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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 

BEAMPLOT is a Fortran program designed to simulate the 
power response of an arbitrary, focused hydrophone array to an in- 
coming plane wave with or without pattern multiplication as desired. 
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, 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 501-39 
Project RF 05-552-403, Task 4069 

Manuscript submitted January 21,1972 



A FORTRAN PROGRAM FOR COMPUTING THE POWER RESPONSE 
OF A HYDROPHONE ARRAY TO A PLANE WAVE AND 

PLOTTING IT AS AN ISOMETRIC SURFACE 

1. IDENTIFICATION 

1.1 Title 

Hydrophone Array Power Response to a Plane Wave 

1.2 Identification Name 

T3-NRL-BE AMPLQT 

1.3 Classification Code 

T3 - Applications and Application-Oriented Programs, Other Physical Sciences 

1.4 NRL-Research-Computation-Center Identification Number 

T3001Q00 

1.5 Entry Points 

BEAMPLQT 

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., Code 8144, Signal Processing Branch, Acoustics Division 
(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 Program Availability 

1.10.1 Submittal: Program write-up, Fortran source deck, and the source listing 

1.10.2 On File: Program library of the NRL Research Computation Center 

1.11 Verification 

This program has been used and tested as discussed in Section 7 

1.12 Date 

1 September 1970 

2. PURPOSE 

2.1 Description of the Routine 

BEAMPLOT calculates the power response of an arbitrary, focused hydrophone 
array to an incoming plane wave with or without pattern multiplication as de- 
sired. These calculations are then used to  produce plotting commands for use 
by the subroutine cited as Ref. 2 in Section 3.15 in making an isometric re- 
sponse surface. 

2.2 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 intro- 
duced through processing of their output signals. The beamformer performs 
this task by altering the relative delays and amplitude 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 t o  a 
plane wave. In particular the effect of a parameter such as hydrophone posi- 
tion, beamformer angle, frequency, or hydrophone weighing on array response 
can be easily seen. 

The basic geometric variables involved in array response to an incoming plane 
wave are shown in Fig. 1.  This computer program can handle three cases of 
hydrophone array geometry: linear, planar, and volumetric. A brief discussion 
of the mathematics of array processing is presented in Section 4. 

References are listed in Section 3.15. Extended discussions 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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FORMED 
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Fig. l-Basic geometric variables 

3. USAGE 

3.1 Calling Sequence of Operational Procedure 

Since BEAMPLOT 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): 

LUNl =storage unit for the plotting commands. (This may be the drum or 
magnetic tape as desired.) 

LUN2 =storage unit for the array response calculations 

LUN3 = storage unit for the array response calculations in the first direc- 
tion with or without pattern multiplication 

LUN4 = storage unit for the array response calculations in the second direc- 
tion for pattern multiplication 
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LUN5 = storage unit for the array response calculations in the third direction 
for pattern multiplication. (LUN1 through LUN5 must be integer 
numbers in the range 1-49.) 

C = speed of sound in water 

NHYDRQ =number of hydrophones in the first direction with or without pat- 
tern multiplication 

KHT =number of hydrophones in the second direction for use in pattern 
multiplication 

LDF =number of hydrophones in the third direction for use in pattern 
multiplication 

R(1,l) = minimum theta 

R(1,2) = maximum theta (may be left blank) 

=number of increments in theta (leave blank if R(1,2) is blank) 

R(2,l)  = minimum chi 

R(2,2) = maximum chi (may be left blank) 

N(2) =number of increments in chi (leave blank if R(2,2) is blank) 

R(3,l) = minimum phi 

R(3,2) =maximum phi (may be left blank) 

N(3) =number of increments in phi (leave blank if R(3,2) is blank) 

R(4,l)  = minimum rho 

R(4,2) = maximum rho (may be left blank) 

N(4) =number of increments in rho (leave blank if R(4,2) is blank) 

= coordinates of each hydrophone 
z 

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

XZERQ =horizontal distance in inches to the lower left-hand corner of plot 
from the plot origin 

YZERQ =vertical distance in inches to the lower left-hand corner of the plot 
from the plot origin 
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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: 33470 octal or 14143 decimal locations 

3.3.2 Common Blocks: 

CQMMQN/BLK/NHYDRQ, WAVE, N SCALE, W(402), X(400), Y(400), 
Z(400), P(400), SP(650), CP(650), SR(650), CR(650), LUN1, NH, 
KHT, ZAMP(650), LUN2, LUN3, NI, NJ, DATATAB(650), SCALE, 
NUMX, LUN4, LUN5, LUNG, LDP, NK, DAMP(650) 

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. 

3.4 Messages and Instructions to the Operator 

None 

3.5 Error Returns, Messages, and Codes 

A message is printed if neither phi nor rho is incremented. 

3.6 Informative Messages to the User 

The following are listed: 

All input data along with computed increments 
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 
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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 magnetic tape if desired (and is recommended, since different plots 
can be made from the tapes). 

3.9 Formats 

Example of an Input Data Deck 

*The cards contain data as follows (defined in Section 3.2): 
Card 1 = LUN1, LUN2, LUN3, LUN4, LUN5 (in 5110) 
Card 2 = C (in F10.3) 
Card 3 = NHYDRO, KHT, LDP (in 3110) 
Card 4 = FREQMN (in 3F10.3) 
Card 5 = R(1, l )  (in 3F10.3,IlO) 
Card 6 = R(2, l )  (in 3F10.3,IlO) 
Card 7 = R(3,1), R(3,2), R3,37), N(3) (in 3F10.3,IlO) 
Card 8 = R(4,1), R(4,2), R(4,3), N(4) (in 3F10.3,IlO) 
NHYDRO CARDS = X, Y, Z, W (in 4F10.3) 
KHT CARDS = X, Y, Z, W (in 4F10.3) 
LDP CARDS = X, Y, Z, W (in 4F10.3) 
LAST CARDS = XZERO, YZERO, DELTAX, DELTAY, SLANT, HIDDEN, SCALE (in 7F10.3) 

Card* 

1 
2 
3 
4 
5 
6 
7 
8 

NHYDRQ 

KHT 

LDP 

LAST 

Data in Various Columns on the Cards 

66-68 

2.0 
2.0 
2.0 
2.0 

46-50 

5 

0.040 
0.040 
0.040 
0.040 

36-40 

4 

181 
629 

0.040 
0.040 
0.040 
0.040 

55-58 

-1.0 
-1.0 
-1.0 
-1.0 

24-30 

3 

4 

15.0 
0.0 

30.0 
45.0 

0.0 
-15.0 
-30.0 
-45.0 

0.0 
0.0 
0.0 
0.0 
0.020 
0.020 
0.020 
0.020 

1-6 

4900. 

490.0 
90.0 
90.0 
0.0 
0.0 

{% 
15.0 
0.0 

{i::: 
15.0 
0.0 

10 

1 

4 

14-20 

2 

4 

180.0 

0.0 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

15.0 
30.0 
45.0 

0.250 
0.250 
0.250 
0.020 
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3.10 External Routines and Symbols 

DATAGETR 
WEIGHT 
ZWEIGHT 
DWEIGHT 
PHASE 
QUTPUT 
QUTTWQ 
QUTTHREE 
QUTFQUR 
CALC 
QRTHQRAY 
THRIDIR 
PLQTS 
PLQTISQM 
STQPPLQT 
SINF 
CQSF 
SQRTF 
PLOT 

3.11 Timing 

The compile time is 90 seconds; the running time is approximately 0.3 second 
per hydrophone per line of plot using 629 angular increments. 

3.12 Accuracy 

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

3.13 Cautions of Users 

The control of this program depends on the optional use of incremental param- 
eters at  the discretion of the user. The maximum number of angular incre- 
ments is 629. The maximum number of hydrophones is 400. At least one of 
the angles must be incremented (usually phi or rho or both). For off-line 
plotting at the RCC, plotting tape(s) must be recorded at low density (200 
bitslin.). 

3.14 Program Deck Structure 

JQB card 9 

EQUIP cards 
9 

9 9 

9 9 

9 , for magnetic tapes (optional) 
9 9 

' EQUIP cards 9 
J 
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FTN card 

program BEAMPLOT 
subroutine WEIGHT 
subroutine ZWEIGHT 
subroutine DWEIGHT 
function PHASE 
subroutine CALC 
subroutine QRTHQRAY 
subroutine THIRDIR 
subroutine OUTPUT 
subroutine QUTTWQ 
subroutine QUTTHREE 
subroutine QUTFQUR 
subroutine DATAGETR 
subroutine PLQTISQM (JS-NRL-PLQTISQM) 

SCQPE card 

LOAD card 9 

RUN card 

data cards 

ii EQF card 

(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, Jr., "Array Beamforming 
Response Studies," NRL Report No. 7331, Oct. 1971. 

(6) Leon P. LaLumiere, Jr., "A Fortran Program for Computing the Power Re- 
sponse of an Hydrophone Array to a Spherical Wave and Plotting It as an 
Isometric Surface," NRL Report 7393, 17  April 1972 
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4. METHOD OR ALGORITHM 

In Fig. 1 the geometry is as follows: 

R = vector from the origin in the beam direction, 

S = vector from the origin in the signal direction, 

Hm = vector from the origin to the mth hydrophone, 

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

Dm = distance from the origin to point G on S. 

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

in which 

and 

f 
1, = 2 Wm cos 1277 ; (Dm - dm)] 

m = l  

Here Wm is the weighting of the mth hydrophone, f is the frequency, and c is the 
speed of sound in water. Dm determines the delay due to the signal, and dm deter- 
mines the delay due to the beam. 

The unit vector in the signal direction is defined by 

S s = - =  
/SI 

i sin @ cos p + j sin @ sin p + k cos @. 

For the mth hydrophone, 

Hm = iXm + jYm + kZm. 

Then Dm = s Hm and 

Dm = (i sin $J cos p + k cos 4) (iXm + jYm = kZm) 

= Xm sin @ cos p + Ym sin @ sin p + Zm cos 4. 
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Similarly 

R 
r = - = i sin 8 cos x + j sin 8 sin x + k cos 8 

IRI 

and 

whence 

dm = Xm sin 8 cos x + Y, sin 8 sin x + Z, cos 8. 

