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Fig.2. Simple mainproWam forcalling subroutine owPRT, typical data andresults for TYPE= 2and TYPE=5 [2].

total attenuation between the above reference plane and the load refer-
ence plane. See [2] for details on the meaning of these values and
how to obtain them.

EVALUATION AND PRESENTATION
OFRESULTS

If PRINT= .TRUE. then the subroutine will print out results as
indicated in Fig. 2. Whenever the VS WR is greater than or equal to 104,
the load impedances assumed to be purely imaginary, the reflection
coefficient and return loss are taken as 1 and O, respectively, and the
standing wave ratio andtransmission loss are set to 1~ for convenience.
Otherwise, thecalculations aremade in the conventional manner [2].
The output variables F, Z, and SWR may, of course, be used in further
calculations which the user wishes to make.

The program has been tested on the IBM 360/65.
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Response Program for an Inhomogeneous Cascade

of Rectangular Waveguides

PURPOSE This package calculates the input admittance versus
frequency to an arbitrarily terminated inhomo-
geneous cascade of rectangular waveguides with or
without junction discontinuity effects.

LANGUAGE FORTRANIV.

AUTHORS J. W. Bandler, Department of Electrical Engineer-
ing, McMaster University, Hamilton, Ont., Can-
ada, and P.A. MacDonald, Numerical Applications
Group, Department of Electrical Engineering, Uni-
versity of Manitoba, Winnipeg, Man., Canada.

AVAILABILITY Listing included in this description.

DESCRIPTION This package of subprograms calculates the com-
plex normalized input admittance versus frequency

to an arbitrarily terminated homogeneous or inhomogeneous cascade
of rectangular waveguides operating in the HN mode. Discontinuity
effects due to small symrnetrica[ steps can be taken into account.

There is a LOGICAL FUNCTION subprogram (Fig. 1) which
tests constraints: CUTOFF (M, A, B, FL, FU, PRINT, UNIT,
BEWARE,RANGE, SMALLA, SMALLB).

Manuscript receivedFebruary 21, 1969; revisedApril 2S, 1969.This work was
carried out at the Uuivershy of Manitoba with financial assistancefrom the Faculty
of GraduateStudesof the University of Mafitoba andthe National R~mrch Council
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LOGICAL FUNCTION CUTOFF (M, A, B, FL, FU, PRINT, UNIT, BE HARE,

XRANGE, SMALLA, SMALLE31

UIMENSIUN A(l), !3(1), MOL)E (3)

LOGICAL PRItYT, tJEhARE, RANGE, SMALLA, SMALLS

INTEGER UNIT

DATA CBY.2/14.989625/, MOL3E/gTE019, 3TEZ0’, ‘TE30’/

CUTOFF = .FALSE.

RANGE = .TRuE.

BEwARE = .EALSE.

SMAL.LA = .TRUt.

SMALLII = .T%u E.

MFJ2=M+2

Do 9 I = 1, MP2

IM1 = I - t

lPl = I + 1

FC = CBY2 / A(t)

FCB = CdY2 / B(I)

IF (FU .LT. FCE3) GO TO 2

BEWARE = .TRUE.

IF IPRINT) wRITE IUNIT, 1) MODE(1), [ml
FOKMAT [*O*A4, m MIJOE t+AY PULIPAGATE IN GuIot113)

2 IF (FL .GT. FC) GO TU 4

CUTOFF = .TRUE.

RANGE = .FALSE.

IF (PRINT) WRITE (uNIT, 3) IM1
3 FORMAT [lOTEIO MODE CUTOFF IN GU[OE013)

G() TO 5

4 IF (FU .LT. FC + FC) GU TO 5

BEWARE = .TRUE.

IF [PRINT] WRITE (UNIT, 1) MOOE(2), lM1

IF (FU .LT. FC + FC + FC) GO TO 5

RANGE = .FALSE.

IF (PRINT) dRITE (UNIT, L) MCJOE(3), IMl

5 IF [ .rJUT. RANGE) BEWARE = .TRUE.

IF (1 .EU. MP2) RETURN

ALPHA = A(1) / A(IP1)
IF (ALPHA .GT. .7 .ANO. ALPHA .LT. 1. / .7) GO

SHALLA = .FALSE.

IF [PkINT) WRITE (UNIT, 6) I

6 FURMAT (aOAIO I A < .7 =>

XT JUNCTIONt 13)

7 BETA = B(I) / B(IP1)

IF (BETA .GT. .5 .ANIS. LIE”

SMALL8 = .FALSE.

