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LIST OF SYMBOLS

See Eg. (5)
bearing deviation gain

"aperture-corrected bearing deviation gain

sound speed
primary-pressure beam pattern
primary directivity index
difference frequency
primary freguency
see Eq. (3)
?hage parameter, see Eq. (Al)
-1
xf/c
arfq/c
aspect ratio of rectangular projector
peak pressure amplitude of difference frequency
peak face pressure amplitude, one primary component
range (from projector to observer)
source point distance
Rayleigh length, projector area/primary wavelength for piston
projectors, projector length/m for endfire projector
rms source level of one primary component

SLg + 20 log fq
20loglpc3 /2r J/B) + 60 dB//luPa - m - kHz (see Ref. 14)

see Eq. (6)

variable of integration, see Eq. (3)

see Eq. (4) :

primary wave absorption coefficient (nepers/unit length)
primary wave absorption coefficient (dB/unit length)
nonlinearity parameter (= 3.5 for water)

see Eq. (9)

observer's polar angle (with respect to projector axis)
source-point polar angle (with respect to projector axis)
angle between source point and observer, see Eq. (2)
ambient fluid density

observer's azimuthal angle (about projector axis)

source point azimuthal angle (about projector axis)

see Eq. (8)
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ABSTRACT

Because it is often impractical to make measurements in the farfield of
parametric acoustic sources, it is desirable to be able to predict the.far
field from nearfield measurements. A nearfield beam pattern theory, ‘
previously outlined [J. Acoust. Soc. Am. 63, 1622-1624 (L) (1978)}, has been
programmed for digital computation. The results compare favorably with
experimental data from an absorption-limited source involving substantial
difference-frequency generation in the primary farfield and from a
saturation-limited source with most of the generation taking place in the
primary nearfield. In the first example, the nearfield beam pattern is
broader and the apparent source level is lower than in the farfield. In the
second example, the nearfield pattern is narrower and the apparent source
level higher than in the farfield. ,fg““ 38

ADMINISTRATIVE INFORMATION

This memorandum was prepared under project_A7Q0921, " Nonlinear Sensor
Development," Principal Investigator, R.L. Schmidt (Code 3631). The Guidance
and Control Block Principal is C. Ackerman (ARL/PSU), Navy subproject and task
number_SF_33-341-491, Project Manager, E. Liszka (SEA 034). The research
described herein was performed under Project A61400, "Nearfield Model for
Parametric Acoustic Sources," Principal InveSTigator, M.B. Moffett (Code 313);
Assoc1ate Invest1gator, R.H. MéTTen; Program Manager J.H. Probus (MAT 08T1).

The authors of this memorandum are located at the New London Laboratory of
the Naval Underwater Systems Center, New London, Connecticut, 06320.
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INTRODUCTION

In experiments with parametric acoustic sources, farfield measurements are
often impractical, because the farfield (the region where secondary signal
generation has ceased) may be as remote as 5/a from the projector! (a =
primary absorption coefficient in nepers per unit length). To allow farfield
prediction from nearfield measurements, a nearfield theory must be employed.
Reference 2 describes a nearfield model and outlines a computation procedure.
We can now report on the computer implementation of this procedure and some of
the results that have been obtained from the computer program. A user's guide
to the program (called CONVOL) is given in Appendix A and FORTRAN listings are
given in Appendix B.

I. THEORY

The details of the theory are presented in Ref. 2. The
difference-frequency pressure at the field point (r,8,4) is given by

) 2 m 2n ; ;
B(PR k)2
P(r,0,0) = —L9 fo 46’ sine’ j; @’ooz(eﬁ ) I (cosv), (1)

4npc2
where 4
cosv = cos®” cos® + sin®” sind cos(o” - ¢), (2)
I = exp(-jkr) f; dy exp(-y) u(g) (2% + 8%)°1/2, (3)
z = y-2ar cosv + j2kr sinz(y/Z), ; (4)
B = (1 + jk/a)(2ar sinv)z, (5)
and U(E) is the saturation taper function,3,4 .
e = eda s na ez V2], (6)
. In Eq. (6),
. g =30um 2y ' (7)
where
x = 2mPR f /oc3 (8)
n m; [1+0-00Ry + (2]
+(rR,) + %(N - l)f— n i%(" + 1?% ' (9)
5
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. = rcosv + (3:)'1(1 + jk/i:)'1
x [0+ svm)z - (Gra) @ 32)1/2] , (10)w

and N is the aspect ratio of a rectangular projector (N = 1 for square or
circular shapes). The quantities I, 2z, Bz, U, &, n, and r" are all complex,
because the 1gtegra] of Eq. (3) is the-result of a transformation in the
compiex plane” of a highly oscillatory integrand. Thus the method

substitutes the complications of complex arithmetic for the slow convergence
inherent in the use of the oscillatory function. For example, at high .
amplitudes, the singularity introduced at £ = -1/2 must be dealt with. (There
is no pole at £ = 0, since U(0) = 1.)

gquation (1) is a generali;ed form of the convolution integral used by
Blue® and by Berktay and Leahy’/ for the farfield of absorption-limited
parametric sources. The integrand involves the product of an endfire beam
pattern, I (cosv),_and the square of the primary beam pattern, D4(6”, ¢ ).
No aperture factor® results from the theory, because the primary beam is
assumed to be spherically spreading from the projector face. Therefore the

program makes beam pattern plots with and without a multiplicative aperture
factor.

In the farfield, Egs. (3) and (10) can be simplified as fol1bws:

t e Sl Py () u(5), (1)
r+eo 2ar + j2kr sin“(v/2) JO : :
where
r* —s y/2a [i + (jk/a) sinz(v/Z)] ’ (12)
r o

- and these expressions are used in the farfield option of the program.

Since the computation of the endfire pattern, I(cosv), is a lengthy one
and since I is a smooth function, 225 values are first computed and stored in
a table for values of v ranging from 10=% rad to 3.14 rad. In the
subsequent integrations over ¢ and 6”, linear interpolatign is used to
evaluate I(cosv) between the tabular values. (For v < 10~% rad and v > 3.14
| rad, the endpoint values are used.) T?S tabular values are computed with an

adaptive Simpson quadrature routine,?>10 in which the step size for the
integration variable, y, is determined by the degree of success at local
convergence. The integrations over the azimuthal angle, ¢“, and the polar
| angle, @', are each performed by 48-point Gaussian quadrature over a number of
: subintervals depending on the beamwidths of the endfire and primary patterns
and on the observer's polar angle, 8 - Typical running times to generate a
beam pattern for a square, circular or endfire projector range from about 1
minute for easy cases (absorption-limited sources with large oRg, i.e.,
sources of the Westerveltll type) to about 5 minutes for difficult cases
(saturation-limited sources with small aRy). These times are approximately

doubled for a rectangular projector, in which case beam patterns are generated
- in each of two planes. :

itk Ko Ko
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II. EXPERIMENTS

The results of experiments with two different parametric sources are
reported in Sec. III. The first was rectangular in shape, with active face
dimensions of 0.53 m (horizontal) x 0.44 m ?eertical). a mean primary
frequency of 24 kHz, and a source level of 233.5 dB//1MPa-m at each primary
component. The difference frequency was 2.5 kHz. Beam pattern measurements
were made in the horizontal plane at a depth of 49 m in a fresh water lake
(Seneca Lake, NY) in March, 1979. The range was 42.8 m and the water
temperature was approximately 19C. The Rayleigh length, R,, was 4.0 m,

GRo = 0.001dB, and 20 log X = -19dB. This source generated much of the
secondary signal in the primary farfield, sinrce the absorption parameter,
aRg, was small.

