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Slot-Coupled Tee Junction in

Rectangular-Guide E Plane

V. M. PANDHARIPANDE AND B. IN. DAS

Abstract—An expression for the equivalent circuit of a wavegrdde tee

junction coupled tfuougb a murow tranweme slot of wriatrle length is
rIeterudnedfrom self-reaetion and tisemrtimdty in modal voltage. Imped-

ance loading orr primary guide and coupling are deterndned from the

equivalent network parameter, A con]p~i~n between tharetiml and

experimental results is presented.

L lNTRODUCTIoN

E LECTROMAGNETIC coupling between two rectan-

gular waveguides forming a tee junction coupled

through narrow transverse slot in broad wall of primary

waveguide can be determined from a knowledge of equiv-

alent circuit of the aperture. The determination of equiv-

alent circuit parameter from polarizabilities of the aper-

ture using Bethe’s [1] formulation based on asymptotic

representation by dipole moments is limited to slots

having length small compared with the wavelength.

13ethe’s theory was extended to the case of long slots by

Cohn [2] using experimental results on polarizability [3].

Nflarcuvitz [4] and Levinson and Fredberg [5], [6] have

obtained an expression for the network parameter only for

the particular case of a dot having length equal to the

broad dimension of the primary waveguide. Levinson and

Fredberg have not, however, suggested any method of

obtaining closed-form expression for the general case of a

slot of any arbitrary length from the solution of integral

equation formulated by them. A knowledge of the varia-

tion of equivalent circuit parameter as a function of the

length of the transverse slot enables one to determine the

variation of not only the coupling but also the real and

imaginary parts of impedance loading on the primary

guide. The later information is useful for the analysis of

cascaded sections of such junction using loaded-line anal-

ysis [7].

In the present paper a variational expression for the

equivalertt circuit of a tee junction coupled through a

transverse slot in the broad wall of primary waveguide is

derived in terms of self-reaction [8] and discontinuity in

modal voltage [9]. A closed-form expression for the equiv-

alent network parameter is derived for the case of a thin

rectangular transverse slot of variable length in the broad

wall of the rectangular waveguide, Comparison of com-
puted results with those obtained from Cohn’s theory is

presented. Coupling and impedance loading on primary
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Fig. 1. (a) Tee junction coupled through transverse slot in broad waff
of primary guide. (b) Auxiliary (coupled) guide with coordinate frame.
(c) Equivalent cylindrical dipole and coordinate geometry.
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Fig. 2. Equivalent circuit of the tee junction at reference plane XO Y.

waveguide due to the aperture is computed from the

equivalent circuit parameter. The computed results show a

good agreement with the experimental results. For a slot

of length equal to the broad dimension of the rectangular

guide (21 = a) results are compared with those calculated

from Marcuvitz’s and Levinson and Fredberg’s formula.

H. DETERMINATION OF THE EQUIVALENT Cmcunr

PAMETER

Fig. 1(a) shows a waveguide tee junction, the

mechanism of coupling being a transverse slot o Elength 2Z

and width 2 w in the broad wall of the guide I. Equivalent
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circuit parameter shown in Fig. 2 is given by

~_ (a,a)

V2
(1)

where <a, a) k the self-reaction due to an assumed field

distribution in the slot and V k the discontinuity in the

modal voltage for dominant mode wave in guide I.

The self-reaction appearing in (1) is given by

(a,a)= –JEy”~ do (2)
v

where ~Y is the magnetic field inside the waveguide due to

the voltage on the slot and ~ is the total equivalent

magnetic current. Since part of the coupled volume o is in

the guide I and the other part in guide II, the self-reaction

(a, a} k equal to the sum of self-reactions (a, a)l and

(a, a)z in the two volumes

{a,a), = –~ ~Y,”~ do (3a)
VI

where ~Y, is the magnetic field inside the primary wave-

guide I due to the voltage on the slot and

(a,a)z = – ~ ~,,”~ dv (3b)
~2

~Y, being the magnetic field inside guide H.

The magnetic fields Py, and ~Y, in guides I and II,

respectively, result from the magnetic current ~ in the

aperture plane of the slot. ~Y is related to the electric field

in the aperture plane through the relation

Jy=~xE (4)

where E is the unit normal which is specified in terms of

coordinate frame.