The variables are calculated in subroutines as follows with pattern multipliers shown 
in parentheses: P in DATAGETR, A in QUTPUT and QUTTWQ (and QUTTHREE 
and QUTFQUR), RE and IM and Dm in CALC (and QRTHQRAY and THIRDIR), 
and dm in PHASE; WEIGHT (and ZWEIGHT and DWEIGHT) sums the hydrophone 
weighings, and this result is used to normalize A in QUTPUT and QUTTWQ (and 
QUTTHREE and QUTFQUR). 

SOURCE LANGUAGE LISTING 

A listing of the program in the Fortran language is reproduced on the following 16 
pages. 

PROGRAM BEAMPLQT A  1 
l D E N T  NUMBER * T 3 0 0 1 U 0 0  A  2  
T I T L E  m HYDROPHbNE ARRAY PBWER RESPONSE T O  A PLANE WAVE, A S 
I D E N T  NAME - 1 3 - N R L e B E A H P L B T  A 4 
LANGUAGE - FORTRAN A  5 
COMPUTER - C D C c 3 8 0 0  A  6 
CONTRIBUTER Q LEON Pv  L A  L U M I E R E  J R l r  CODE 8 1 4 4  A  7 
(PROGRAM RASED ON THk G R l O I N A L  OF J v  W l  JENKINS, CBDE 8 1 4 4 )  A  8  

S I G N A L  PROCFSSING BRANCH, ACOUSTICS D I V I S I O N  A  9 
EIRGANIZATIBN NRL = MAVAL RkSEARCH LABORATORY 

WASHINGTAN, P I C v  2 0 3 9 0  
A  1 0  
A 11 

DATE * 1 SEPT $ 9 7 0  A  1 2  
PURPQSE - TO CALCUCATE THE POWER RESPONSE @F AN HYDROPHONE ARRAY A 1 3  

TO A  PLANE WAVE T b  B E  USED FBR P L B T T I N G  AN I S @ M E T R I C  A 1 4  
SURFACE, T H I S  PREIGRAM MAY BF USED FOR A  L1NEAR ARRAY OR A  1 5  
FOR A PLANAR OR A  VBLUME ARRAY U S I N G  PATTERN A  16  
M U L T I P L I C A T I O N  AS D S S I R F D ,  A  1 7  

A  18 
v . v * t I N P U T  DATA DECK*  DATA CARDS CAW RE L E F T  BLANK AS QESIRFDv A  1 9  
,,CARII 1 8 LEIGICAL U N I T  NlJMBER ( L U N l ) ,  ( L U N 2 ) ,  ( L U N 3 ) ,  ( L U N d ) ,  A  2 0  
( L U N ~ ) ,  I N  ( 5 1 2 0 ) v  A  3 1  
CUNI IS THE S T O R A G E  UNIT FBR THE PLOTTING COMMANDS, P L O T T I N G  A  22  
COMMANDS STORED @N MAGNETIC TAPF MUST BE I N  LO D E N S I T Y ,  A  23 
LUN2 I S  THE STORAGE U N I T  FBR THF ARRAY RESPONSE CALCULATlONS,  A  3 4  
L U N 3  I S  THE STORAGE U N I T  FBR THE ARRAY RESPdNSE CALCULATIONS I N  A  75 
THE F I R S T  D I R E C I ' l Q N  FOR P A T T t R N  MULTIPI . ICATIQN, I F  PATTERN A  36 
M U L T I P L I C A T I U N  I N  T H t  F I R S T  D I R E C T l f l N  IS NBT USED THEM L U N 3  MUST A  27 
B E  BLANK OR Z E R O ,  A  38 
LUN4 I S  THE STORAGE U N I T  FBR THE ARRAY RESPONSE CALCULATIONS I N  A  2 9  
THE SFCBND D I R E C T I Q N  FBR PATTERN M U L T I P L I C A T I O N ,  I F  PATTERN A  30 
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M U L T I P L I C A T I O N  I N  T H k  SECnND D l R E C T l O N  I S  NmT USED THEN L U N 4  MUST A 3 1  
B E  BLANK OR ZERB, A  52  
LIIFt5 I S  THE STORAGE U N I T  FOR THE ARRAY RESPONSE c A L C U L A T I ~ ~ N S  I N  A  3 3  
TuE T H I R D  D l R E C T l O N  FOR P A T T t R N  M U L T I P L I C A T I O N ,  I F  P A T I E R N  A 3 1  
M U L T I P L I C A T I O N  I N  THE T H I R D  D l R E C T I O N  I S  NOT USED THEY L U N 5  MUST A 5 5  
b E  RLANK OR ZERO, A  3 6  
,.CARD 3 SPEED OF SOUNU, I N  ( F 1 0 , 3 ) ,  A  3 7  
, ,CARD 3 g NUMBER OF HYDRRPHQNES , L E O  4 0 0 ,  I N  ( 3 1 1 0 ) n  THE F I R S T  A 3 8  
NUMBER 15 THE NUMBER B F  HYL~RCIPHONFS I Y  THE F I R S T  D l R E C T t O N ,  TUE A 3 9  
SECOND I S  THE NUMBER I N  T H t  SFCONn D I R E C T I O N l  AND THE T H I R D  I S  THE A 4 0  
hUMBER I N  THE T H I R D  D I R E C T I O N ,  A  4 1  
,,CARD 4 = M I N I M U M  FUFOUtNCY,  MAXIMUM FRtQUENCY,  INCREMENT, I N  A  4 2  
( 3 F l Q , 3 ) ,  I F  INCREMENTS ARk NmT D E S I R E D  USE M I N I M U M  QNCY, A  4 3  
, , 4  CARDS G I V I N G  ANGULAR PARAMETERS 1 Y  DEGREES, I N  3 F 1 n 1 3 t 1 1 0 ) ,  A  4 4  
I F  INCREMENT5 ARE NOT U F S I R E D  N ( I )  SHOULD BE BLANK A H  ZERO, AT A 4 5  
LEAST ONE OF THE SET ( N ( 3 ) ,  N t 4 ) )  SHOULD RE (GE,  2  AND NONE S v O U L n  A 46  
EXCEED 6 2 9 ,  THEN THE ANGULAR R ( 1 , 3 )  ARE COMPUTED I N T E R N A L L Y ,  1 F  A  4 7  
R ( 3 1 3 )  OR R ( 4 1 3 )  ARE INCLUDED AS DATA THE CORRESPBNDING N ( 1 )  A  48 
MUST RE BLANK OR ZERB, A  4 9  
R t l r l )  o M I N I M U M  THTAI R ( 1 , 2 )  MAXIMUM THTAr  R ( l e 3 )  = INCRFMENT, A  5 0  

N f 1 )  = NUMBER OF INCREMENTS, A  5 1  
R t 2 , 1 )  a M I  IMUM C H I t  R ( 2 1 2 )  rn MAXIMUM C H I ,  R ( 2 1 3 )  + I N C R E M E N T l  A  5 2  
N 2 = NUMBPH QF INCREMFNTS, A 53  
~ 1 3 1 % )  s M l N l H U M  P H I i  R ( 3 r l )  MAXIMUM P H l t  R ( 3 1 3 )  = lNCRfMENTl  A  4 4  
N f 3 )  1 NUMBER QF INCREMENTS, A  5 4  
R t 4 , 1 )  s MINIMUM RHOi R t 4 r l )  s MAXIMUM RHOl R ( 4 # 3 )  w INCREMENT, A  5 6  
N ( 4 )  8 NUMBER QF INCREMENTS. A  5 7  
THTA 1 ANGLE OF PREFERRED BEAM FOCUS D I R E C T I O N  FROM THE Z - A X I S ,  A  5 8  
C H I  a 4NQl,E QF PREFERRFD BEAM FQCUS D I R E C T I O N  FRDM THE X - A X I S ,  A  9 9  
P H I  3 ANGLE OF I N C I D E N T  REAM FOCUS D I R E C T I l N  FROM THE Z - A X I S ,  A  60 
RHQ = ANGLE OF I N C l D F N T  REAM FbCUS D I R E C T I O N  FROM THE X - A X I S ,  A  6 1  
t ,NHYnRO CARDSt EACH G I V I N G  THE XIYIZ COQRDINATES Q F  THE A 6 2  
HYDROPHONES AND W ,  THE WEIGHTlNG OF EACH HYDROPHONE I F  D E S I R E D t  A  6 3  
I N  ( 4 F i 0 , 3 ) ,  OTHERWISE W I S  ASSUMED TO BE ONE, A  64 
I F  PATTERN M U L T I P L I C A T I O N  I N  THE SECQND D I R E C T I A N  I S  N0T USED, A  65 
THEN KHT I S  BLANK QR ZERBI AND THP PQLL0WING DATA CARDS MUST NOT A 66 
BE PRESENT, A  6 7  

C ,.KHT CARDS, EACH G I V I N G  THE X,Y,?! CQORDINATES OF THE HYDROPHmNES 
C AND W l  THE WEIQHTING OF EACH HYDRdPHONE IF D E S I R E D ,  I N  t4F10,3), 
C QTHERWISE W 1 S  ASSUMED TO BE ONE, 
C I F  PATTERN M U L T I P L I C A T I A N  I N  THE T H I R D  D f R E C T l Q N  I S  NOT USED, THEN 
c L ~ P  IS BLANK OR ZERO, A N D  T H E  FOLLBWING D A T A  C A R D S  MUST BE ABSENT,  
C , ,LDP CARDS, EACH G I V I N G  THE X t Y t Z  C@ORDINATES FIF THE HYDROPHmNES 
C AND W 1  THE WEIGHTING OF EACH YYDROPHOWE 1 F  DESIRED,  I N  t Q F 1 0 , J ) ,  
C O T H E R W I S t  W I S  ASSUMtO TO BE ONE, 
C THE FOLLOWING DATA CARDS ARE R E Q U I R E D  F 0 R  SUBROUTINE P L O T l S O M  AND 
C E Q U A L S  FBUR M I N U S  THE NUMBER If)F LUNS L E F T  BLANK BR ZERO, 
C , ,LAST CARDS XZEROi  YZERO, DELTAXI DELTAY, SLANT, HIDDEN,  SCALE 
C 1N ( 7 F 1 0 , 3 )  FOR P L O T T I N G  COMMANDS TO LUN;. I F  PATTERN 
C M U L T I P L I C A T I O N  I S  NOT USED ONLY OME CARD I S  REQUIRED,  
C SCALE I S  A M U L T I P L I E H  G I V I N G  THE DESIQED HEIGHT OF THE PLOTS,  
C NUMX, NUHY, AND I N T F R P  ARF CtlMPUTED I N T E R N A L L Y  RY THE M A I N  PRmGRAM 
C S l lBROUTINE PLOTISOM 1 S  THF RCC L I R R A R Y  I D E N T ,  NAME J 5 - N R L - P L B T I S O M  
C 