The second projector was circular, with an active face dimmet: ¢ 0.91 am,
a mean primary frequency of 65 kHz, and a source level of 244 .5  WPp-m at
each primary component. The beam pattern measurement was made = WS('s
Millstone Quarry facility in January, 1975 at a difference-freq mcy of 1.5
kHz. The measurement range was 82.6 m, and the depth was 15 m, where the
water temperature was approximately. 150C and the salinity 3.0%. This source
was saturation-limited (X = 1.0) in the primary nearfield, i.e., substantial
generation of the difference frequency took place within the lay‘q;zﬁ length,
Ro of 28.4 m. The amount of primary absorption in the nearfield, 3R,, was
0.51 dB.

: III. RESULTS AND CONCLUSIONS

Figure 1 shows the beam pattern of the rectangular source. The circles
are the experimental data, and they may be seen to lie fairly well on the
computed pattern Y{indicated by the solid curve). Also shown (as a dashed
curve) in the figure is the computed farfield pattern. For the actual
observati?n of such a pattern, measurement ranges in excess of 5000 m would be
required.! [t may be seen that considerable change in the beam is to be
expected between the measurement range of 42.8 m and the farfield, with the 3
dB beamwidth decreasing from 60 to 4.50. The farfield pattern is shown at
the correct relative amplitude, i.e., about 14 dB more source level is to be
expected in the farfield, and the skirts of the pattern will grow about 4 dB
in level. The ripples on the skirts of the farfield pattern are related to
t the 3quare of the primary pattern, characteristic of sources with small
i aRg.* The amplitude of the ripples is somewhat exaggerated by the
| assumption that both primary frequencies have identical beam patterns,
whereas, in fact, the outer sidelobes will not coincide, resulting in smoother
skirts than depicted here.

The results with the circular projector in salt water are shown in Figure
2. Again, the data are shown as circles, while the solid curve is the
computed nearfield pattern and the dashed curve is the computed farfield
pattern. In this case of moderately high @Ry, the nearfield source level is
2dB higher than that which would obtain in the farfield and the nearfield
beanwidth is narrower than its farfield value (2.50 and 40, respec-
tively). The skirts of the patterns coincide, however, because the farfield
conditions are reached much more quickly on the skirts than on the maximum
response axis. Ranges in excess 'of 700 m would be required to observe the
’ farfield pattern in this case.
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The fact that nearfield beam patterns can be narrower than their farfield
counterparig fgr parametric sources with large aRq has been recognized for ]
some time,12,13 but only more recently has it come to light tha} the ;
apparent source level can be larger than the farfield value.!s It is now
obvious from our computer studies that the source level and beamwidth effects
are tied together. For cases of large aRy, the nearfield pattern is ﬁ
narrower and of higher apparent source level than the farfield pattern. For
small aRq, the nearfield pattern is broader and of lower source level than
in the farfield. :

In Refs. 3 and 4, a simple, closed-form expression was suggested for beam
pattern estimation. Figure 3 provides a comparison between that simplified
mode1, shown dashed, and the present theory, shown as the solid curve, for the ,
farfield of the 65 kHz projector. It may be seen that the simple formula :
predicts a 3 dB beamwidth (5.59) which is too broad (computed value = 49) ]
but provides a reasonable fit to the skirts of the-pattern.. As discussed in :
Ref. 3, some error near the 3 dB points is to be expected in the use of the
simple formula, because the formula was constructed from knowledge of the
large-angle behavior. The present theory is to be preferred for all but rough
estimates of the beam behavior.
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. : ' rectangular source, aspect ratio = 1.2, aR, = 0.001 dB, 201ogx = -19 dB,

 fo/f = 9.6, kgRg = 430. For nearfield pattern, r/Ry = 10.7. Circles:
. experimental nearfield data
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3. Comparison of present farfield theory (solid) with closed-form beam
pattern expression (dashed) of Refs. 3,4. 20logX = 0 dB, aRy = 0.51 dB,
fo/f = 18.6, kgRq = 7740.

11




™ No.
791132

APPENDIX A. CONVOL USER'S GUIDE

Thie CONVOL program computes parametric source beam patterns out to 450
for plane piston projectors of circular, square, and rectangular shape and for
endfire line projectors. The program generates a table and plots the negative
of the bearing deviation loss, denoted BDG, as weil as aperture-corrected
values, BDGAP, as a function of the polar observation angle, @, with respect
to the maximum response axis. For a rectangular projector, plots are
generated for each of the two prinicpal observation planes at ¢ = 0 and ¢ =
900, where ¢ is the azimuthal observation angle. In addition to the beam
patterns, the program computes the on-axis apparent parametric gain,
2010g(rP/RgPg), i.e., the difference between the apparent secondary source
level and that of one primary componenz. Since the apparent parametric gain
can be regarded as a complex quantity,* its phase is also computed and the
result tabulated as a function of 9.

The user must specify the projector shape through the integer parameter
ISHAPE:
ISHAPE = 0: circle
1: square
2: rectangle
3: endfire. (A1)
The parameter I[SHAPE is also used to indicate the end of the input data file.
A negative value of ISHAPE causes the plot tape to be properly terminated so
that plots can be generated off line. The other input parameters are:
2010gx = SLg* - SLi, (A2)
i.e., the difference between the "scaled"primary source level,l5
SLo* = SLg + 20 logfy (kHz)

and the value, SL1*, which corresggnds to shock formation at Ro (SL1* =
281 dB//1 uPa-m-kHz for sea wateri?),

aRqy(dB),
the amount of primary absorption loss at R,
fo/f,
the "downshift" ratio of the primary and secondary frequencies,

DI _/10)
oL ( )
koRo-leo ’

where DI, is the primary directivity index,

Y‘/Ro,

B T S,
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the ratio of the observation range to Rq, and finally,3
N,
the aspect ratio (required only if the projector is rectangular).

The Rayleigh length, Ry, is defined as the projector face area divided
by the primary wavelength for the plane piston projectors and as the projector
length divided by_w for endfire projectors. The program has been tested for
207og x < 10 dB, aRg > 0.001 dB, and ,-100 < r/R, < +100.

Typical runstream examples are given in Figures Al-All for operation of
CONVOL on NUSC's Univac 1108 computer from a Tektronix graphics terminal. The
first input data card specifies the projector type according to the value of
ISHAPE in an I5 format. ISHAPE = 1(square) in the first example and
2(rectangie) in the second. The second data card provides the source
parameters, 20logx (dB), aRq (dB), fo/f, koRg, and r/Rq in five
15-character fields. (The negative value of r/Ry in the second example
specifies infinite range.) The decimal points may be placed anywhere within
their respective fields. If the projector is rectangular, as in the second
example another card is needed to specify the aspect ratio, N, in the first
15-character field.

