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U. S. NAVY UNDERWATER SOUND LABORATORY
FOR T TRUMBULL, NEW LONDON , CONNECTICTYP

~~~J~SF~R FUNCTION , I?’PULSE RE SPONSE AND
RERAD IATED WAVEFORM FOR AN ELLIPTICALLY SY~ €ThIC

:~ERADIATIoIJ FUNCTION OF T1-~ FORM *~ ~) HALF AN ODD INTEGER
(usL PR OGRAM NO . O~ 37)

by

Donald A. Strernsky

U~L T~~’1inical Mernorandum 1:. 22~ 2-l56-67 ~~~~

1 May 1967

INTRODUCTIO 1~’

A computational program h~ s been pfepared by the Infor mation
Proce~ sin~ Div1~~ion to compute a particular Reradiation Function ~r~~);Transfer Furict.I~~n ~: (v,?); Impulse Rc~ponse ~ (t,~~ ; and Rcradiated
Wnveform ~ (t ,P) as d efi ned be1o~r in te r~s of the incident plane ~~vc
pulse. Th-i c II~ 7OL~ prograi~~desi~nated USL Program No. 0837, is in
Fortran II 1an~uage aid ic desc~’ibcd In Appendixes A and B. Similar
cor~iputationa1 nrogra2v.s are described in USL Technical Memoranduni Nos.
22I~?_l1 1_67 ~nd 22~4P-157-67. —
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Thc: b~ sic i. L ~p~1t data deck required by the program consists ‘31

fou” j’LI~ .

Tebic I

Cnrd Formats

Card No. Cols. Contents

a1
i-16 a2

l7-2~4
25-32 x2
3~ —140 c

v

52_ 5~4 isi~ (set equal to zero to compute
Reradiation Function)

55~57 JSIü’ (set equal to zero to compute
Transfer Function)

57-60 KSI~ (set equal to zero to compute
Impulse Response & rei~adiated

~rave form)
For long jobs requiring the use of
e. dump tape at least one of the
above variables should not be set
equal to zero .

61-63 i 3T0P (In reference to Reradiated
I~3veform Array (k,t), NSTOP is
the numbe:’ 0; t imes t is incremented

when J~ has its maximum value .

2 ~-8 Initial value )f ~~Maximum value for u)
l2-2~ Inlti& va.,ue for t

~I 5- 32 In~~~~ l. value of k (if not computed)
35 -36 }G (if set equal to zero, initial

value for k ~d1l be computed)39~146 )~ xinium value for k
i-~-~‘-iC A.. ~ Components of A

l - 2 ~ I C m p onents of N.a-j
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CoLs. Contents

Ax1
A x2

57-6k Incr ement of W
65-7 2

C’ 0
9-16 Au)
I7-2~ I~axirium “a

’
~ue of~~

25-32 Initial value of~~
33-) i-O

Fornats :

Card No. I - Fo ~at 6FF~.3, 513

2 — Fonnat ~4F8.3, 2X, 12, 2k’, F~ .3

3 - Format 9F8.3

li - Format 6F8. 3

Tape Units Roquired

Tape Unit No. Tape Identification

3 Data Input
Values for Reradiation Funct ion,
Transfer FL,mction & Impulse
i1w~ponse.

5 Calcomp Plotter c intaininr~
va ues for Reradiat~ on Function

6 Reradiated Wav&form Arrey (k ,t)
7 Transfe - Function Array (k ,ir)

Impulse Response Array (k ,t )
0 Dump Tape

~ SS5 ziu ’ot be io n to dump .
~~‘ t !r.r ccn’~e r.witches are used .

_ _ _  _ _  _ _ _ _ _  — - -‘4
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Sub.~- ‘-u’~ines Required

Sub r -o’~~.oc A!? computes the values for A array referred to under
equat~,on ( ii) .

Subrnutine SPHJ computes the va lue s of spherical Bessel Functions
(see reference ( b )  and Appendix C).

PROGRAM OUTPUT

Tape ~4 contains:

(~ ) The va ues for the Z array plus the corresponding values
for the ~eradiati’m Function according to Format (1K , FlO.5, ~~~,
F l 0 . 5 ).

(2) The values for the product of k and w plus the corresponding
va ues ~f the Transfer Function accor ding to Format (ix , FiO.5, 5X,
FiO.5).

(‘) The values for t/k plus the corresponding values for the
Irrtpulee Response according to Format (ix FlO.5, 5X, ~~~~~
Tope ~5 ~nt a ir s :

The values for the Reradiation Function (Calcomp Plotter tape).

Tepe ~6 c~ntaLoo:

The Reradiated ~Thvefonn Array (k,t) according to Format (F1O.5).

Tape ~7 contains:

The T~-a .sfcr Function Array (k ,w) w th Format (FlO.5).

Tape ;~~ co~ite ” us:

The Impulse Response Array according to Format (Fl0.5).
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Tape ~‘0 1.: a dunp tape .

~c~ es: Thin program contains options to compute or not to compute
a y of the ftnct ~ ons mentioned above. Tapes Unit No’s. 6, 7, arid 8
can he w~ed as input to USL Program ,,~O8O9, “Representation of Surfaces:
Computer Program to Plot Contours and Draw Perspective Views ’ , by

Ed~,Ta -d Beardr~?nrt’n, J r .

SUMMARY

An IBM 7O~ Fortran program , USL Program No. 0837, las been
written to compute a partIcular Reradiation Function, Transfer
Function , Impulse Response , and Reradiated Waveform in terms of
the incident plane ‘~‘eve pulse.

I~ .tbematician
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APPEI~DIX A

NO~€NCLATURE LISTING FOR USL PROGRAM NO. 0837
S ( I) 