The electric field in guide II (shown in Fig. l(b) sep-

arately) is produced due to the field distribution of the

form

{

x=()

~=tizEO sin k(l–lyl), for –l<y<+l

–W<z<+w

= o, elsewhere (5)

where

k_&

A“

The electric field in the plane x = O of Fig. l(b) can be
expanded in terms of the modes transverse electric toy as

follows:

From (5) and (6) it can be shown that

-’%.=x 2efl Vok
sin Z cos —

m “{k2-(:rl 2 ( ‘:’-cosk’)

(7)

where

VO=2W”EW

The magnetic field HY2 in guide II is given by (6) and

(7)

where c. =1 when n= 0anden=2when n=l,2,3,. ”..

The propagation constant

The magnetic field HY, in guide I is related to the vector

potential through the expression

(lo)

The general expression for the vector potential due to

y-directed current in a waveguide has been derived by

Markov [10]. Use of the same expression in (10) leads to

Hy, in the following form:

H=k[:os,{k’-(%%%
.cosm(x+b) sin%

b ()
y+;

~{cos;(x’+b)sin~(Y’+;)

( r.e- ‘-Z z=‘<~(x’,y’, z’)e Y“’nz’dz’ + e Ynmz
—m

cc

/ ( )1]~;x’,y’, z’)e - ‘-” dz’ ds (11)
Z’=2

where the index S of the sign of the integral indicates that

the integration is performed over the cross section of the

waveguide and ~~ is the surface current density. For a

very narrow slot, the variation along z’ axis may be

approximated by delta function. Hence, from (4), (5), and
(11) the magnetic field due to the transverse slot is ob-

tained as

“linT(iTk’12)
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For convenient evaluation of the volume integral ap-

pearing in (3a) and (3b), the slot is replaced by an equiv-

alent cylindrical dipole having diameter equal to the slot

width as shown in Fig. 1(c) with the coordinate system.

Since

x+ b=wcos$

z=w sin+.

The expression for self reaction <a, a), is obtained from

(3a), (4), 15), and (12) as follows: ‘

Self-reaction

arately.

Forrn=l

( mzd

)

2

Cos — – COS kl
a 1

77

“1 (Cos )‘w cos + e–y”-wsino d+. (13)
o b

is computed for m = 1 and m >1 sep-

(
COS : – COS kl

)

{l-W} 2

where @2= k2 – (~/a)2.

For m >1, Poisson’s summation formula [11] is used to

convert the sum into rapidly convergent series as follows:

(–m7d

(a,a), =
4jV~ Cos a – Cos ‘1

$——
)

m=3,5,7,. . . 7r2aup

{l-EN ‘o(k”w)

(14b)

where

()k;= ~ 2–k2

and k. is the modified Bessel function of the second kind

which decays very rapidly so that the only significant

terms are those for n = O. Total reaction (a, a)l is given by

the sum of (14a) and (14b).

Similarly, from (3b), (4), (5), and (8), the self-reaction

for guide H

(a,a),=

27

“1 (
Cos

b_

)
~w sin++— e ynm”cos~dcp. (15)

r b 2

167

Since

X=wcos+

z ==w sin ~.

Expression (15) is evaluated for m = 1 and m >1 sep-

arately as earlier. The results are as follows:

form=l

4j V; (
COS fi – COS kl

(a,a}, = G a )

{’-EJ! 2

Form>l

( rnni

)

2

4jV~
Cos— – COS kl

(a,a),=G~=3~7, a z
(1

k. km; I.
.,,

()
i– g

(16h)

The total self-reaction in guide 11 is then given by the

sum of (16a) and ( 16b).

For calculating the required susceptance, the discon-

tinuity in the modal voltage due to dominant mode is

given by [9]

(2 COS : – COS kl

fl {())

v= v“ : )

1

k1_J2”
(1:7)

2a

Hence, the required normalized susceptance can now be

evaluated from (1), (2), (4), (5) and ( 14)–( 17) as

L

[1
m771
— – COS kl

-35; Cos a
2( ’-EJ}2

()

2
,,, cos:–coskl @ –.I

2a

[ ( )11. ko(k~w)+ k. km; . (18)
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THE SLOT

mms

.LtZNGTH OF THE

SLOT
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—FROM PRESENT THEORY

–—–COHN’S THEORY

Fig. 3. Vanationof normalized susceptance versus slot length for A=
3.2 cm. —, from present theory (18); ––––, from Cohn’s theory.