Each example is concluded with a -negative value of ISHAPE to generate the
plotting tape. Actually, both examples could have been run together in this
case, i.e., the tabulation from the first example could have been followed
with ISHAPE = 2, for the next example. If there is any doubt about whether
there is sufficient time to complete all examples of a run, however, it is
safer to terminate each example with a negative ISHAPE.

In each of these examples, plots were displayed first on the terminal CRT
with the @ XQT D.TEKTRONIX instruction. They were then transmitted for later
printing to a 1 inch = 10 dB, 1 inch = 10 deg scale with the @ XQT D.FR80
instruction. Note that these instructions were preceeded with

@USE D.,DISSPLA*DISSPLA.

A-2
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APPENDIX B. CONVOL FORTRAN LISTING

i The various elements of CONVOL are listed on the following pages. The

; main program calls subroutine QGM48, which generates coefficients for the

| Gaussian quadrature, and subroutine TABLE, which stores the real and imaginary

' values of exp(jkr) I(cosv) in arrays VALUEl and VALUE2, respectively. TABLE

3 does this by calling function ADPSBC, the adaptive Simpson's routine. ADPSBC

1 requires integrand evalutations from the function FNC, which in turn, calls

| UEVAL for the evaluation of U, the saturation taper function. When TABLE has

4 completed its job, the main program performs the integration over g, using

- the coefficients generated by QGM48. The 9~ integrand evaluations and
integrations over ¢° are done by subroutine FCTPHI, which evaluates the ¢~
integrand by interpolation of the table stored in VALUE1l and VALUE2. - The beam
pattern data is stored by subroutine MMSTOR and plotting instructions are
generated by MMPLOT. +

T AT ———
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IN &4 _ DATE

-,%:121:16=(7,) - )
THIS PRUGR®*™ CUMPUTES ™ht MEARFIELD PARAMETRIC CAIN RP/RTPD AS A
FUNCTION Or CoSEXRVATIGH ANGLE TARETAe MAX RUN TIME = 20 MIN.
(RO=PROJECTO? AREA/PRI®ARY W#AVELENGTH FUR CIRCULAR,SQGUARE, AND
RECTANGULAK FROJ=ZCTCRSe RTSPKNOJECTOR LENGTH/PI FOR ENDFIRE CASE)
InPLTS ISRAPE=" E€InCLE
' M1 SGUARE

Z SECTAMGLLE
S SNDFIPE
. LT« STCP .
CHIDB=2C1CG1I0(CHTI)(DR) MAX=1C 8
A_FARUSALFHA*RZ (D) MIN=D,3CY DB
DO&NSR:F-IF ”IN=20(;
RUKI=K amll MIN=Y,.4
RANGE=SR/R. (IF RANGE=.LT«Qy, FARFIELD GAIN COMPUTED)
A =1CJ oLSe RANGE JLEe 100 (NE, 2ZERD)
ASFECT (XIFF ISHAP==2) MIN=1,0
JLTPUTS RK=KR
CONST3=2«(CHLI/P1) x%x?
TaCALF=Z#LLPHA*R
PI=3,Ti7%52383%
PHIR=PRIIRAD)
CTr=CUS(THETA)
~ STH=S1.(TR=TA)

I(‘)('l(\('\ﬁ(“lﬁ(lﬁﬁﬁ‘)(')ﬁﬂﬁﬁ(\(‘\("f."l )

€ Tan=TA(UER)
< S0C(DE)=BEARING DRVIATION GAIN
= EVGAP (uB)=80G+*2 LLGCAPZRTULRE FACTCOR)
g GALH(DE)
€ PnASE(SESR) ' 5
o FASETuzCY=AXTAL VALUE OF FHASE
C NAFFAC=C NO APERTURE FACTOR
C "9 APZRTURF FACT2R INCLUDED
[ SwEFR(RAT)I=wESTERVELT 2EARWIOTH
C Ex_R(RAC)=PRIMARY EEAMWIDTH
C NTHETA=NM. OF THETAPRIVE FOINTS [/ 43
[ 2 NFRLI=SNUSGF PHLPFIAE POINTS 7/ 42
| DIMELSION IC(2)
‘l CCi"S"C‘O/ELK/U'?',‘u?."'Tb'SALF,R'(
2 CCOMNMUNT TANTRANG E
COAMON/BLUE/ASPECT,,ISHAPE
CCMMSN/YELLUWN/CONSTS
3 CCARUN/PUEPLET HPOLINT ,
{ CCMMUN/OORAE/ ChHIDEJALFARTyDOWNSR9yGAINZFASEYNAFPFAC
COIMMUN/WHT/Z(25) yw(Zs)
CCHATON/GCREY/BWEFRyDaUR9yICOUNTySTHyC HyP1
CUMMUN/PINK/RCRG,PHIR
| CALiL COMPRS ]
1 T=LC FIRST : - q
PECRETTCIE05 ¢
FI=22,141572¢5
| =2 Ar(Ted) |
DEIRAD=SFI/ 1T, . . . i
CALL GErac

| VAT RLAY (.zyT.) [Sh=PE
15 F'JR.'!AT(IS)
IFCISPAPE (LTWC) GO TO =20
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rn=~.:*\~1\(.‘°T(ALFﬁ9 *S WhSR/(PCe*0LOG13(2)*ROKD)))

i
E v
ch o FSELEFN/DEGRAD
IF(&)h—p:-:\loul Bl A."-" ’*ASI'-()\:RT(‘.Z’/R)KQ))
IFCIoMAPEeELet) Swlu=2 U * S IK(5GRT('422/RTKE))
IfCicnarZecwe2) 2% eu®AST (ounT( a2/ (R0KI*ASPECT)))
IFCLSRAPE o5 %e3) EWLIZLI*¥ASTIN(SGRT( ¢642/R32K0))
s =zcw T/0EGRAD

-—-—.-.F?rv‘ 2 ea:F)!n—

2 ;c<~nT<*x, GWEE =T g FTule” DEGTyIX, BNI=",F2¢2, " DEG™)

NTHITA=I+INT(Y,L/Bw3)

)
wn
L I PRNVS

(&)

SN=FLCATCONTRETR)
T 28 NTRETA
SATEIN TNTHETAZ? 4 15)

-

™
[T I O ) '.

o *x (T o "S5« HIDG)

e

LI A Y
=B KO*RANGE/DCWNSK
Cj;"«ST?'-'S-’.*(CHIIPI)'*Z
i eF=_e *ALFARDO¥FANGZ/ELCGCTT (E)
FFSCAI*TANGE*ROA L/ (Lo U*PL*DWNSR*OCWNSR)
L TAPLE
FERFES
TC 1004
13PI*C .5
A1 CF PUINT GENERATLION
YoCe INT=D
C 1263 N=1,54
TFC el=e1) TRzZTASFLOR I (=12,
IF(r.CT 17) THETASFLCAT(AN=9) ¥
TeZTAR=THATA*QOz0AAD
Cia=LCo{ThETAK)
STr=3IL{TRETAR)
"'54=':'.:‘q
Paudae=g et
AV3T=T .0
fie3a=0 400
ShRl=L

SwEF «GTezwes) GO TO 1930
Tﬂ‘T'\o~T'~oi'a¥tr) ¢0 TU s ]

e — . —— . ———— — i —— 7~ - & L - o 3 o= -
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Y Ga