~~~~~~~~~~~~~~~~~
z(i)

1~AD(I) Element of Reradiation Function
Array

Element of Transfer Function
Array

AKW (LM,I) Ic ~r

RESP(LM ,I) Element of Impulse Response
Array

RA~ ) t/k

C Element of Reradiated Waveform
Array

Al a1

A2 a2
xl xl
X2 x2

C C

V V

N

w w

~4~4AX Maximum value for w

___________________ _________ ______
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T Initial value for t

AK k

AI~VtAX Maximum value for Ic

Bi

32 
components of A

B3
~j  

c omponents of N
B~4

35

~~x2

37

P3 Increment of w

A ~~~‘310

312 Ak

O~~GA

DELTA

Maximum value of ‘~~~~

TM Initial. va ue of

PHI
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APPENDDC B

110W CHART FOR USL PROGRAM NO. 0837
“BERADIATION FUNCTION, TRANSFER FUNCTION, IMPUlSE RESPONSE (cASE 23)”
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APPENDIX C

FORTRAN PROGRAM NO. 0837
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C ~~~~~1AT IC~ FL~gCT !CN ,TRANSFER FL~4CTTflN ,jMPUL5f RESPONSE (CASE 1B)
C C. A .S rPV SKy

~!“EN S10N 2f5 O ~ ).RFRA0(500),*PPLF 00).Akt~(5O ,30),TRFEP (5 0.50),RE5
IP(50 .’C’) .RATIC (50 .50) ‘BlISO ) .5 (500) ,GSIJM (50,50) .Il(1000~ ,1DU ~P (1~~)
C !ME N SION IiUFF*R (1024) .XAX !5(500) .VAX !5C500)

STCJ N A L~ *0837
STECO AL F *

~ R!Tt  0UTP1~T TAPE 4,9501
9501 FC RWA T (1HL )

RE A C !~“PI.)T TAPE 3.9502.C!
9502 FCRWA T ’(A S)

IF I TCJP —DI) 9503 .9504 .9503
9503 PAU SE 6
9504 ~R !T~ CIJTPUT TAPE 4,9502.01

hR IT~ C~LjTPL T TAPE 4,95059505 FCRP ’AT (10X32 1 .4C .A. STPEPSKV ,RCCM 31?6.CCOE 2242)
REA D !“~PUT TAP E 3 ,100,A1,A2 .X1.X2 ,C ,V .N,TSKP ,JSKP .KSKP.NSTOP

100 FCPP*r (6F8 .3,513)
READ T !~PUT TAP E 3 ,I01 ,W ,W PAX ,T,A IC.KK .AKMAX

101 rcqfrATc4FB .3,2x ,12 ,2x ,F8 .3)

