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TE-MODE SOLUTIONS FOR DIELECTRIC-SLAB
CENTER-LOADED RIDGED WAVEGUIDE

INTRODUCTION

Applications exist which require dielectric or ferrite slab center loaded" rectangular
waveguide to be used in conjuction with ridged waveguide. Transitions can be made with
stepped matching transformers; these transformers are appropriate sections of a composite of
the two different waveguide configurations. The objective of this report is to present an analysis
of such dielectric slab center loaded ridged waveguide and to provide a method of obtaining
equations for the TE,, propagation characteristics, thus facilitating transformer design.

BACKGROUND

Because higher order modes can easily cause mismatch and transmission .loss spikes,
waveguide operation is generally limited to a frequency band where only the principal mode
may propagate. Conventional rectangular waveguide has a theoretical two-to-one, or single oc-
tave, principal-mode-only frequency bandwidth; in practice, the useable bandwidth is less be-
cause of large attenuation near the cut-off frequency.

Ridged waveguide, particularly double-ridged waveguide, is commonly used when larger
bandwidths are required at high power levels. A frequency range of more than four to one
between the cut-off frequencies of the TE), and TE,, modes can easily be obtained [1,2] using
double-ridged waveguide. Similar bandwidths can be obtained with dielectric slab center loaded
rectangular waveguide [3.4,5]. Both ridged and slab loaded waveguide achieve broad
bandwidths by adding large capacitance to the dominant mode while only slightly affecting the
capacitance of the next higher order mode.

Ferrite toroidal phase shifters also can be designed for operation in excess of one octave.
Because of the small gap spacing of ridged waveguide, the phase shifters are generally made in
rectangular waveguide. Dielectric slab center loaded rectangular waveguide would be readily
compatible with the ferrite toroidal phase shifter, but it is not a commonly used transmission
line. Since ridged waveguide is commonly used, it would be desirable to have compatibility, i.e.,
matching transitions, between ridged waveguide and ferrite toroidal loaded rectangular
waveguide. Dielectric loaded tapered transitions are possible, but the fabrication would be very
difficult. Also, a quasi-Tchebycheff transformer design should give better matching for given
length transitions. The latter approach requires transformer sections of dielectric loaded ridged
waveguide, but analysis of this type of transmission line is not currently available in the litera-
ture. The analysis in this report employs an equivalent transmission line circuit for the
transverse component of the propagating electromagnetic wave to derive solutions for the TE,
propagation constants in such waveguide.

Manuscript submitted January 27, 1977.
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ANALYSIS

TE-mode solutions for the dielectric slab center loaded rectangular waveguide of Fig. la
can be derived by using ABCD matrices [6] or by using an equivalent transmission line circuit
for the crossguide component of the electromagnetic wave. The homogeneous double-ridged
waveguide of Fig. 1b has been analyzed [1,2] by using the latter method in conjunction with
the equivalent discontinuity susceptance due to the height change at the ridge wall.

AN

(a) Dielectric slab center loaded rec- (b) Double-ridged waveguide
tangular waveguide

Fig. 1 — Broadband waveguide cross sections

For the dielectric slab center loaded double ridged waveguide of Fig. 2, the analysis is
similar to that for the homogeneous case, with an extra section incorporated in the equivalent
transmission line circuit. The dimensions referred to in all subsequent calculations are those
shown in Fig. 2. For simplicity, this report will consider only the case for TE,; modes and will
assume that the transmission line is lossless, i.e., perfectly conducting waveguide walls and a
dielectric loss tangent of zero. Axial symmetry will also be assumed.

B

‘ Fig. 2 — Cross section of dielectric slab center loaded,
d b double-ridged waveguide

|

Cohn’s article on ridged waveguide [2] points out that for the homogeneous case (i.e. €, =
1) the cross section may be treated at the cut-off frequency by assuming that it is an infinitely
wide, composite, parallel strip transmission line short-circuited -at two points. The resultant
electromagnetic field may be considered as an electromagnetic wave traveling from side to side
without longitudinal propagation. The resonant conditions can then be solved for the cut-off
frequencies of the different TE,; modes.

