FOR
EACH CALL TO DATA GETR IN SEQUENCE FROM THE FRONT OF

“NATA TAR® [S THE ARRAY INTO WHICH DATA GETR TRANSFERS ONE
HORTZONTAL CcUT OF DATAe THIS ARRAY MUST BE DIMENSIONED
IN THE CALLING PROGRAM FOR NUMX i OCATIONS,

#PEAK# 1S A WORK ARRAY USED BY PLOTISOM AND MUST BE DIMENSIONED
IN THF CALLING PROGRAM FOR ( NUMX =1) #INTERP ¢ NUMX

NIMENSI
FXTERNA
ASSTIGN
ASSIGN
IF( HID
LMCK =
nNYx = 0
NSLANT
nzy = D
NHRX =
I.MS = N
| M6 = L
IM? = N
LMR = N
XZ = X2
no 11
PEAK(T)
IFLAGD

NRL REPORT 7393
NUMBER OF HORIZONTAL CUTS 70 RE PIOTTED

RETWEEN NATA POINTS
«GTe NeIF HIDDEN POINTS ARE T0 BE PLNTTED

el.Te 0eIF HIDNEN POINTS ARE NOT TO BF PLOTTED

THE PLOT TO THE REAR OF THE PLOT,

LOCATTIONS

ON NDATA TAR(1)y PEAK(])
L NATA GETR
220 T0 1JP
32 T0 1UK
NEN «GTe 0¢ )} ASSIGN 210 TO IyP
2 # INTERP
ELTAX /( INTERP + l,)
= INTF( SLANT 7/ DIX )
IX # NSI_ANT
( NUMX =1 )® INTERP ¢ NUMX
URX = NSLANT
M5 ¢1
UMX / 2
urx / 2
ERN = DZX $ YZ = YZERO = pELTAY
® 1y NURX
= =,52

2 e)

COMMENCE HORIZONTAL cUT (0OP

no 22 1
IFLAGD
Y7 = YZ

Y 3 1, NUMY
z =1 # IFLAGD
+« DELTAY

HORIZUNTAL SEPARATION OF DATA POINTS IN INCHES
VERTICAL SFPARATION OF HORIZONTAL CUTS IN INCHES
HORIZONTAL OFFSET IN INCHES OF AD.JACENT HORIZONTAL CUTS

NUMRBER OF LINEARLY INTERPOLATED PAINTS TO RE INSERTED

19

00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
000046000
00004100
00004200
00006300
00004400
00004500
00004600
00004700
00004800
00004900
00005000
00005100
00005200
00005300
00005400
00005500
00005600

00005700
00005800

00005900
00006000
00006100
00006200
00006300
00006400

00006500
00006500

00006700
00006800
00006900
00007000
00007100
00007200
00007300
00007400
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X2 = XZ = xXZ + D2x 00007500
CALL. DATA GETR 00007400

GO TO TJKs ( 304 372 ) 00007700

C ##% PREPARE FNOR NFG X NIRECTION PLOTTING 00007800
3¢ x?2 = ( NUMx =1 )% nELTAX + XxZ 00007900
NFILTAX = =1e% NELTAX 00008000

NIX = =1.% DIX 00008100

L = NUMX +1 00008200

no 31 1 = 1y M7 00008300

LL = LL =) 000086400

TT = DATA TAR(I) 00008500
NATA TAR(T) = DATA TaR(LL) 00008600
NATA TAB(LL) = TT 00008700

31 CNNTINUE 00008800
ASSTGN 32 TO [UK 00008900
ASSTGN 19 TO JP1 00009000
ASSTGN 21 TO JP2 00009100
ASSTGN 16 TO JP3 00009200