~EA0 yN PUT TAPE 3 ,to~ ,e1,B2 ,e3,e 4.Rs,B6.R7 ,BA ,B12
103 Fcp~ A I(9f8 .3)

RE AD !~ PUT TAPE 3.104 ,AfrEGA,DELTA ,yT,TAU ,pLO .pH!
104 FcRPAT(6F8,3)

i1s~Ag 3 ‘Ak
lI sT
TAL 3ITAU
NSTCP ,NSTOP. I
PIEs3. 1415
DEG . 180./PIE
Cesi .7724
CI ‘N~ I

~P2s N,2
X .N
C3’X’3./2.
C1O sX .1./2.

C452 .**C3
C5~ 2.**C2
C7 C4*C6/C5
Wp R~~~, 1
CC 160 Is1.NP2
WNE~ s71—1

160 CC~ Tt~ 1E
PPCCsP~’I4ODIF (!SWP) 11 6.102 ,116

102 lxi
t0~ 5t~~ x tX 1 /A I)~ *2.(X2/*2)*e2

SxsS (I)
2 ( 1)  SSORTF (SX)
213.5 CT )—I .
!FCZ M1) 110.110,108

lop R~ PA$ ~ (~~)s Q ,
1¼ lx  I — i

lb

--
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CC IC 261

ti c A pp LF (I )g 1 ._ 5 (T )
PEAR $APP U (1) *0Cm
~E~ AC (1) :PFARaC3 /PTE

115 X1sX1.P5
X 2 s X 2 .
1.1.1
GC TC 10~

261 ~‘P 1T~ OUTP UT TAPE 4.251
251 FC IWAT( 1X3 614Z RERA D IAT ION FL NCT ION )

~R IT~ OUTPUT TA PE 4 ,252 ,(Z (I) .WERAD (1),I .t ,N1)
252 FCRPA T (IX.F iO .5. ’,x .FlO. 5)