D I M E N S I a N  A M P ( 6 5 U ) i  R ( 4 , 3 ) 1  N t 4 ) r  P L T A R R A Y ( 2 5 4 ) ,  P E A K ( 6 9 0 9 )  
COMMON / B L K /  N H V D R O ~ W A V E I N S C A L E ~ W ( ~ ~ ~ ) ~ X ~ ~ O O ~ ~ Y ( ~ ~ ~ ) I Z ~ ~ O O ~ ~ P ~ ~ ~ O ~  

~ I S P ( ~ S ~ ) ~ C P ( ~ ~ ~ ) ~ S R ~ ~ ~ O ~ ~ C H ( ~ ~ ~ ~ ~ L U N ~ I N U ~ K H T ~ Z A M P ~ ~ ~ O ~ ~ L ~ N ~ ~ L L J N ~ ~ ~  
~ ~ , ~ J , D A T A T A B ( ~ ~ ~ ) , S C A L E , N U M X , L U N ~ , L U N ~ ~ L U N ~ I ~ D P ~ N K ~ ~ D A M P ( ~ ~ O )  

EXTERNAL DATAGETR 
1 FORMAT (2X148HHYDRBPHONE ARRAY RESPDNSE T O  A PLANE WAVE S I G N A L / )  
2  FORMAT ( 1 9 H  SPEED @F SOUNU ' r F 1 0 1 3 / )  
3 FORMAT (2X,24HNUMBER OF HYDRBPHONES = ~ 1 3 , / / 1 7 X ~ ~ H X ~ 9 X ~ ~ H Y , 9 X , L W Z a  
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I ~x ,~HWEIGHT/ )  
4  FORMAT ( 1 4 H  FREQUENCY s r 3 F 1 0 1 3 r / / t l X 1 1 8 H  ANGULAR VARIABLES/ )  
5 FORMAT (2Xl16HHYDROPHONF ARRAY/) 
6 FORMAT (2X158HHYDROPhONE PATTERN MULTIPL IER ARRAY I N  THE F I R S T  D I P  

I E C T  I @ N /  I 
7 FORMAT (2Xt59HHYDR@Ph0NE PATTERV MULTIPL IER ARRAY I N  THE SECOND Dl 

I R E C l l m N / )  
8  FORMAT (2X,SBHHYDROPHONE PATTERN MULTIPL IER ARRAY I N  THE THlRfJ D I R  

1ECT I ON/ 
9 FORMAT ( / t 2X I17HLARG€ 7  NIJMBER a 1 1 7 1 1 0 H  OR OCTAL I @ ? )  

1 0  FORMAT (/ ,2X,17MNQ, 09 RECORDS = 113110H 0R OCTAL ,03111H F O R  LUN 
1' 1 1 2 )  

11 FORMAT ( 3 7 H  ERROR NEITHER P H I  NQR RHO INCREMENT ) 

1 2  FORMAT ( 5 1 1 0 )  
1 3  FbRHAT (2X,2MR(,11,6H1J)  a , 3 F 1 0 ~ 3 , 1 1 0 )  
1 4  F0RMAT ( 1 H  1 0 F 1 0 , S )  
15 FARMAT ( 3 F 1 0 , 3 , 1 1 0 )  
1 6  FARMAT ( 4 F 1 0 , 3 )  
1 7  FBRMAT ( 7 F 1 0 , 3 )  
1 8  FORMAT ( 2 X 8 1 9 H P L @ T T I N G  PARAMETERS/)  
1 9  F0RMAT (2Xp9HNUMX 113/p2X,9HNUMV a ~ I S / I ~ X I ~ H I N T E R P  * 1 1 3 )  
2 0  FORMAT (2X89HXZERb * lF613/r2X89UYZERQ = , F ~ , ~ / I ~ X I ~ H D E L T A X  8 IF 

16 ,3 / ,2X89HDELTAY 8 , F 6 , 3 / , 2 X ~ 9 H S L 4 N T  1 F 6 , 3 / 8 2 ~ , 9 H H I D D E N  n I F 6 . 3  
2 / .2X t9HSCALE r lF683/2Xp9HLUN 1 ! 2 / )  

2 1  FORMAT (//,2X17HL,UN1 a r12, / ,2X17HLUN2 a 1121 / ,2X17HLuN3 1 1 2 t / , 2  
1X,7HLUN4 ,121/2X17HLUN5 = ~ 1 2 )  

2 2  fORMAT ( % H I )  
R E A D  1 2 ,  L U N $ , L U N ~ I L U N ~ ~ L U N ~ ~ ~ V N ~  
READ 1 5 1  C 
READ 1 2 1  NHYDR0,KHTtLDP 
READ 1 5 8  FREQMN,FREQMXIDFREQ 
PRINT 1 
PRINT 2 1  C 
PRINT 4 1  FREQMNtFREQMXlOFREO 
O q  3 0  I s 1 1 4  
READ 1 5 ,  ( R ( l r J I , J = l t 3 ) , N ( I )  
IF ( N ( 1 ) )  2 3 , 2 4 1 2 3  

23 T = h ( l l - 1  
R ( I I ~ ) * ( R ( I ~ ~ ) . R ( I I ~ ) ) / T  
G O  TO 27 

2 4  1: ( R ( l t 3 ) )  2 6 1 2 5 8 2 6  
25 I Y t I ) ' % , o  

G9 TO 2 7  
26 h ( l ) ~ A B S ( ( A t 1 , 2 ) = R ( 1 1 l ) ) / R ( ! t 3 ) ) + 1 , 9  
2 7  PRINT $ 3 1  I I ~ R ( ! , J ) I J = ~ ~ ~ ) I N ( I )  

Dm 2 8  J= 1 3  
~ t l ~ 4 ) = R t l ~ J ) / 5 7 , 2 9 3 7 7 8  

7 8  CONTlNUE 
I F  (NI I ) )  29 ,30830  

2 9  h ( I ) s - N ( J I  
3 0  CAhTINUE 

GO 3 1  JSIINHYDRO 
3 $  RFAB 1 6 ,  X ( J I , Y ( J ) I Z ( J ) I W ( J )  

CALL WEIGHT 
PRENT 2 2  
I F  ( K H T )  3 2 , 3 2 1 3 3  

3 2  PRINT 5 
Gd TO 3 4  
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3 3  PRINT 6  
3 4  PRINT 3,  NHYDRO 

D O  42 J s l  t NHYDRb 
I F  tJ-511 4 2 ~ 4 $ , 3 5  

3 5  I F  ( J - 1 0 1 )  4 2 1 4 1 , 3 6  
3 6  I F  ( J - 1 5 1 )  4 2 , 4 1 1 3 7  
3 7  I F  ( J - 2 0 1 )  4 2 1 4 1 1 3 8  
3 8  I F  (4.25%) 4 2 1 4 1 1 3 9  
3 9  If ( J * ~ o & )  42,41,40 
40 I F  ( J - 3 5 1 )  4 2 1 4 1 0 4 2  
4 1  PRINT 22  

PRINT 39 YHYDRQ 
4 2  PRINT 1 4 ,  X ( J ) r Y ( J ) , Z ( J ) , W ( J )  

I F  (KHT)  4 3 , 5 4 1 4 4  
4 3  KHT+-KHT 
4 4  K l=NHYORO*l  

K2=NHYDRO*KHT 
Dn 45  K=KI,KZ 

4 5  READ 1 6 ,  X ( K ) l Y ( K ) , Z ( K ) r W ( K )  
CALL ZWElGHT ( K l l K 2 )  
PRINT 2 2  
PRINT 7  
PRINT 3 ,  KHT 
R m  53 J = K l , K 2  
[ F  ( J - 5 1 )  5 3 , 5 2 1 4 6  

4 6  I F  ( J - l O l )  5 3 1 5 2 8 4 7  
4 7  I F  ( J - 1 5 1 )  5 d 1 5 2 1 4 8  
4 8  I F  ( J - 2 0 % )  5 5 1 5 2 1 4 9  
4 9  I F  ( J - 2 5 1 )  5 3 , 5 2 8 5 0  
50 I F  ( 4 - 3 0 1 )  5 3 , 5 2 0 5 1  
5 1  I F  ( J - 3 5 1 )  53 ,52153  
52  PRINT 22 

PRINT 3 ,  KHT 

5 4  h Y i N ( 4 )  
D O  5 5  I t ; l ,NY 

5 5  Z A b l P ( l ) = l , ~  
w ( 4 0 2 ) 0 1 , 0  

5 6  IF  (LnP) 5 7 , 6 ~ , 5 8  
5 7  LnPa-LDP 
5 8  K 3 t K 2 c i  

K4=K2+LDP 
DO 5 9  K=K3,K4 

59  R F P D  16 ,  X ( K ) , Y ( K ) , Z ( K ) l W ( K )  
C4LL OWElGHT ( K 3 n K 4 )  
PRINT 2 2  
PRINT 8 
PRINT 3, LOP 
DB 6 7  J=K3,K4 
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33 PRINT 6  
34 PRINT 3 1  NHYDRO 

D O  4 2  J s ~ ~ N H Y ~ R O  
I F  ( J - 5 1 1  4 2 1 4 1 1 3 5  

3 5  I F  ( J - 1 0 1 )  4 2 1 4 1 1 3 6  
36 I F  ( J - 1 5 1 )  42141137  
37 I F  ( J - 2 0 1 )  4 2 1 4 1 1 3 8  
38  I F  ( J - 2 5 1 )  42,41139 
39  I F  ( J - 3 0 1 )  4 2 1 4 1 1 4 0  
40 I F  ( J - 3 5 1 )  4 2 1 4 1 1 4 2  
4 1  PRINT 2 2  

PRINT 3 #  NHYDRO 
42 PRINT 1 4 1  X ( J ) t Y ( J ) ~ Z ( J ) ~ W ( J )  

