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U. S. NAVY UNDERWATER SOUND LABORATORY
FORT TRUMBULL, NEW LONDON, CONNECTICUT

TRAISFER FUNCTION, IMPULSE RESPONSE AND
RERADIATED WAVEFCRM FOR AN ELLIPTICALLY SYMMETRIC

“ERADIATION FUNCTION OF THE FORM ® p) HALF AN ODD INTEGER
(USL PROGRAM NO, 0737)

by
Donald A. Stremsky
USL Technical Mermorandum No. 2242-156-67 .~

1 May 1967

INTRODUCTION

\!
A conputational program has been prepared by the Information

Processin; Division to compute a particular Reradiation Function w(X);

Transfer Function % (v,P); Impulse Response w (t,f); and Reradiated
Viaveforn ¢ (t,P) as defined belov in terms of the incident plane vave
pulse. This IBM 704 prog 1am\oe01bnated USL Progrem No. 0837, is in
Fortran II language and is described in Appendixes A and B. Similar
computational programs are described in USL Technical Memorandum Nos.
22UP-111-67 and 224P-157-67.

THECRY
Raference (2) contains a description »f the methematicel mndel

constructed and the theory behind c 'nsideing reflection as a
reradiation ohenomerion.
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The besic input data deck required by the program consists of

four cards. 1
|
Teble 1
Cerd Formats
Card lio. Cols. Contents
1 _"_f“, 9.1
7=16 8
17-24 X,
25-32 %o
33-40 c
I =h3 v
4951 v
52-5U ISKP (set equal to zero to compute
Reradiation Function)
55=57 JSKP (set equal to zero to compute
Transfer Function)
57-60 KSKP (set equal to zero to compute
Impulse Response & reradiated
vaveforn)
For long jobs requiring the use of
a dump tape at least one of the
above variables should not be set
equal to zero.
61-63 NSTOP (In reference to Reradiated
Waveform Array (k,t), NSTOP is
the numbe: ol times t is incremented
when k has its maximum value.
2 1-8 Initial value of W
G=16 Maximum value for W
12-2h Initial va_ue for t
25-32 Initial value of k (if not computed)
36 -36 KK (if set equal to zero, initial
value for k will be computed)
39-L46 Lhiimwn value for k
1 T b
7 ’%-‘1(, Ar Components of A
]:’?, :‘, } Components of N
€)™ e >
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2242-156-07
gerd Jic. Cols Contents
2 33-40 Ax
ha-48 A xo
Li¢-56 At
57-6k4 Increment of @
65=-72 Ak
5 1-8 Wo
o=16 AW
17-24 Maximum value of 2
25=-32 Initial value of &
33-ho az
h-kd ?
Formeats:
Card No. 1 - Fomet 6FC.3, 5I3
2 - Format LF8.3, 2X, 12, 2X, F8.3
3 - Format OF8.3
L - Format 6FS.3
Tape Units Required
Tape Unit No. Tape Identification
Data Input
U Values for Reradiation Function,
Transfer Fanction & Impulse
Response.

Calcomp Plotter containing
va 'ues for Reradiation Function
Reradiated Waveform Arrey (k,t)
Transfer Function Array (k,w)
Impulse Response Array (k,t)

( Dump Tape

S5 must be do n to dump.

Mo othop sense switches are used.

WO ONN W

L
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Subrourines Required

Subroutine AMP computes the values for A array referred to under
equaticn (&),

Subroutine SPHJ computes the values of spherical Bessel Functions
(see reference (b) and Appendix C).

PROGRAM OUTPUT

Tape #4 contains:

(1) The va'ues for the Z array plus the corresponding values
for the Reradiation Function sccording to Format (1X, F1C.5, SX,
F10.5).

(2) The values for the product of k and w plus the corresponding
vaiues of the Transfer Function according to Format (1%, F10.5, 5X,
F10.5).

(2) The values for t/k plus the corresponding values for the
Impulce Response according to Format (1X F10.5, SX, F10.5).

Tope 5 contains:

The values for ths Reradiation Function (Celcomp Plotter tape).
Tape #6 contains:

The Rerediated Weveform Array (k,t) according to Format (¥10.5).
Tepe #7 contains:

The Trai.sfer Function Array (k,w) w th Format (F10.5).

Tape ;2 contains:

The Impulse Response Array according tc Format (F10.5).
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Tape 70 i.: & dunp tape.

Notes: This program contains options to compute or not to compute

e y of the functions mentioned above. Tapes Unit No's. 6, 7, and 8
cen be used as input to USL Program ,/0809, "Representation of Surfaces:
4 Computer Program to Plot Contours and Draw Perspective Views", by
Ecdwad Beardsworth, Jr.