WRITE OUTPUT TAPE 4.253
253 F C R ? ’ A T ( / / / )
116 LP’al
125 IF( .J S K P) 195 , 126,195
126 lxi

IF KK 130.127,130
127 P1x B1~ C*83/V

P2ae2~ C*B4,v

~~~ (Al*P1) ‘* 2, (A 2* P2 )** 2
AKsSC PTF CR~ ) /C

130 lxi
194 WR IT E OUTPUT TAPE 4 ,254
254 FCRY A I( 1X3 414 kW TRANSFEP FUNCTION)
165 IF (AK ~ AkMAX )17o ,170 ,I95
370 IF (W—W l ’AX ) 180,180,190
180 AKW (LM ,I)SAK *W

IF(I) 185.182’lBb
182 TRFER (LM,I)-*1.00000

GO TO 187
185 BC P SA K W C L M , I )

CALL 5PHJ (BOP ,~3)
8ANG .eCP~*C~
TREER (LM .1 ) :C7*PRCCaR (NP2) /BAN (i

187 1.1.1
Ws W. P8
GO TO 170

390 1¼ 2 s 1—1

W P I T t ‘OUTPUT TAPE 4,25~ ,((AKW (Lfr,!),TPFER(LM,I),I.1,N2),1N.N4,N4)255 FCR ,’AT (IX ,FL0.5 ,5X ,F1C.5)
280 W R !T L  OUTPUT TAPE 7 , 2 7 3 , ( ( T R F E R( LW , ! ) , I . 1 . N2 ) , L ~ .N4 .N4)
273 FCRWAT (F10.5)

Ill
W x W j

Ag ‘AK ‘F 12
CC TO 16 5

1~~ 1:1
E1¼C F ILE 7
ENC F ILE 7

AK ZAK I
IFCKSK P)25o.265 ,pSo

265 W RI Tt OUTPUT ILPF 4.251
257 FCR frAT (3X34 k T /g IWDL JLSE RE SPONSE )
191 A SF TxA ~ SF (T1

‘7



IF (A ~ SFT—A K ) 199.199.193
193 RE5 P (Ll’ .I) x~ .1¼ 3x 1.l

CC TO 235
199 NPRCCa1
200 CC 220 J’l,N Pl

NEW J $J
hPRCDaN PRCD *NE~ J

220 CCl~TINUE
PRCC2.NPPOI’)
RAT IC C LI’1,!) aT /AK
G2 ’PATIO (L M, II**2
G3a1 .~ G2
C’4’G3”Ci
CENSC5 *PRCC2
RE5P (L~’,I) xPRCD .’~4’DEN
TsT.P7
Ixl.1
GC 70 191

235 “~3x I.~1¼4 a
WR!T~ OUTP UT T A~~ ~,~~5$,,(RAT!O (LM ,1),pE5P1LM .I),Ia1 ,N3),LMaN 4 ,N4 )

2~ e FCRPA 1X .F1O,~~,S~~,FtO. 5 )
282 W R IT E OUTPUT TAPE 8,275 ,(CRESP (LM ,T).Isl ,N3) ,LN .N4 ,N4)
275 FORP’A ’r (FtO.S )

N ~ P~ a N 3+1
IF (N STCP—N3P1) 236,234.231

231 CC 23? IsN3P1 ,t ST OP
Rf 5P 1 $1 4.1 )  a0.0

232 CONT I NUE
W RI TE OUTPUT TAPE R ,233 ,((RESP (L.M ,T),!sN3PI,NSTOP),L,41N4.N4)

233 FCR I’~AT IF3Q .5)
234 IF(AK.AKI”*X)236,237 ,237
236 Ap( sAK.P12

LP~xLW. 1
1.1
T a il
CC TO 199

237 Lfr ai
EN D FILE 8
END FILE 8
1¼ 5s Q

1*1
23$ D11s87 /AK

TgT 3
‘It
C12.ABSF (Oil)

239 GSLj M(LI’~,J)a0,
240 FR A C TxTA U/ T T

E t*AWVGA*O EL TA*FHA CT/2 .O
E2*E 1.! AL
E3aE? .P$ I
E4.COSF ( E3/ DEG )
CA LL. ANP(TAU,R)
FC NaR, fl*E4
TCIF’ (T— TA$J) /Ap ~
CRA PEaAI3 SF (IOU)

— :~~~~~~~~~~~
-
~~~~

-
~~~~ 
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I F P L ’ ? ~) 8 5 o . 8 5 r , 2 7 q
279 E9’C.o

C-C IC #0 1
P50 ESSC .PAPE/ C 12

t~E5sFS
IAsNES . 3

E6.(~PAPE—RAT!C (L~ ,IA)
E 71# 6/C it
E~ .I ,C—E7

~5 P 1¼ s F 7~~~ESP ( L” . !p )  .E8* RES P( L M, IA )
E 9 s F C ~’0~4 SP N *B V

P01 CSL W (L .J):C~~L ( I ; ~,J),E 9TAL .TA 1 .~~10ItT.),
EI O aA PS F (IAU)
IF (T ’~ E 1O ) 241 .24O.24~241 GSLW ( L l~,J ) .G5L ~~(Lfr .J ) / A K
A eSFT ,ABSF(T)
T F ( A H S F I — A K ) 2 4 2 , 2 4 3 , 2 4 3

242 Yx l .87
.J:.J.t
IA L Z T AL I
I F C SE1¼ SE 5~~IT C ’ ~ ~ )-999 1.9999