IF [PRINT) WRITE IUNIT, 8

8 FURMAT (’0is9C / B < .5 =>

XT JUNCTION013)

9 CONTINUE
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Fig. 1. Fowr%mwlistingofL OGICALFUN CTIONCUT OFF.

INPUT VARIABLES widths of any adjacent guideshes outside the range 0.7 to

M an integer specifying the number of waveguide sections
1/0.7

A array of guide widths in cm from source to load including
SMALLB a logical variable; becomes .FALSE. if the ratio of the

source and load guides
heights of any adjacent guides lies outside the range 0.5 to 2

B array of guide heights in cm from source to load including
CUTOFF becomes .TRUE. if the dominant mode in any guide is

source and load guides
cutoff in the band.

FL the lower edge of-the frequency band in GHz
FU the upper edge of the frequency band in GHz

The response package (Fig. 2) is called by calhng COMPLEX

PRINT a logical variable; when .TRUE. details of constraint viola-
FUNCTION subprogram :YRECT(M,A, B, L,F,YLN,EFFEC’T,
R, FCBYF). Thevariables M,A, and B are the same as before. The

tions are printed out; when .FALSE. nothing is printed out. rest are defined as follows.
The following can be printed out: whether the TEIO models

UNIT

cutoff or whi~h higher “order mode (TEO1, TE20 or TE30) may
propagate andin which gmde (counting from source to load L
with the source guide as O); and whether the small step approx-
imation is deteriorating and at whlchjunction (counting from
source to load) it occurs F
aninteger specifying the data set reference number of the out- YLN
put unit. EFFECT

BEWARE

RANGE

SMALLA

OUTPUT VARIABLES

a logical variable; becomes .TRUE. ifahigher-order mode
can propagate
a logical variable; becomes .FALSE. if the frequency band R
is not in the range defined by the cutoff frequencies of the
HN and H,o modes FCBYF

a logical variable; becomes .FALSE. if the ratio of the

INPUT VARIABLES

array of guide lengths mcm from source to load including
source and load guides whose lengths are Immaterial since
they are not used

OPeratiW frequency in GHz between FL and FU
complex normalized load admittance at frequency
a logical variable; when set .TRUE. inc~udes susceptances
due to small symmetrical H- and E-plane steps; when
.FALSE. ignores discontmnties.

OUTPUT VARIABLES

:he transformer impedance ratio (matched load to matched

]ource)
mray of ratios of cutoff to operating frequency from source
:0 load
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CC MPLLX FUN CTICN YRFCT (M, A, B, L, F, YLN$, EFFECT, R, FCRYF)
REAL L(l), LAP?IIA

DIMENSION A(l), B(l), FC3YF(I)

Cb~PLtX YLN, YI, P

LULIC.IL EFFECT

I)ATA CbY2, C, Th(lbYC / 1+.98$625, 2Q.97925, .0667128 /, PI? P1BY2

X / 3.141593, 1.570796 /

CfI$lMOtd / RFCT / LAM60A. SK. SKP1; YKt YKF1

MIJ2 = M + 2

LAMdD4 = C / F

SK = C8Y2 / (F * LI(VP2))
FCBYF(MP2} = SK

SK = SQRT(l. - SK * SK)

YK = SK / B[MP2)

R = 1. / YK

YI = YK * YLN

DQ2 I = 1, N

K = MP2 - I

SI(P1 = SK

YKP1 = YK

SK = Lf3Y2 / (F . . A(K))

FCHYF(K) = SK

SK = SJKT(l. -

yK = SK , ~(K) ‘K* SK)
IF (EFFECT) YI = Y! + CMPLX(O., BT(4, 8, K))

THETA = PI * AMOD(TWi3BYC * F * L(K) * SK, 1.)

