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PREFACE
This is an addendum to Gas Turbine Laboratory Report No. 119.
It covers additional work on sound propagation in lined ducts which

was started under DOT Grant Agreement DOT-0S-30011 and continued under

Supplement Agreements to the same grant.

The work is being monitored by Dr. Gordon Banerian, Office of Noise

Abatement, Department of Transportation.
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Al. ATTENUATION OF SOUND IN LINED CIRCULAR DUCTS

In the previous report, we have used approximate
expressions for the wall impedance for the discussion of

sound attenuation in lined circular ducts. For instance,

Eq. (2.5) has been used for the wall impedance of a circular
duct lined with a resonator with a resistive screen, and
Eq. (2.8) for a circular duct lined with a porous material.

If the ratio of the duct radius to the liner thickness
(D/L) is large and the sound frequency is large, the imped-
ance given in Eg. (2.5) or Eq. (2.8) is a good approximation
for a lined circular duct. However, when either one of these
conditions is not fulfilled, the radial spread of the wave
in the liner imposes some effects on the sound attenuation,
whereas no wave spreading takes place in the liner of a
rectangular duct.

In this addendum we derive expresslons for the wall
impedance of 1lined circular ducts, accounting for the
cylindrical spreading of the waves within the liner. The
assumption of a locally reacting surface is still made. On
the basis of the impedance thus obtained, the attenuation
characteristics of a circular lined duct are computed for

a wide range of parameters.



For direct comparison, the numerical results are
presented in figures numbered similarly to the previous
report. For example, '"Figure 3.66" in the previous report
is replaced by "Figure A3.66" for plotting the octave band
TL vs kL in a circular duct lined with a porous material
with the duct parameters: © = 0.5, D/L = 1.094 and area

ratio = 1. (See page 124 and page A

Al.1 Resonator Liner

In the case of locally reacting duct walls, the
sound propagation in the liner 1s negligible in the axial
direction. Thus the pressure field in the liner is written
as

P = A{Hél)(kr) + aHéE)(kr-)l, (A1.1)

J

where the H's are Hankel functions and A and a are constants.

The velocity fleld is then

=7 %{H](_l)(kr) + cxH§2)(kr)} , (A1.2)

o

where  1s the radial unit vector.
Since u, = 0 at r = b + L, from Eq. (A1L.2),
1 k(o + 1)]

- - - 1.
: H§2)[k(b + L)] (a1.3)

The normalized wall reactance due to the cavity 1s



. Hél)(kb) + aHéz)(kb)

pcu (1) (2)
ril.y Hy (kb) + aH; (kb)
If kb >> 1 and L << b, this equation reduces to
%, =1 cot(kL). (A1.5)

This is the same as the cavity reactance in a rectangular
duct lined with a resonator (cf. Eq. 2.5).

The total normalized impedance is

Hél)(kb) + aHég)(kb)

£ =6-1(kt'+ ), (A1.6)

Hgl)(kb) + aH{g)(kb)

where © is the dynamic resistance of the screen, kt' the
reactance accounting for the inertia of the air in the screen,

and o is given in Eq. (Al.3).

Al.2. Porous Liner

When the porous material is isotropic and homogeneous,
the pressure field in the porous medium of an annular shape

as shown in Fig. 2.20 is
Py, = A{Hél)(qr) + aHél)(qr)j, (A1.7)
where g is defined in Egs. (2.9) and (2.10).
The velocity field is then

A
cq

-5 __%j
U.L~

w

l'

iﬂil)(qf) + aH§2)(qr)}, (A1.8)

©

It follows fromu = 0 that

r'Ir'=b+L



1 (g (0 + 1))

Q= - (A1.9)
112 [q(b + 1)]
The normalized wall impedance 1is

Py 1 11 (qp) + aHéz)(qb)
€ = pcu ! = = —k‘g' (1) sz . (Al.lO)

L Hy"’(qb) + aHy (ab)

If gb >>1 and b >> L, this equation reduces to
£ —> %% cot (qL). (A1.11)

This is the same as Eq. (2.8).



Figures A2.16 - A2.19:

Real and imaginary parts of kz for circular ducts
lined with a resistive scrren type resonator liner.
The real part of kz is normalized by division by k.
The imaginary part of kz is presented in terms of
8.6859'Im(kz)D, which is the transmission loss in
dB of a pure tome in a length D of the duct. Each
figure corresponds to a different value of D/L.
Each curve in a figure corresponds to a different
value of the flow resistance 6 (in units of pc)

of the screen.
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Figures A2.21 - A2.28: Real and imaginary parts of kz for circular ducts

lined with a porous liner. The format is the same

as in Figures A2.16 - A2.19.
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Figures A3.50 - A3.65:

Octave band TL vs kL in circular ducts lined with

a resistive screen type resonator liner. Each figure
corresponds to a different combination of values of
the screen resistance © and D/L. Each figure contains
three frames corresponding to different spectra of

the incident wave as indicated by N. 1In each frame
five curves are given corresponding to five values

of the duct length parameter S/D, which are given

at the corner of each figure.
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Figures A3.66 — A3.97: Octave band TL vs kL for a circular duct lined

with a porous liner. The format is the same as

in Figures A3.50 - A3.65.
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Figures A3.110 - A3.113: Octave bhand TL vs S/D for a circular duct lined

with a resistive screen type resonator liner.
Each figure corresponds to a different value of
D/L. 1In each figure four frames are shown,
corresponding to 8 = 0.5, 1, 2, and 4. 1In each
frame four curves are plotted, corresponding to

four different values of kL as indicated by symbols.
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Figures A3.114 - A3.121: Octave band TL vs S/D for a circular duct lined

with a resistive screen type resonator liner.

The format is the same as in Figs. A3.110 - A3.113.
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Figure A3.119
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Figure A3.120
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A2. COMPUTER PROGRAMS

The computer program CCHOC, which obtains complex wave numbers in
lined circular ducts, has been revised. In the new program (YCHO) the
Hankel functions with complex arguments are used to obtain the exact
boundary impedances.

During the preparation of this addendum we have developed a new
subroutine (CMJYB) to compute the complex J- and Y-Bessel functions.
This subroutine is superior to the M.I.T. Math. Library subroutines for

the complex Bessel functions in accuracy and speed.
*
To accommodate CMJYB the subroutines RTCHO, BECHO and complex function

%
FUN(Z) have been revised. The other subroutines remain unchanged.

These two subroutines were previously included in the listing of RTCHO.
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aOaanaa

C THIS PROGRPM H2S FWEN CRFATFD RY

THTIS PROGRAM CCOMPUTSS COMPLFEX WAVE VECTORS IN A LINED CIRCULAR
DUCT DSING COMPLFEY ETGENVALUES OBTAINED BY THE SUEBROUTTYNE RTCHO,
THEIN PERFORMS TINTRGRATION TO OPBTAIY OCTAV® BAND TRANSMISSION
TOSS OF SOUND POWEPS.

TO FIND FXRCT™ WALL IMPEDANCYF, COMPLEX HANKFL FUNCTIONS HAVF RFEN
US%ED.

Y.C.CHO AT M,I.T. GAS TOREINF

C LABORATORY IN 1974,

301 FORMAT (*1
601 TORMAT {(*1

602 FORMAT ('1

IMPLICIT COMPLEX*8 (C)

COMMON /RIMIT/7IN (64,1)

COMMON /QFNT/AAA,BBB

COMMON/BYCF/DDYO,DDY 1

COMPLZX ANSW (4),W (4),%7IN,CKIA(2,8,4,114)

REAL TT(8)/.5,1.,2.,4.,8.,12.,16.,20./

REAL ARATIO(4)/.125,.25,.5,.75/

RERL XRS(5)/1.,2.,4.,8.,16./,CABS,COS,COUNT (7)
REAL V(7)/-0625,.1254225,.5,10,2+,U./

REAL GN(113),G2(4),Y0(17),YP(17),YN(17),20(17), 2P (17) ,7ZN (17)
RFAL ATTO(7) ,ATTP(7), ATIN (7)

REAL ATTD(2,2,8,4,5,3,7),YCOM(113),COTAN

REAL RCTNC (U4, 113)

IEAL*4 DDYO (30),DDY1 (30)

REAL*8 DYC (37),DY1(30),DK, DKN

COMPL®X*16 2V1,2V2,27201,7211,2Y01,2Y11,72A,ZYA
DIMENSTON CJF (2),CYE(2)

100 FORMAT (8F1C.5)

120 FORMLT (8F10,5)

110 FORMAT (8T10)

202 FORMAT (1X,3I1,1X,7217.7/)
300 FORMAT(*1

SOUND ATTFENUATION IN CIRCULAR SILENCER LINED WITH
1TRESONATOR."' /)

SOUND ATTENUATION IN
1POROMS MAT®RIAL.'/)

SOUND ATTRENUATION IN CIRCULAR DUCT LINED WITH
1RESCNATOR, ' /)