Variation of normalized susceptance as a function of

slot length in the range 4<21<a (dimensions in millime-

ters) is computed from (18) for A=3.2 cm, slot width

2w=1 mm, and is presented in Fig. 3. Susceptance is

negative (capacitive) for small length of the slot and

passes through zero at 21x 15 mm. For 21>15 mm sus-

ceptance is positive (inductive). For smaller slot lengths, a

larger susceptance is to be expected with thin rectangular

slots, and this is confirmed in the graph. For length of the

slot equal to the broad dimension of guide I (21= a) the

formula given by Levinson and Fredberg gives ~= 2.00

and that of Marcuvitz gives ~= 2.0568, which compares

well with the value of D= 2.059 computed from (1 8).

For the sake of comparison, normalized susceptance is

also calculated using the graph of magnetic polarizability

given by Cohn [3] combined with his theory for long

narrow slots [2] and the results] are presented in Fig. 3.

Since the experimental results on magnetic polarizability

are available for 0.07 <w/ 1<1, for a slot width of 1 mm,

the comparison with Cohn’s theory is limited to a slot

length up to 14 mm.

111. COUPLING DUE TO THE SLOT

The equivalent circuit of the junction at the reference

plane T-T is shown in Fig. 2. The ratio of the total modal

voltage at port 3 to that at port 1 is given by

(-)v,
=20 log

l/F

v
+ 8.686 – at.

12+3j/17j
(19)

1 dB

The first term of (19) is the coupling ,coefficient between

port 1 and 3. The second term is the correction due to

finite wall thickness which accounts for the attenuation of
the principal mode in a waveguide whose cross section is

the same as that of the aperture and whose length is equal

to the wall thickness [2] t. The attenuation constant a is

given by

l~e fact fiat the proposed theory agrees closely with the results

obtained by Cohn was brought to the attention of the authors by an
anonymous reviewer, for which the authors are very grateful.

-60/

Fig. 4. Variation of coupling versus slot length (A= 3.2 cm).

The modal voltage V3 is related to the incident and

reflected wave amplitudes V3+ and V3– at port 3 by the

relation

V3 = V3+ + V3- .

Similarly

v,= VI+ + v,-.

Since port 3 is matched, V3- = O. Therefore,

(20)

In order to determine coupling experimentally, the inci-

dent power P, is first measured by removing the tee

junction and terminating the guide in a matched load. The

tee junction is then inserted between the matched load

and the guide. With port 3 terminated in a matched load,

power P~ in port 3 and VSWR in port 1 are measured.

The ratio

P3

- (-)

~/3+ 2

P, = v,+ “

From the measured input VSWR, the magnitude of reflec-

tion coefficient II’] is determined. From these measure-

ments ( V3/ VI)* is calculated from (20).

The theoretical and experimental results on variation of

coupling V3/ VI, as a function of slot length (dot width=

1 mm, wall thickness t= 1.58mm) are presented in Fig, 4.

There is a fairly good agreement between the theoretical

and experimental results.

IV. IMPEDANCE LOADING ON PRIMARY GUIDE

A knowledge of impedance loading on primary guide I

is important for the design of cascaded sections of such

tee junctions using loaded line analysis [7]. From the

equivalent circuit shown in Fig. 2, we can write the

expression for normalized impedance presented to guide I

in terms of equivalent circuit parameter as follows:

‘.=(1+*)+%7 (21)
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Fig. 5, Variation or real and imaginary parts of input impedance
versus slot length for A= 3.2 cm.
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Fig. 6. Variation of real and imaginary parts of input impedance

versus wavelength, (a) Slot length = 9 mm. (b) Slot length= 16 mm.

Input impedance was computed as a function of slot

length for A= 3.2 cm. Fig. 5 shows the variation of real

and imaginary parts of

results are also shown

pedance loading as a

~,n with slot length. Experimental

for comparison. Variation of im-

function of frequency was also
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determined. Fig. 6 shows the real and imaginary parts ~~f

input impedance as a function of wavelength for dot

lengths 9 and 16 mm. Experimental results presented in

the same figure for the sake of comparison show good

agreement with the theory.

V, CONCLUSION

Theoretical results for the equivalent circuit parameter

show a close agreement with those obtained from Cohn’s

theory. Variation of coupling and impedance loading

calculated from (19) and (21), respectively, is in goc~d

agreement with the experimental results. For the particu-

lar case of a slot of length equal to the broad dimension of

the rectangular waveguide, the results obtained from

Marcuvitz’s and Levinson and Fredberg’s formula conrL-

pare well with the corresponding values obtairled from

(18).

The present theory based on a modal representatic~n

can be used for the analysis of electromagnetic coup]ling

through apertures in the broad wall of any two arbitrary

waveguides.
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