I F  ( K H T )  4 3 1 5 4 1 4 4  
4 3  KYTa*KHT 
4 4  K l=NHYDRQ* l  

K2=NHYDRU+KHT 
D f l  4 5  K z K l r K 2  

45 READ 1 6 ,  X ( K ) I Y ( K ) I Z ( K ) I W ( K )  
C4LL ZWElGHT ( K I l K 2 )  
PRINT 2 2  
PRINT 7 
PRINT 3 1  KHT 
Dn 5 3  J:K1,K2 
I F  t J - 5 1 )  5 3 , 5 2 , 4 6  

46 IF ( J - 1 0 1 )  5 3 , 5 2 1 4 7  
4 7  I F  ( J - 1 5 1 )  5 J 1 5 2 , 4 8  
48 I F  ( J - 2 0 % )  5 3 1 5 2 1 4 9  
49 I F  ( J - 2 5 1 )  5 3 1 5 2 8 5 0  
5 0  I F  ( J - 3 0 1 )  5 3 , 5 2 t 5 1  
5 1  IF ( J - 3 5 1 )  5 3 , 5 2 1 5 3  
5 2  PRINT 22  

PRINT 3 1  KHT 
5 3  PRINT 1 4 1  X ( J ) r Y ( J ) ~ Z ( J ) ~ W ( J )  

G A  1 8  5 6  
5 4  RYr iN (4 )  

DO 5 5  I = l r N Y  
5 5  Z A M P ( I ) ~ 1 , 0  

w ( 4 o 2 ) = l I n  
56  I F  (i,DP) 5 7 , 6 8 1 5 8  
5 7  L n P n - L o P  
5 8  ~ 3 = K 2 4 1  

K4=KZ+LDP 
D O  5 9  K=K3,K4 

5 9  R F A O  1 6 1  X ( K ) l Y t K ) l Z ( K ) ~ W ( K )  
CALL DWElFHT ( K 3 I K 4 )  
PRINT 2 2  
P R I N T  a 
PRINT 3 1  LOP 
DO 6 7  J=K3,K4 
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l F  ( 4 - 5 1 )  67166860  
6 0  I F  ( J - 1 0 1 )  6 7 8 6 6 8 6 1  
6 1  I F  ( 4 - 1 5 1 )  6 7 , 6 6 , 6 2  
6 2  I F  ( J - 2 6 1 )  6 7 1 6 6 8 6 3  
6 3  I F  ( J , 2 5 $ )  6 7 r 6 6 , 6 4  
64  I F  ( 4 , 3 0 1 )  6 7 1 6 6 8 6 5  
65  I F  ( J - 3 5 1 )  6 7 1 6 6 i 6 7  
6 6  PRINT 22 

PRINT 3 ,  LDP 
6 7  PRINT 1 4 1  X ( J ) , Y ( J I , Z ( J ) , W ( J )  

G O  1 8  70 
6 8  N D i N ( 4 )  

D(1 6 9  I s i , N D  
6 9  D A M P ( I ) = Z , Q  

W(403)m1,0 
70 NSCALE.0 

WAVE=FREQMNIC 
T H T A = R ( l I 1 )  
C H I s R ( 2 , l )  
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C H l s R t 2 t l ) * R ( 2 1 3 )  
8 3  I F  ( N ( 2 ) a I )  $ 2 9 , 1 2 9 1 8 4  
8 4  C H 1 ~ C H I * R ( 2 , 3 )  

1 = 1 + 1  
85 Dm 86 J=$,NHYDRO 

P ( J ) ~ P H A S E ( T H T A I C H I , X ( J ) , Y ( J ) , Z ( J ) )  
86  CmNTINUE 

I F  (KHT)  9 1 , 9 1 1 8 7  
87 D O  86  K=KI ,K2  
88 P ~ K ) z P H A S E ( T H T A ~ C H ~ ( X ( K ) I Y ( K ) , Z ( K ) )  

I F  ( L b P )  9 1 , 9 1 1 8 9  
89  Db 9 0  KcKS,K4 
9 0  P ( K ) . P H A s E ( T H T A ~ c H I I X ( K ) , Y ( K ) ~ Z ( K ) ~  
9 1  RHOcRt4o1)  

P W I = H ( ~ , ~ )  
IF ( ~ ( 3 1 . 1 )  9 4 , 9 2 , i n a  

9 2  I F  ( N ( 4 ) m I )  9 4 8 9 3 1 9 5  
93 PRINT 11 
9 4  STOP 4 
95 R H @ = R ( ~ , $ ) * R ( ~ I ~ )  

M=0 
H N s l  

96 I F  ( N ( 4 ) m M )  9 7 1 9 7 1 1 0 4  
97 CALL OUTPUT ( N ( 4 ) t A M P )  

I F  ( C U N 3 )  9 9 , 9 9 1 9 8  
98 CALL @UTTWQ ( N ( 4 ) l A M P )  
9 9  IF (LUN4)  1 O 1 1 1 0 i t i O O  

I n 0  CALL BUTTHREE (N(4 ) ,ZAMP)  
1 0 1  IF (LUNS) 1 0 3 1 i b 3 a 1 9 2  
1 0 2  CALL OUTFOUR ( N t 4 ) l D A M P )  
1 0 3  G n  T O  ( 7 5 , 7 9 1 8 3 , 1 2 9 ) 8  I N D F X  
1 0 4  RHO=RMO~R(4,3)  

M=M+l  
CALL CALC (MN,MIAMP(M)) 
I F  (KHT)  1 0 7 1 1 0 7 , 1 0 5  

1 0 5  CALL 8RTHBRAY ( M N I H I Z A M P ( H ) ~ K ~ ~ K ~ )  
I F  ( L D P )  1 0 7 1 1 0 7 1 1 0 6  

i n 6  CALL THIRUIR (MN,MaDAMP(M)pK3,K4) 
ii7 ~m re 9 6  
1 0 8  P H l s R ( 3 , $ , ) - R ( 3 1 3 )  

MNtO 
M = 1 

1 0 9  1F ( N ( 3 ) m H N )  110 ,110 ,117  
1 1 0  I F  (5-INDEX) 1 1 1 1 1 2 9 , 1 1 1  
111 CALL OUTPUT ( td (3 ),AMP) 

G O  TO 7 5 , 7 9 , 8 3 , 1 2 9 , 1 2 9 ) 1  I N D E X  
1 1 2  M N ~ M N * ~  

P H I = P H I * R ( 3 , 3 )  
I F  ( N ( 4 ) - 1 )  1 1 7 ~ 1 1 3 a 1 1 7  

1 1 3  CALL CALC (MN,M,AMP(HN)) 
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I F  ( K H T )  116 ,116 ,114  
1 1 4  CALL QRTHORAY (MN,MtZAMP(MN) I U ~ ; K ~ )  

I F  ( L D P )  1 1 6 1 1 1 6 , 1 1 5  
1 1 5  CALL THIRDIR  (MN,MIDAMP(MI,K3,K4) 
1 1 6  G O  TO 1 0 9  
1 1 7  R H B = R ( 4 , 1 ) - R ( 4 1 3 )  

IYDEX=5 
W = O  

1 1 8  I F  ( N ( 4 ) m M )  119 ,119 ,125  
1 1 9  CALL mUTPUT (N(4 ) ,AMP)  

IF ( L U N 3 )  1 2 1 , 1 2 1 r 1 2 0  
1 2 0  CALL OUTTWO (N f ' 4 )eAMP)  
1 2 1  I F  t L U N 4 )  1 2 4 , 1 2 4 , 1 2 2  
1 2 2  CALL 8UTTHREE ( N ( 4 ) t L A M P )  

I F  (LUNS) 1 2 4 , 1 2 4 , 1 2 5  
& 2 $  CALL BUTFbUR ( N ( 4 ) t O A M P )  
1 2 4  G O  T O  1 0 9  
1 2 5  M = M + l  

RW@=RHO+R(4,3) 
CALL CALC (MNtM,AMP(M)) 
IF (KHT) 1 2 8 1 1 2 8 , 1 2 6  

1 2 6  CALL dRTHORAY (MN,M,ZAMP(M),Ki,K2) 
I F  ( L n P )  1 2 8 1 1 2 8 , 1 2 7  

1 2 7  CALL THIHDIR  (MN,MlDAMP(M),K3,K4) 
1 2 8  0 8  T@ 1 1 8  
1 2 9  PRINT 2 2  

PRINT 9,  NSCALEaNSCALE 
I F  (CUN21 1 3 1 , 1 3 1 , 1 3 0  

130 EN0 F I L E  LUN2 
REWIND LUN2 
PRINT 1 0 1  NHINH,LUN2 

1 3 1  1F 1LUN3)  233 ,133 ,132  
1 3 2  EVfl F  1I.E LUNJ 

REWIND LUN3 
PRINT 1 0 1  NI ,NI ,LUNS 

1 3 3  I F  (LUN4)  1 3 5 t 1 3 5 t 1 3 4  
1 3 4  END F I L E  LUN4 

REWIND LUN4 
PRINT 1 0 1  NJ lNJeLUN4 

135 IF t L U N 5 )  137,137,136 
1 3 6  END F I L E  LUNS 

R E W I N D  LUN5 
PRINT 1 0 1  NKlNK,LUN5 

1 3 7  1r (LUN2)  141,14,,138 
1 3 8  LUh6sLUNZ 

IUUMY:NH 
HEAD 1 7 ,  X Z E R B I Y Z E R B , ~ E L T A X , D E L T A Y ~ S L A N T ~ H I O D E N , S C A L E  
I M T E R P = D ~ L T A X / Q , O ~ ~ ~ ,  
I F  (SCALE)  1 4 0 t 1 3 9 1 1 4 0  

1 3 9  SCALE= l .o  
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$40  CALL PLQTS ( P L T A R R A Y I ~ ~ ~ I L U N ~ )  A 311 
P o T I S O ~  ~ X Z E R O ~ Y Z E R ~ ~ N U M X ~ N U ~ Y ~ O E ~ T A X ~ D ~ ~ T A Y ~ S ~ A T I T E P H  A 352 