SOUND ATTRNUORTTON IN CIRCULPR DUCT LINED WITH

CIRCULAR SILENCER LINED WITH

PAGE

YCHNNNN
YCHQL0N?2
YCHO0O003
YCHODICOU
YCHONONS
YCHCI0N6
YCHQOGNT
YCHOANONS
YCHOO(N9
YCHOND1)
YCHONO 11
YCHODG12
YCHOO013
YCHOOO 14
YCHONO15
YCHOO016
YCHOQ017
YCHOQO1R
YCHNN019
YCHONO 20
YCHO0021
YCHOO022
YCHONN23
YCHOOO024
YCHOQ025
YCHOO026
YCHQNN27
YCHOCO28
YCHONN29
YCHOD030
VCHOD(C 31
YCHONO3?2
YCHOOR]3R
YCHOOD34Y
YCH00¢35
YCHNND36
8y



@]

410
401
4on
ucTy
unia

419
b5
411
412
501
5C5
3031

1%, ¢

1PORCUS MATERIAL.'/)

FORMAT (1X,4T12,I8,2E12.4,7 NO ROOT...'/)
FORMAT (1X,2I2,1I4,3710.5,4815.7//)

PORMAT (3X,3I3,I4,55815.4))

FORMAT (6X,7F17.8/)

FORM2T (1X,* TREANSMISSION CORFFICIENT COMPUTFD ON OCTAVE PANDS'/
CENTER FREQUENCIES ARE EQUAL TO'/)
TORMAT (2X,' GAMMR=',F4,2/)

FORMAT (10X, T=!',75.2/)

FPORMAT (20X, BRE? RATIO=',PS5.3,' OR D/L=1,F6.3/)
FORMAT (30X, LENGTH OF LINING/D=',F5.2/)
FORMAT (3T1,13,2X,6E12.5)
FORMAT(6I1,4%,7F10.4)

FORMAT (1X, ' NUMBER OF TNCORRECT ROOTS =',I5/)
READ (5,100) ((ZIN(L,I),I=1,4),L=1,64)
READ(5,120) (GN(L),L=1,113)

READ(5,110) NK,NGK,NI,NGI,NM,NGM,TIJK1,TJK2
GR{1)=1./(SORT (8.)-1.)

GB(2)=1.

GR(3)=1./(SORT (2.) -1.)

GE (4)=1./(2./S0RT(3.)~-1.)

CEI=(N.,1.) -

LTMX=EXP (160.)

PI=3.14159

PV=2./PT

ATHIV=1./ATMX

ATDMX=10.*ALOG1) (ATMX)

DDYO (1) =1.D0

NDY1(1)=1.25D0

DYO (1) =1.D0

DY1(1)=1.25D0

DO 1010 X=2,30

DK=K +1

DKN=K

DYC (K) =DYO (K-1) +1. DO /DKN
DY1(X)=DYN(K)+5.D-1/DK

DAGE

YCHO0037
YCH0)038
YCHO0039
YCHOOOUO
YCHOOO04 1
YCHO0042
YCHONO0U3
YCHOOOUUY
YCHOOO0US5
YCHOOO0U46
YCHO0047
YCHOO0048
YCHOO0U9
YCHO0050
YCHOOCS1
YCHONN52
YCHO0053
YCHOOO054
YCHO0055
YCU00056
YCHC0057
YCHO0058
YCH00059
YCHO00060
YCHO0061
YCHOJ062
YCHC0063
YCHOO064
YCHO0065
YCHOO0H6
YCHOO0C67
YCHO0068
YCH00069
YCHOO007D
YCHO0071
YCHONO072
8%



aaoaaan

n

10

DDYO (K) =DYO (K) /DY) (K-1)
DDY1(K) =DY1(X) /DY 1 (K-1)
CONTINUE

DO 4" IJK=TJIRK1,IJK2

NQOQ=0

IF (IJK.B0.2) NGK=NGK+l
DO 40 TJL=2,2
IF(TJK.EQ.1.AND.TJL.EQ. 1)
IF(IJK.BQ. 1. AND.IJL. RQ, 2)
IR (IJK.FQ.2.AND.TIL.EQ. 1)
IP(IJK.EQ.2.AND.IJL.FQ.2)

WRITE (6,300)
WRITF (6,601)
WRITE (6,301)
WRITE (6,602)

IF(IJK.EQ.1) NJ=1

IF (TJK. EQ.2) NJ=2

IF (IJK.RQ.1) NGJ=1

IF (TJK.E0.2) NGJI=3

DO 50 J=NJ,NGJ

GAMJI=GAM (J)

GAMJI=1.5

DO 50 K=NK,NGK

TTK=TT (K)

DO 50 I=NT,NGI

GBI=GB(T)

DC 50 M=NM, NGM

XRSM=XRS (M)

DO 55 LS=1,113

GNL=GN (LS)

GNB=GNL*GPRT

GLB=GNL+GNB

TF (M. NE.1) GO TO 33
IF(IJK.FQ.2) GO TO 15
TF(X.NE.NK) GO TO 666
ERE=,0001

CALL RFSJ(GNB,0,BJ01,ERB,TER)
CALL PESJ(GNB,1,PJ11,ERR,IER)
CALL RFSJ(GLB,1,BJ12,ERB,IER)
CALL PESY(GN®,0,BYC1,IFER)
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665H

7201

CALYT. RZSY(GNB,1,BY11,IER)
TxLL BFSY(GLF,1,BY12,TER)
RINOR=RJO1*BY12-BYO1%BJ 12
RIJDOM=FJ11%BY12-PY11%BJ 12
RCTNC (I,LS) =RIJNOR/RJIDOM
CTTK=RCTNC (I,L5) + (0.,1.) *TTK
CAB=GNR/CTTK

GO TO 16

RTG=SOR™ (.5*GAMJ)
SQRTN=SQORT (1.+ (TTK/GNL) *%2)
OPKR=RTG*SQORT (SORTN+1.)
OPKTI=RTG*SORT (SORTN-1.)
CQUR=CMPLY (QPKR, OPKI)

X 1=GNB*QPKR

Y1=GNB*QPKT

X¥2=Y14+Q0PKR*GNT,
¥2=Y1+4QPKI*GNL
RXY1=SQRT (X1%X 14V 1%Y 1)
RXY2=SORT (X2%X2+Y2%Y2)
CZ1=CMPLX (X1,Y1)

C72=CMPLX (X2,Y2)
CPL1=(1.,0.)

IF(RXY1.GE.7.) GO TO 7301
C4LL CMJYES (C71,RXY1,CJE,CYB)
CHKQ11=CJE (1) +CET*CYR (1)
CHKO021=CJB (1) ~CEI*CVE (1)
CHK111=CJB (2) +CEI*CYR (2)
CHK121=CJB (2) -CET*CYB (2)

IF(CABS {CHKO11) .LT.1.F=-50) GO Tn 7201

CPU1=CHK111/CHKRO11
CPU2=CHK121/CHKO 11
CPL2=CHK021/CHKO 11
GO TO 7202
CPU1I=CHK111
CPU2=CHK121
CPL1=(0.,0.)

PAGRE
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7202

7401

7802

7301

CPL2=CHK021
IF (RXY2.GE.7.) GO TO 7401

CRLL CMJYFS(CZ2,RXY2,CJR,CYR)
CPUL=(CJB(2) +CRI*CYR(2) )/ (CJIB(2) ~CEI*CYR (2))
G0 TO 7501

IF(Y2.GT.80.) GO TO 7402
KP2=RXY2+1.

IF(KP2.GE.11) Kp2=11

2V2=C72

CALL JYHSL(1,KP2,7V2,77A,7Y2)
CFTAI=FXP (-2 .%Y2)
CFTAR=CRET*COS (2.%X2) -SIN (2. *X2)
CZTA=772A

CYTA=ZYA

CPUL=CFTAI*CFTAR* (CZTA+CEI*CYTA) / (CZTA-CEI*CYTA)
60 TO 7501

CPUL=(0.,0.)

GO TO 7501

7V2=072

2¥1=C21

KP1=RXY1+1

XP2=RYY2+1

IF (KP1.G%.11) KP1=11
IF(KP2.GE.11) KP2=11

CALL JYHSL(N,KP1,ZV1,%2201,ZY01)
CALL JYHSL(1,KP1,2V1,7211,2Y11)
C2201=72201

CZYC1=7Y01

CTZI1=7711

C2Y11=2Y11

CPPF=CZZ01+CEI*CZY0 1

CPU1=~CEI* (C2Z11+CEI*C2Y11) /CDPPF
CPU2=-CEI* (CZZ11-CEI*CZY11) /CPPF
CP1.2=-(C2201-CEI*CZY01) /CPPP
Y21=Y2-Y1

IP(Y21.GT.80.) GO TO 7302
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X21=X2-X1

CALL JYHSL(1,KP2,2V2,ZZA,ZYA)

C2Z2=77A

CZY2=7YA

CPTAI=FYP(-2.%Y21)
CFTAR=TO0S (2.%X21) +CET*STIN (2. %X21)
CPUL=CPTPTXCFTAR* (CZZ2+4CRI*CZY2) / (CZZ2~CRI*CZY2)
GO TO 7501

CPUL=(0.,0.)