A similar argument holds for the inhomogeneous case. In addition, the longitudinal pro-
pagation constant may be treated as the unknown quantity, and solutions at any frequency may
be obtained by separating the wave vector in each region into its transverse and longitudinal
components. Since the waveguide configuration is symmetrical, the resonance condition for the
transverse wave component will result in an infinite (zero) impedance at the center for » odd
(even). Half of a cross section is shown in Fig. 3a, and the equivalent transmission line circuits
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for the transverse wave are shown in Fig. 3b for n odd and Fig. 3c for n even. Since the
equivalent circuit is a composite, dissipationless, passive line matched at both ends, it is
matched at all points. Therefore, the sum of the admittances at the plane y, of the effective
lumped capacitance due to the ridge wall must equal zero. Within each region, where the re-
gions are shown in Fig. 3a, Z, is the characteristic impedance, Yy, = 1/Z, is the characteristic
admittance, and 8, is the transverse electrical length; 8, is equal to the product of the physical
transverse dimension of the region and Y yis the complex transverse propagation constant. Since
all regions are lossless, Yyis and therefore 6, will be purely real or purely imaginary.

region (1) (03] (3)I Electric (n even)
or magnetic (n odd)
e | wall
T

=
_{——é—— t/2
4
=y
2yt~ 7 l“

4| Y2

—
L]
N'I
-~

(a) Half cross section

Zgy T = | Zo2 Zp3 O Zg) T .. | Zo2 Zy3
T B¢ 0 T B¢
8y Lp) 3 | o 1 02 03
y] 2 Y3 Y4 V1 Y2 Y3 vq
(b) Equivalent transmission line circuit (¢) Equivalent transmission line circuit
for n odd for n even
Fig. 3 — Half waveguide cross section and equivalent transmission line circuits

for transverse wave

The reflected impedance Z presented by a load impedance Z; terminating a transmission
line of characteristic impedance Z; with propagation constant y and length w is [7]

(Z, + Zy)e™ + (2, — Z)e 7

Z =7, —. )
(ZL + %)e'yw - (ZL - Zo)e YW
The short circuit at y; in Fig. 3b will be reflected back to y, as Z_, where
a —s
Zl._z = ZOI tanh [‘yyl D) (2)
or
Y12 = vpicoth [Yyl '0__22 3)
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The open circuit at y, will reflect back to y; as Z,_; with

t
Z, 3 = Zy; coth Yy3 ?] 4)

Equation (1) can be rewritten in the form

z Z; cosh yw + Z, sinh yw )
~4 Z; sinh yw + Z; cosh yw’

Since Z,_, terminates region 2,

s —t
Z4_3 Coshl‘yy2 T

+ Zy, sinh

s — t
Yy2 2

24y =2y y (6)

Zy s sinhlyyz S—z—— + 7, sinh

s —t
g
Using 6; = y,,;w; to simplify notation and substituting. Eq. (4) into Eq. (6) yields

Zy3 coth 85 cosh 0, + Z, sinh 6,

Z =
=2 = %o Zy; coth 05 sinh 8, + Z, cosh 9, M

or
%3 coth 03 sinh 02 + ZO2 cosh 02

: : 8
02 Zy; coth 85 cosh 8, + Z, sinh 6, ®

Yoo =

Since the sum of admittances at y, must equal zero,

' Y., +jB, + Y,_, =0. : ©
Substituting Egs. (3) and (8) into Eq. (9) yields
Zy3 coth 053 sinh 6, + Z,, cosh 6,
Zy3 coth 85 cosh 0, + Z;j, sinh 6,