0 TO 33 00009300

32 ASSIGN 3n TO 1UK 00009400
ASSIGN 1A TO JP1 00009500
ASSIGN 19 TO JpP2 00009600
ASSIGN 21 TO JP3 00009700

33 Y? = DATA TAR(Y) + YZ 00009800
YPK = PEax (1) 00009g00

IF(L Y2 .GT. PEAK()) ) G0 To 2 00010000
TFILAG? = =1 00010100

6N Ta 200 00010200

2 IFLAG2 = } 00010300
PFAK(1) = Y2 00010400

200 TF( IFLAGD oLTe 0 ) GO TO 201 00010500
TF( Y2 «LF. YZ ) GO TO 203 00010600

TIF{ Y? JLF, YPK ) GO TO 203 00010700

v = vZ 00010800

IF( YPK .GTe YZ ) Y3 = YPK 00010900

an To 2n2? 00011000

201 TF( Y2 +LF, YZ ) GO TO 203 00011100
Y3 = vZ 00011200

202 CALL PLOT( X2y Y3y 3 ) 00011300
CALL PLOT( X2y Y2y 2 ) ooollégo

203 CALL PLOT( X224 Y2+ 3 ) 00011500
COMMENCE PLOTTING OF SINGLE HORIZONTAL CUT 00011600
NO 15 IX = 2, NUMX 00011700

YP = Y]l = Y2 $ XL = 0 00011800

XA 3 XP 3 X1 = X2 00011900

X? = X2 + DELTAX 00012000

Y? = DATA TAR(IX) + YZ 00012100

GO TO IJP.( 210, 220) 00012200

C ### P AT ALL POINTS ( HIDDEN oGTe 0 ) 00012300

210 CALL PLOT( x2, Y2y 2 ) 00012400
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GO T0 15 00012500

C ##% DO NOT PLOT HINDEN POINTS { HIDDEN oLT. 0 ) 00012600
220 LMY = IX ®#( INTERP «} ) = LMCK 00012700
LM2 = (Ml & INTERP =1 00012800

LM3 = M2 +1 00012900

SS = ( Y? «Y! )/ DELTAX 00013000

3 nno 7 1 = ‘_Ml' LM2 00013100
IFLAGY = IFLAG? 00013200

Xt = XL ¢ DIX $ XA = XA + DIx 00013300

YL = SS % XL ¢ Y1 00013400
IFLAGZ = =) 00013500

TFU YL +LT. PEAK(I) ) GO TO 34 00013600
PEAK(I) = YL 00013700
1FLAG2 = ) 00013800

36 JFLAGM =IFLAG) # IFLAG? 00013900
IF( IFLAGM +6T. 0 ) 60O TO 6 00014000

IF( JIFLAG? «LT. 0 ) GO TO 5 00014100
CALL PLOT( Xae YLe 3 000164200

GO TO 6 00014300

s calLL PLOT( xP, YP, 2 ) 00014400
6 Xp = Xp + DIX 00014500
YP = YL 00014600

7  CONTINUE 00014700
IFLAGY = TFLAG?2 & IFLAG? = =] 00014800

YPK = PEAK(LM3) 00014900

IF( Y2 +LT. YPK ) GO TO 70 00015000
PEAK (LM3) = Y2 00015100
1FLAG2 = 1 00015200
IPEN = ? 00015300

IFC IFLAGY oLT. 0 ) 1PEN = 3 00015400
CALL PLOT( X2, Y2y IPEN ) 00015500

60 10 19 00015600

70 IF( IFLAGY ...T, 0 ) GO TO 15 00015700
CALL PLOT( XPs YPe 2 ) 00015800

15 CONTINUE 00015900
Y3 = YZ . 00016000

IF( IFLAGD LT, 0 ) GO 1O 150 00016100

IF({ Y2 +GFe. YZ ) 152, 153 00016200

150 JF( Y2 JLF. YPK ) 6O TO 153 00016300
TF( Y? «GFe YZ ) 151y 153 00016400

15) 1r( YPK o6Te YZ ) Y3 = YpPK 00016500
152 CALL PLOT( x2, Y24 3 ) 00016600
CALL PLOT( X2y Y3¢ 2 ) 00016700

153 CONTINUE 00016800
GO TN JP1e ( 169 16 ) 00016900

C ##& SLYP PEAK TARLE 00017000
16 DO 17 1 3 1y LMS 00017100
LM1 = 1 ¢ NSLANT 00017200

17 PEAK(1) = PEAK(LM]) . 00017300
NOo 18 1 = LM6, NURX 00017400
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PFAK(]) = =,82