CTANM=CPI1-CPUL*CPU2
CTAND=CPL1-CPULXCPT2

IF (CABS (CTAND) .LT.1.E=50) GO TO 7502
CTAN=CTANM/CTAND

CRR=GNBXCTAN/COHR

G0 TO 16

TF(CA2S(CTANM) .53T,. 1.5-30) GO TO 7503
CAB=1.F+20

GO TO 16

WRITE (6,401) K,I,LS,TTK,GBI,GNL,CZ1,C2Z2
CAB=1,1111

AAA=REAL (CAB)

3RB=ATMAG (CAB)
TF(B3B.EQ.0..AND.AAA.GT.1.E+4) GO TO 303
GO TO 351 :
AAA=10000.

ANSW (1) =CMPLX (2. 40483,0.)
W(1)=CMPLX(0.,0.)

NOT=1

TERMQ=GNB*%2-2 40483%%2

TF (TFRMQ) 304,305,305

RFALK=0.

ATMAX=SORT (~TERMQ)

GO m0 22

PEALK=SQRT (TTRMQ)

ATMEK=0,

GO TO 22

YCHO0181
YCHOO 182
YCH02183
YCHOO 184
YCHO0 185
YCHO0186
YCHO0187
YCHO0 188
YCHOQ 1R9
YCHO0190
YCHO0 191
YCHON 192
YCHO0193
YCHO0194
YCHO0195
YCHO0196
YCHO0197
YCHO0198
YCHO0199
YCHO0 200
YCHON 291
YCHO0202
YCHOO0203
YCHO02N4
YCHO0205
YCHO0206
YCH00207
YCHO0208
YCHO0209
YCHO0210
YCHON211
YCHO0212
YCHO0213
YCHO0214
YCHO0215
YCHO0216
89



351

33

69

IF(?FS{AA2) .LE.1.E-5) AAA=0.

TF (ABS (BRB) .LE.1.%=5) BBB=0.

CALT RTCHO(NQ7,ANSW,W)

TF(NQ7.EQ.0) GO TO 60
XIRE=REAL (ANSW (1))
XIIM=ATMAG (ANSW (1))

CALL WAVEK(GNB,XIRE,XTIM,REALK,AIMAK)
CKIA(TJK,K,I,LS)=CMPLX (REALK,AIMAK)
AW=CABS (W (1))

IF(AW.LT..01) GO TO 33

WRITE(6,408) TJIK,K,T,LS,A¥,AAA,BBB,ANSH (1)
CYKE=CKIA (IJK,K,I,LS)*XRSM*2,

IF(IJL.%0.1) CKR=GBI*CKIA (TJK,X,I,LS)/GNL/(1.+GBY)**2

IF{IJL.FQ.2) CKR=CKIA (IJK,K,T,LS)/GN5
CKRV=(0.,.5) * (CKR+1. /CKR)
EMCK=AIMAG (CYKT)

TF(AMCK.GT.80.) GO TO 5
CSUM=CCOS (CYKE) ~CKRV*CSIN (CYKFE)
ASUM=CABS (CSUN)

YCOM (LS) =1, /ASUM**2%ATMY

G0 TO 55

TF (AMCK.GT.160.) GO TD 6

YCOM(LS) =4. *BXP (-2.% (AMCR=-80.) ) /CA3S (1. +CKRV) %2
GO TO 55

YCOM (LS) =0,

GO TO 55

WRITE (6,410) NO7,TJK,X,T1,LS,AAR,RBP
1SSS=LS-1
CKIA(IJR,X,I,LS)=CKIA(IJK,K,T,LSSS)
YCOM (LS) =YCOM (LSSS)

NQO=NOQO+1

IP(NJQ.GT.20) 60O TO 3030

CONTINUE

CKIP (IJK,X,I,114)=(0.,0.)

D0 20 IL=1,7

HI=SORT (2.) *V (1)
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L4

21
26

23
24

25
20
50

H=.0625%HT

LM=16% (L-1)

DO 37 KL=1,17

KLM=KL+LM

YO (KL) =YCOM (KLM) /HT

AKL=FLOAT (K1.-1)

YP(KL) = (RT+H*AKL) *%2%Y0 (KL)

YN (KL)=YO (KL) / (HT+H*AKL) *%2

CONTINUE

CALL QSP(H,Y0,%0,17)

IF(Z0(17) .LT.ATHIV) GO TO 21

ATTD (IJK,TJL,K,T,M,1,L)=-10.%AL0OG10 (20 (17)) +ATDMX
G0 TO 26
ATTD(IJK,IJL,K,I,%,1,L)=2.%ATDMX

CALL QOSF(H,YP,7P,17)

ATTP (L) =3.%ZP (17) /HI**2 /7,
IF(ATTP (1) .LT.ATHIV) GO TO 23

ATTD (TJK,IJL,K,I,%,2,L) ==10.*ALOG10 (ATTP (L) ) +ATDMX
GO TO 24

PPTN(IJK,IJL,K,I,M,2,L) =2.%ATDMX

CALL QSF(H,YN,ZN,17)

BTTN (L) =2. %7N (17) X0 T%%2
TF(ATTN (L) .LT.ATHIV) GO TO 25 _
ATTD (IJX,IJL,K,I,4,3,L)=-10.%2LOG10 (APTN (L)) +ATDMYX
GO TO 20

ATTD (TJK,IJL,K,I,M4,3,1)=2.%ATDMX
CONTINUE

CONTINUE

DO 54 LX=1,7

COUNT(LYX)=2.%Y (LX)

CONTINUE

HRITF (6,408)

WRITE(6,407) (COUNT (LX) ,LX=1,7)

DO 56 JX=NJ,NGJ

WRITE(6,409) GAM(JX)

D0 56 KX=NK,NGK
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56
4¢

1002
1001

KP=¥X
WRITF (6,415) TT(KX)

DO 56 TX=NI,NGT

TGE=2.,*GE (IX)

WRTTE(6,411) ARATIO (IX),TGB

DO 56 MX=NM, NGM

WRITE(6,412) XRS (MX)

IF (TJK. 20. 1) JY=.0X

TIF(TJK.EQ.2) JY=JX-1

WRITE (6,202) KP,IX,MX,(ATTD(IJK,IJL,KX,IX,MX,1,LY),LX=1,7)
WRITF (6,202) XP,IX,MX, (ATTD(IJK,IJL,KX,IX,MX,2,LX),LX=1,7)
WRITE®(6,202) XP,IX,MX, (ATTD(IJK,IJL,KX,IX,"X,3,LX),LX=1,7)
CONTINUR

CONTINUZ

NGK=14

DO 1701 IJKB=IJK1,TJK2

I7 (TJKB.EQ.2) NGK=NGK+4

DO 1001 KB=NK, NGK

KN=KB

DO 1001 TE=1,4

DO 1002 LAB=1,38

LARI=3% (LAB=-1) +1

LABT=LABT+2

WRITE(7,501) IJKB,KN,IB,LRRI, (CKIR(IJKB,KR,IB,LSE),LSE<LAFI,LPRT)
CONTINUE

CONTINUE

NGK=4

DO 2001 IJKN=IJK1,IJK2

TP (TJKD.EQ.2) NGK=NGK+4

DO 2001 IJLD=2,2

DO 2001 NBR=1,3

DO 2001 KD=NK,NGK

KM=KD

DO 2001 ID=1,4

DO 2001 MD=1,5

WRTTE(7,505) IJKD,IJLD,NB,K™,ID,MD, (ATTD (IJKD,IJLD,KD,ID,MD,NB,
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1LXD) ,L¥%XD=1,7)
2001 CONTINUE
3030 WRITE(6,3031)

STOP

ZND

NOO

PAGF
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SUBROUTINF CMJYB(CZ,CJB,CYB)
C CHMJYB COMPUTES THE FIRST AND SRCOND COMPLEY J-
C THIS PROGRAM HAS BFEN CREATED BY

C LABORARTORY IN 1974,

200
201

G0 TO 201

RETURN
END

COMPLEX*8 CZ,CJB(2),CYB(2)
RXY=CABS (CZ)

IF (RXY.GE.7.)
CALL CMJYBS (CZ,RXY,CJB,CYB)

GO TO 200

CALL CMJYBG (CZ,CJB,CYB)

Y.C.CHO

AT M.I.T.

AND Y-BFESSEL,.

GAS TURBINE
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CMIYO0003
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CMJYQ005
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SUBROUTINE CMJYBS (CZ,RXY,CJB,CYB)

IMPLICIT COMPLEX*8 (C,Z)
COMMON/BYCF/DDYO0,DDY1

DIMENSTON ZX0(30),CJB(2),CYB(2),DDYO(30),DDY1

DPI=3.14159
DPV=2./DPI
DGM=.577216

ZHF=CZ/2.
7ZLG=CLOG (ZHF) +DGM
NL=30

IF (RXY.LT.2.) NL=10
IF (RXY.LT..2) NL=5
IF(RXY.LT..01) NL=3
IF(RXY.LT.1.E-5) NL=2
IF(RXY.LT.1.E-20) GO TO 100
220=1,

7221=1.

