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Analysis of Coplanar E –~ Plane T-Junction Using

Dissimilar Rectangular Wavegnides

B. N, DAS, G S. N. RAJU, AND AIOY CHAKRABORTY

Abstract —An analysis of a T-junction which differs from conventional

H-plane T-junctions in that the T arm is rotated by 90” and coupling takes

place through an inclined slot is presented. Since use of standard X-band

wavegnides result in such a T-junction operating above 11.7 GHz, non-

standard waveguide dimensions have been considered to bring down the

operating frequency to 9.375 GHz. The effect of a change of the broad

dimension of the primary feed wavegnide on the resonant conductance is

evaluated. ‘fIre variations of resonant length with the angle of inclination of

the slot, and coupling with frequency, are presented.

I. INTRODUCTION

Investigations of H-plane T-junctions have already been re-

ported [1]. In the present paper, thorough analytical investiga-

tions have been carried out on a T-junction (Fig. l(a)) in which

the coupling slot is in the narrow waJl of the primary guide and

the narrow dimension of the coupled guide is oriented along the

axis of the primary guide. As a result, the E field of the coupled

guide and the H field of the primary guide are coplanar and

hence this type of T-junction is designated as a coplanar E-H

Manuscript recewed May 13, 1987: rewsed September 28, 1987.

B N. Das and A. Chakraborty are with the Department of E and ECE,

Indian Institute of Technology, Kharagpur 721302, India

CT S. N, RaJ u was with the Department of ECE, A.U. College of Engineer-

ing, Visakhapatnam 530003, India He IS now with the Department of E and

ECE (under QIP), Indian Instjtute of Technology, Kharagpur 721302, India

IEEE Log Number 8718857,

(a)

PLANE OF THE CENTRE
Y OF THE sLOT

PoRT I

GUIOE 1 4
PORT U

Y=%+jh GUIOE 1

(b)

Fig. 1 (a) Coplanar E-H plane T-junction. (b) Equivalent network repre-

senting Impedance loading m gurde 1.

plane T-junction.l The power is coupled to the T-arm through an

inclined slot in the narrow wall of the primary guide. It can be

noted that in this type of T-juncti~n no power can be coupled

using either a longitudinal or a verticaf slot. When such a coupler

is made using standard X-band waveguides the maximum slot

length which can be obtained is 14 mm with an inclination of 45°

and the resonant frequency is around 12 GHz.

In the present work, investigations have been carried out to

find the waveguide dimensions necessary for slots which resonate

around 9.4 GHz. Further investigations have also been carried

out to keep the normalized slot conductance loading on the

primary guide as low as 0.01. This impedance is expressed in

terms of self-reaction and discontinuity in modaf current. Evalua-

tion of self-reaction in the coupled guide employs TE and TM

mode fields instead of the hybrid mode field used earlier [1]. To

obtain the self-reaction in the primary guide, the magnetic cur-

rent in the @clined slot is resolved into transverse and longitudi-

nal components.

Computations have been carried out to obtain the waveguide

dimensions for which a low value of normalized slot conductance

i: obtained at a resonant frequency around 9.375 GHz. Com-

puted results of the various parameters of engineering impor-

tance, e.g., resonant slot length, slot conductance, and coupling,

are presented.

1The Edltrrr has kindly brought to the notice of the authors that this type of

structure was reported by W. H. Watson m Fig, 34 of hrs paper “Resonant

slots,” JIEE (London), vol. 93, pt 3A, pp 747-777, 1946
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II. GENERAL ANALYSIS

Fig. l(a) represents a T-junction in which the two rectangular

waveguides forming the junction have different broad and nar-

row wall dimensions. Coupling takes place through an i~clined

slot in the narrow wall of guide 1. The relation between the

variables along the coordinate axes shown in Fig. l(a) is of the

form

Z= Z’+a2/2= 6sin0–qcos O+a2/2

X= X’+b2/2= ~cos6+qsin O+ bj/2. (1)

The unit vectors through the coordinate axes are related by the

following expressions:

i2z=Zfsin0 -ii~cosfl

iiY=ii$ cos O+ii~sin O. (2)