~ ~ ~ L ~ ~ D ~ ~ A G E ~ R ~ D A ~ A T A ~ ~ ~ P E A K ~  A 3 5 3  
XNEW = SCANT*(NUMY=I)  + DELTAX*(NUMX-I )  A 3 5 4  
CALL PLQT (XNEW, YZERDl - 3 )  A 3 3 5  
CALL PLQTS ( 0 1 0 1  A 3 5 6  
REWINO LUN6 A 3 5 7  
PRINT 22  A 3 5 8  
PRINT 1 8  A 3 5 9  
PRINT 1 9 1  NUMX,NUMY,INTFRP A 3 6 0  
PRINT 2 0 1  X Z E R O ~ Y Z E R O ~ D E L T A X I D E L T A Y I S L A N T I H ! D D E N , S C A L E I L U N ~  A 3 6 1  

1 4 1  I F  (LUN3)  1 4 5 1 1 4 5 , 1 4 2  
"4 

A 3 6 2  
1 4 2  LUN6=LUNJ A 3 6 3  

NUMY=NI A 3 6 4  
READ 1 7 ,  X Z E R ~ ~ ~ Y Z E R Q I ~ E L T A X ~ D E L T A Y I S & A N T ~ H ~ D D E N , S C A L E  A 569 
I N T E R P * D E L T A X / O , O I * I ,  A 3 6 6  
I F  (SCALE1 1 4 4 1 1 4 3 1 1 4 4  A 3 6 7  

1 4 3  SCALE=1.0 A 3 6 8  
1 4 4  CALL PLOTS (PLTARRAYIZS~ ILUNI )  A 3 6 9  

CALL PLOTISOM (xzERoIYzER~~,NUMXINUMY I ~ E L . T A X ~ Q E L T A Y  , S L A N T  N T H  A 3 7 0  
~ D D E N I D A T A G E T R I D A T A T A B ~ P E A K )  A 3 7 1  

XNEW x SLANT*(NuMY-1)  + DELTAX*INUMX-1) A 372 
CALL PLQT (XNEW, YZERB, - 3 )  A 3 7 3  
CALL PLQTS ( 0 1 0 )  A 3 7 4  
REWIND LUN6 A 375 
PRINT 1 9 1  NUMXINUMYeINTERP A 3 7 6  
PR lNT  2Ql X Z E R B ~ Y Z E R O ~ D E L T A X I U E L T A Y I S L A N T I H I D D E N I S C A L E ~ L U V ~  A 3 7 7  

1 4 5  I F  (LUN4)  1 4 9 1 1 4 9 , 1 4 6  A 578 
1 4 6  LUN6=LUN4 A 3 7 9  

kUMY *NJ A 3 8 0  
READ 1 7 ,  X Z E R O I V Z E R Q ~ D E L T A X I D E I , T A Y I S ~ A N T I W ~ D D E N I S C A L E  A 3 8 1  
I N T E R P ~ D E L T A X / ~ , ~ ~ W ~ I  A 3 8 2  
I F  (SCALE)  1 4 8 1 1 4 1 1 1 4 8  A 3 8 3  

147 SCALEa t .  A 3 8 4  
1 4 8  CALL PLB!s (PLTARRAY 1254  t L U N I )  A 3 8 5  

CALL PLBTISnM ( X Z E R B I Y Z E H ~ ~ N U M X I N U M Y ~ D E L T A X ~ D E L T A Y ~ S L A N T ! N T E R F H  A 3 8 6  
~ D D E N I D A T A Q E T R , D A T A T A B , P E A K )  A 3 8 7  

XNEW SLANT*(NUMY.I) DELTAX*(NUMX-1) A 3 8 8  
CALL PLdT  (XNEW, YZERB, -3) A 3 8 9  
CALL PLflTS ( 0 1 0 )  A 3 9 0  
REWIND LUN6 A 3 9 1  
PRINT 1 9 ,  NUMXINUMY~IYTEHP A 3 9 2  
PRINT 2 0 1  X L E R O , Y Z E R Q , D E L T A X ~ D E L T A Y I S L A N T ~ H I D D E N , S C A L E ~ L U N ~  A 3 9 3  

1 4 9  I F  ( L U N 5 )  15311531150  A 3 9 4  
1'30 LUh6zLUN5 A 3 9 9  

lvlJMY eNK 
READ 17r X Z E R B I Y Z E R Q , D E L T A X ~ D E L T A Y , S L A N T I H ~ N I S C ~ L E  
1NTERP=DELTAX/R ,O l r l I  
IC (SCALE)  1 5 2 1 1 5 1 r 1 5 2  

1 5 1  SCALEs1.Q 



NRL REPORT 7392 19 

1 5 2  C A L L  P L O T S  I P L T A R R A Y , ~ ~ ~ , L U N ~ )  A  4 0 1  
C A L L  p L . T I S O M  (XZERB,YZERo,NUMX,NUMY , D E L t A X , D E L T A Y , S L A  ! N ~  A 4 0 2  

I D D E N ,  D A ~ A G E T R ,  DATATAB,PEAK 1 A  4 0 5  
REWIND L U N 6  A  4 0 4  
P R I N T  19 ,  NUMXINUMYIINTEHP A  4 0 5  
P R I N T  2 0 1  X Z E R O , Y Z E R O , D E L T A X t D E L T I Y , S L A N t , H I D D E N , S C A L E , L U N 6  A 406 

153 KNEW S b A N T * t N U M Y r l )  + D F L T A X * t N U M X - I )  A 4 0 7  
C A L L  P L D T  (XNEW, YZERn,  -3) A 408  
C A L L  P L O T S  ( Q , 0 )  A  4 0 9  
END F I L E  L U N l  A 4 1 0  
REWIND L U N l  
C A L L  STOPPLQT 
P R I N T  2 1 1  LUNi,LUN2tLUNS,LUN4,LUN5 
S T 8 P  
END 

S U B R O U T I N E  WEIGHT B 1 
C COMPUTES THE SUMMATIUN OF HYDROPHmNE W E I G H T I N G S  I N  THE F I R S T  B 2 
C D l R E C l l n N  W I T H  OR WlTHklUT P A T T E R N  M U L T I P L I C A T I Q N ,  B 3 

COMMON / B L K /  N H Y D R O , W A V E ~ N S C A L E ~ W ( 4 0 3 ~ ~ X ~ 4 0 0 ) ~ Y ( 4 0 0 ~ ~ Z ( 4 0 0 P 4 0 0  B 4 
1 , S P ( 6 5 0 ) ~ C P ( 6 5  ) , S R ( 6 5 0 ) , C R ( 6 ~ 0 ) , L U N i , N H I K ~ T ~ Z A M P t 6 S ~ ) , L 2 N N  B 5 
2 1  . N J , D A T A T A B ( ~ ~ Q )  , S C A L E , N U M X l L U N 4 1 L U N 5 , L u N 6 , L D P ~ N ~ , ~ ~ V ~ ( 6 5 0 )  B 6 

DO 2 I . l r N H Y D R O  B 7 
I F  ( W C l ) )  2 , 1 8 2  B 8 

1 w ( I ) = 1 1 0  B 0 
2 W ( 4 O l ) r W ( 4 O l ) + A R S ( W ( I ) )  B 1 0  

RCTURY B 11 
END B  1 2 -  

S U B R 0 U T I N E  ZWElGHT ( K I l K 2 )  C 1 
C COMPUTES THF S U M M A T l @ N  OF HYIIRQPHONE W E I G H T I N G S  I N  THE SECOND C 2  
C  D l R E C T I n N  WHkN U S I N G  PATTERN M U L T I P L I C A T I O N .  C 3 

COMMON / B L K /  N H Y D R O I W A V F , ~ S C A L E , W ( ~ ~ ~ ) ~ X ( ~ ~ ~ ) , Y ( ~ O O ) , Z ~ O O ) P ~ O ~  C 4 
~ , S P ( ~ ~ ~ ) ~ C P ( ~ ~ O ) , S R ( ~ ~ ~ ) , C R ( ~ ~ O ) ~ ~ U N ~ ~ N H K H Z A P ~ L U N ~ L J N ~ I  C 5 
~ I , ~ Y J , ~ A T A T A ~ ( ~ ~ O ) , S C A L E , N I I H X , C U N ~ ~ L U N ~ , L U N ~ , L D P , N K , D A M P ~ ~ ~ ~ )  C  6 
D O  2 K = K & , K 2  C 7 
I F  ( H ( K ) )  2 , 1 , 2  C 8 

1 N ( K ) ' l l O  C 0 
2 W ~ ~ O ~ ) = W ( ~ ~ ~ ) + A B S ( W ( K ) )  C 1 0  

RETURN C Pi 
END C 12- 

S U B R O U T I N E  D w E I G H T  ( K 3 , K 4 )  D 1 
c COMPUTES THE SUMMATION OF HYDROPHmNE W E I G H T I N G S  I N  THE T H I R D  D  2 
C D I R E C l l n h  WHEN U S I N G  P A T T F R N  M U L T I P L I C A T I O N .  D 3 

COMMON / B L K /  N H Y D R O , W A V F , ~ S C A L E I W ( ~ O ~ ) ~ X ( ~ O O ~ , Z ~ O O P ~ O O  D 4  
I I S P ( ~ ~ ~ ) ~ C P ( ~ ~ ~ ) , S R ( ~ ~ O ) ~ C R ( ~ ~ ~ ~ ~ L U N I I N K H T Z A P O L U ~ L U N S  D  5 
~ ~ , F ~ J , D A T A T A B ( ~ ~ O ) , S C A L E I N ~ J M X , L U N ~ I L ~ ~ N ~ , L U N ~ ~ L ~ P , N K ~ D A M P ( ~ ~ O )  D 6 

DB 2 K 8 K 3 8 K 4  tl 7 
I F  ( W ( K ) )  2 , 1 8 2  D 8 
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1 W ( K ) a 1 , 0  
2 W t 4 0 3 ) r W ( 4 0 3 ) * A A ~ ( W ( K ) )  

RETURN 
END 

F U N C T I O N  PHASE ( A l B , R , S , T )  
COMPUTES THF HYDRBPH0NE D E L A Y S  DUE TO THE BEAM FBCUS,  
COMMON / B L K /  N H Y D R O , W A V E I N S C A L E , W ~ ~ O ~ ) , X ( ~ ~ O ) , Y ~ ~ O O I I Z ( ~ O O ) , P ( ~ ~ ~ O ~  