ZY1=1,

ZY0=1.

NLS=NL+1
72.T==,25%C7%CZ

DO 50 K=1,NIL

NS=NLS-K

CKO=NS*NS

DK1=NS* (NS+ 1)
ZTDO=21/DK0
220=1.00+Z70*ZTD0
ZTD1=ZT /DK 1
221=1.004ZZ 1%2TD 1
2Y0=1.004ZY0*ZTDO*DDYO (NS)
ZY1=1.00472Y1%2TD1*DDY 1 (NS)
CONTINDE

CJIB (1) =220

ZIB1=ZZ 1%7HF
CJB(2)=2JB1

CYR (1) =DPV* (ZLG*2Z0-ZY0+1.00)
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CYB (2) =DPV* (Z1.G*ZJB1-ZHF*(2Y1-.5) -1, /C2) CJYsoniv

GO TO 2 CJYS0038

100 CIB(1)=(1.,0.) CJYS0039
CJIB(2) =.5*C%Z CJYS0040

CYB (1) =DPV*Z1G CJYSO041

CYE (2) =-DPV/CZ CJYS0042

2 RETURN CcJYSN043
END CIYSO0U4Y
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SUBROUTINE CMJYBG{CZ,CJB,CYB) CJYGO0O01

29

21

30

2ABS5 (DY) IS GREATFR THAN 50.,EXP(-ARBS{DY))*CJB AND CYB ARE RETURNED CJYG0Q002
IMPLICIT REAL*8 (D),COMPLEX*8 (C),COMPLEX*16 (Z) CJYG0003
RE2L*8 DPHR(2),DCSR(2),DSNR(2),DOSR(2),D0OST (2),DINR (2) +DINI (2) CJIYGO004
REAL*8 DRZA (2) ,DRYA(2),DTIZA (2) ,DIYA(2),DRW(2),DIW(2) CJYGOO0O0S
RFRL*8 DJIR(2),DII(2) CJYG0006
REAL*8 DRV (2),DIV(2),DYR(2),DYTI(2) CJYG0007
COMPLEX*16 DCMPLX CJYGgo008
DIMFNSION CJB(2),CYB(2) CJIYG0009
DPT=3,14159265359D0 CJYG0010
DX=REAL (CZ) CJYGON11
DY=ATMAG (CZ) CJYGO012
DXY=DSQRT (DX*DX+DY*DY) CcJYGO013
ZV=DCMPLX (DX,DY) CJYGI014
DXS=DX/DXY CJYG0015
DQR=DSQRT (1.D0+DXS) CJYGO016
DOT=-DSQRT (1.D0-DXS) CJYG0017
DAPT=DSQRT(1.DJ/DPI) /DSQRT (DXY) CcJYG0018
IF(DY.GT.5.D+1) GO TO 20 CJYG0019
IF(DY.LT.-5.D+1) GO TO 21 CJYG0020
DXPP=DEXP (DY) CJYGN021
DXPN=1./DXPP CJYG0022
G0 TO 30 CJYGO0023
DXPP=1.D0 CJYGO024
NXPN=0.DD CJYGO0025
G0 TD 390 cCJYG0026
DXPP=0.DD cCJYG0027
DXPN=1.D0 CcJYGc0028
DCSH=5,D-1% (DXPP+DXPN) CJYG0029
DSNH=5.D~-1*% (DXPP-DXPN) CJYGO0030
RP=DYY+1. CJYG0031
IP(XP.GE.11) KP=11 CJYG0032
Do 10 II=1,2 CIYG0033
DIT=2.5D-1 CJYGOO034
IF(IT.EQ.2) DII=7.5D-1 CJYG0035
DPHR(II) =DX~DTI*DPI CJYGOO036
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DCSR (IT) =DCOS (DPHR(II))

DSNR(II)=DSIN (DPHR (II))

DOSR (TI) =DCSR (II) *DCSH

DOSTI (II)=-DSNR (II) *DSNH

DINR{II)=DSNR(II)*DCSH

DINT (IX)=DCSR(IT)*DSNH

NKU=TT-1

CALL JYHSL (NKU,KP,2V,2%A,2%YA)

DRZA (IT) =DREAL (ZZA)

DIZA (IT)=DIMAG (ZZA)

DRYA (II)=DREAL (ZYA)

DIYA (IT)=DIMAG (ZYA)

DRW (IT)=DRZA (II) *DOSR (II)-DIZA (TI)*DOSI (IT)~DRYA(II)*DINR (IT)+
1 DIYA(II)*DINT(IT)

DIW(TI)=DRZA (IT)*DOSI(IT)+DTIZA (IT)*DOSR(IT)~-DRYA (II)*DINI (II)-
1 DIYA(II)*DINR(TII)

DJR (IT) =DAPT* (DOR*DRW (II)-DOI*DIW(IT))

DJI(IT) =DAPT* (DQR*DIW(IT) +DOI*DRW (II))

DRV (TT)=DRZA (IT) *DINR(TI)-DIZA (IT)*DINI(II) +DRYA (II)*DOSR(TII)~
1 DIY2 (TI)*DOSTI (II)

DIV (II)=DRZA(IT)*DINI(II)+DIZA (TI)*DINR(IT)+DRYA(II)*DOSTI(II)+
1 DIYA (II)*DOSR(IT)

DYR(II)=DAPT* (DOR*DRV(II)-DOI*DIV(II))

DYI (II)=DAPT* (DOR*DIV (II)+DOI*DRV (II))

CJB (TI) =DCMPLX (DJR(II),DJI(II))

CYB (II)=DCMPLYX (DYR (II),DYI{IT))

CONTINUR

RETORN

END
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SUBROUTINE JYHSL (N,KP,ZX,ZZTA,ZYTA) JYSLOOO1

C  JYHSL OBTAINS FACTOR OF A COMPLEX BESSEL PUNCTION FOR A LARGE RRG. JYSL000?2
TMPLICIT REAL*8 (D),COMPLFX*16 (32) JYSL0003
2T7=1.5625D-2/2X/ %X JYSLOOOU
DNU=U*N*N JYSL0O005
2%TM=1.D0 JYSLO006
ZYTM=1.D0 JYSL0007
IF(N.EQ.1) KP=RKP+1 JYSL0008
IF (KP.LE.2) KP=2 JYSL0009
KPS=KP-1 JYSL0010
DO 10 J=1,KPS JYSL00O11
DJu=4* (Kp-J) JYSL0012
DJI2=2% (KP-J) JYSL0O013
DNJ41=DN4- (DJ4~1.D0) * (DJ4~1, DO) JYSLOO14
DNJ43=DN4- (DJ4-3.D0) * (DJ4-3, DO) JYSL0015
DJ21=DJ2* (DJI2-1.D0) JYSL0O016
ZFTZ=DNJ4 1%DNJ43/DJ21 JYSLO017
7.2TM=1.D0-Z2TM*ZFT2*ZT JYSL0018
DNJU45=DN4~- (DJ4+1.D0) * (DJ4+1.D0) JYSL0019
DJ22=DJ2* (DJ2+1.D0) JYSL0020
ZFTY=DNJU41%DNJU45/DJ22 JYSL0021
ZYTH=1.D0-ZYTH*ZFTY%ZT JYSL0022

10 CONTINUE JYSL0N23
ZZTA=Z7TM JYSLOO24
ZYTA= (DN4-1.D0) *1.25D-1/ZX*ZYTH JYSLDO025
RETURN JYSL0026
END JYSL0027
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SHRROUTINF RTCHO (NQ7,ANSH, W)
SUBROUTIN® RCHO ORTATNS PUNDAMENTAL RIGRNVALU®S FOR WAVES TN 2
LINED CTRCULAR DUCT. IN OTHER WORD, IT OBRTAINS FIRST ROOTS
OF THE FQURTION, X*J1(X),/JO(X)=CMPLX (A22A,RRRB), WHERE JO(X)
AND J1(X) AREF BESSFL FIUNCTIIONS OF TH® ORDFRRS OF ZERE AND ONF
WITH COMPLEY ARGUMFNTS.

RTCHO CALLS BECHO AND YSONK9., BECHO CALLS CMJYB AND S5SP
SOUBROUTINES FOR REAT, BESSEL PUCTIONS. YSQNK9 I3 THE
SURROUTINE REVISED FORM M,I.T. MATH. LIBRARY SUBROUTINT,

IN CALLING PROGRAM, COMMON STATEMENT SHOULD BE MADF TO SUPLY VALUES
OF Rr2 IND ERE, BND ZIN(6U4,U4).