IF (ABS(THFTA - PIBY2) .GT. 1.? - 5) GO Tfl 1

YI = YK * YK / YI

G(I TP 2
P = CMPLX(O., TAh(TtiET4))

YI =YK * (YI + YK * F) / (YK + YI * P)

C[)NTINUF

YKP1 = YK
ShPl = SK

SK =C$Y2 / (F * A(l))
FCtlYF[l) = SK

y~=SK,~~sK*SKl

Sk = SORT(1

R =R = YK

[i [EFFECT) YI = YI + CKPLX(O. , BT(A, h, 1))
YLLCT = y[ / yK

~ETU1’i
[p;,)

Fu,Q(.IIILJ uT(A, B, <)

kLAL LAlttiL)A, LAMK, LAi+KPl
l;ll,[,WSl,j,, ,1(1), 0[1)

C:liAAd I <.L1 / LAP’H IA, >L, 5KP1, Yh, YhP]

LA,JN = LAl,\jA / SK

LA)MAP1 = LA4dl~A / SKP1

AK = A(K)

AkPl = A(K + 1)

UK = J(K)

t\KPl = IO(K + 1)

[E (A< - AKP1) 1, 2, 3

Uh = ,>:JHIAKP1, Ak, LAWKP1) * YKPI

GU TO ‘4

IJH = d.

GL TLl 4

td!i = :,l,IilAK, AKP1, LAPK) * YF

IF (LK - C,K?lI 5, b, 7

BE = J~4E(BKPl, 8K, LAPKIJ1) * YKP1

w TLl 8

GE = ().

GL TO $3

DE = r)Nk(JK, 13KP1, Liif.’K] * YK

UT = L>I- + Jti

GETuRJ

END

FUNCTIIIN EINH(A, APRM, LAMG)
REAL LAMBDA, LAMG, LNHB

LGMMJN / RLCT / LAMtL)A
i3tTA ❑ 1. - APKM / A

HIIETA = .5 * dETA

LNHB = ALUGIH13ETA)

Q = A / (1.5 * LAMBDA)

G = 1. - SQRTI1. - Q * G)

UPKt4 = APKi4 / (1.5 * LAMdL)A)

JPRM = 1. - sJRT(l. – JPRM * QPR!Y)

LJNH= - LAMti / (A + A) * tiETA * 8ETA * (1. + 3ETA) * LNt{3 /

X(HBETA - 1.) * (1. - 27. * {U + 2PRM) / (H. * [1. - 8. * LNHB)))

RETURN

END
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Fig. 2. FORTRAN IV listings of the function subprograms which calculate the response. They are brought into action by calling COM-
pLEX FUNCTION YRECT. The theory and most of the notation follows a paper by Bandlerl although these programs are not iden.
tical to ones he used.
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FUNCTION BNElth 13PR14,
REAL LAt4G
DELTA = 1. - 8PRM / d
HL)ELTA = .5 * DELTA
H&YLG = d / LAMG

649

LAYG ) 0001
0002
0003
0004
0005

iiNE = BBYLG * HDELTA * DELTA * (ALOGiHllELTA) / (HOELTA - .5) + 1. 0006

X + 17. / lb. * B8YLG * B8YLGI 0007

RETURN 0008

END iroo9

Fig.2. (Cmtt’d).

YRECT complex normalized input admittance at the operating fre-
quency.

Variables L, PRINT, UNIT, BEWARE, RANGE, SMALLA,
SMALLB, CUTOFF, YLN, EFFECT and YRECT must be defined
and variables A, B,Land FCBYF must bedimensioned in the calling
program. Theuser should first call CUTOFF. Depending on the out-
come indicated by the logical variables the user can decide whether
to call YRECT to evaluate the frequency response between FL and
FU. If CUTOFF is .TRUE. and/or RANGE is. FALSE., then YRECT
should not be called.

Thetheory follows Bandler1’2 andthe program has been tested on
the IBM 360/65.
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zHowever, there are some differences between this program and the one used for
optimizing inhomogeneous transformers. For example, most variablesin the optimka-
tion program are COMMON and the magszitude of the reflection coefficient is obtained
instead of the input admittance. Other cahdationsno trequiredar eal soom itted. The
relevant responses in Bandlerl have been checked using this program.

Computer Programs for Smith-Chart Solutions

PURPOSE

LANGUAGE

AUTHOR

AVAILABILITY

DESCRIPTION

These subroutines are used in performing Smith-
chart analysis. They are also applicable to even–
odd mode analysis.

Time-sharing FORTRAN (similar to FORTRAN II).

Joseph W. Verzino, Radar Design Corporation,
Syracuse, N.Y. 13211.