DATE

LF(TrETA LT ePJe=CaS2ENLF) G0 Ty 1032
GO TY 1EC3R
WTEGRAL FROM 7 TO PL/Z:

cSJ)es*P I/ NN
ERALF=C.5%3
AU 4o*F =23 HALF

EC 1wce J=T,NTRETA
CaLL PROCCH
A=A =€

-Zc CONTINUZ
ANS TSANS3 =2
ANS 23ANS4L =2

GO TC T.36
< INTEGRAL FROM EWEFR TO PI/2:
T3 E=(leS*PI=awEFR)/ENN
ERALFSC«5*E

AZJeo*PI=CHALF
Lo 1027 J=1,NTHETA

CrLL PROCTHT
A=A =g
©.27 CONTINUE

ALLS TZANSS*E
AMS2=ANSL *E

S IATEGRAL FROM C TO BwEFR:

"5.‘='Jc:
A SA':{'
Sowt F"

ﬂ (A"T

ErALF=Ced*E
A=cnalLF
CaglL PROCCY

u-thI*t
NS4 *E
LATLCN FCR TL.TAL INTEGRAL:

«
b s
Ca
o
): (" 'l‘ a
U L U v

N AINSTTANS S
KSL=ANSZ+ANSS
cY TLC 1234

>
-

-z A=(vAdcTA+1)/2
=L THETA=K
IFC(LeESC) L=1

-

E\AY'FL?ATTKTﬁ
LLaFLCAT (L
AL FROM (THETAR+ZwEFR/Z) TO PI/2:

2
l

oy
()
=

" u'\

CaS=2

I=-EFALF

A Gpan ¢

\
(C eS*(PI=cacfFr)=THETAR)I/DELL
A

r.
WO 1)

J=ir1‘.. .
o

«
R RV B |

0\ 0

o
o
-

0w 0 u‘!
P> r
|r-.-l-
a

»|
C
mj

-

ANS3*E
A \)"O'C

h llb

™ Py O

TO0 (ThzTAR=uwwefr/2):

A

> 4
v waluwwn
- vvd B0 & =
r
-y
£ b
.d
=1

-C ol
‘1

) = ™ n

—’Ij

TAr-‘-)*caEFh)/DkAY

REE -




N
E) \7
‘-

CONTINUZE
A.\.}--nn\SS's
ANS +=ANSL*E

SLlUYlLATICH &
AVSTSAKRST+ALS3
ANS Z=ANS2Z+ANSG

T.TEGCRAL FROM
ANS3=,C
ANS6=T .0

(THCc TAR=5wEFR/Z) T0 C(THETAR+SWEFR/2):

Ezowczfr
cHALE=Z 3 *E
A=ThiTAR

CALL PROCL]
ANS3=ANS3 =25
ANMSL=ANSL2E

“JULATION FOR TOTAL INTEZORAL:
'LSI—A\51‘F“S3
N32=AMS2+ANSS

'
)
)
(-

CJY’)

To T3¢
AL FRO® 7 TO (PI/2=EWEFR):

wEFR)/ENN

—

-t
[N
IO e

n
%

al
-
[}

-y
% N\

)
Y ron
L1 1|
o 3|~
.0 ]
tnwvle M C

2 o B 2

,NTH";]’A

<
(3

C

N

wEFR-EHALF
4
35

CALL
FEA=T

TL6l CCNTINUE

[}

(P1/.=-BwEFR') TO.PLl/¢:

"~
-
™ l1| s

seS*F1=3HALF
CALL PRCCL?

AR -=ANS S *C
ANSG=ASL*E

ACCU“JLAYION FOR TLTAL INTEGRAL:

ENS T=AAST*ENS S
aNns "—Q\SZ*AP-SI‘
©23, PrRASE=ATAN2CANS 29ANST)

PrAS==FHASE/DEZG AL
1FCsaTs1Y 20 Te 1820
FEALNTT T evn 3G

CCANST*ANST+ANS Z#ANS 2)

FrA3z=PhRADZ
CaLL=RGAIN+1Z,
PaIlhl 15 GALK

* ALOGIC(COEFF*CCEFF)

T7 FOR-nT CiXy GN=AKLS,
peiwiy 13
17 FGArATC(IH ., “THETA(DCEB) ”

pix,'ECu(Db)

APPAREMT PARAFMETRIC GALN =7

1FS¢1 911,

124, °30GAP(DB),2X, PHA

“087)

SE(DEG)

"'./ "‘DHI')

20 Dozt o ALNGILUCANSTRANCTIHANSZI®#ANSS)=RGAIN
1.‘(}'.:‘;.1)

60 Yo 1CYH
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LT DATE
IFCLSHAPE sEue e lReIoRAFEWEG. ) GC TO 1014
ATG ! T=SSCRT(Z WS rOKC=PI)*STR/LOWNSR
IFCISHADPE y8001) GO TS 1215
nTA3=SGRT(ASPECT)
IF(PRIREGe-eD) GO TC 1016
ARG 11=ARGIT*RTAS
S8 Ty TLls

T.ts ASG11SARGTY/RTAS

REE :é?:SIr(A%u.1)/«RG11
GG TG rC1%

4214 Gy —SGRT(..J*E“K")-STHIOOHNSK

CAP= ol *2SSL(ARCTIT,2) /ARG

Fro i es*PLlaR_A0*( ;e "=CTH)/DOWNSK
IFC:elSe11) ARSTIT1ST 2C*PI*R"KC*(THETAR®#2)/DOWNSR
LFCIoHAPE ecWol) DAP=SINCARGTT)/ARGTT

CAPSw=DAP=w?
IFCCAPSQeiGeno) DAPSE=T1.0E=C?
SCGAPSEDGT*C«*ALOGT1Z(DAPSQ)

(V70 3 R £

T 217 206AF=C.0
‘bqs P‘IAT 1‘ TPETA,&DG’ﬁDEAP,pH;SE,NPHI
Ta FCRH;T(fx.Ff.!,?x'FC.!'IX,Fﬁo. 5X1F601’6X1I‘)
CALL MMSTOR(TAzTA,30G,£00AP)
Tu&t CONTIANULE
AP FPAlSU
CrlL MNPLOT
PiPFAC=T
LAl MMPLOT o
IF(FHIROEQ'J.:) GC TO 13:2
GO TG 1021
--- LFCLUHAFE sEuez) BO5 10 THUD
421 Calu SECONDCIC)

A%

2%°T START ANnY ZEAM PATTERNS AFTER 200 SEC HAS ELAPSED.