IMPLICIT COMPLEX*8 (C)

COMPLEX*8 7 (4) ,RRROR,ENSW (4),RETERR, FUN, W(4) ,CMPLX
CCMPLEX*8 CJB(2),CYB(2)

COMPLEX*8 7ZIN,7LR

COMMON /RIMIT/ZIN (64,4)

COMMON /QFNT/A2AM,BFB

REATL*Y4 JRO,JI0,J81,J11,CRBS,COS

EXTERNAL FUN,FCT,PCTI

FORMAT (1X,' ROOT IS NOT ACCORATE')

AAQ=AAAX%KD

BEQ=TRF %%

ABO=AAQ+RRQ

IF(ABQ.GT.4.) 0 TO 44

CAB=CMPLYX (AAA, RBB)

CIFDP=CAB+ (2.,7.)

CABPR=CAB+(4.,0.)

CRDF=CSQRT (CABDP**2-CABFR*CAT)
CX=(2.,0.)*{CABDP-CRDF) /CABFR

IP {CABS(CYX).GE.1.) GO TC 44

C72T=(2.,7.) *CSQRT(CX)

IF{AIMAG(CZT) .GT.0.) CZT=~CZT

no 8621 LsSDh=1,20

XPT=RFAL(C7T)

YET=AIMAG(C7T)

CALL RSCHO(XPT,YPT,ART,BIT,GJR0,GJIO,GIRT,GJITN)

91

RCHOC 020
RCHO0030

RCHOCOCUD

RCHOO070
RCHOO0080
RCHO0090
RCHNO0100
RCHOO 110
RCHOC120
RCHOO0 130
RCHOO 140
RCHO0 150
RCHOC 160
RCHO0 170
RCHO0180
RCHOC190
RCHOG 200
RCHOC210
RCHO0220
RCHO0230
RCHOC 240

RTCHOOO1
RTCHOOO02
RTCHO0O03
RTCROONY
RTCHO0OOS
RTCHOOOS6
RTCHCO007
RTCHO008
RTCHO009
RTCHOC10
RTCHO011
RTCHO012
RTCHOO13
RTCHCO14
RTCHO015
RTCHOC16
RTCHOO017
RTCHON18
RTCHOO019
RTCHO02D
RTCH0021
RTCHO0O022
RTCHO023
RTCHON2U
RTCHDO025
RTCHOO026
RTCHOO027
RTCHCO28
RTCHO029
RTCHOO0 3D
RTCHO031
RTCHOC32
RTCENO33
RTCHOD34
RTCHOO035
RTCH(O36
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26

01

44

WT1=ART=-AR2A

WT2=BIT-BBEB

W(1)=CMPLY (WT1,WT2)
CANSP=CZT

IF(CPBS (W(1)).LT..C005) 30 TO 8511
CJI1=CMPLX (GJR1,GJI1)
CJO0=CMPLX (3JRO,GJIO)
CZJ0=CZT*CJO

CZJ1=CZT*CI1

CRLIO=CRE*CJO

CAJ1=CABXCJ1
CRZJI=CLR%CJ1/C%T
C1=CZJ0+CAJ1

C2= (2. ,0.) % (CZI1-CP JN)
CJIDB=CJ0-CZJI1+CAJO-CAZI
CROT=CSQRT (C1%%2-C2%CJIDE)
CZDLT= (CROT-C1) /CINB
CZT=CZT+C7DLT

CCNTINUE

CANSP=CZT
TF(CEBS (W (1)).LT..005) GO TO 8511
ADS=,666667+.333331kAAA
IF{?R0.GT.20S) GO TO 31
IF(BBR.NF.0.) GO T0 80
IF(FAR.LT.0N,) GO TO 4%
XAB=SORT (R.*AAA/ (4. +ARA))
YAB=].

D=1.F-5

NCN=D

CALL RESJ(X4AF,NON,EJ,D,IER)
BJO=BJ

NON=1

CALL BESJ(XAB,NON,RJ,D, IFR)
B.J1=BJ

FRE=X2FP*RJ1-AAA*RJO

ANSW (1) =CMPLX (XAB,O0.)

RCHOG250
RCHDO260
RCHOO027C
RCHOOQ 280
RCHO0290
RCHO0300
RCHOG310
RCHO0 320
RCHOO0330
RCHOO 340
RCHOO0 350
RCHON360
RCHOO370
RCHO0380
RCHO039¢C
RCHOD400
RCHOO410
RCHOO0420
RCHOC 430
RCHOOL44OC
RCHOOUS50
RCHOCU60
RCHOO4TO
RCHOOU80
RCHOC4990
RCHO0500
RCHO0510
RCHO0520
RCHO0530
RCHOO540
RCHO0550
RCHO0560
RCHOO0570
RCHO0580
RCHO0590
RCHO0 600

RTCHOO037
RTCHCO38
RTCHOO039
RTCHOOU40
RTCHOOU1
RTCHOO42
RTCHOO43
RTCHOO4Y
RTCHOOU45
RTCHOO046
RTCHO047
RTCHOQ48
RTCHOOU49
RTCHQOS50
RTCHO0O051
RTCHO052
RTCHO0S53
RTCHOOSY
RTCHO055
RTCHOO056
RTCHDOS57
RTCHDO58
RTCHOO059
RTCHO060
RTCHOO061
RTCH0062
RTCHO0063
RTCHOO6U
RTCHO065
RTCHOO66
RTCHD067
RTCHOO068
RTCHOO69
RTCHOGT0
RTCHOO071
RTCHO0072
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45

R0

31

82

251

252

99

W (1) =CHMPLX (FRE,0.)

NOT=1

GO0 TO 21

XAB=0.
Y?PE=SORT (8. *AAA /(4. +AAR))
CALL IO(YAB,RI0)

CRLL TIRI(YPR,RI)
PRE=AAA*RIO+YAB*RT

ANSW (1) =CHPLX (0. ,-YAP)

9 (1) =CMPLX (FRE,0.)

NOT7=1

GO T0 21

SOSD=U.*AAA+ABO

SQOSF=SQRT (SQSD**2+16 . *RBO)
SODN=U4.+2.%AAA+.25%AB0Q
X2B=SORT ( (SOSF+SQSD) /SQODN)
YAB=-SORT ( (SQSF~SQSD) /SQDN)
ANSW (1) =CMPLX (X2 R, YAR)
H(1)=FUN(ANSW (1))

NOT=1

GO0 TO 21

IF(BBB.NE.N.) G0 TO R1
TF(2A2) 82,83,83
IF(AAA.LT.-.7055) GO TG 251
XLI=-342+.57

XRI=-AAA+.6

50 TO 90

IF(AAA.LT.-1.705) GO TO 252
XLI=-AAA+.59

XRI=-AARA+.61

GO TO 90

TF(AAA.L%.-2.) GO TO 8500
XLI=-AAA+.5

XRI=-AAA+.6

GO TO 90

EPS=1.7-4

RCHO0610
RCHO0620
RCHO0630
RCHOO640
RCHO0650
RCHO0660
RCHOOKTO
RCHO0C 680
RCHOO0690
RCHOOTQO
RCHOC710
RCHOC720
RCHONT 30
RCHOO740
RCHOO750
RCHC0760
RCHOO077C
RCHO0780
RCHOO0790
RCHOO800
RCH0NO81C
RCHOCB20
RCHO0839
RCHONBL40
RCHONARS50
RCHOOB6C

- RCHODETO

RCHOCB80
RCHO0890
RCHO0900
RCHOO0S10
RCH00920
RCHO(9 30
RCHOC940
RCHC0950
RCHO0960

RTCHO073
RTCHOOT4
RTCHO075
RTCHOOT76
RTCHOD77
RTCHOO78
RTCHOC79
RTCHOO080
RTCHOO081
RTCHOCB2
RTCHOO083
RTCH0OO84
RTCHO085
RTCHOO86
RTCHO087
RTCHCO088
RTCHO089
RTCHOCYC
RTCHOC91
RTCHOO092
RTCH0093
RTCHOOOU
RTCHO0095
RTCHOO96
RTCHOO0S7
RTCHC098
RTCH2099
RTCHN100
RTCHO 101
RTCH0102
RTCH0103
RTCHO104
RTCHO105
RTCHO106
RTCHO107
RTCH(C108
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33

151

162

1613

164

131

TEND=320

CzLL RTMI(YN,FI,FCTI,XLI,XRI,EPS,IEND,IER)
ANSH (1) =CKPLX (0., -YN)
W(1)=CMPLY(FI,0.)