SUMMARY

An IBM 704 Fortran program, USL Program No. 0837, s been
written to compute a particular Reradiation Function, Transfer
Functlon, Impulse Response, and Reradiated Waveform in terms of

the incident plane weve pulse.
b.a. M

D, A, STREMSKY
Mathematician
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APPENDIX A

NOMENCIATURE LISTING FOR USL PROGRAM NO, 0837

s (1) ("a, )+ (/)™
2 (1) VE7S)
RERAD(T) Element of Reradiation Function
Arrey
f TRFER(I) Element of Transfer Function
! Array
AKW(LM,I) k w
RESP(LM,I) Element of Impulse Response
Array
RAT ) t/k
) Element of Reradiated Waveform
Array
Al aq
A2 an
X1 . xl
X2 Xo
c c
v v
N J
W W
WHMAX Maximum velue for w

i ok o bl



AX

AKMAX

Bl

B2
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Initial value for t
k

Maxinum value for k

A,
A, components of A

N
1 t fN

NL% components o
Axy

Ax,

A &
Increment of w

A

Ax

Av
Meximum value of ¥

Initial va ue of 2’

4
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APPENDIX B
FLOW CHART FOR USL PROGRAM NO. 0837

"RERADIATION FUNCTION, TRANSFER FUNCTION, IMPULSE RESPONSE (CASE 1B)"
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START %)
95¢i 10
RINT .
HEADING COMPVTE
RERAD LT)

%0 —READ INPOT ) i

PARAME TERS X, : X’,&Ax,
X,z X, tAX,
®' (1)
IT=1
io5

s (2

!

2@) 2 Vs
- O
- +

RERAD (T)= o

.
WRLITE OVTPVT THPE
Z(I) RERADLT) )
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FORTRAN PROGRAM NO, 0837

USL Tech. Memo,
2242.156-67

15




e

-

STCUN
STECC

9501
9502

9503
9504

9505
100
101
103
104

16C

102
105

108

RERARTATICN FUNCTIONeTRANSFER FUNCTION IVPULSE RESPONSE (CASE 1B)
CeAeSTREMSKY
CIMENSION 2(500) ¢«RERAC (500) ¢APPLF (500) «AKW (50¢50) ¢ TRFER(50450) +RES
1P (50080) sRATIC(50¢50) 9R(150) ¢S(500) 9GSUM(50050) sR(1000) ¢ IDUMP (18)
CIMENSICN BUFFER(1024) ¢ XAXIS(50C) 0 YAX1S(500)
ALF #0837
ALF *
WRITE CUTPUT TAPE 449501
FCRVMAT (1H])
REAC INPUT TAPE 3,95024C!
FCRVAT (A5)
IF(TCUN=D1)9503¢9504¢9503
PAUSE 6
WRITE CUTPUY TAPE 64+49502+D1
WRITE CQUTPUT TAPE 449505 ,
FCRMAT(10X32HD Ae STREMSKY9RCCM 3126+CODE 2242)
REAC INPUT TAPE 3¢1000A10A20X1eX2eCoVeNoISKP o JSKPoKSKP oNSTOP
FCRMAT (6FB8439513)
REAC TNPUT TAPE 34101 oWoeWMAX 9T 9AK oKK ¢ AKMAX
FCRVMAT (GFBe392X91202XeF8,e3)
READ INPUT TAPE 34,103+81eB2+B3+RB4sRS4R6IRTeBBIBL2
FCRVMAT(9F8.3)
READ INPUT TAPE 34104¢AMEGAGDELTAGTT«TAUBLOWPHI
FCRMAT (6F8,3)
Wlzw
AK1=AK
Ti1=7
TaL1sTAU
NSTOP=NSTCPe1l
PlE=3,1415
CEG=180./PI1E
Cozle7724
Cisney
NP1lszN.
Np2aNe2
XaN
Cizxe3,/2e¢
C10zXele/20
C23N*2
Coez2,4%C3
CS=224#%C2
Cy=CanC6/CS
MPRCC=1
CC 160 I=1leNP2
MNEW=21=])
VMERCC=VPRCNAMNE W
CONTINUE
PRCD=MPROD
}F{ISKP)llbolOZollo
t 4
SI(U)S(X1/A1)##24(X2/A2) %82
Sx=S(1)
2(1)sSORTF (SX)
2V12S(T)=],
IF(ZM1)110¢1100108
RERAD(1)=0,
Niz]e]

1o




110

115

261
251

252

253
116
125
126

127

130
194
254
16%
170
180

182
185

187

190

255
280
273

195

265
257
191

CC TC 261

APPLE(])=]le=S(1])