CONT INUE

GO TO JP2+4( 194 21 )

FLTP PEAK TARLF

LI, = NURX 1

no 2n I = 1 |LMB

tL = LL =%

TT = PEAK(I)

PEAK(T) = PEAK(LL)

PEAK(LL) = TT

CONT INUF

GO TO JP3Is( 166 21 )

IF( NELTAX oLTe 0 ) DELTAX 5 =1,& DELTAX
IFONIX oLTe 0o ) NIX = =1.% DIX
CONT INUE

ENR

00017500
00017600
00017700
00017800
06017900
00018000
00018100
00018200
00018300
00018400
00018500
00018600
00018700
00018800
00018500
00015000
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COMPARISON

Except for the companion program of Ref. 6 (Section 3.15), no similar program is
available,

TEST METHOD AND RESULTS

The input data deck illustrated in Section 3.9 was used in the program, producing
the plot shown in Fig. 2 and the printout on the following three pages. In plots
such as Fig. 2 the vertical axis defines the power response. The horizontal axes de-
fine the direction of the incoming wave; the generality of the program makes any
specific labeling arbitrary.

Fig. 2—Plot produced by the input data deck used as an example in Section 3.9
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HYDROPHBNE ARRAY RESPGNSE TQ A SPHERICAL WAVE

SPEED OF SOUND ®  4900,000
FREQUENCY # 490,000 «0,000 «0,000
ANGULAR VAR]ABLES

R{1,J) = 90,0Q0 «0,000 »0,000

R(24d) * 90,000  «0,000 0,000

R(3,J) = 90,000 «0,000 =0,000

R(4,J) = 0,000 480,000 0,287 62
BEAM FOCAL DISTANCE ANC S|GNAL SOURCE RANGE
R(3,4) = 50,000 =0,000 w0,000

R(6,J) @ 20,000 80,000 1,000

THESE DISTANCES ARE MEASURED N FEET @R METERS,

HYDRGPHENE ARRAY
NUMBER GF HYDRORH@NES '+ 8

X Y i WE]GHT
12,500 0,000 0,000 4,000
7,800 0,000 0,000 1,000
2,500 0,000 0,000 1,000
22,500 0,000 0,000 1,000
«7,500 0,000 0,000 1,000
12,500 0,000 0,000 1,000

O g pa

(= N )



RECQORD
NUMBER

O BANORD WP

NRL REPORT 7393

BEAM
FOCYS

e

> -a
<X ]

NAL
Gk

20,0
21,0
24,0
24,0
24,0
22,0
26,0
270
28,0
29,0
30,0
31,

34,0
33,0
34.0
33,0
36,0
37,0
38,0
39,

40,0
41,0
42,0
43,0
44,0
49,0
46,0
47,0
48,0
49,0
50,0
51,0
52,0
541

54,0
55.0
56,0
57,0
58,0
59,0
60,0
61,0
62.0
63,0
64,0
69.0
66,0
67,0
68,0
69,0

25
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RECQRD BEAM S}IGNAL

NUMBER FeCuUsS RANGE
51 50,0 70,0
52 50,0 71,0
53 5040 72,0
54 50,0 74,0
5% 50,0 74,0
56 50,0 72,0
57 50,0 76,0
58 50,0 77,0
59 5040 78,0
&0 50,0 79,0
63 5040 80,0

LARGEST NUMBER.-® 1000000 GR OCTAL 3641100
NG, OF RECORDS & 631 UFR OCTAL 075 FOR LUN =1

PLOTTING PARAMETERS

NUMX 3 629
NUMY s 6]
INTERP 5 1
XZER® s 1,000
YZER® = 1,000
DELTAX = 0,020
DELTAY # 0,050
SLANT = 0,050
HIDDEN = 20,100
SCALE = 4,000
LUNL = &

LUNZ2 3 2
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REMARKS
This is a final report on one phase of the NRL Problem.
The author thanks his coworkers in the Signal Processing Branch, Acoustics Division,

and the members of the Research Computation Center for their encouragement,
cooperation, suggestions, and advice.
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