J I S P ( ~ ~ O ) ~ C P ( ~ ~  ~ , S R ( ~ ~ ~ ) , C R ( ~ S Q ) ~ L U N ~ I N H I K H T ~ Z A M P ( ~ ~ O ) , L U N ~ I L U N ~ , N  
2 1 , N J , D A T l T A 8 ( 6 ~ 0 ) , E C I L E , N U M X , L U N 4 , L U N 5 ~ L U N 6 ~ ~ P P , N K , ~ ~ M P t 6 5 o )  

DATA ( A A r 9 9 , ) , ( B B = 9 9 , 0 )  
I F  ( A - A A )  1 1 2 1 1  

1 S A z S I N I A )  
C A ' C O S ( A I  
AAFA 

2  IF ( 8 - 8 8 )  3 1 4 1 3  
3 S R = S I N ( B I  

C R = C O S ( B )  
8 3 - 8  

4 P H A S E = 6 , 2 8 3 1 9 * W A V E * ( S A * ( R * C B * S * S B ) s f . C A )  
RETURN 
END 

S U B R Q U T I N E  CALC ( M N I M ~ A P )  
CDMPUTES THE A M P L I T U D E  DUE TB THE SUMMATION OF A L L  D E L A Y S  I N  THF 
F I R S T  D I R E C T I O N  W I T H  OH WITHUUT P A T T E R N  M U C T I P L I C A T I O N ,  
COMMON / 8 L K /  N H Y D R O ~ W A V F ~ N S C A L E I W ( ~ ~ ~ ) ~ X ~ ~ O O ) I Y ( ~ O O ~ ~ Z ~ ~ O O ) ~ P ( ~ O O )  

~ I S P ( ~ ~ Q ) ~ C P ( ~ ~ O ) ~ S R ( ~ ~ O ~ , C R ( ~ ~ Q ) I L U N ~ ~ N H ~ K H T , Z A M P ( ~ ~ O ) ~ L U N ~ ~ L ~ I N ~ ~ N  
~ ~ , N J I D A T A T A R ( ~ ~ ~ ) I S C A L E ~ N U M X I L U N ~ I L L J N ~ ~ L U N ~ ~ L D P ~ N K , D A M P ( ~ ~ ~ )  

A =  s o  
8 = 8 , 0  
DO 1 I = l r N H Y D R B  
ARG=6,283~8*WAVE*tSP(MN~*(XtI)*CR(M)+Y(l)*SR[M))*Z(l)*CP(~N))~Ptl) 
A = A * W ( I ) s S I N ( b R G )  
8 = B * W ( I ) * C O S ( A R G )  

1 CBrvT INUE 
AP:SQRT(AsA*H*B)  
RFTUHN 
END 

S U B R Q U T I N E  ORTHORAY ( H N , M , Z A P , K I I K ~ )  
" 
v CBYPUTES THE A M P L I T U D E  DUE TO THE SUMMATION OF A L L  D E L A Y S  I N  THE 
C SFCBND D l R E C T I O N  WHEN USIWG P A T T E R N  M U L T I P L I C A T I O N .  

CAHM@N / U L K /  N H Y D R @ , W A V E , N S C A L E I W ( ~ ~ ~ ) , X ( ~ O ~ ) , Y ( ~ ~ Q ) ~ Z ( ~ O ~ ) I P ~ ~ O O ~  
11SPt650)~CPt65~),SR(650) , C R ( ~ S O ) , L U N ~ I N H ~ K H T ~ Z A M P ( ~ ~ ~ ~ , L U N ~ ~ ~ U N S , R  
~ ~ , ~ J I D A T A T A R ( ~ ~ ~ ) I S C A L E , N U M X I L U N ~ I L U N ~ , L U N ~ , L @ P ~ N K , D A M P ( ~ ~ Q )  

A = u .  0  
B = O , O  
D O  1 K c K $ I K ~  
A R G = 6 , 2 8 3 t 8 * W A V E * ( S P ( M N ~ * ~ X ( K ~ * C R ( H ~ + Y ( K ) * S R ( M ) ) * Z ( K ) * C P ( M N ) ) ~ P t K ~  
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A n A * W ( K ) r S I N ( A R O )  G 11 
B Z B + W ( K ) * C O S ( A R G )  G 12 

1 C 9 N T l N U E  G 1 3  
Z A P = S Q R T ( A * A * B * B )  G 1 4  
RFTURN G 1s 
END G 16-  

S U B R B U T I N E  T H l R D J R  ( M N l M ~ f i A P ~ K J t K 4 )  H  1 
S Cf lMPUTES THE A M P L I T U D F  DUE TO THE SUMMATION OF A L L  D E L A Y S  I N  THe H 2 
C T r l R D  D I R E C T l O N  WHEN U S I N G  P A T T E R Y  ~ U L T I P L I C A T I ~ N ,  H 3 

CnMMON / B L K /  N H Y D R O ~ W ~ V E I ~ S C A ~ E I W ~ ~ O ~ ) , X ~ ~ O O ~ I Y ( ~ ~ ~ ) ~ Z ~ O O ~ P ~ Q O  H I 
~ I S P ( ~ ~ O ) , C P ( ~ ~  ) , S R ~ ~ ~ ~ ~ I C R ~ ~ ~ Q ) , L U N ~ , N H ~ K H T ~ Z A M P ( ~ ~ ~ ) , ~ L L ~ N $  H 5 
2 1  l N J ~ D ~ T * T A ~ ( 6 ~ o )  ~ S C A L E l N ~ ~ N X ~ L U N 4 ~ L U N ~ ~ L U N 6 1 ~ ~ P l N K l ~ A M P ( 6 5 ~ ~  H 6  

A  a 
0 = 8 : 8  

H  7  
H 8 

D B  1 K @ K S , K Q  H 9 
A R Q = ~ , ~ ~ ~ ~ ~ * W A V E * ( S P ( M N ) . ( X ( K ) + C R ( M ) * Y ( K * R * K * C N P ~ K  H 1 0  
A a A + U ( K ) * S I N ( A R G )  H 11 
B = B * w ( K ) ~ C B S ( A R Q )  H 1 2  

1 CONTINUE H 1 3  
D A P = S Q R T ( A * A e B * B )  
R E  TURN 
€ 4 0  H  16. 

S U B R 0 U T I N E  OUTPUT (K IA)  1 %  
C STBRES THE RESPONSE C4LCULATICJNS I N  L U N 2 ,  1 2  

CnNM0N / B L K /  N H Y D R B I W A V E ~ N S C A L E I W ( ~ ~ ~ ) I X ( ~ O O ) I Y ( ~ ~ ~ ) ( Z ( ~ O ~ ~ O O  I 3 
~ I S P ~ ~ ~ ~ ) ~ C P ( ~ ~ O ) I S R ~ ~ ~ ~ ) I C R ( ~ S ~ ) I L U N ~ ~ N H H T Z A M P ~ O N ~ I U N N  1 I 
~ ~ I N J , D A T A T A B ( ~ ~ ~ ) I S C A L E , N U M X , L U N ~ I L U N ~ ~ L U N ~ ~ L D P ~ N K ~ D A M P ~ ~ ~ ~ ~  1 5  

DATA ( N A r 6 2 9 ( O ) I t ( B A * 6 2 9 ( 0 ) )  
D I M E N S I O N  A ( 6 5 0 ) ,  N A ( 6 5 0 ) t  B A ( 6 5 0 )  

I 6  
I 7  

NLIMX'K 1 8  
Dm 2 JII~K 
~ A ( J ) = A ( J ) / W ( ~ ~ ~ ) * Z A M P ( J ) / W ( ~ ~ ~ ) * D P M P ( J ) / W ( ~ Q ~ )  

I 9  
I 1 0  

N A ( J ) = B A ( J ) * ~ 0 0 0 0 0 0 ,  I 11 
I F  ( N A ( J  9 N S C A L E )  2 , 2 , 1  I 1 2  

1 N S C A L E = N ~ (  J )  I 1 3  
2 C O N T I N U E  1 1 4  
3 1F ( U N I T d L U N Z )  3 1 4  I 1 5  
4  BUFFER OUT ( L U N 2 t i )  ( ~ A ( ~ ) I R A ( N U M X ) )  

N N r N H + 1  
1 16 

RFTUHN 
I 1 7  
1 1 8  

evQ I 19- 

S U d R B U T I Y E  BUTTW@ ( K O & )  J 1 
c STERES THE RESPONSE C A L C U L A T i d N S  I N  THE F I R S T  D I R E C T I O N  I N  L U N 3 ,  J 2 

CRMMBN / 6 L K /  N ~ Y U ~ O I W A V E I ~ S C A L E I W ~ ~ O ~ ) ~ X ( ~ O O ~ I Y ~ ~ O O ~ I Z ~ O P ~ ~ O O  J 3  
1 1 S p ( b S o ) ~ C P ( 6 5  ) ~ S R ( ~ ~ Q ) I C H ( ~ % ~ ~ I L U N ~ , N ~ ~ K H T ~ Z A M P ( ~ ~ O ) , L U N ~ I L U N ~ N  J 4 
2 1  , ~ J I D A ~ A T A R ( ~ ~ ~ ) , S C A L E , N ~ ~ M X I L Y Y ~ , L U N ~ ~ L U N ~ ~ ~ L P P . * K ~ D A M P ( ~ ~ ~ )  J 5 

DATA ( X A = 6 2 9 ( 0 ) )  J 6  
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D l M E N S l O N  A ( 6 5 0 1 ,  X A ( 6 5 0 )  
NIIMx'K 
Dn 1 J = l l K  

1 X A ( J ) n A ( J ) / W L 4 0 1 )  
2 IF ( U N I T l L U N 3 )  2 1 3  
3 BUFFER OUT ( L U N 3 , I )  ( X A ( 1 ) r X A t N U M X ) )  

NI=NI+~ 
RETURN 
END 

S U B R O U T I N E  mUTTHREE ( K , A )  
STORES THE RESPONSE C A L C U L A T I O N S  I N  THE SECbND D I R E C T I O N  I N  L U N 4 t  
CFIMMBN / B L K /  N H Y D R B , W A V E ~ M S C A L E , ~ ( ~ ~ ~ ) ~ X ~ ~ O ~ ) I Y ( ~ ~ ~ ) , Z ( ~ O ~ ) I P ( ~ ~ ~ ~  