: YOl‘COth 01 +JBC + Yoz = ( (10)

or

B Y coth 05 sinh 6, + & cosh 6,
coth 8, + j—— 4 2 3 =0. an
Yo You Zy,
coth 65 cosh 6, + ? sinh 0,
3

Since region 1 and region 2 have the same propagation constant, Y =Yy the impedances
are proportional to the heights: :

22 _ Yo _d

Zy Yo b
Regions 2 and 3 have equal heights, and since the transverse wave is TE, the impedance ratio
is '

(12)

Zyy 73
— = a13)

ZO3 Y2 .
The left side of Eq. (11) may be rewritten as a single fraction. All terms in the denominator are
finite, so the numerator may be equated to zero. The resultant expression is
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%sinh 8, ly,y cosh 85 sinh 8, + y,; sinh 65 cosh 6,] + |cosh 6, +j Cl sinh 8,
x ly,, cosh 83 cosh 8§, + y; sinh 63 sinh 6,] =0. (14)
Within each region,
y)%,- + yf,- +'yzz,- = —wzuoe, 15)

where
€, =¢yfori =12

= €,¢ for i =3.

For TE modes, y,; = 0 for all regions and y,; = jB for all regions; B is the longitudinal propa-
gation constant (above cutoff) for the waveguide configuration. Substituting

Yyi = B2 —wzuo e, for w?uo €, < B2
=J wzuo €; —,32 for wzuo € = Bz (16)
and
9, = YyiWi
with

w =1/2 (a —s)
wy =1/2 (s — 1) an
wy =1/21¢t
into Eq. (14) yields the transcendental equation in 8 that must be solved for TE,, (n odd)
modes. The smallest root of Eq. (14) is the TE,, solution, the next root the TE;, solution, etc.

For TE,, (neven) modes, the analysis starts with the equivalent transmission line circuit
of Fig. 3b and proceeds in a manner similar to the case for #» odd. The resultant transcendental
equation is

L sinh 0,

B
p [yyz sinh #; sinh 6, + ¥,3 cosh 63 cosh 9,1 + |cosh 6, +j—)ﬁ sinh 6,

X ly,; sinh 83 cosh 6, + y 3 cosh 65 sinh 6,] =0 (18)
with Egs. (16) and (17) being applicable. ‘ ’

If €, =1, it is straightforward to show that Eqgs. (14) and (18) reduce to the expressions
for the odd and even mode cutoff frequencies, respectively, for double-ridged waveguide [1,2].
Also, if b = d, B, equals zero and Egs. (14) and (18) result in expressions for the odd- and
even-mode propagation constants of dielectric slab center loaded rectangular waveguide identi-
cal to those obtained by use of ABCD matrices [6].

The discontinuity-susceptance term B,/Y,, is obtained from the Waveguide Handbook
[8]. Appendix A gives the necessary equations for calculating B./Y, in terms of the
waveguide dimensions (from Fig. 2) and the effective wavelength Ao Note that A, is the
wavelength of the wave component which is incident normal to the height change. Therefore
A, of Appendix A is the wavelength of the transverse wave in regions 1 and 2, namely Ay

GATITSSYIOND
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For standard (i.e. air filled) double-ridged waveguide €, = 1; thus

Yyl =Yy2 =7y3 =.,By
and Ay = 27r/By is a real constant for a given configuration. However, for the general case
€,>1and

Y =Y F V3

with the result that the values of vy, that satisfy Eq. (14) or (18), subject to (16) and (17), are
no longer constant but depend on the freguency This is of course to be expected, since for
any nonhomogeneous waveguide a 1/v1 2 term no longer describes the dispersive na-
ture. However, there is another problem because of the inhomogeneity. At all frequencies
above cutoff, the transverse wave propagation constant in the dielectric region will be entirely
imaginary; i.e.,

Y3 =JByfore > w.