20

ITFUICTT) oG aaCCRK) Gu Ty Yyl
¢C To 1201
CaLL DONEPL

SdiJ~ LUiE
PTLINT 21
FORYAT(TIX,°3AD INPUT, NEXT CASE.?)

ev av 12U

PRICEDUKE PRCCOT

SUsRACUTINE FROCU1

CU 1wal LST e2b
CALL FCTCArzHALF*C(1)yARCG1,ARGE)
“CRI=NPHI+ICCOUNT

Fr5S=ARGT _ .
AfoezARG2
CALL FCTCA=SHALF*CCi) £GT,ARGE)

"
Vi

“PH.=NFRIFICOUN L E
ANSTEANSI 4w () * (ARGo+ARGT)*C WS
n\¢~-A”SbO~§')'(AQqL¢:hG2)*¢.S

KslurN
E:(o




ER

3L

L%

23=-08:53:6¢=(0,)

OO OO OONOOODOOON MO

~n
(9]
(%)

(&N o]

(10N 8

NN

- 3
~ o9

[AS AV

212
Ak

SUBRCUTINZ 1Azl =
THIS SUBPROGAAM TABULATES SXP(JRAI*I(COSNU)Y FIR " o001 eiLSeGNUalce
Selé, wiTH AL PARTSI STORED IN VALUST(N) AND IMAGINARY 2aARTS
STOREL IN VALUEZ(N), TrE INDEX N I3 RELATED TO GNU 3AY

FLOAT(M=9) /1053 N0 GLE N lLEs 19
FLOAT(N=12)71GCC 19 eLEenelE 1Y,
FLOAT(N=6E)/52 118 elLEeNelE.22S
COSNU IS NEGATIVE FOR GMNUGGT.PI/2.
INPUTS TeCALF=2 A PHAR
RK 3KR \ :
RANGE=R/RC .

JuTPUTS U aTWOALF*COSANU
VGKR*(1=COSNU)
CONST13COSNUTR/RC
VALUET1(223)

VALUER(223)
AKCTAL=ALPHA/ (22*K)
836382 (CCMPLEX)

SATEANAL FNC

COMPLEX 3S4Q
COMNMON/ZLK/UO,VC,TwQALF,RK
COMMON/TAN/RANG E
COMMGN/RED/VALUET1(243) ,VALUER2(240)
COMMON/ORQeN/CONSTT,AKCTAL
COMMON/GRN/X(22),v(2Z3)
COMMON/FUCIA/SS w

YAX320,
E231=20,56-C0¢

3G 201 N=1,228
[F{n=10) 203,2C2,2C%
GMU=FLOAT(N) *1 (==&

GO TQ 208

IF{N=15) 204,2T3:,20%
GNUSFLOAT(N=3) «1,0E=CT

GC TO 2CS

IF{N=118) 212,212,213
eMNU=FLOAT(N=12) «C.C1

60 TO 2725

GNU=FLOAT(N=63) 20,02

CCSHNU=CIS (GAU)

UC=TwOALF*CCSAU

VOSRK*(1.0-COSNL)

IF(MeLTe?3) VC=3K*((GNU®*A) /720, =(GNU**4) /24,4052 (GNU*2))
CCNSTI=COSNU2RANGE
AKOTAL=RK/TWwOALF .
23SQACMPALX (T o0y 2 C*ARSTAL) *(TwQALFee2) 2 ((SINI(GNU)) *2)
Az2( .0

SSYMAX

£=£PSI

VALUET(N) =ADPSBCIA 34 FNCy T EWNPT)
A=0.0

E=YMAX

£=EPS?

VYALUE2 (M) 2ASPSRCIA31FNCy24E)MP2)

"
il ks i, i Skl e Bt
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324 e

CLELRANGE.aTC3 30 To 201
vIZ3vO/TNALF

fENzZ=t o/ (TRCALSE 2 (14+yEZen2))

d1=valUst (N) ;

¥23vaLuIalng 3 ; i

VALUSTIN)S(ytey 32 ayl) eCEN

VALJEZINYS(2=uzEry 1) *OEN
S0t CONTINUG

IZTUuRN

3]




IPSEC
71 23-08:56:27-(0,)

FUNCTION 20PS8C (A3 ,FNCyINDEX,EPSHNP)
Corenreer2easPRAGRAMMED BY M, J, GOLISTEIN "eerenvrwe

CQ".".“""'#""" LR R AL SRR RSNl R RIS NEERZES 222}

CroeeeTHIS SINGLZ PRECISIOIN SUBPROGRAM APPROXIMATES THMCewwwr
Craeax [NTIGRAL FROM A TO 8 OF TME FUNCTION FNCUX,INQEX) veeer
Ceres=TQ GITHIN A RELATIVE ERROR EPS 3Y. AOAPTIVE SIMPSCNeeve
CeevraQUADRATURE AND SETURNS ThE APPROXIMATION IN AOPSGlenwv
SeewwaTHE FUNCTICON FNC(X,INDEX) IS A SINGLE PRECISION eevvrw
Crvewae ITEANAL FUNCTICN SUBPROGRA™ WRICH EVALUATES THE sweene
CoxerssFUNCTION AT POINT %o INJDEX 1S A POINTER TO ONE OF eweve
CoreenxSEVERAL INTESRANDOS CCNTAINED [N THE CODE OF Tvrene
CormeresPNC(X,INDEX)s 4P IS RETURNED TO THE CALLING PRU= ¢tvere
CreveesGRAM AS ONE LESS THAN THE NUMEGER OF INTEGRAND EVAL= v
Cro2s»UATIONS USED TO OBTAIN THE RESULT AOPSaEC. teeesn

C'."l.'.."‘.".l"". TN TTOTROUOURBTRPYPRYUARNROPRUOEROURORPQORTRY

DIMENSICN EPSP(3Q),FZ(30),F(3C),FMP(33),xM(37),F2P(22),02(33),

w42 C(30),x3830),28T2C22),I1TaANC2N),PYAL(3C,2)
LOGICAL T=CT
€% = 2.3

NP = 0

EPS = 15.2°EPS

Ltvl = 9

ABSA = 1,G

eEST = 1,0

0A =23 = A

FA = FNCCA,INDER)

Fit = L,O0=FNC((A + 8)'”.S,INDEX)
FE = FNC(3,INDEX)

NP = 2

ASSIGN 20C01 T PROCOY
80 TC 3GC0¢1
20001 COMTINUZ
223002 CCNTINUE
IFCNOT(TEST)) GO TO 22403
LVL = LYL - 1
ICOL = ITRAIN(LVL) ’
PVAL(LYL,ICCL) = Sum
AS3iGN 20CQS TQ PROCI2
50 TO 35QC¢
27535 CONTINUE
Ge 7% 26Q32¢4
203CC CONTINUE
ITANCLVL) = 1
SA = O0X(LVYL)
Fw = F2(LVL)
F3 = FMP{LYL)
EPS = EOSP(LVL) «Q,
E3T = e357 ¥ SAVE 3 POINT APPRCZA, ON (A, A+3A7)
ASSIGN 2C0RCs 7o PRGN
6C TOo 2001
2703048 CoOMTINUE
22GC4 CONTINUE
LFCONOT (LY L42Q,41)) GO TO 276C7:
ASPSEE = Su» = CORR/1S.0
RETIAN

™. No.
791132
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PROCIDURE ReECUR
CONTINLE
LVl LVL -+ 1
| OX(LYL) = DA®J, 3
i X (VL) /4.2
X»(LYL) = A » Da(LVYL)
X2(LVL) = A«dX(LYL)*2,S
F2OLWL) 5.0 FNCIX2CLVL),INOEX)
S ACRTID] x2(LvL) + pxlLvy) A
FI(LVL) = & o40*FNC(X3CLVL),,INDEX) 4
EPSP(LYL) = EPS
TOLERANCz MUST 3E 3T,
IN NEXT STATEMENT, LYLMAX IS SUCh THAT
(2o LVLMAX) LT, (3Ce2]7«€PSI)
IFCLVLeGT20) ERSPILILI=T1,CE=T?
FMP(LVL) FMe) 25
i ESTT = (Fa » FZ (LVL)
FRP(LYL) Fa
gsT2(LwL) (emsllLvL)
| SuM ESTY + E5ST2{LYL)
| A33A = A354 = AQ3{zZST) + AgS(EsT)
(W1 SST = 3um
TEST ASS(CI) eiE«SPSP(LVL)*ABSA
TEST TESTeAMD o (ESTANELT4T)
TeST TESTORJLVL «GE 4358
IF(TESTICASR CCRR + (I
NP NP #2
a0 TO PROCZY