NQT=1

IF(IRR.NE.D)

50 TO 21

WRITE (6,91)

IT(AAAL.GT.1.0944) GO TO 161

XLI=1,25
XRT=1.31
50 T 69

IF(AAR.GT.1,3385)

XLT=1,29
XRI=1.U1
GO TO 69

IF (L42.5T.1.6351)

XLI=1.39
¥RT=1.51
GO TO 69

TF (AAA.GT. 2, 0023)

XLI=1.49
XRI=1, 61
GO TO A9

TF(AAA.GT.2.U4679)

XLI=1.59
XRI=1,71
GO0 TO 69

TF(AAA.GT.3.0788)

X1.I=1.69
YRT=1.81
G0 TO 69

IF(24£.6T7.3.9181)

XLI=1.79
¥RI=1.91
GC TO 69

TF(242.6T.5,1519)

GO

GO

GO

T

TO

TO

TO

TO

T

TO

162

163

164

131

169

132

133

RCHOO0970
RCHO0980
RCHO0990
RCHO1000
RCHN1010
RCHO 1020
RCHO1030
RCHO1040
RCHO1050
RCHO1060
RCHQ1070
RCHO1080
RCHO1090
RCHO1100
RCHO1110
RCHO1120
RCHO 1130
RCHO1140
RCHO1150
RCHO1160
RCHO1170
RCHO11890
RCHO1190
RCHO1200
RCHO1210
RCHO 1220
RCHO1230
RCHO1240
RCHO1250
RCHO1260
RCHO1270
RCHN1280
RCHO 1290
RCHC1300
RCHO1310
RCHO1320

RTCHO109
RTCHO110
RTCHO1 1
RTCHO 112
RTCHO113
PTCHO114
RTCHO115
RTCHO116
RTCHO117
RTCHO118
RTCHO 119
RTCH0120
RTCHO 121
RTCHO122
RTCHO123
RTCHO124
RTCHO125
RTCHO126
RTCHO127
RTCHO128
RTCHO129
RTCHO 130
RTCHO 131
RTCHO132
RTCH0N133
RTCHO134
RTCHO135
RTCHO136
RTCHO 137
RTCHO138
RTCHO 139
RTCHO140
RTCHO 141
RTCHO142
RTCHO143
RTCHO 144
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133

134

69

81

1121

1102

1103

1104

XLI=1.89

XRI=2.01

GO TO 69
TF(RA2.GT.7.1631) GO TO 134
XLI=1.99

XRI=2, 11

GO TO A9

IF(AAA.GT.10.) GO TO 8160
XLI=2.09

XRT=2.21

TEND=320

FPS=1.E-4

CaLL, RTMI(X,F,?PCT,XLI,XRT,EPS,IEND, IPR)

ANSW (1) =CMPLX(X,0.)
W({1)=CMPLX (F,0.)

NQT=1

IF(TRER.NR.Q) WRITE(6,91)
G0 ™0 21

TF{ARA.LT.0.) GO T0O 2001
TR{2R0.G%.99,) GO TO 8100
IF (AAA. GT 0.66) GO TO 1001
IF{BBR. .~1.) GO TO 11C1

L=1

GO TO 1000
IFP(E32.LT.-1.475) GO TO 1102

L=2

GO TO 1400

IF{B3B.LT.-2.1) GO TO 1193

L=3

GO TO 1700

IF(BRB.LT.-3.5) 6O TO 1104
L=4

GO TO 1000

IF(BBR,LT.-5.) GO TO 1121

1,=5%

30 TO 1000

RCHO 1330
RCHO1340
RCHO1350
RCHO1360
RCHO1370
RCHO1380
RCHO1390
RCHO1400
RCHO1410
RCHO 142D
RCHO1430
RCHO 1440
RCHO1450
RCHO1460
RCHO1470
RCHC1480
RCHO 1490
RCHO1500
RCHO 1510
RCHO01520
RCHO1530
RCHO1540
RCHO1550
RCHO1560
RCHO1570
RCHO1580
RCHO1590
RCHO1600
RCHO1610
RCHO1620
RCHO1630
RCHO1640
RCHO1650
RCHAD1660
RCHO1670C
RCHO1680

RTCHO 145
RTCHO146
RTCHO 147
RTCHO14 8
RTCHO 149
RTCHO 150
RTCHO151
RTCHO152
RTCHO153
RTCHO154
RTCHO155
RTCHO156
RTCHO157
RTCHO158
RTCHO 159
RTCHC160
RTCHO161
RTCHO162
RTCHO 163
RTCHO164
RTCHN165
RTCHO 166
RTCHO167
RTCHO 168
RTCHO169
RTCHO 170
RTCHO171
RTCRO 172
RTCHO173
RTCHO174
RTCHO 175
RTCHO176
RTCHO177
RTCHO0178
RTCHO179
RTCHO180
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1121

1201

1203

1205

1002

1301

L=6

GC TO 1320

IF(AAA.GT.1.) GO TO 1902
IF(E3R.LT.-1.5) GO TO 1201
IF(B3B.LT.-.4) GO TO 1211
L=7

G0 TO 190C

IF(B3R.LT.-.7) G0 TOo 1213
L=8

GO TO 1000

IF(BBR.LT.-1.) GO TO 1212
L=60

GO TO 1200

1L.=9

G0 TO 1000

IF(B3R.LT.-2.4) GO TC 1202
L=10

GO TO 1000

IF(B3B.LT.-4,) GO TO 12C3
L=11

GO TO 11000

IF(EPR.LT.-5.) GO TO 12¢4
L=12

GO 7O 1000

IF{B3R.LT.-7.) GO TO 1205
L=62

GO TO 1900

1.=63

GC TO 1300

TF(AAA.GT.1.7) GO TO 1903
IF(RBR.,LT.-.85) GO 7O 1301
L=13

GO TO 1060

IF(B3N,LT.-1.9) GO TO 1302
L=14

GO T 15C0

RCHO1690
RCHO1700
RCHO1710
RCHN1720
RCHO 1730
RCHO1740
RCHO 1750
RCHO1760
RCHO1770
‘RCHO1780
RCHO1730
RCHO1800
RCHO1810
RCHO182C
RCH018390
RCHO1840
RCHO1850
RCHO1860
RCHO1870
RCHO1880
RCHO1830
RCHO1900
RCHO1910
RCHO1920
RCHO 1930
RCHO1940
RCHO1950
RCHO1960
RCHO1970
RCHO 1980
RCHN1990
RCH02000
RCH02010
RCHO2020
RCH0O2030
RCHO2040

RTCHO 181
RTCHO182
RTCHC 183
RTCHO184
RTCHO0185
RTCHO185
RTCHO 187
RTCHO 188
RTCH0189
RTCHO 190
RTCHO191
RTCE0192
RTCHO193
RTCHO 194
RTCHO0195
RTCHC 196
RTCHO 197
RTCHO198
RTCHO0 199
RTCH0200
RTCHO201
RTCHQ202
RTCHO203
RTCHO204
RTCHO205
RTCHO206
RTCHO207
RTCHO208
RTCHO209
RTCHO0210
RTCHO211
RTCH0212
RTCHO213
RTCHO0214
RTCHO0Z215
RTCHO216
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1302

1303

1304

13013

1402

1403

1004

2101

IF(U2T.LT.~-3.4) G0 TO 1303
L=15

GO To 1000

TF(R3R.LT.-6.) GO TO 1304
L=16

GO TO 10C0

L=17

GO TO 1000

IF(AAA.GT.3.5) GO TO 1004
TP(FRE.LT.-1.) GO TO 1401
L=18 '

GO TO 100¢C

IF(RBR.LT.-2.7) GO TO 1402
L=19

G0 TO 19400

IF(BBB.LT.-6.) GO TO 14(C3
L=20

GO TO 1900

L=21

GO TO 10C0

TF(212.GT.8.) 0 TO 1005
IF(BB3R.LT.-3.5) GO TO 1501
L=22

GC TO 1000

L=23

GO T0O 1000

L=20

G0 TO 1000
DHI=ATAN(-AAA/BBB)*180.,/3.14159
IF(PHTI.LT.-23.3) GO TO 3001
IF(ABQ.GE.99.) GO TO 8100
TF (E3F.,LT.-.72) GO TO 2191
1L=25

GO TO 1070
IF(B3R.LT.-1.005) GO TO 2201
1.=26

RCHN2050
RCHO2060
RCHO2070
RCHO02030
RCHO209¢C
RCHO2100
RCHO2110
RCH02120
RCHO2130
RCHO2140
RCHO2150
RCH02160
RCH02170
RCHO0218)0
RCH02190
RCH02200
RCHO2210
RCH02220
RCHO02230
RCHO2240
RCH02250
RCHO2260
RCHO02270
RCHD2280
RCHO2290
RCHO2300
RCHO2310
RCHO0232¢0
RCHO2330
RCHO2340
RCHO2350
RCHO2360
RCHO2370
RCH02380
RCHC239¢C
RCHO2400

RTCHO217
RTCHO218
RTCHO219
RTCHO0220
RTCHO221
RTCHO0222
RTCHN223
RTCHO224
RTCHO225
RTCH0226
RTCHO0227
RTCH0228
RTCHD229
RTCHO230
RTCHN231
RTCHO232
RTCHO0233
RTCHO234
RTCHO0235
RTCHO236
RTCHO237
RTCH(C238
RTCHO239
RTCHO240
RTCHO241
RTCHO242
RTCHO243
RTCHO244
RTCHO245
RTCHO244%
RTCHO 247
RTCHC248
RTCHO249
RTCHC 250
RTCHO251
RTCH0252
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2201