However, there is a critical frequency ., (0, is greater than the cutoff frequency w,; how
much greater depends upon the degree of dielectric loading) such that for frequencies greater
than o, the transverse propagation constant in regions 1 and 2 is real, that is,

Yy =Y =ay forw > w,,.

When o > o, the transverse "wave" in these regions is no longer a resonant traveling wave
but rather the fields are decaying exponentially away from the dielectric region, and the con-
cept of wavelength in the region of the discontinuity is not meaningful. The expression for the
B./Yy term from Ref. 8 is no longer applicable; indeed, the validity of the equivalent
transmission line circuit for the waveguide height change (a shunt susceptance at the junction
of two transmission lines of unequal characteristic impedance) is questionable for operation
below cutoff. Also, the calculation for B_./Y,, is based on a model which assumes that the
waveguide extends to infinity in both directions away from the height discontinuity; in prac-
tice, the assumption is valid if additional mismatches are far enough removed from the height
discontinuity so that the local fields have decayed to small proportions. These local fields are
the evanescent modes of the fringing fields caused by the height discontinuity, and they decay
very rapidly.

Future investigation is planned to model an equivelent circuit of the waveguide height
change to include operation below as well as above the cut-off frequency, and to include the
proximity effects of waveguide walls and dielectric center loading. However, for this report the
following two engineering assumptions are made:

1. The B,/Y;, term can be neglected for frequencies below the critical frequency. Since
B

< _ g ()
Y —0asw — o,
01

and for @ < w_; the fields of the transverse wave are decaying exponentially in the region of
the height discontinuity, a small shunt susceptance term will have only a minor effect on the
solution for 8. Equations (14) and (18) are transcendental equations and must .be solved by
some algorithm using trial values of B. If a trial value of B yields an imaginary transverse pro-
pagation constant in region 1, the B./Y;, term is calculated with

27

‘yyl =jByl and )\yl = B .
yl
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If the trial value of 8 results in Yl real, the B(./ Yy term is neglected, i.e. set equal to zero, in
Egs. (14) and (18).

2. Proximity effects can be neglected in the calculation of B./Y;,.

Although the validity of these two assumptions may be questioned from a rigorous
theoretical aspect, the close agreement between calculated and measured values of B8 for
different configurations (shown in Figs. 4 and 5) indicates that both assumptions result in accu-
racy sufficient for most practical applications.

A listing of a computer program to solve for the principal (TE;;) mode propagation con-
stant of dielectric slab center loaded double-ridged waveguide is given in Appendix B.

All discussions and calculations thus far have assumed a double-ridged waveguide
configuration. For the asymmetric or single-ridged waveguide configurations shown in Fig. 6,
Eqgs. (14) and (18) remain valid; however, the expression for B,./Y; must have X, replaced
by 1/2 A ;.

yl

Bldegrees/inch) Bldegrees/cm)
) — 500
1200 |~
X
calculated
X X X X measured for .3"{7.62mm) length
1000 = © O O O | eusured for 7] 400
1.16"(29.46mm) ©
length
800 -
-1 300
600 |-
=1 200
400 | Waveguide parameters
a = .507"(12.88mm)
b = .321"(8.15mm)
d =.226"(5.74mm)
s =.173"{4.39mm) -1 100
200 — t =.101"(2.57mm)
e=17
° 11 1 1 1 | | | ! ] | 1 0
b -

75 8 9 10 11 12 13 14 15 16 17 18
Frequency (GHz)

Fig. 4 — Calculated and measured values of 8 for dielec-
tric slab loaded double-ridged waveguide
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calcutated

measured for
.3"(7.62mm) length

measured for

1.16"(29.46mm}
length

acwo

~ o~

0o

W

Pldegrees/cm)

Waveguide parameters

.563"(14.30mm)
.321"(8.15mm}
.193"({4.90mm)
.173"(4.39mm}
.075"{1.91mm)
4an

Fig. 5 — Calculated and measured values of 3 for dielec-

11 12 13 14

Frequency (GHz)