VOO OYO

)

(@]
—

(a]

¢ FMP(LVYL)) *SX

*+ F3I(LVL) + F3)*SX

>

ApSC(ESTZ(LVYL))

-
O

SET

PROCEDURE CAS
CONTINUE

50 TQO(23C27,20n:.8),
CONTINUE
| ITRINCLYL)
cA 9x (Lvi)

FA FaP(LYL)

fu FILvL)

Fe FaPlLYL)

EPS = £PSP(LVL) =045
A = oaM(LVY)

EST = Z5TZ(LVL)
ASSIoN 233210 TS
63 Ty ¥T0O0H

WO OONn

(8]
[}
()
Y V)

IcoL

~N
R
O
O

~

2
-

PROL

CoNTivUE

63 To el

CONTINGE

SUM =2 AVvALILYL, 1) + 2yalLwl 2
CaNTiINUE f

¥
RN RO W

Kkt o

15/(2%+27) TQ AVOID NOISE PRO3LEvS:

3 STORE 5 POINT apPeR0X,

COMPARISON

IN Sum

TEST
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FUNCTION FNC(Y, INODEX)

THIS SUBPROGRAM COMPUTES THE
UPEAP(=Y)/SGRT(Zex2+32+2)
Us€XP(=y)

INPUTS Y
INCEX=2]1 OR 2
UQ=TwOALF=COSNU
V3IskR* (1=CCSNU)
RANGE
8SQ=gre?
QUTPUTS RT=SQART(Zee2ey

INTEGRAND ,
IF RANGE.GT.Z
IF RANGE.LT.?

(CoMPLEX)
=2) (ComMPLEX)

FNC(Y,1)=REAL PART
FNCC(Y2)SIMAGINARY PART

COMPLEX RT,7,u, 3,858
COMMON/BLX/UQ,VCyTWCALF,RX

T COMMON/TAN/RANGE

COMMON/JRANGE/RT
COMMNON/FUCTA/ES G :
1F(RANGES( +0.0) O TO 401
Z2CMPLX(Y+UTy=v D)
RT3CSART(Z#22+535Q)
TCALLTUEVALCY,Z,U)
YI3UCMPLX(EXP(=Y),G4)
IFCINOSEXGEQ.T) FNC=REAL(YD)
IF(INDEXeSQ42) FNC=AIMAG(YI)
RETURN

Z2CMPLX(Y=ud,vLC)
RT=3CSART(Z++2+85Q)

CALL USVAL(Y,Z,W)
YISUSCMPLX(EXP(=Y),0,)/RT
IFCINOEXWEQL1) FNC2xEAL(Y3)
IF(INDEXEQR,2) FNCSAIMAG(YI)
RETURN

£%0

™ No.
791132




|
|
|
i
|

i »

v o~
[
C.
(n
N
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4:37=(2,
3‘:i'b' ME O LEVALLY,Z,u)
CEPRCBRAM CL"FYTZSS Twmi SATLRIATICON=TAPSR U(R7/7220),
(NPUTS ; (USED ZHLY IF RANGZS.LT,.2239)
v3 (USED ONLY IF RAMNGZLTL2ERI)
e h ({omP 3z X)
CINSTI=CCSNUTPREINGE
CUnNSTIz23e(Cnl/3 Yew?
NT2SaRT(2«22+¢3+22) (CIwPLEX)
TealALFZ2vAPHA R
KA NGE

ASPECT

ACCTAL=ALPHA/ (2x)

ISRAPE=(C,1,2,0F 3

33G038ee) COMPLEX)

JUTRPUT ] (ComPLEYX)

SNMPLEX R?,Z.U.:B.’P?!‘E'XI.ESthELTA
SOMMON/ILK/UC, Y2, TWOALF ,RX
COMMUN/TAN/RANGE
COMMCN/RALUS/ASP LTy iSMHAPE
CCHMWCN/YELLGe/JCNSTS
CLMACN/3ROAN/ZTINSTY LAKCTAL
CIMSNON/LRANGE/RT
COMMCN/FUCIA/SS @
CRIOILE =25, SET U=(1.C.G-O)
IF(CCNSTI LT e14C3=Cs) GO TQ 10%
ZTEST=CA3S(2=RT)/CASS(L)
APRIMEZCHAPLX(Y L JAXDTAL I #l=Coe x( 0, AKOTAL)Y=]T
IF(ZTEST.LE.S.:f) RPRIWE27 ({1 4,C0)=CMOLX(D0yeS*AKCTAL) «
v{{38@/I®22,;=(o233Ce) e ({35Q/222 )=22)+(,125,0,)¢((355/2%<2)=23)))
333 [mE= %P‘!!»t’?PLX((?iNGEIThQALF),-.) cnPLx(t..-.'Aka’AL)
IFCRANGS JLToSel) RPALMELMOL X (RANGE®Y yU o) /CPFLA(TCALF,VD?
LE{AANGELGT oJed) RPSIWE=RPAIMECHMPLI(CINSTT, 2,

IFCISHMAPE o NEoc) 3B=RPOIME*CSQRT((1.,Cs)+*RBRAIMNE"=T)
IFLLSMAPE 20 el) BO=((24,0e) vRPRIME-CMPLX(ASPELT=1,,%0) ¢ (24,3407
LS ATl e N el e PLX(ASPECT =Y 4, Je) *RORIWE+RPI "5 0r2))

e/ CMPLXC(Y,#A5PECT,d,)

21U MAU X {CONSTE e el CLOG 33 )22} :
(FCZAIS (AP 2IME) LTelst cANDISHAPEWNEL2) XI1=CMPLX{CONST3,04)
((.J?S.J.)'(R?R ME2S T «CMP X (1 4/8esPNe)t(RPRINCe«3I)}+RPA[ I} ax?
I7{ISHASE,NEZ) 63 Y 133

55;‘43{HPL‘(uO>'(AS? c.-inJ),‘._)

17CCASSCRPIIME) LT oot oAND oCABS(DELTA) oLTeJ632) a1=

2CAP K{CINSTI 0o v (2 PLALALSG(Z 4/ (14+ASPSECT)Y),0.)+03LTA+IPR 1S
v (5 ,Ce)* 0 LTAr (IS L TA+RPRIMS) e (DELTAY#2a(2,,N ) 2DELTA
CvIPI(ME=PIIME )/ (Y, ) )= (425,00 )’DE;T\"Q’(.Z.Q.)~(DELTA

v $0I[ AT ) (DT T ewlwPRIME+ I TAr?3I+()E_TA~RPIINME)we2+(1,5,2,)
2eJS TA®RPR[“Zeels(,379,0,) v3PR[mCexl)) en

[FCABS(XI) elTetel2) 58 TO 102

AIiTEST2CAES (e sCe)l*(LeyUod®itl)

LPC(XZTESToLTslac8=tz) 4:((10'?0)":)' 1.5339,3.}

TP LTS T oS0l o uBE=T s eAND o XETESTLE A 401) Ua((1,,e)*X1)/C33RT

(C'FLX(0.51/KIT-S’,}.)'((1..:.)*(2..5.)*1!))-(1.,3.)