Following the formulation suggested in the literature [3] and

using relations (1) and (2), the expressions for the normalized

modaf vector functions for electric ( Z:,1 ) and magnetic ( 2~n )

fields in guide 2 are found. The modal voltages V’),, and VW;, for

the electric and magnetic fields, respectively, are given by [3]

{J
~;,, = w L ~,. 2;,, d~dq (3)

–W–L

//
J,Tln= w L ~,. z:,, d~ dq (4)

–w –L

where ~r is the electric field i,n the aperture plane of the slot and

can be assumed to be of the form

-E, =tivEOsin K(L-l{l) (5)

where K = 2 T/ A, X being the wavelength, EO is the maximum

electric field in the slot and 2 L is the slot length. Using (l)-(5)

and the expressions for =;. and 2:., the expressions for the

modal voltages are obtained.

The transverse component of the magnetic field in the y = O

plane of guide 2 is of the form

~e +( YO):.J’%%,11Hf = ~ ~ [(yo):n~;,, .,,, (6)

where (yO):,,, ad (K):,, are the charattenstic admittances of

the TE and TM modes, respectively, and ~~. and ~;,l are the

modaf vector functions of the transverse component of magnetic

field.

The total magnetic current in the aperture plane of the slot

considering its image in the ground plane is given by

a=2Et xii,. (7)

The self-reaction of this magnetic current ~ in guide 2 is of the

form

(a, a), = -jj~t.~d~drf. (8)

The impedance loading in guide 1 due to the power flow and

energy storage in guide 2 is given by

Z2=–(a, a)2/11 (9)

where I is the discontinuity in modal curient in guide 1.

Using (5)–(9) and the ,expression for 1 suggested in the litera-

ture [1], [4], the expression for 22 is found to be of the form

alb~~~l((~ol sin8)2– K2}2. ~

5, MARCH lY&5

where

605

Yol and /?ol are, respectively, the characteristic admittance and

propagation constants.

In the above expression, the term for m = O, n =1 contributes

to the real part of the impedance and the other terms contribute

to he imaginary part of the impedance.

In order to reduce the complexity of the derivation of the

expression for the energy storage in the primary guide, the

magnetic current in the aperture plane of the slot is resolved into

transverse (length = 2 L cos 19,width =: 2WCOS O) and longitudinal

(length = 2L sin d, width= 2Wsin 0) components.

The impedance loading on the primary guide due to self-reac-

tion of the transverse component is clf the form

Z3=–(a, a)j/11 (Ii)
and that due to longitudinal component is of the form

Z1=–(a, a)l/ll. (12)

Using the method suggested in the literature [2], [3], the expres-

sion for self-reaction due to the transverse component is obtained

as

. COS2rnrr sin2 ~ [COS( nrL cos O/al)

–COS(KLCOSO)]2

“[ I2COS6’ +(e-2(y1)mnwc0so) (-yl)nznw–
1

(Yl)m.w 1
(13)

where

In the above summation, the terms for m = O, n = O and m =1,

n = O are excluded.

Self-reaction of the longitudinal component is of the same

form as [1, eq. (7)] with the exception that a is replaced by bl

and b is replaced by al, d is replaced by 2 w sin 0 and L is

replaced by L sin 0, and Vn, is replaced by V. sin O.

An expression for the total normalized impedance seen by the

primary guide is

z/z. = (Zl + Z2 + z3)/zo (14)

where ZO ( = p u/~ol ) is the impedance of the dominant mode in
.—.

EkT3)wa)2+(Yo)x%.)21 1

Z*=””’
*=on=l -

4K2Y~V~ sinz @r*
{ }

sin( W~ol cos O) 2

WDO1 Cos 8
{cos(~olLsinO)- cosKL}2

(lo)
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F1g 2. Variation of resonaut length with the inclination of slot (8) for

2W= 0.2 mm, ~= 9.375 GHz, al= az =1.52 cm, aud bl = bz = 2.286 cm.

guide 1. The corresponding normalized admittance is given by

Y=gn +jb,z =1/z. (15)

The equivalent circuit with the incident and reflected wave

amplitudes at the input and output is shown in Fig. l(b). For a

matched guide c~ = O. Using the expression for the transmission

matrix parameters in accordance with the formulation suggested

by Collin [5], it can be shown that the expression for the coupling

is of the form

cd, =lolog[4gn/{(2+ g.)’+ b;}]. (16)

Levy [6] has given complete information for wall thickness

correction applicable to circular apertures and rectangular slots.

for long slots, however, the first-order correction term [1], which

can be applied without appreciable deterioration in accuracy, is

~– 8.686 at, where a = (Tr/2L) – K’ and t is the wall thick-

ness of the waveguide.