16 17 18

tric slab loaded doubled-ridged waveguide

\\\\

CONCLUSION

Based on the equivalent transmission line circuit for the transverse component of the
propagating electromagnetic wave, expressions have been derived for the TE,; mode propaga-
tion constants of a dielectric slab center loaded ridged waveguide configuration. These expres-
sions are transcendental equations involving the propagation constant, but they can readily be
solved with a computer. Based on the agreement between calculated and measured data, cer-
tain assumptions made in the derivation appear valid. The analysis should prove useful in
designing transformers to match ridged waveguide to dielectric or ferrite slab center loaded rec-

tangular waveguide.

-] 350

s

Fig. 6 — Cross section of dielectic slab
center loaded single-ridged waveguide
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Appendix A
EQUIVALENT CIRCUIT FOR A CHANGE IN HEIGHT
OF RECTANGULAR WAVEGUIDE

For a height change of rectangular waveguide as shown in Figs. Ala and Alb, the
equivalent circuit given by the Waveguide Handbook* is shown in Fig. Alc. The characteristic
admittances of the different height waveguides are ¥, and ¥;, Tis the effective terminal plane,
B, is the effective shunt capacitive susceptance, and Ay is the wavelength of the propagating
wave. The admittance ratio is

Yo _d_
b

%

and at the terminal plane T

B _a| l—a] «td 1+a +2A+A'+2C
B oA A4’ = C?
4o 2 2
e PPl —al*fse? -1 | 4 &%
A |1 +ea] |1 —a? 3 4
where
2
1+ )\i
A=[1+0‘ g 1+3a
11 -« 5 12 1 — a2
1 — 1——]
)\g,
32
o 1+ 1—7\‘-’—
. 1 +a g 3 + a?
A = +
l —a d2 1 —a?
1 - 1——]
)\g
and
. 2
4o
C=
[l—a2

The equivalent circuit is valid for b/)\g < 1.

*N. Marcuvitz, Waveguide Handbook, MIT Radiation Laboratory Series, McGraw-Hill, New York, 1951.
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Appendix B

FORTRAN LISTING OF COMPUTER PROGRAM

PROGEAM DREWGDL.FORP - Cly
IMNTEGER RIK

REARL KARIR

PI=2.1415327
C=2,397325E+02

R1=329,37002

Fo=2. 0*R1
FEMDI=120.0-PIeR1)

Cl=02. 0E+09eP - ¢
HEWREUM=0

TYFE &00

FORMART <~~~ PROGEAM DRELIGIL. -
TE10 CUTOFF FREAUEHCIESZ ANMD FR
< EZYMMETRIC DIELECTRIC LDOALED

i =

W -OCT PSS
OFAGATION COHETAMTE OF 7~
DOUEBLE RIDSED WAWEGUIDE >

g 8 [

COMFPUTEE

TYFE &05

FORMAT ¢~ WAYEGUIDE DIMEMEZIONS
RERDCSa s HaBeDa =

TVPE &15

FORMAT <~ EELATIVE DIELECTRIC
LORDIHG = <>

RERLI iS+ #2 EFER

TYFE &25

FORMAT < WIDTH IM IHCHEZ OF CENTER LOARDIMG = “FX
ACCERPT &20.T
FORMAT <F3, 20
IFCT.LT. 230 TO 102
TYPE £321

FORMAT < DIELECTRIC
RIDSE WIDTH ———— TEY
50 TO 105

TYFE &0&

FOEMAT -~ DRWM-IOL FRRAMETERS
INCHEZ " #8xs" AL "B =D 2947271257
TYPE &0FsAsEsDaZsT:EFSF

FORMAT C4F1n.4sF1Z2.4-F10,.323)
FE=D-E
RZ=Ree2
IFR=0
IFCAEZR=-1.10
1= (R-33 ~R2
W= (Z-T» ~RZ
W3=T-R2
CERE=ET=1.+101.~-P-1.
CLREST=CEREZT+<{EFSR-1.
EDCTRY=CLREZT~CEREST
RLCEET=R*CLEEZT® R+ (1. -FreZINTPI®(A-=2 (2. #H3 2