2301

2401

2u02

2602

2673

2604

GC TO 1700

L=27

GO TO 100Q

IF(R3E.LT.-1.9) GO TO 2401
1L=28

50 TH 1000

IF(R3R.LT.-2.4) GO TO 2501
TF(#42.LT.-.6) GO0 TO 2402

L=29

GO T2 100¢

L=30

GO T 10920

IF(RBR.LT,.-3.) GO TO 2601

TF{AAA.LT.~-.6) 6O TO 2502

L=31

GO T9 10C8¢C

IF (AAR.LT.-1,) GO TO 2503

L=32

GO TO 1020

TF(AAA.LT.-1.2) GO TO 2504
L=33

GO 70 1000

L=34

GO "0 1000

IF(RRB.LT.~3.5) GO TO 2701
IF (2A?.LT.-.5) GO TO 2602

L=35

GO TO 1000

IF (AAA.LT.-.8) GO TO 2603

L=36

G0 TO 1000

TF{AAA.LT.-1.) GO TO 2604

L.=37

GO Tn 1000

L=38

RCHO2410
RCHO2420
RCHO2430
RCHO2440
RCHO2450
RCHO2460
RCHO2470
RCHO2480
RCHO2490
RCHD2500
RCH02510
RCH02520
RCH0O2530
RCHO2540
RCHO2550
RCHO2560
RCHO2570
RCHO2580
RCH0O2590
RCHO2600
RCHO2610
RCHO2620
RCHO2630
RCHO2640
RCHO02650
RCHO2660
RCHO2670
RCHO2680
RCHO2690
RCHO2700
RCHO2710
RCHO02720
RCHO2730
RCHO2740
RCHO2750
RCH02760

RTCH0253
RTCHO254
RTCH0255
RTCHO 256
RTCHC 257
RTCHO0258
RTCHO259
RTCHO260
RTCHO261
RTCHO0262
RTCHO263
RTCHO264
RTCHO265
RTCHO266
RTCHO267
RTCH0268
RTCHO0269
RTCHO270
RTCHO271
RTCHO272
RTCHO0273
RTCHO274
RTCHO275
RTCHO0276
RTCHO277
RTCHO0278
RTCHO0279
RTCHO280
RTCHO2R1
RTCH0282
RTCHO283
RTCHO284
RTCHO285
RTCHO285
RTCHO287
RTCHO288
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2702

2703

2801

3001

6004

7001

7302

7003

7101

GO TO 1000

IF (EPR.LT.-5.) GO TO 2801

IF(AAA.LT.~.8) GO TO 2702

L=39

GO TO 1700

IF(RBE.LE.-4.) GO TO 2703

L=40

GO TO 1000

L=61

GO TO 1000

L=41

60 TO 1700

TF(RAR,L7.=-1.5) GO TO 8500
IF(AAA.GT.~1.5) GO TO 7C01
IF(FBF.LT.-1.,5) GO TC 6002
L=42

GO TO 2000

IF(BBB.LT.-2.5) GO TO 6003
L=43

GO TO 2000

IF(B33.LT.-3.5) GO TO 6C04
L=44

GO TO 2000

L=45

GO TH 2000

IF(BRB.LT.-.5) GO TO 71C1

IF{AAA.GT.~1.1) GO TO 7002
L=146

GO TO 2000

IF{AAA.GT.-.5) GO TO 7003

L=47

GC TO 2000

L=483

GO TO 2000

IF(B3B.LT.-1.) GO TO 72C1

IF(AAA.GT.-1.1) GO TO 7102

RCHO2770
RCH02780
RCHO2790
RCHN2800
RCHO2810
RCHO2820
RCH02830
RCHO2840
RCHO2850
RCHO28560
RCHO2870
RCHO2880
RCH02890
RCHO2900
RCHO02910
RCH02920
RCHO2930
RCHO2940
RCHO2950
RCH03980
RCHO39390
RCHO4 000
RCHOUL0 10
RCHOU020
RCHOU403D
RCHOUOCLG
RCHOUO50
RCHO4CH0
RCHO4G70
RCHO4080
RCHOL 090
RCHO4 100
RCHO4 110
RCHOU4120
RCHO4130
RCHO4 140

RTCH0289
RTCH(0290
RTCHO291
RTCHO292
RTCH0293
RTCHO294
RTCHO0295
RTCHO0296
RTCH0297
RTCHO298
RTCHO299
RTCHO300
RTCHO301
RTCHO302
RTCHC303
RTCHO304
RTCHO30S
RTCHO0306
RTCHO307
RTCHO308
RTCHO309
RTCHO31D
RTCHO3 11
RTCH0 312
RTCHO313
RTCHO3 14
RTCHO315
RTCHO316
RTCHO317
RTCHN318
RTCHO319
RTCHO0320
RTCHO321
RTCHD322
RTCH0323
RTCHO324
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7102

7103

7201

7202

7301

7502

7671

7611

7602

1

0

L=49

GO TD 20C¢0

IF(2314.GT.-.5) GO T0 7103
L=50

GO TO 2390

L=51

GO TO 2700

IF(PRF.LT.-1.5) GO TO 7301
TF(AAA.GT.-1.1) GO TO 7202
L=52

GO TO 2000

L=53

GO TO 2000

TP (BBB.LT.-2.) GO TO 74C1
L=50

GO TO 2000

IF{FFP.LT.-2.5) GO TO 7501
L=55

GO TO 2000

TF(BRB.LT.-2.7) GO TO 7601
IF(522.GT.-1,3) GO TO 7502
L=5%¢€

GO To 2000

L=57

GO TO 3000

IP (342 .5T.-1.4) GO TO 7602
IF(BBB.LT.-2.94) GO TO 7611
L=58

GC TO 2000

L=64

GC TO 2C0C

1=59

GC TH 2000

Z{1)=2IN(L, 1)

7 (2)=2TIN(L,2)

7 (3)=2IN(L,3)

RCHO#150
RCHO4 160
RCHO4170
RCHO4180
RCHO4 190
RCHO4200
RCHOU210
RCHO4220
RCHOU4230
RCHO4240
RCHOU4 250
RCHO4260
RCHO4270
RCHO4 280
RCHO4290
RCHO4 300
RCHO4310
RCHOU4320
RCHOU330
RCHO#4 340
RCHO4350
RCHOU 360
RCHO4370
RCHO4380
RCHO4 390
RCHO4400
RCHOU U410
RCHOLY420
RCHOU4430
RCHO4440
RCHOU450
RCHO4U46D
RCHO4470
RCHO4480
RCHOU U490
RCHO4500

RTCHO325
RTCH0326
RTCHO327
RTCHO0328
RTCHO0329
RTCHO0330
RTCHO331
RTCHO332
RTCH0333
RTCHO334
RTCHO335
RTCHO0336
RTCHO0337
RTCHO338
RTCHO339
RTCHO 340
RTCHO341
RTCHO342
RTCHO343
RTCHO 344
RTCHO345
RTCHO346
RTCHO347
RTCHO348
RTCHO349
RTCHO350
RTCHO351
RTCHO352
RTCHO353
RTCHO354
RTCHO355
RTCH0 356
RTCHO357
RTCHO358
RTCHD359
RTCHO360
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30720

9C00

8100

2 () =7TN(L,U)
GO TO 9000

ZAB=CMPLY (-BBB,ARA)

Z(1) =ZAB-ZIN(L,1)

7(2) =ZAB-2TN (L,2)

7 (3)=2AB-ZIN(L,3)

2 (4)=TPR-ZIN(L,4)

GC TO 9000

ZAR=CMPLX (-EBR,0.)

Z(1)=7AB=-ZIN(L,1)

7.(2) =ZiB~ZIN (L, 2)

7 (3) =ZAB-ZIN(L,3)

7 (4) =ZAB=-ZIN (L, U)

M=2

N=U

NPRINT=0

ERROR= {1.%~2,1.8-2)

CALL YSONK9(7,N,ERROR,M,NPRINT,2NSW,W,RETERR, NO,FUN,NO7)
GO TO 21

X0=2. 40483

CAP=CMPLYX (2AA,RBB)

CAHF=CAB+(.5,0.)