~ ~ S P ( ~ ~ ~ ) ~ C P ( ~ ~ ~ ) ~ S R ( ~ ~ ~ ) ~ C R ( ~ S ~ ~ ~ ~ ~ N ~ ~ N ~ ~ K H T ~ Z A M P ~ ~ ~ ~ ~ ~ L ~ ~ ~ I L ~ J N ~ ~ ~  
~ I I N J I D A T A T A B ( ~ ~ ~ ) I S C A L E ~ ~ N ~ J M X ~ L U Y ~ ~ L U N ~ ~ L U ~ ~ I L @ P I N K I D A M P ( ~ ~ O )  

DATA ( Y A . 6 2 9 ( 0 ) )  
D l M E N S I Q N  A ( 4 5 0 ) ,  Y A ( 6 5 0 )  
IYUMX'K 
Dm 1 J a l l K  

1 Y A ( J ) = P ( J ) / w ( 4 0 2 )  
2 1F ( U N I T r L U N 4 )  2 1 3  
3 BIJFFER OUT ( L U N 4 r l )  ( Y A ( l ) p Y A ( N U M Y ) I  

N J = N J ' I  
RETURN 
EVD 

SIJBRBUT 1 NE BUTFOUR t  K , A )  
C STORES THE RESPONSE C A L C U L A T I O N S  I N  TYE T H I R D  D I R E C T l O N  LUNSo 

CAMMQN / B L K /  N H Y ~ R Q , W A V E l N S C A L E I W ( 4 0 3 ) ~ X ( 4 O O ~ ~ ~ ( 4 O 0 ) 1 Z ~ 4 O O ) ~ P ~ 4 O O ~  
i , S P ( 6 5 0 ) , C P ( 6 5  ) , S R ( ~ ~ ~ ) , C R ~ ~ ~ ~ ) , L U N ~ I N Y , K H T J Z A M P ( ~ ~ D ) , L U N ~ I L U N ~ , N  
2 1 ,  h J 1  DATATAR ( 6 9 0 )  1 S C A L E I N I I H X ~ L U Y ~  I L U N ~ , L U N ~  , L @ P ~ N W I  D * * P t 6 5 0  I 

DATA ( O A r 6 2 9 ( 0 ) )  
D I M E N S I O N  A ( b S O ) ,  D A ( 6 5 0 )  
hlJMX=K 
D O  1 J a l l K  

1 D A ( J ) = A ( J ) / w ( 4 0 3 )  
2 IF ( U N I T I L U N S )  2 1 3  
3 BUFFER h&'T ( L U N 5 , l )  ( D A ( ~ ) I D A ( N U M X ) )  

f U U = N K & l  
RETURN 
END 

S U B R O U T I N E  DATAGETH 
C I N P U T S  THE RESPONSE C A L C U L A T l f 9 N S  FOR USE 9Y S U B R O U T I N E  P b O T l s d ~ ,  

COMMON / B L K /  N Y Y D R O l W A V E l ~ ~ ~ ~ ~ ~ , ~ ( 4 0 3 ~ ~ % ( ~ ~ 0 ~ ~ ~ ( 4 ~ 0 ) , ~ ( 4 0 ~ ) ~ ~ ~ 4 O O ~  
~ ~ S P ( ~ ~ ~ ) ~ C P ( ~ ~ O ) ~ S R ( ~ ~ U ) , C R ( ~ ~ O ~ I L U Y ~ ~ N H ~ K H T ~ Z A M P ( ~ ~ O ) I L U N ~ I L U N ~ I N  
~ ~ ~ ~ J I D A T A T A B ( ~ ~ ~ ) ~ S C A L E ~ N ~ I H X I L U N ~ ~ L ~ J ~ ~ ~ L U N ~ ~ ~ I ~ P ~ N K I D A Y P ( ~ ~ Q ~  

BUFFER I N  ( L u N ~ , ~ )  ( D A T A T ~ B ( ~ ) , D A T A T A Q ( P ! U M X ) )  
1 I F  ( U N I T ~ L U N ~ )  1 1 2  
2 om 3  I = ~ ~ N U M X  



NRL REPORT 7392 23 

3 DATA T A B ( I ) = D A T A T A B ( X ) * D A T A T A B t I ) * S C A L E  M 9  
RETURN 
END 

M 1 0  
M ll- 

SUBROUTINE P L Q T I S O M (  XZERR, YZEROI NUMX, NUMY, DELTA X ,  DELTA Y; 0 0 0 0 0 1 0 0  
1 SLANT, INTERP,  HIDDEN,  DATA GETRI DATA TAB, PEAK ) 0 0 0 0 0 2 0 0  

C !DENT NUMBER * J5003ROO 0 0 0 0 0 3 0 0  
C  T I T L E  - I S O M E T R I C  PLCJTTING 0 0 0 0 0 4 0 0  
C  I g E N T  NAME - J5-NRL-PLOTISOM 0 0 0 0 0 ~ 0 0  
C  LANQUAGE - FORTRAN 0 0 0 0 0 6 0 0  
c COMPUTER - C D C e 3 8 O O  0 0 0 0 0 7 0 0  
C  C D h T R l 0 U T Q R  . HENRY A, RHOWN, CODE 5 3 4 4  0 0 0 0 0 8 0 0  
C TARGET C H A H A C T k Q l S T I C S  BRANCH, RADAR D I V I S I Q N  O D O O O ~ O O  
C  O R G A N l Z A T I 0 N  NRL - NAVAL RESEARCH LABORATORY 

W A S H I N O T ~ N I  DIC1 2 0 3 9 0  
0 0 0 0 1 0 0 0  

C 0 0 0 0 1 1 0 0  
C DATE 1 AUGUST 1 9 6 9  0 0 0 0 1 2 0 0  
c PURPBSE 8 TO PLOT THE H Q R l Z D N T A L  CUTS OF A FUNCTION OOOOlSOO 
c OF T W O  VARIABLES ONE C U T  A T  A TIME, o o o o i 4 0 0  
C * * *  TuE F ~ L L @ W I N G  PARAMETERS MUST B E  SET IN THE C A L L I N G  PR@GRAW - * -  0 0 0 0 1 5 0 0  
C  0 0 0 0 1 6 0 0  c - - -  XZERQ t HORIZONTAL D I S T A N C E  I N  1NCHES In LOWER L E F T  HAND CORNFR 0 0 0 0 1 7 0 0  
C  QF PLOT FRQH PLOT O R I G I N  0 0 0 0 1 8 0 0  
C C - - -  0 0 0 0 1 9 0 0  

YZERO 1 V E R T I C A L  D I S T A N C E  I N  I N C H E S  TO LOWER L E F T  HAND CQRNER 0 0 0 0 2 0 0 0  
C OF PLOT FR@Y PLOT O R I G I N  0 0 0 0 2 1 0 0  
C  c - - -  0 0 0 0 2 2 0 0  

NUMX NUMBER OF DATA P U I N T S  I N  X  D I R E C T I O N  0 0 0 0 2 3 0 0  
C  c - - -  0 0 0 0 2 4 0 0  

hUMY i NUMOER OF H O R l Z n N T A L  CUTS TB RE PLOTTED 0 0 0 0 2 5 0 0  
C 0 0 0 0 2 6 0 0  
C  '-* DELTA X S H O R I Z O N T A L  S E P A Q A T I B N  OF nATA P 0 I N T S  I N  INCHES 0 0 0 0 2 7 0 0  
C  0 0 0 0 2 8 0 0  c - - -  DELTA Y  i V E R T I C A L  SEPARATION BP NORIZONTAL CUTS I N  INCHES 0 0 0 0 2 9 0 0  
c 0 0 0 0 3 0 0 0  
C '-- SLANT C HORIZONTAL OFFSET I N  INCHES Q F  ADJACENT H O R I Z B k T A L  CUTS 0 0 0 0 3 1 0 0  
c 0 0 0 0 3 2 0 0  
C  - - -  I N T E R P  = N  MBER BF L I N E A q L y  1NTERPf lLATED P O I N T S  TO BE I N S E R T F D  0 0 0 0 3 3 0 0  
c B ~ T W E E N  D A T A  POINTS o o 0 0 3 4 0 0  
C  0 0 0 0 3 5 0 0  c - - -  H I D D E N  * G T I  O I I F  H I D D E N  P n l N T S  ARE TB BE PLOTTED 0 0 0 0 3 6 0 0  
C  . & T .  O I I F  H I D D E N  P O I N T S  ARE NOT TO BF P L n T T E D  0 0 0 0 3 7 0 0  
C  0 0 0 0 3 A 0 0  
C - - -  * n A T A  GETR* IS A SUBHnUTIbJk  WRlTTEN B Y  THE USER AND DECLARED 0 0 0 0 3 9 0 0  
C EXTERNAL I N  THE C A L L I U G  PROGRAM WHICH TRAYSFERS I U T B  0 0 0 0 4 0 0 0  
C  DATA TAB THE n A T A  REPRESENTING ONE UORIZONTAL CUT FOR 0 0 0 0 4 1 0 0  
C EACH CALL TO nAFA GETR I N  SFQUENCE FROM THE FRONT OF 0 0 0 0 4 2 0 0  
C  THE PLOT T o  THE HFAR OF THE PLOT,  0 0 0 0 4 3 0 0  
C  0 0 0 0 4 4 0 0  
C - - -  * D A T A  T A B *  IS THE A R R A Y  I N T O  ,,IHICH D A T A  G F T R  T R A N S F E R S  O ~ V E  o n o n 4 5 0 0  
C H O R I Z B N T A L  CUT OF DATA, T H I S  ARRAY VUST BE D I M E N S I ? N E D  0 0 0 0 4 6 0 0  
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q I N  THE C A L L I N G  PROGRAM FOR NUMX L O C A T I O N S ,  

- - -  * P E A K *  I S  A  WORK ARRAY SFD BY P L O l l S O M  AND MUST BE OIMENSIONFD 
C 1N THE C A L L I N G  P # U C R A M  FOR ( NUMX -1) * I N T E R P  * NUMX 
c L O C A T 1  ONS 
C 