IM IMCHEZ

CONETAHNT OF CENTER

WMIDTH MIET EBE LEZE THHH

ASARIM

DIMEMEZIOME
T 6H4HEFZ "~ 1%

LT. 1. 0E-DED IFR=1

FoCOZPI®CR—Z0 < (2. ®RM
JARSCOZPI®A-T2 <02, #Hs D

VALUESY OF CUTOFF FREQUENCIEZ: AMD

IEBC=1

12

=~ HAsEsTIs =

T .
.

IH

THE AROYE FOUR QUANMTITIES ARE TO BE USED FOR CALCULATIHG
AFFROXIMATE <ETRRETING
FROPAGATIOM COMSTAMTE

“Ea
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FREQ=CeR1~ (ALCEST#2. DE+0

DELRY=0.21+FRER '

BY=0.0

=0 TO t12

IF {NEWRLUN.LT.2>G0 TO 210

IF<FSTART.GT.FCGHZYGO TO 220
TYPE 635

FORMAT ¢~° FREQUENCIES IN GHZ - STARTITOPs INCREMEMT:

RERD (S: #>FSTARTsFSTOPs DELF

FORMAT (F9.3:1¥sF9. 3 1MsFO, 20

IF¢FETART.LT.1.0E-13>50 TO 120

IFCFSTART.GT.FCGHZX50 TO 220

TYPE 645 _
FORMAT ¢ FREQUENCY MUST BE GREATER THAM CUTOFF -2
=0 TO 210 :
IFCFSTOR.LT. 1. 0E-132FETOP=FETART-1.1

TYPE €595

FORMAT <-4xd4HFREQSHIHBETASMIHGWL FRSHRAT IDSRSHE AR IR

1 SHEHGHZGRXEHDES . INEXAGHINCHES4X2HEUL ~FEML 7 REHR OR I

IFRER=N

FREGQ=FZTRRT

IFREP=IFRED+1
BEV=PI#2.E+03-C+I0RT (EDCTRY ¢ (FREQ# 2 +FCGHZ #4200

C THIZ IZ A FIRST TRY FOR BETA

112

[y
Lo
Lo

DELEBY=—0.31EY
ICRODSE=0
ITAN=D

IRTEY=0
C1F=C1+FREC+*Z
C1FEP=CIF*EPZR
IBTRY=IBTRY+1
IF<IBTRY.LT.2&>0 TO 122

TYFE F0S

FORMAT «¢° MORE THAM 25 TRIE:E AT ROOT >
G0 TO 170

BYZGU=EYeeZ

GH3EA=CI1FEP-BYIQ

GH2EN=C1F-BYIR

GRI=ZERT (ARE (GH3ZMH

GRT CABS (GHSICD >

IF (G320 130: 1325132

CHS3=ZINHH (Gx3+W33
CHC2=COEH (Gx3ebl30
IRGx3=1

50 TO 134
CHIZ2=SIM (Rl 2el)3)
CHC3=COE (GxZell3s
IRGE®3==1

COMTINUE

IF (5X2E0r 135 128,13

]
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10100
10z00
10200
10400
10300
10N
10700
10200
10900
11o0n
11100
11z00
11za0
11400
11500
11500
11700
11200
113200
12000
121400
1zean
12200
12400
12500
120
127an
12200
200
120010