III. NUMERICAL RESULTS

It has been found that the loading on the primary guide can be

reduced if 0 is reduced. The reduction in O to low values is

permitted if the narrow dimension of both the waveguides is

increased. The value of 8 can be reduced to 5° if al = a2 =1.52

cm and bl = b2 = 2.286 cm. The variation of corresponding reso-

nant length with O for a frequency of 9.375 GHz is presented in

Fig. 2. Using (10)–(15), the variations of g. and b,, are evaluated

as a function of frequency. The results are substituted to compute

the variation of coupling with frequency for 0 ranging from 5° to

30°. The data on coupling, estimated after taking the correction

due to wall thickness into account, are presented in Fig. 3.

Increase of bl does not disturb the constraints dictated by the

design considerations for the array and permits the reduction of

g, (resonant conductance) below 0.01. It is, however, not advis-
able to increase the narrow wall dimension beyond 1.50 cm. For

O =10°, 2L =1.516 cm, k = 3.2 cm, al= a2 =1.50 cm, bl = 2.286

cm, g, is evaluated for bl ranging from 2.286 cm to 3.0 cm and

the results are presented in Fig. 4.
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Fig 3. Variation of coupling with frequency for 2 w = 0.2 mm, al= aj = 1.52

cm, and bl = bz = 2.286 cm (curve A for f? = 5“, B for 0 = 10”, C for

/3=15°, D for 6=20”, E for 0=25°, F for 0=30”).
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Fig. 4. Variation of resonant conductance (g,) with broad dimension of the

guide 1 (bl) for 2W= 0.2 mm, 2L = 1.516 cm (resonant length), ~= 9.375

GHz, al = Uz = 1.50 cm, and b2 = 2.286 cm.

IV. DISCUSSION

Results of the analysis reveal that it is possible to obtain

resonance at X = 3.2 cm in the junction having a waveguide with

internal dimensions a = 1.52 cm, b = 2.286 cm. Resonant con-

ductance has been brought down to the order of 0.005 by suitable

reduction of slot inclination. Because of the increase in narrow

wall dimension, the frequency range of operation is restricted to

8.4–9.8 GHz. In this frequency range, the conductance is quite

high compared to susceptance, and this variation with frequency

remains more or less stationary up to 6 = 20°. Further reduction

in g. has been achieved by increasing the broad dimension of the

feed waveguide.

ACKNOWLEDGMENT

The authors take this opportunity to express their gratitude to

the IEEE reviewers for their useful suggestions and also to the

Editor for bringing one reference to their notice.

[1]

[2]

[3]

[4]

[5]

[6]

REFERENCES

V. M. Pandharipaude and B. N. Das, “Equivalent cmcuit of a narrow wall

waveguide slot coupler,” IEEE Trans Microwave Theoiy Tech,, VOL

MTT27, pp. 800-804, Sept. 1979.
G. Marcov, A ntennu.r. Moscow, USSR: Progress Pub., 1965.

R. F. Hamington, Time Harmomc El&tromagnetzc Fzelds New York:

McGraw-Hill, 1961.

N. Marcuvitz and J. Schwinger, “On the representation of electric and

magnetic fields produced by currents aud discontinuities in waveguides,”

.J. App/. Pb.vs., vol. 22, pp. 806–819, June 1951,

R. E Collin, Foundations for Mzcr-owuue Engineering. Tokyo: McGraw-

HiU, Kogakusha Ltd., 1966, p 182.

R. Levy, “Improved single and mrrltiaperture wavegrride coupling theory,

including explanation of mutual interactions” IEEE Tram Mzcrowaue

Theory Tech., vol. MTT-28, pp. 331-338, Apr. 1980,