PPCALTEST 0T ol el Wl oy Qs d®l)/CSART(C ey ua)l s 2asidadet]l)
'-('.g303

=“’2.4gll/ l"' )
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RETURN . -
192 :;;;;;G.)-(Z..G.)'X'i*(B.?S,G-)'(Xl"Z)-(7..0o)'(.XI"3)
191 U'(’.'Oo)
. RETURN

ENO
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.G:( L b

M4
123=38:55:02-(2,)
SUBRQUTINE aGMS - 2
& THIS SUBPROGRAM (OMPUTES WEIGHTING FACTORS FQOR THE GAUSSIAN
I C JUAJRATURE, L -
i T CCMMON/wWAT/C(24),w{24)
! C{1)=,993771301
‘ £(2)3.,98333017
f €(3)=2,93412458
| C(4)=2,97055153
' €(5)=2,9525477¢C
i 3 TC(6)=,93132449
‘ C(?)=2,905879%1%
C(8)=,87457202
C(3)=,44353326
C(12)=,3070684822
CC11)=,7267159032
i U7 C{12)3.724633413
! C(13)2,877537233
C(182=2,52a8474
€(15)=,57722473
CC15)=,523140¢7
L C17)2,46492250
C(13)=2,405243643
C(15)=,2447555y
€(20)=2,23730249
C(21)=,22476375
€(22)=.1612223s
£(22)=2,97704453 =1
C(24)=2432320171z=~1
#w(1)=2,315334813=2
‘ w(2)=,73275539& -2
| w{3)=2,11477235¢c =1
| #(4)=,15575314: -1
I W(5)=,1981418GCz -1
; T w(8)=,23573781¢: -1
, w(7)2,27425510% -1
w(3)=,31167¢28: -1
W(9)=,34777223¢% -1
, W(10)=2.382461351 =1
‘ w(11)=,41545082c=1
al(12)2,44674561 =1
w(13)2,47616653 z=1
«(146)2,50357034:z2=1
I “(15)2.,5239C18% =%
«(15)=2,55199504 =1
w(17)2,57277252¢c=1
d(12)2,59114840 =1
#(1%)2,807C4435 =1
4(23)=2,62039423¢~1
#(21)2483116132 :=1
#(22)2,6332+237 =1
0(23)=,46460160z=1
0{24)2,44737897 z=1
RETURY
END

8-14
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SUBRUUTINE FCT(nRG.ARG1.ARGZ)
THIS SUBPROGRAM COMPUTES THE THETAPRIME INTEGRAND =
SINCTHETAPRIME) #D0we2« (INTEGRAL OVER PHIPRxnﬂ).
INPUTS SThaSIN(THETA)
CTHeCOS(THETA)
ARGSTHRETASQIME
PHIRIPHI(RAD)
ASPECT
ISHAPE=0,1,2,09 3
RGkO
c(26)
w(26)
QUTPUTS ARGI=REAL PART
ARE23IMAGINARY PART |
ICCUNT=NO OF PHIPRIME PQINTS / 48
COMMON/BLUE/ASPECT, ISHAPE
CCAMUN/WHT/C(25),9(¢b)
COMMON/GREY /BWE FRyBwGRyICOUNT,STH,CTH,PI
COMMON/PINK/RIKC,PHIR :
S=SINCARG) i
CI=3C0S (ARG) i
COCTH=CO*CTH
SSTH=2S2STH
N21+INT(PI=S/(120.*58wlR))
NNNN=N
ARG1=C.2 ]
ARGZ'G.O ) i
ARG112G.0 - ;
ARG12=0.0
1COUNT=?
IFCISHAPE cEQeUsCRWISHAPELEQ.2) GO TO 604
IF{ISHAPE .EQ.1) 60 TO 435
ARG 3I=SQART(Q5*P I*RCKQ/ASPECT) e
IF(PRIR.EQ.Ce0) 60 TO 406
ARG3I3ARGI*ASPECT
60 TO 406
IF(ISHAPE c2CeJ) ARGI=2SQRT(2.L*3CK2) S
IF(ISHAPE cEQe3) ARGZ=N,SePleRNKGe(1.0=C0)
IFCISHAPE cEGQeToAND ,3sLELDeCT) ARGIZN,25+PI ¢RI (ARG *Q)
N=1
GO TO 45326
ARG3I=SGQRT(PL*rRGk0*5,5) ¢S
ENNSFLIAT(N)
IF(N.EQel) ©wd TC 522
IF(cmEFRGCE.T40n/S) GO TO 423 J
[F(3aEF9,GE.1.0) G0 T 623 .
IF(DABS(S=STH]) LT BEFR) G0 TO 418 | 4
S=pPI/ENN é,
AP l=0.52E
L=1 |
5C TO 625
B82(P[=-8wEFR)I/ENN
Aspl’GOS'E
L= "
oq 826 J=T,NNNN ' 8-15
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59 417 k31,2

IKAYSFLQAT(K)
PHIPKI=A+*32C([)=e(1,5=0KAY)
COSNUBCACTH+SSTneCOS(PRIPRI®
CALL FCTPRICCOSAM,YALT,VvAL2)
L1F{IONAPE cEQeC e CRWISHAPE ,ZQA43) GO TO 427
SPAT=COS(AHIPRI)
SPRII=SIN(PRIPRL)
ARGa=ARG3I*CPR]
ARGI=SARGI*SPR] U
IF(ISHAPS ,8Q41) 50 T s12
IF(PHIR.EQ.Ced) GO TO &16
ARGS=ARGS/ASPECT

83 TO 612

ARG33ARGS *ASPECT
IF(ARGS,EQ.C.0) 60 TO 4728
CI=SINCARGSL) /ARGS

30 TO 609

"~

§3a ¢0=21,C
87F [7(ARES.EQF.Cel) 80 TO 410

30=0Q«SINCARGS) /ARSS

$§1C FAC=(00e22)24(1)

GO TGO 4814

607 fAC=w(])
614 ARGI=ARGYI*FACV ALY
217 ARG2=ARG2+FACTV AL2
a3 CONTINUE

o

~N

w
(V]

o

-

:
-
.8

ICOUNT=ICOUNT+?
IFCLLEG.T) 30 TG 621
A=) -5

4 CONTILINUE
FAC=8+*S
IF(LeEG Y1) GC Ty 623
L=3

ARG{11=AR61=FAC
ARG1Z2=ARG2*FAC
ARG1=0.,2
ARG 2=0,9
3=gWeFR
A=0,5¢8
AMN=1
GC TO 625

1 FAC=32S
A231=A881=FAC+ARGTT
ARG2=ARG2*FAC*ARG!2
U TV 829

£ ARQ1=ARGT*FAC
ARGC=ARG2*F AL

S IFCLSHAPE sZaal s CRIUAHAPZLEQ.2Z) 6O TO 412
ZF(AéG'.‘.S"hJ.C) GO TO :31
(FOISHAPEWCQel) 02=2,77355L(ARGI,3)/702453
IFCISHAPS eZWel3) 3T72SINCARG2)/A4G3
37200 2 :
G 3 &2