PEAREAPPLE (1) %#%C10

RERAD (1) =PFAR#C3I/PIE

X13X1eRS

X2zX2+86

[3]e]

GC TC 105

WRITE CUTPUT TAPE 49251

FCRMAT (1X36H2Z RERADIATION FUNCTION)
WRITE QUTPUT TAPE 49252¢(2(]1) eRERAD(I)eIs1eN])
FCRMAT (1XeF10eS5 e XeF1045)

WRITE QUTPUT TAPF 44253

FCRNMAT L/ /)

Lvsl

IF(JSKP) 19541260195

1s1

IF(KK) 13001270130

PlzBl=C*B3/V

P2z2R2=-C*B4/V

RBS (A1#P1)#%#2¢ (A2RP2) ##2

AK=SQRTF (RR) /C

I1=1

WRITE OUTPUT TAPE 49254

FCRMAT (1 X34HKW TRANSFEP FUNCTICN)
IF (AK=«AKMAX) 17001700195

IF (W=wMAX) 180918C¢190

AKW (LMo 1) sAK®W

IF(W)1B85¢182918%

TRFER(LMeI)=2100000

GC 70 187

BCPsAKW(LMe])

CALL SPHJU(BOPR)

BANGSRCP##C3

TRFER (LMol )=C72PRCD#*B (NP2) /BANG

1sle1

WwsWeRR

GC YC 170

N2s]=}

Nos M

WRITE ‘OUTPUT TAPF 442554 ((AKW(LMoT) o TRFER(LMo1) o181 9N2) sLMeN& oeN&)
FCRMAT(LXeF104545XeF10,5)

WRITE CUTPUT TAPE 792730 ((TRFER(LMel)elz1eN2) oLMENG ¢N&)
FCRMAT(F10.5)

121

Wzl

LivzLMel

AK=AKeF 12

GC TC 165

{=1

ENC FILE 7

ENC FILE 7

Lvs=)

AKsAK )

1F(KSKP)250026%4250

WRITE CUTPUT TAPF 44257

FCRMAT (1X34KHT /K IMPULSE RESPONSE)
ARSFT=ARSFI(T)

7




193

199
200

220

23s

258
282
275
231
232
233

234
23

237

238

239
240

IF(ARSFT=AK)199¢199¢193
RESP(LMel)=le

N3z]e])

GC TC 235

NPRCDal

CC 220 J=1lyNP1

NEWJSJ

NPRCDsNPRCD#NEWJ
CCNTINUE

PRCC2=NPRCOD
RATIC(LMe])=T/AK
G23RATIO(LMo]) #n2
G3z]4~G2

CanGinnCl

CeN=CR#PRCC2

RESP (LMe])3PRCO® & DEN
TaTeR?

Iz]e}

GC 1C 191

N3zle)

Nes M

WRITE OQUTPUT TALE &.2584+ (RATIO(LMel) sRESPILMol) oI3]1¢N3) oLMENGNG)
FCRMAT (1XoF10e5e5x¢F1065)
WRITE QUTPUT TAPE Be2 75+ ((RESP(LMel)elsleN3)oLMaENGING)
FORMAT(F10,45)

N3P1zN3e]

IF(NSTOP=N3P1) 236423649231
Cc 232 I=N3plehSTOP
RESP({NGel)20e0

CONT INVE

WRITE OUTPUT TAPF B84233¢((RESP(LMeT) o IsN3PLINSTOP) oL MEN&GoNG)
FORMAT (F10.5)

IF (AK=AKMAX)2369237¢237
AKsAKeR]12

LvsiVel

Is]

TsT)

GC TC 199

Lvel

ENC FILE 8

ENC FILE 8

NS20

Ak =2AK)

121

Ci1lsB7/AK

T=T1

Jsl

C12=sARSF(D11)
GSUM(ILMeJd) =200
FRACT=TAL/TTY
E1=2AMFGA*CEL TAAFRACT /2,0
E2=EL1#TAU

E3s3E2+PHI

E4sCOSF (E3/DEG)

CALL AMPLTAUR)
FCN2RIT1)*E0

TClF=2 (T=TAy) /7AK
CRAPE=ABSF (TCIF)
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279
850

262

9997
9998

9999
243
244

276
H 277
221
222

223
226

PLUVM=GRAPE=140
1F(PLIIM)B50+8504279
E9=0.0

GC 1C EO01

EssCRAPE/CL12

NES=ES

1asNESe]

IRaNF8e2
EezGRAPE=RATIC(LMo1A)
E7sE6/C11

Eg=le0=E7

RSPNzF 7#RESP (LMo IR) +EA#RESP (LMo 1A)
EQEFCN®#RSPN®#B 1N
CSLM(LMeJ)2GSL " (1.MeJ) *ES
TaL=Tal+KlO

[=21e]