Listing included in this description. Also, program
is available in 8 channel, punched paper tape from
the author,

These subroutines are normallv used alone with a
time-shared computer. They ire present~ being

used with the Graphic Control Time-Shared System. They have also
been used on the General Electric and Corn-Shar eTime-Shared Sys-
tems. They have also been used in batch processing computers such as
IBM 1620, GE 235, SDS 930. Typical examples of the use of these sub-
routines”canbe found in the 1968 July and September issues ofil4icro-
waues Magazine.
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YY=VMAG*SIN(VPNGR)
RFTURN
CM.. ...
SUBROUTINE XYTOMA(XX, YY. VMAG, VANGO>

VMPG=SQRT( XX**2+YY**e>
VONGR=PT?(YY, XX)

VANG@=VANGR* lFO. /3. 141 59265
RETURN
FND
SUBROUTINE STOZ(ZO, GM, GAO, RR, XX)
IFc GM-1.)12,13,13

13 IF(GAD-O. )12,14,12
14 RR=l. E1O
XX= RF?
GO TO 4

12 CfiLL MPTOXY(GM, GAO, GR, GI>
C.ALL XYTOMA( l.+ GR, GI, ATOP, PHI TO)
CPLL XYTOMA( l.-GR, -G1, OBOT, PH1BO)
CALL MATOXY(ZO*ATOP/ill? OT, PHI TO-PHI BO. RR, XX)
1FCRR)3, A>4

3RR=-RR
AR ET URN

ENO
5U13ROUTINF 7TOS(Z0, F?R, XX, GM. GAD>
CPLL XYTOMA(RR- ZO, XX, RT, ALPHT)

CALL XYTOMII(RR+ZO, XX, RB,ALPHB)
GM= BT/BB
GPO= PLPHT-ALPHB
RFTURN

ENo

SUBROUTINE ROTPTECTHFT1 .FLDFG, THET2>
THET2=THET 1-2. *ELDFG

THET’2=AMODB( THET2,360. )
IF(THFT2)20 ,51.70
20 IF(THET2+1 SO. )121,51,51

1?1 THF’T2=THFT2+360.
GO TO 51

4?RC A OETAILFO PROGRAM OFF IN IT ION CON BE FOUND IN THE JULY AND

499C SFPT ISSUES OF MICROWAVES M& GA ZINE OF 1968s,

530 SUPROUTINE WATOXYCVMAG, VANGD, XX. YY)
510 VANGR=VPNGO*3 .14159? 65/ 180.
520 XX= VMAG*COS(VANGR)
530

540
550
200

610
620

630
640

650
mo
TO 1

702
704
705
706

710

720
730
740
741

74’2
750
760
Finn
810

S’20
830
F?40

850
860
900
910

920
930

940
950

960

70 IF <1 HFT2-180. )51,51.50
50 THET2=THFT2-360.
51 RETURN
FNn

970
980
990

999 . ..-
1000 SUBROUTIN.5 STEP(ZOLO, G!+OLO, GPDOLO, ZNEW, GMNEW, GPONFW)
101O CALL STOZf ZOLO, GMOLD, GAOOLO, RR, XX)

1020 CALL ZTOS(ZNFW, RR, XX, GMNEW, GAONEW)

1030 RETURN
1040 END
2001 FUNCTION AT2(Y, X)
S002 IF(X) 40,70,68
2003 68 ATP=#T#N(Y/X)
S004 GO TO 91
2005 701 F(Y>71 ,72,87

2i106 71 012=-1.57079633

ZIJ07 GO TO 91
2fIOX 72 AT2=0.
2009 GO TO 91
Sl)10 UP AT2=1 .57079633
2011 GO TO 91
S012 40 IF(Y) 51> 51,50
2013 50 AT2=3. lA15926+ATAN(Y/X)
S014 GO TO 91
2015 51 .4T2=:3.14159$! 6+ ATAN(Y/X)
2016 91 RETURN

2017 FND

3000 SUBROUTINE EVNOOO(R> Xl
3010 DIMENSION R(2), x(2)
3070 R(I)=O. O
2030 R(2)= 1.E1l
3040 X<l)=o. o
3050 xrP)=l. Ell
3060 RETURN
3070 FNO
3100 SURROUTINF GAMTOS(RCM, RCAO, S IMAG, SIANGO, S2MAG, SeANGO)

3t10 OIMENSION RCM(2), RCA O(2), GR(2), GI(2>
3120 DO 1 1=1,2
3130 1 CALL M6TOXYCRCM (I). RCAO(I), GR<I ), G1 (I))
3140 SIR=. S*(GR(2)+GR( 1))