D I M E N S I O N  DATA T A R ( 1 1 ,  P E A K ( 1 )  
EXTERNAL DATA GETR 
A S S I G N  2 2 0  T@ I J P  
A S S I G N  32  TI3 I J K  
I F (  H l D b t N  , G I ,  0 ,  ) A S S I O N  2 1 0  T q  I J p  
LHCK x 2  * I N T E R P  
D I X  3 DELTAX / (  I N T E R P  * I,) 
h S L A N T  s I N T F C  SLANT / D l Y  ) 

DZX = D I X  * NSLANT 
NUBX a ( NUMX m i  ) *  IYTEHP 4 NUMX 
L M ~  8 NUBX - NSLANT 
L M 6  = LM5 + l  
LM7 = NUMX / 2  
LM8 = NUtlX / 2 
X I  a Y Z E H O  - DZX S YZ = YZERO - DELTAY 
D m  1 I 1 1  hUBX 

1 P F A K ( 1 )  @ - . 5 2  
I F L A G D  = *1 

COMMEhCE HORIZONTAL C U T  L O @ P  
D O  2 2  1V 11 NUMY 
I F L A G O  n -1 l F L A G D  
YZ YZ DELTAV 
X 2  = X Z  3 XZ + D Z X  
C A L L  P A T 4  GETR . 
G O  TO J K , (  3 0 1  3 2  ) 

c * + *  P R E P A R ~  F O R  NEG x DIRECTION P L O T T ~ N O  
3 0  X2 a ( NUMX e l  ) *  DELTAX * XZ 

DECTAX = - 1 . a  DELTAX 
D I X  = *it* D l %  
L L  = NUMX *l 
DO 3 1  1 r 1, L M 7  
L L  L L  -1 
TT nATA T A 8 1 1 )  
DATA T A B ( 1 )  a D A T A  T A R ( L L )  
DATA T A B ( L L )  = T T  

3 1  CQkTIMUE 
ASSIGM 32 TO I J K  
A S S I G N  10 TO J P I  
A S S I G N  2 1  TO JP2 
A S S I G N  16  TO JP3 
G O  TB 33 

5 2  A S S I G N  3 9  TO I J K  
A S S I G N  16  TO J P 1  
A S S I G N  1 9  TO J P 2  
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ASSIGN 2 1  TO JP3 
33 Y2 = DATA T A B ( 1 )  + YZ 

YPK = P E A K ( 1 )  
I F (  Y? .GT, P E A K ( 1 )  ) G O  TO 2  
IFLAGP r -1 
GO TI3 2 0 0  

2 IFLAG? I 
P E A K ( I )  * Y2 

2 0 0  I F (  IFLAGD ,LT ,  0  ) GR 78 2 0 1  
I F (  Y2 ,LE ,  YZ ) G O  T O  2 0 3  
IF( ~ 2  ,CE, Y P K  ) GB T B  zn3 
Y3 = v z  
I F (  YPK ,GT. YZ ) Y3 m . Y P K  
GO T t  2 0 2  

2 0 1  IF( ~ 2  ,SE, Y Z  1 G B  Tn 7 0 3  
Y3 = YZ 

2 0 2  CALL PLOT( X21 Y3, 3  ) 

CALL P L @ T (  X21 Y21 2 
2 0 3  CALL PLOT( X21 Y21 3  ) 

CAMMEhCE PLOTTING OF S l N G L t  HORIZONTAL CUT 
GO 1 5  I X  = 2 ,  NUMX 
Y P = Y i = Y 2  s X L = U .  
X I  = XP = X 1  = X2 
X? = X2 + DELTAX 
Y2 = nATA T A B ( I X )  YZ 
GO T0 I J P t (  210 ,  7 2 0 )  

C * * *  P L O T  ALL POINTS ( H lDnEN .GT, 0  ) 
2 j 0  CALL P L @ T (  X21 Y21 2  

GO T t  15 
C  * * *  D9 NBT PLAT HIDDEN PBINTS ( HIDDEN ,LT l  0 ) 

220  LM1 = I X  * (  JNTERP ) - L M C U  
LM2 g L M l  + INTEHP -1 
LM3 = LM2 + 1  
SS = ( Y2 - Y 1  I /  DkLTAX 

J O R  7 1 2 L M l l  CM2 
I F L A G 1  = !FLAG2 
X L = X L * D I X  $ X A = X A * D I X  
YL = SS XL + Y 1  
[FLAG2 = -1 
I F (  YL . L T ,  PEAK( ! )  ) GO TB 3 4  
P E A K ( 1 )  = YL 
IFLAG7 = 1 

34  IFLAGM = I F L A G 1  * IFLAG2 
IF IFLADM .GT, 0  ) Ln  T U  6 
IF[ IFLA'P . L T ,  o ) t i9 T B  5 
CALL PLOT( X A ,  Y L t  3  ) 
GO TO 6 

5 CALL PLAT(  XP l  YP, 2  ) 

6 X P = X P * D I X  
YP = YL 
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7 CRrvTlNUE 
IF LAG^ = IF LAG^ $ IF LAG^ = e l  

YPK PEAK(LM3)  
IF( Y ?  . L T ,  Y P K  ) G O  T B  7 n  
PEAK(LM3)  = Y2 
IFLAG2 x 1 
IPEY = 2 
I F (  !FLAG1 . L T l  0  ) IPEN = 3 
CALL PLOT(  X21 V21 I P F N  
GR TO 1 5  

7 0  I F (  I F L A G 1  . L T l  0  ) ti0 T B  15 
CALL P L O T (  XP, YPI 2  ) 

1'3 CO4TIYUE 
Y3 = YZ 
IF( IFLAGD ,LTl  0  ) G O  T B  1 5 0  
I F (  Y2 .GE. YZ ) 1 5 2 ,  153  

1 5 0  I F (  Y2 . t E ,  VPK ) G Q  To 1 5 3  
I F (  Y2 ,GE, YZ ) 1 5 1 ,  1 5 4  

1 5 1  1F(  YPK (GT.  YZ ) Y3 = YPK 
1 5 2  CALL PLOT(  X2, Y2, 3  ) 

CALL PLOT(  X2 ,  Y 3 r  2 ) 
1 5 5  CnNTINUE 

Gn T'@ JP1, ( 1 6 1  1 9  
C * * *  S L I P  PEAK TABLE 

16 Dm  1 7  I r 1. Lt45 
L Y 1  = I NSLANT 

1 7  PEAK( ! )  r PEAK(LM1)  
D O  1 8  1 8 LM6, NUPX 
P F A K ( 1 )  a - . 5 2  

1 8  CnNTlNUE 
G O  TO JP2,(  1 9 ,  2 1  1 

C * * *  F L I P  PEAK TABLE 
1 9  LL  = NUBX +I 

09 2 0  I i 11 LM8 
L L  = L L  =l  
I T  P E A K ( 1 )  
PEAK( ! )  r P E A K ( L L 1  
P F A K ( L L )  = T T  

20 Cf?hTlNUE 
G O  T O  J P 3 t (  1 6 1  2 1  ) 

2 1  IF( DFLTAX . & T ,  0 .  ) nELTAX = DELTAX 
IF( D I X  I L T .  0 ,  ) D I X  = -I,* D l X  

2 2  COhTINUE 
ENG 
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6. 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 
plots shown in Figs. 2a through 2d and the printout on the following 3 pages. The 
plots are the computed responses of an array occupying a cube and are an example 
of pattern multiplication. In plots such as Figs. 2a through 2d the vertical axis 
defines the power response. The horizontal axes define the direction of the incoming 
wave; the generality of the program makes any specific labeling arbitrary. 



Fig. 2a - Response of four hydrophones 
along one edge of a cube 

Fig. 2b - Response of four hydrophones along an 
edge of the cube perpendicular to the first line of 
hydrophones (Fig. 2a) 

Fig. 2c - Response of four hydrophones along an Fig. 2d - Pattern-multiplication product of the re- 
edge of the cube perpendicular to the plane defined sponses of the three linear arrays of hydrophones 
by the first two lines of hydrophones  (Figs. 2a (Figs. 2a through 2c) 
and 2b) 
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~YoROPHONE ARRAY RESPONSE TO A PLANE HAVE SIGNAL 

SPEED OF SOUND ' 4900o000  

HYoROPHONE PATTERN MULTIPLIER ARRAY I N  THE F I N S T  DIRECTION 

X Y Z WEIGHT 

HYOROPMONE PATTERN MULTIPLIER ARRAY I N  THE SECOND O I R E C T ~ O N  

X Y Z WEIGHT 



LEON P. LaLUMIERE, JR. 

HYDROPHONE PATTERN MULTIPLIER ARRAY I N  THE T H I R D  D I R E C T I O N  

LARGEST NUMBER = 999999 OR OCTAL 3 6 4 1 0 7 7  

NO. O F  RECORDS = 181 OR OCTAL 2 6 5  FOR LUN = 2 

NO. OF RECORDS = 181 OR OCTAL 265 FOR LUN = 3 

NO. OF RECORDS = 181 OR OCTAL 2 6 5  FOR LUN = 4 

NO. OF RECORDS = 181 OR OCTAL 2 6 5  FOR LUN = 5 
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PLOTTING PARAMETERS 

NUMX 8 629 
NUMY 8 1 0 1  
I N T E R P m  1 
XZERO = 0,000 
YZcRo 8 0,250 
DELTAX = 0,020 
DELTAY a 0,040 
SLANT = 0.040 
HII)OEN 8 a l , ~ o o  
SCALE 8 2,000 
LUN = 2 

NUMX = 629 
NUMY = I 8 1  
INTERP = 1 
XZERO Or000 
YZERO + 0,250 
DELTAX = 0,020 
DELTAY a 0,040 
SL4NT 0.046 
HIDDEN 8 r l e O O O  
SCALE 1 2,000 
LUN 8 3 

NUMX 8 629 
NUMY p 1 8 1  
TWERP r 1 
XZERO = O e O O O  
YZERO 0,250 
DELTAX 8 OeO2O 
OELTAY 8 0,040 
SCANT = 0,040 
HIDDEN = ~ 1 , 0 0 0  
SCALE 2,000 
LUN = 4 

NUMX = 529 
NUMY a 181 
I N T E R P =  1 
XZEHO = 0 ~ 0 0 0  
YZERO 0,250 
DELTAX 8 0,020 
OELTAY 0,040 
SLANT 0,040 
HIDDEN ~ 1 , 0 0 0  
SCALE = 2,000 
LUN 8 5 
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