1=10a0
13200
12200
12400
13500
1300
12700
13300
123

=

[
$a
=
=
0t

141nn
14200
143200
14400
14500
14500
147 a0
14200
14300
15000

C. W. YOUNG., JR.

138 CHEE2=%THH iz el
CHC2=C0zH
CHZ1=%1IMH
CHC1= FD"HfFﬁEOMI)
}“HIP CR

IPb.L—l
50 7O 140

S el2
cehizy
30M13

_.
@
L

F'HIP GREeREMDI

RIK= lHI
140 BOY=10

IF(IFR.EH.I?ED TO 15%

IFCIRGXZ.ERL 1260 TO 152
C CALCULATE E-% TERM
P=i1+Rbf(1—R}

(FIOGLWWOOCW
(R1eGLY Y #o

u Faay—9¢1,.0+32, DeRE
=P34 3 4RI 0L L D-RED

PHP—FOOuL. -
FC=d04, D8Ry < I ee
FT1=ALOG 21, 0-F: 4. 0eF: oFee 0. SecR+1, DR 00
FTE=2. 0+ JFRA+FARF+2. D¢PCh < (FARSPAF-FCee2)
pTer-*rF104 NeGL i eeZe ], (- F'¢0'4 noﬁho((S.DOEE
Zh+d, deREePC S
PD.—L.ﬂOBO-FT1+FT:+PTo-r-Plth-
T CALCULATE F<EETH
153 FEETH Fof ED.orH?1+FHF1:0-hM

IF ¢ IEL.E“ 1 Pr FFE“
C ROOT =ERRCH ROUTIME
IF AEZCFEETRA» . LT. 1. DE-3
IFCIETRY.ER. 150 TO 1&32
IFCITRAMLER. 1250 TO 164
IF<FRETReFEOLD.LT. O, 00 TO 151
IF {AEZ FEETA» . GT.AEZ ¢FEOLD» » DELEY=-LELEY
s0 TO 182
161 DELEY=-DELEY
ICROZ
2 IF<ICROZZ.EQ. 12 DELEY=0.SeDELEY
= BYHEW=EY+DELE"Y
IF AR CCBY-EYHEWY ~BY» .LT. 0, 12 ITAH=1
=0 TO 18&
164 IF ¢AREZ YEY-EBYOLDY .LT. 1. E-0S.AND.FRETA.LT. 1. E-0&x 0 TO

14
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15100 BYMNEW=EY-FBETR+ (BY-EBYOLD>» ~ (FBETA-FEOLD?
15200 166 BEYOLD=EY

15300 BY=BYNEW

15400 FBOLD=FBETRA

15500 IFCIBC.ER.2>50 7O 120

15600 FREG=EY

15700 BY=0.0

15200 G0 7O 115

15300 170 IFCIBC.ER. 220 TO 175

1000 FCGHZ=BY

16100 TYPE &52sFCGHZ» BOY

15200 652 FORMAT ¢~ TE10O MODE CUTOFF FREGUENCY IM GHE = “F7.47
153200 1 BsY = “F7.30

16400 IRC=2

1a500 o0 TO 109

185040 1732 COMTIMUE

16700 175 EYDI=EYeRFEMDI

1200 GWL=350. 0-EYDI

1200 FzZWL=R1eC (FREZ+1. 0E+09)

17000 RELFE=GML -F WL

17100 177 TYFE G502 FRED«EBYDIsBUWLsRGLFEZsKHERIRRIE

17200 550 FORMAT C1MsFr.3s3xaF .22 2sF I . ded s FR. 4y 3HsFE.2s 1Ha ALY
17200 IFCFREQ.GE.FETOFY»EO TO 120

17400 FREG=FREX+DELF

17500 50 TO 111

17500 120 TYPE &85

17700 655 FORMAT <~ WIZH MEN PARAMETERZT HOME=0s ALL=1»
17300 1 CENTER LOADIMG=2: FRER=3 “Ea

17300 ACCEPT &7 0sMNEWRLM

12000 &7 0 FORMAT «<I1>

12100 B0 TOC199: 105 105210 1230 MEWRLIN+1

13200 193 COMTIMUE

12200 END
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