1 ::3709

2 CONTINUE

3-16
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SUSROUTINE FCTPRICCOSNU,VALT,VAL2) ' |
THIS SUBPROGRAM COMPUTES THE PHIPRIME INTZGRAND, EXP(JKR)I*I(COSNU).
INPUTS CC SNU '
VALUE1(225)
. VALUE2(22%)
- QUTPUTS VAL1=2RSAL PART
VAL2=IMAGINARY PART 1
COMMON/RED/VALLZT1(248) ,VALUZ2(24)
: ' SNU=ACOS(COSNU)
| C=1.0EQ4*6NU
3 I=INT(C)
1F(1.6T.0).60 TC SQO
VAL1SVALUET (1)
VAL2=VALUE2(1)
RETURN : o
T SOT IFCIJLTLI0) 60770 5G2 ' i .
1F(1.6€49C0) 60 TO 501
€=1000.+6NU+9, ]
60 TO 506
SQ1 IF(I1.6E.13000) 60 TO SGC4&
C=100e26NU+18, :
TGO T0SQE& T MR . o
504 IF(I.GE.314C80) G0 TO SC7
C=50.*6NU*63,
60 TO 506
3C7 VAL1=VALUE1(225)
VAL2=VALUE2(225) :
R RRORN o e g b e T i
506 I=INT(C)
SC2 CII=C=FLOAT(I)
VALTSVALUET(I)
VALTI=VALTI+*(VALUZICI»1)=VALT)*(CLL)
VAL2=VALUE2(I) : ,
VAL23VAL2+(VALUE2(I+1)=VAL2) *#(CII) .
RETUAN
EnD

o
C
(3
c
C
c

w
'
P
~

!
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13 RETUAN
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ARG1=ARGT1=0L
3

Ad

S S

B e N e ™ Sl e e g

! {
“ ! “ .

! _

|

A

END

T ey e gy S s

e 65 T Y PR Yy



it

SIN &6

s N aNal

o0

2000

JROLOT
23-08:55:53=(9,)

5S¢

101
182

1

1
1

g5

Ge
5%

SUSROUTINE mMSTCR(THETA,B80G+80GAP)

PARAMETER MPTS=200

PETER R MINCZR APR 1977

COMMON/TAN/RANG E

COMMON/BLUE/ASPECT, [SHAPE .
COMMON/PURPLE/ NPOINT,XARRAY (MPTS),YARRAY(MPTS)  ,ZARRAY(YPTS)
COMMON/QORAB/ ChHIVB,ALFARG,30WNSR,GAIN,FASE NAPFAC
COMMON/PINK/RCX LePHIR

NPOINT=NPOINT+1

IFCNPOINT.GT.MPTS) GO TO SO

XARRAY(NPOINT)ZTHETA

YARRAY(NPOINT)=80G

ZARRAY(NPOINT)=2g0GAP

RETURN

wWRITE(4,29CC)

FORMAT(” PLOT STORAGE OVERFLOW”)

NPQINT=MPTS

RETURN

PLOT CURVE

ENTRY MmPLOT

CALL NOBROR

IF(NAPFAC.EQ.D) 60 TO 101

CALL TITLE(® “, -1, °THETA (DEG)“ ,11,°3S0GAP (D03)7,17,9.,7.)
60 TO 132 : :

CALL TITLEC” “, =1, THETA (DEG) 11,7806 (08) y8,5¢47.)
CALL NOCHEK -
CALL FRAME

CALL GR‘F(“S..‘009‘509-7009100900)

CALL XTICXS(2)

CALL YTICKS(2)

CALL 00T

CALL GRID(Z2,1)

CALL RESET(®pOT™ y

IF(MAPFAC LES.J) GO 70 103

CALL CURVE(XARRAY,ZARRAY,NPOINT,O)

50 70 194

CALL CURVE(XARRAY,YARRAY,NPOINT,0)

0C 130 I=1,NPOINT

XARRAY (L) ==XARRAY(!)

CONTINUE

IF(NAPF‘C.EQ.Q) 60 T9 105

CALL CURVE(XARRAY,ZARRAY,NPOINT,O)

GO 70 1Cs

CALL CURVE(XARRAY,YARRAY,NPOINT,Q)

PLOT VARIABLES

I=ISHAPE+1

60 TO (152,143,170,120), 1

CALL HESSAG('CZiCLE'.é..S.é.:)

6% TO 220

CaLe HESSAG('SGLARE',*..5;6.3)

6C TO 200

CALL MESSAG( RECTANGLE 19 ,44598.3)
G0 10 270

™ No.
791132
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CALL MESSAG( 2N, FLRE",? ..5 5.3)
CALL MESIAI(’GAIN 3 “,7,4%5:8.%)

o

2sC

AV AV}

N -
O

-4

AVALUZSGA N

caLi R-!Ln.\AVALus.!:S, AJUT?,8.5)
CALL MESSAGL” 937,3,7a3uT” ,o.s.
CALL ME5SSAG(“PNASE = “,3,e5,8e2)

AYALUE=FASE

CALL REALNO(AVALUE,1CT, A8UT y6.2)
CALL MESSAG(” 33287,6,°A8UT 54D
ITCISHAPE ,NEL2) GC T3 258

CALL WESSAS(ZASPECT = '0910595.9)
AVALUE=ASPECT

CALL REALNOCAVALUE,105,7A8UT ,5.9)
CALL MESSAG(“PHI = “,4,45,5.6)
IF(PHIR.EGele) AVALUS=Q,
IF(PRIRNZeQe) AVALUE=S],

CALL REALNOCAVALUE,122,°48UT",5.4)
CALL MZSSAG(” DE6 794, A3UT",5.8)

PLAT VARIABLES, RIGHT SIOE

CALL RESSAG( CnI 3 “,6,8¢5,46.2)
AVALUE=CN1DS

TALL REAL ‘vO(A‘ALUé, 03) ASUT‘|305)
CALL MESSAG(” 037,2,7A3UT",4.8)
CALL MESSAG( ALFAR]D = P ey G5
AVALUE=SILFARS

CALL PEALNO(AVALUE 104, °A3UT ,4.3)
CALL MESSAG(® D3°,3,%A5uT",5.5)
CALiL MESSAG( FEN/E = °,7,58454842)
AYALLESDQWMSR

ChLl RE«LVO(AVALJr.1 3,7A8UT 7 ,35.2)
CaLl MESSASC( RCY = 7,7,6845,549)
Ay ALLE=RQXZ

CaLL RSAULNOLAVALLE,105,743LT7%,5.9)
17(RANGEWLT,Je3:8) G0 TO 212

CALL %2SSAG(°R/30 =2 “,7,545,508)
A ALUE=RANGE

CALL REALNC(AVALUE, 104
22 79 22¢C

Call WESSAG(TINFINITE 2aNGE
CALL ENCPL(=1)

RETUAN

END

'A-E'J",S.O)

'1‘,60595.3)
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