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A Generalized Analysis for a

Class of Rectangular Waveguide

Coupler Employing Narrow Wall Slots
A. J. Sangster and Hanyang Wang

Abstract— A comprehensive analysis is presented which is

applicable to the general class of waveguide couplers comprising
a dissimilar pair of rectangular waveguide coupled by means of

an inclirned slot on the narrow wall of the primary waveguide.

An entire domain moment method is used to solve a pair of
coupled-integral equations for the tangential electric fields on the
surfaces of the slot. Three typical examples have been examined

to demonstrate the validlty of the method. The numericat results

are shown to be in good agreement with those obtained from
independently procured theoretical evidence and measurements.

I. INTRODUCTION

w AVEGUIDE COUPLERS are fundamental circuit ele-

ments in many microwave communication or measure-

ment systems. In the design of the feeding systems for slotted-

waveguide antennas, while a variety of waveguide couplers are

possible, those based on slot-coupled arrangements are widely

used because of their features of high power handling and

constructional convenience. A slot-coupled geometry which is

of particular interest is one which employs an inclined slot

on the narrow wall of rectangular waveguide. Couplers of this

class have been introduced into the literature in various forms

and treated as separate and distinct aperture discontinuity

problems.

The analytical technique for assessing coupling characteris-

tics of the slot-coupled waveguide coupler can be identified as

the diffraction theory [1], [2], the variational method [3], [4],

the molment method [5], [6] and the hybrid FEMIMoM [7],

[8]. A useful contribution on waveguide couplers by means of

slots on the narrow wall has recently been presented by Das

and Sarma, who have investigated an inclined slot coupled T-

junction employing the variational method [9]. However, their

method suffers because it is inherently incapable of accom-

modating the effects of finite wall thickness which is known

to have a significant influence on the resonant property of the

coupling slot. A moment method formulation has also been

applied to the analysis of a narrow wall inclined slot coupler

[10]. Here coupling between two dissimilar waveguides is

investigated and a parallelogram approximation is introduced

to avoid the complicated treatment of inner products involving

four cc~mponents of a dyadic Green’s function.
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In the present paper,

analysis is presented for

a strictly applied moment method

the class of waveguide coupler for

which coupling is achieved by means of an inclined slot on the

narrow wall of rectangular waveguide. In essence, an equiva-

lence principle is invoked to divide the coupling structure into

several separate regions which are then coupled by enforcing

the continuity conditions at the interfaces of these regions. The

fields in these regions are expressed by appropriate dyadic

Green’s functions and the surface magnetic currents at the

interfaces. This formulation leads to a pair of integral equations

in which the magnetic current on the interfaces is unknown. An

entire domain moment method is employed to transform the

integral equations into a matrix equation using trigonometric

basis functions. In contrast to the approach used in [10] which

employs a parallelogram approximation to the slot geometry,

the inner products are here evaluated strictly to achieve higher

accuracy. The resultant matrix equation is then solved using

a matrix inversion technique. The theoretical formulation has

been validated by three examples. The numerical results are

in good agreement with those obtained from independently

procured theoretical evidence and measurements.

II. THEORY

A. Establishment of the Integral Equations

The general geometry of a class of waveguide couplers by

means of an inclined slot on the narrow wall of a rectangular

waveguide is illustrated in Fig. 1. The configuration consists

of the primary waveguide, the coupling slot, and the coupling

region. To satisfy the boundary conditions, the tangential

electric field continues over the upper and low surfaces of

the slot, namely

?tlx(~A-~~)=O on S~ (1)

7tzx(i!3C-~B)=0 on Sz. (2)

where ~Q denotes the electric field in region Q (Q =

A, B, C) as illustrated in Fig. 2. In accordance with an

equivalence principle [11], if the slot is closed by two perfect

conductors with two sheets of magnetic current ml and ~g
on the upper and lower surfaces of the slot, the electromagnetic

field remains unchanged. The coupling structure is, therefore,

divided into three separate regions, that is, the primary wave-

guide (region A), the slot cavity (region B) and the coupling
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Fig. 1. Geometry of coupling slot on the narrow wall of waveguide,

coupled region (region C)

cavity (region B) M ~ =n2x E2

* al

Fig. 2. Division of regions after equivalence.

region (region C). In region A, theelectromagnetic field is the

sum of the incident field and the field produced by the surface

magnetic current IW1. In region B, the electromagnetic field

is the field produced by both surface magnetic currents ml

and~2. Similarly, the electromagnetic field in region C is the

field generated by magnetic current i2f2.