9997 CC 999P L K s I ’ t ’
!CL1’P ( LK )s .0

9998 C CNT TN U E
!DLNP (16)*—6
I D L P P ( 1 7 ) x . 0
!CL1’P 1 8)  .N5
CALL O1’ MP( !DL’ fr P)

9999 CC IC 239
243 I F t A K ~ A Kfr A X ) 2 4 4 , 2 4 4 . 2 4 9
244 A K Z AK . f l lZ

N4s L 1~276 W R I T E  OUTPUT TAP E 6 , 2 7 P , H C ,S U M I L M,I), I .1, N3) .L. MZ N4,N4)
277 FCR~’ AT ( F L O. 5)

N3P1:~ 3.lIF (N STCP—N 3PI) 224,724,221
221 CC 222 I’ N3PI, ’ 510P

GSLP ( ‘4.! ) ‘0. 00000
222 CC 1¼T!’~1.JE

WR !TL OUTPUT TAPE 6,223,((G5UM (L.M.t),!.P43P1,1~1StCP),L~
,N4.N6)

223 F C RW A T ( F10 .5)
224 N511¼5.J .NSTO P.N3

IF ( A K — A K I ’ A X )  2 P R , 2 7 8 , 2 4 9
278 LWZLM.

1:71
T AL’ :T AL. 1
111
Cc TO 238

249 EN D F I LE 6
E~’D FILE 6

250 N 1:I’j .1
1’ 2 ‘N 1. 2

2p3 ! F ( T S K P ) 3 5 0 , 2 5 q , 15O

IL ,
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259 CALL PLOTS(BUFFER (1024) ,1024 ,5)
DC 260 J’i.Nl
XAX !S (J)’Z (J)
\‘A X IS (J )$RERAC (i )

260 CONTiNUE
CALL PLOT (0.O .5.0.—3)
CALL SCALE (‘VAXIS,5 ,O .N1,1 ,10.O)
CALL SCALE (XAX !5 ,1O.0 ,N1 ,1 ,10 .O)
CALL LINE (XAX !S,YAX I5,N1,1 .1.11)
CALL AXIS (O.0,0.0,20h~ ERAD !ATIC N FLiNCTION,20.5.0,90.0.YAXTS(N1).Y

IAX !S (M 2 ) .10.0)
CALL AXIS (O,0.0.O,1HZ, 1.1O.0,O.fl ,XA X !SCM I),XAXI S (M2 ) .10.O )
CALL PLO T (0.0.0.0,999)

350 READ INPUT TAP E 3,9502 .EO
IF lEr ~—TEC 0)95~ 3.95O9,95039509 )
~RIT ~ OUTPUT TAP E 4 .9511

9511 FCRI I’AT (4HCE ND )
END FILE 4

9510 STOP ~
ENL~C1.1.0.1.1)

to
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C SP}-4 E$4 ICAL bESSE L F U N C T I C N  J • R . D. W HI TTAKER 0614
C

SLB $4 0 ( JTI N E SPHJ (X,B)

~ !MENSI0N I~, (2 0 O ) , B L(2 0 0 ) , 5 C ( 4 ) , A ( 2 )
8E:1.0F~~10CC 5 1:1,200
BL (I) :0.0

5 f~(I):O.0
X:X*1 .0

S STC *12)
S STC XL
S SI C A C ) , )

IF (X— .05) 45.6.6
6 IF (X—1 00.) 7.7.45
7 IF (X—1 0.) 8.15.15
8 RNx72./(4.02—LOGF (X))

C’C TO 20
15 RM:1.cI*X.25.
20 MAX :RN.I.0

N= $~AX — 2
B (f ’1A X— l ) :BE*1.0

S STC BL CMAX —1 )
CC 35 I:1,N

A NZ(2*J~ 3)
AN ZAN* 1.0
CALL OPAL

S CL A B( J— 1 )
S LCD BL (J—1 )

CALL D PA I3
S STO Vk
S STC VL
S C L A X
S LD O X L

CALL o PA l
S CLA V H
S LDC VL

CALL CPA 14
S STO VH
S STC V L
S CL A B(’J)
S LCD BL (J)

CA LL (W A),
5 CLA VH
S LDC V L

CALL CPA12
S SIC 8(J—2)
S SIC BL (J— 2)

35 CCNT ! NUE
CAL L DP SC ( A ( 2 ) . ~IC(4 ) . ICul~1~Y )

S C L A X
S LCC X L

CALL DPA 1
S CLA Ni )
S LCD Bi ll )

CALL D PAI 3
CALL OPA l

5 CLA SC(4)
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S L(~C S C ( 3 )
CALL PPA L4

S 5TC V~
S STC V(

MAX :~ A X—2
DC 40 ! 1, MAX

S CLA VH
S LDC VL

CALL ~PAI
S CL A 8 (1 )
S LCD F~L( I)

CALL DPA 13
S ST C R U)

40 CCNT T~~L’E
I~(WAX . 1) :0.0

45 RE TL~~’
ENC( 1,1,O. l .1)
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