DON=XO* %2+, 25

CQRT=CSORT((1.,0.) +1.33333%DON/CAHF*¥2)
CANSP=XO* ((1.,7.)=1.5*CRHF* (CQRT- (1., 0.) ) /DON)
DO A505 LPS=1,20

XP=REATL (C2NSP)

YP=ATMAG {CANSP)

CALL BWCHO(XP,YP,ARZ,RIM,JR0,JT0,JR1,JT1)
WI=ARF-ARA

H2=RBIM-83R

W(1)=CMPLY (W1,W2)

IF(CARS(¥(1)).LT..C0N5) GO TO 8511
CI?P=CMPLX (JRO,JIN) /CMPLX (JR1,JT 1)
C7ZMI=CANSP/CAB

CMADI=CTADP*CZAJ

RCHOU4510
RCHOU520
RCHOU4530
RCHOU4540
RCHOU550
RCHOUSAK0
RCHO45TD
RCHO4580
RCHO4590
RCHOU600
RCHOLB10
RCHOU620
RCHO4630
RCHOU4 640
RCHO4 650
RCHOU5660
RCHOU4670
RCHOL4 680
RCHO4690
RCHOU700
RCHNOLT710
RCHOU720
RCHOUG T30
RCHOLT40
RCHOU4750
RCHOU4760
RCHOU47790
RCHO#4780
RCHO4TID
RCHO4800
RCHOLBTO
RCHNU 820
RCHO4830
RCHOU 840
RCRO4850
RCHOUBHO

RTCHN361
RTCHO362
RTCRC363
RTCHO 364
RTCHN365
RTCHO366
RTCHO367
RTCHO368
RTCHO369
RTCHO379)
RTCHC371
RTCH(0372
RTCHO373
RTCHO374
RTCHO375
RTCHO376
RTCHO0377
RTCHO378
RTCHN379
RTCHO38D
RTCHO 381
RTCHO382
RTCHO383
RTCHO384
RTCTHO 3RS
RTCHO286
RTCHO 387
RTCHO388
RTCHO389
RTCHN390
RTCH0391
RTCH0392
RTCHQ393
RTCHO394
RTCHO395
RTCHO0396
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CADM=1./CANSP+CZAJ

C7ZM» P=1,+CM:PJ

CQI=2.*CADM* (CTAP-CZAJ) /CZMAP% %2
CDELZ=CZMAD* ((1.,0.)-CSCRT{(1.,0.)=C0OI)) /CLDM
CANSP=CANSP4CDELY

CONTINU™

GO ™0 8511

CDAB=(.5,0.)

CAB=CMPLY (AAA,BRBR)

CPT= (0. ,1.)

DO 8531 KpS=1,20

C7=CEI* (CAB-CDAB)

YP=2TF2L(C7)

YP=ATMAG (C7)

IP(XP.NE.C..AND.YP.NF.0.) GO TO 8503
CALL BFCHO(YP,YP,ARR®,BIM,JR0,JI0,JP1,JI11)
CALP=CMPLX (JF1,JT1) /CMPLYX (JRC,JTO)

GO TO R504

CATLL CMJYB(CZ,CJIB,CYR)

CHLP=CJIR (2) /CIB (1)

CATP2=CALDX%D

CPLDP=C}LP2+(1.,0.)

CPTN=(1.,0.) -CALP?

CHLPP=CPLP/CILP

CZAP=CZ*CALP

CPLZ=CDLN/CZAD

CO=(CPLP+(.5,0.)*CPLZ) *((1.,0.)-CAB/CZAP) /CALPDP#%?
CORP={1.,0.)=CSORT ((1.,Ce)~ (4.,0.) *CQ)
CDNM=(2.,C.) *CPLP+CPL7
CANSP=CZ~-CALPP%CORDP/CDNM

XP=RFAL (CANSP)

YP=AIMAG (CANSP)

CMLL ®RCHO(XD,YP,2RF,®TK,JRO,JI0,JR1,JI1)
41=ARF-AARA

W2=FPTM-3DT

4 (1) =CHMPLX (W1,H2)

RCHOUSBT0
RCHOU 880
RCHO4890
RCHOG900
RCHO4G 10
RCHOLI 20
RCHO4930
RCHOUS40
RCHO4950
RCHOU960
RCHOB970
RCHO#980
RCHO4990
RCHOS000
RCHO5010
RCHO5020
RCHOS 030
RCHOS5040

RCHOS5100
RCHOS%110
RCHOS5120
RCHO5130
RCHOS140
BCHO5150
RCHO5160
RCBOS5170
RCHO5180
RCHOS5 190
RCHOS2C0
RCHO5210
RCH05220
ECHO05230
RCHOSH240
RCHOS5250

RTCHO397
RTCHO398
RTCHO399
RTCHOU400
RTCHO401
RTCHO402
RTCHOUO03
RTCHO4O0Y
RTCHOWOS
RTCHO406
RTCHOU407
RTCHO408
RTCHO4D9
BTCHOCL1O
RTCHO4 11
RTCHO412
RTCHA413
RTCHOU14
RTCHC U415
RTCHOU416
RTCHOU417
RTCHO418
RTCHCL419
RTCHOU20
RTCHOU42
RTCHOU422
RTCHOU23
RTCHOU 24
RTCHO42S
RTCHOU26
RTCHOU27
RTCHO428
RTCHO429
RTCHO439
RTCHO431
RTCHOU32
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8501
8511

21

IF(CATS (W (1)) .LT..0005) 50 TO
DA=ARE-YD

DE=RTY+XP

CDAB=CMPLX (DA, DB)

CONTINNR

ANSW (1) =CANSP

NOT=1

RETURN

AND

8511

RCHO%260
RCHO5270
RCHNS5280
RCHO52930
RCHO530C
RCH05310
RCHO5320
RCAO5330
RCHO5340

RTCHOU433
RTCHOU434
RTCHO435
RTCHOU3G
RTCHOL3T
RTCHCU438
RTCHOU4 29
RTCHO440
RTCHOUU Y
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SURROUTINF RECHO(XP,YP,RRF,BIM,JRO,JION,IR1,JT1)

REAL*Y4 JRO,JT0,JR1,JI1

COMPLEY*8 CJ3(2) ,CYE(2),CZ,CMPLX
IF(ABS(XP).LT.1.FE-30) XP=0.

I¥ (RS (YP).LT.1.E-30) YE=0.

IF(YP.NF.0.) GO TO 21

D=1.%-6

NI=0

CALL BESJ(XP,NJ,JRO,D,TER)

IF (JROLLT.1.F-1C.AND.JRO.GE.C.) JRO=1.E-10
IF(JRO.LT.0..AND.JRO.GT.=1.E=10) JRC==1,FE=10
NJ=1

CALL BFESJ(XP,NJ,JR1,D,TER)

ARF=YP*JR1/JR0

BIM=0.

JTC=0.

JI1=0,

GO TO 50

TF(XP.NZ.0.) GO TO 31

YN=-YP

CILL IO (YN,JRD)
IF(JRO.LT.1.E-10.AND.JRO.GE.O.) JRO=1.E-10
TF(JRO.LT.0..AND.JRO.GT.~1.E-10) JRO==1,E-10
CALL IRI(YN,JI1)

ARF=YP*IT1/JR0

JIC=0.

JR1=0.

RIN=0,

GC TO 50

CZ=CMPLX (XP, YP)

CALL CMJYB(CZ,CJB,CYR)

JRO=REAL(CIB (1))

JR1=REIL (CJIB (2))

JTO=AIMAG(CIB(1))

JT1=ATIMEG (CJIE (2))
IF(JRO.LT.1.F-29.AND.JRO.GE.0.) JRO=1,E-20

BECHONO
BECHO002
BECHOCO3
BFCHO004
FECHCONS
BECHOO06
BECH0007
BECHO008
BECHO0009
BECHOO01D
BECH0011
BECHO0012
BECHOO013
BECHOO14
BRECHOO015
BECHOO016
BECHOD17
BECH0018
BECHO0019
BECH0020
BRCHO021
BECH0022
BECH0023
BECHQ0O24
BECH0025
BECH0026
BECHO0C27
BECH0028
BECH0029
BECH0030
BECHO0031
BECHO0032
BECHOO033
BECHOC3n
BECHO035
RECHOO036
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50

TF(JI0.LT.1.F-20.AND.JI0.GE.O.)
TF{JR1.LT.1.F-20.AND.JR1.GE.0.)
IF(JT1.LT.1.F=20.2ND.JI1.G%, 0.)
IF(JRO.LT.0..AND.JRO.GT.~1.E~20)
TF(JI0.LT.0. . AND.JT0.GT.~1. E=20)
IF(JR1.LT.0..AND.JR1.GT.-1,E-20)
IF(JT1.LT. 0. .AND.JT1.GT.~1. E=20)
RD=JRO*JRC+IIO*JTO
IF(RD.LT. 1. E-30) RD=1.E-30
RA=JRO®JR1+JIO*JIT1
RB=JRO*JT1-JR1*JTH

ARE= (XP*RA~YD%RE) /RD

BIM= (XP*RR+YP%XRA) /RD

RETURN

END

JIOz 1.E"20
JR1=1 .E-ZO

JI1=1.E-20
JRC==-1.E-20
JI0=-1.E-20
JR1=-1,F-20
JIt=-1,8-20

PAGE

BECHI037
BECHCN38
BFCHON39
BECHO0U40
BECHONU1
BECH0042
BFCHOO043
RRCHOO4Y
BECH0O045
BECHO0U46
BECHO0U47
BECHOO04 8
BECHO049
BECHO050
BECHN051
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CCMPLEY FUNCTION FUN (Z)
CCMPLEX*8 Z,CMPLX,ACM,CJB(2),CYB(2)
DIMENSICN BJRE (2),BJIN(2)
COMMON /OFNT/AAA,BBB
AC=31A

BC=RAB

ACM=CMDPLY (AC, BC)

CALL CMJYB(Z,CJB,CYR)
FUN=7%CJR (2) ~ACM*CJB (1)
RETURN

FND

FINZOOCCH
FUNZ0002
FUNZCO003
FUNZ0004
FUNZ0005
FUNZ0006
FUNZO0O007
FUNZ 0208
FUNZ0009
FONZO010
FUNZOO11
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