E10=ARSF (TAU)

IF(TTeELl0) 24102404249
GSUM(LMeJ) 2GSLM (LMeJ) /AK
ARSFYsABSFI(T)
IF(ARSFT=AK) 24242434243
TzT«R?Y

JsJel

TaLsTaul

IF(SENSE SWITCH 5)59974:9999
CC 999f (K=lel5

ICUMP (LK) 3e0

CCNTINUE

ICUMP (16) 326
IDUMP(1T7) =0

ICUMP (18) 3NS

CALL PUMP(IDUMP)

GC TC 239

IFLAKnAKMAX) 24402440249
AKBAK+R]2

N3z =)

NesVM

WRITE OUTPUY TAPF 642770 ((GSUMILMe1) olx]eN3) oLMaNGoN&)
FCRMAT(F1045%)

NaP1sN3e]

IF(NSTCP=N3IP1) 224422649221
CC 222 I=N3PleNSTQP
GSLM(N&e]1) 20600000
CCNTINLE

WRITE CUTPUT TAPE 64223+ ((GSUM(LMeT)¢TaN3PL4NSTCP) o MaNaoNG)
FCRMAY (Fl0,5)

NSzNSe JeNSTOP =N

IF (AKaAKMAX)2 7842789249
Lv=LMel

T=T1}

Tau=Yall

=1

GC TC 238

ENC FILE 6

END FILE 6

MizNlel

M22N1e2

TIF(ISKP) 350425947250

19




259

260

350

9509
9511

9510

|

CALL PLOTS(BUFFER(1024)+10249¢5)
OC 260 JsleNl

XAXIS () =2 (J)

YAXIS (J)=RERAC (J)

CCNTINUE

CALL PLOT (0e0¢5¢00=3)

CALL SCALE (YAXIS+5e09N19191040)
CALL SCALE (XAXISe1CeOoeNlelelOe0)
CALL LINE (XAXISeYAXISeNleleloell)

CALL AXIS (0e0+0¢0+20RRERADIATICN FUNCTION92005009090400YAXIS (ML) oY
1AXIS(M2)91040)
CALL AXIS (0e0¢0e0e¢1HZe=1010¢090eNsXAXIS(M1) 9XAXIS(M2) ¢+1000)

CALL PLOT (0e0¢0e0¢999)
REAC INPUT TAPE 3495024ED
IF (EN=TECN)9503¢9509+9503
WRITE QUTPUT TAPE 449511
FCRMAT (4HCEND)

END FILE ¢

STCP s

ENC(1e1400101)

20
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C SPHERICAL BESSEL FUNCTICN J o Re De WHITTAKER 0614

SURRQUTINE SPHJ (XeB)
DIMENSION B(200) +BL(200) ¢SC(4) 0A(2)
BE=1e0F~=10
PC 5 1=1+200
BL(1)=060

5 B(I)=0.0

X=X%#1.,0

STC A(2)

STGC XL

STC A(1)

IF (X=e05) 454646

IF (X=100e) 707045

IF (X=10e) 8915015

RN272¢/ (4¢02=LOGF (X))

GC 70 20

RN=1e51%#X+25,

MAX=RN+1,0

NzMAX=2

B(MAX=1)=BE#*#le0

S STC BL (MAX=]1)

CC 35 I=1sN

JeMAX=]e]

ANZ (2#J=3)

ANZAN#],0

CALL CPA])

CLA B(J=1)

LCC BL(J=1)

CALL DPA13

STC VK :
STG VL h

wwnwnw

ow @~ o

N o=

CLA X

LbQ xL

CALL DPA]

CLA VH

LCC VL

CALL CPAl4

STO VH

STC VL |

CLA B(J) |
|

LG BL(J)
CALL DPA1
CLA VH

LDG VL
CALL DPAl2
STC B(J=2)
STGC BL(J=2)
CCNTINUE
CALL CPSC (A(2)eSC(&) s ICUMMY)
CLA X

LCG XL
CALL CPAlL
CLA R(1)
LDG BL(])
CALL DPAL3
CALL DPA1L

S CLA SC(4)

vy oew wwvuewm o vunuen ww

wnw
w
w

ww

2!




ww wuw

w w

40

45

LEG SC(3)
CALL PPAl4
STC VK

STGC Vi
MAX=MAX=?

DC &4C I=1+MAX
CLA VK

LCG VL

CALL FPA1

CLA 8(I)

LCG RL(I)
CALL DPAL3
STC B(I)
CCNTIMNUE
R{(VAX+1)=0,0
RETURM
ENC(l9leQ0loel)
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