By applying continuity conditions for the tangential com-

ponent of the magnetic field on the upper and lower surfaces,

we obtain

El X HB (~) – El X nA(7) = El X ~’n(~) on S1 (3)

7ZZx ~B(T) –fiz x HC(T) = O on S2 (4)

where ~Q represents the magnetic field in region Q (Q =

A, B, C) and ~’n denotes the incident field in region A. If a

dyadic Green’s function of magnetic type is introduced, which

satisfies the following equation

v x v x G(T I Fo) – K2G(T I T’()) = –76(F– To) (5)

fixvx E(T/Fo)=o (6)

with

T=zi7+~+zz (7)

it is possible to calculate the magnetic field in each region from

!-
H(F) = jWC ~(~ I To) ~~(~o) dso (8)

where K is the wavenumber, w is the angular frequency,

e is the permittivity, G is the dyadic Green’s function of

magnetic type, and ~ is the surface magnetic current. The
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surface integral is taken over the source region 7.. If the

magnetic fields in the three regions are represented by (8)

and the resultant expressions are substituted into (3) and (4),

the following integral equations are formed

x
//

7%m2(7@dso=n1 Xl?n (9)
S2

where ~A ,B ,C denote the dyadic Green’s function in region

A, B, and C, respectively.

B. Implementation of the Moment Method

Since it is almost impossible to obtain an analytical solution

to the integral equation (9) and (10) due to their complexity,

a numerical technique should be used. Because the moment

method has provided one of the most accurate means for

solving problems of waveguide coupling through slots or

apertures, it is employed here to solve the integral equations.

As the moment method is well documented in the literature

[5], [6], [12], its basic principle is not developed in detail here.

In the search for a moment method solution to the inte-

gral equations shown in (9) and (10), the unknown surface

magnetic currents are expanded as follows

S=l

s=]

where a, and b. are the unknown complex expansion coeffi-

cients, ~,$(To) and j: (TO) are basis functions, s is the order
of the basis functions and N is the number of the basis

functions. A definition of a set of weighting functions and

an inner product are required for the implementation of the

moment method. The inner product is chosen, denoted by
angular lbrackets, as

(13)

and the weighting functions will be of the same type as the

basis functions, namely

i=l, z,. ... jv

where i and iV are the order and the number of the weighting

functions, respectively. Substituting (11) and (12) into (9) and

(10) and taking the inner product of the resultant equations

with the weighting functions gj (7) and g:(T), we obtain a

matrix equation

[

[w] + [%1 [Xy]
[%1 lFas]l=EN ‘1’)[q:’]+[~:] [/).]

where

H,=–
SI

S, 9: (T)fi “ [~1 x E’n(T)] dS (22)

Q,= O. (23)

In accordance with earlier observations [5], [13], entire

domain sinusoidal basis functions have been preferred, in order



286 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES,VOL. 44>N0. AFEBRUARY 1996

to reduce the dimension of the matrix equation and hence to . [SzSLuCUcyo ~xp (-rmnl~ - Zol)l (28)
achieve faster convergence. In particular, the basis functions

are chosen to be

where <O is the longitudinal coordinate of the coupling slot . 1C,C=0CVGI% .Xp (-rmnlz - d)] (29)

and L is slot length.

C. Evaluation of the Matrix Elements where

The elements in the matrix equation (15) can be divided into r m. ‘ W
four kinds of elements, namely, the elements associated with

the primary waveguide, the slot cavity, the coupling region and

the incident field. It should be emphasised here that m = O, K. = ~;

n = O mode should be included in the summation of the
a

waveguide modes. Otherwise. unexpected errors will occur in

the vicinity of resonance [14].
S. = sin (K,x);

Substituting the basis functions and the weighting functions

given by (24) and (1~1) into ( 16) and performing the vector S’v = sin (Kvy);

operation, we can obtain the integral expression for the matrix

element in relation to the primary waveguide, namely

{

1, if 7 = O:
co~ =

2, ifi #O.

Substituting the above Green’s function into (25) and evalu-

ating the resultant integral, we obtain

+“eosQsinQ~// a9: (~)sgl ~

where G{?, G~-, G? and G~z are the components of the SL

waveguide dyadic Green’s function given by
[// 1f;(~o)%l~xP (–rr”nll~ - :01) ~so ds

“’(’’’O)= ZOZ4++$)$) -~oJ~/l’’(’)~’(’+&)

[1 1}.f/[TO)~fu.I m (–r~.IIz – LOI) ~so ds
,s,

(30)

[Srsxus;sy” exp (-rmn 12- %1)] (26)

(25) [1”” 1.ft(~o)syr,l =p(-rmnllz -4) ~sods
s,

Amnl = ‘a’m’an ;

2a1blrm,Ll ‘mrL1 = -

‘c’ =m ‘C1= :; ‘“@=:’
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Fig. 3. Slot coupler of dksimilar rectangular waveguides,

(7V1=cos(Kuly); Cvol = Cos (Ku~y~)

Since the matrix elements associated with the slot cavity

have been evaluated previous] y [5], it is unnecessary to repeat

the same procedures here. The evaluation of the elements

associated with the coupled region depends on the geometry of

the coupled region. Once the exact structure of the slot coupler

is determined, the results for the elements can be obtained by

following the same procedures used in the evaluation of the

matrix e]ement associated with the primary waveguide.

It is assumed that the initial excitation is caused by an inci-

dent 7’E10 wave in the primary waveguide. More specifically,

the components of this wave are as follows

H&n = Ho sin
()

~z exp (–rlolz) (31)

E: = –ZIOHO sin
()

~0 exp (–rlolz) (32)

j& . ~ Ho Cos

17101al ():Z exp (–rlol~) (33)

where HO denotes the amplitude of the incident wave, ZIO is

the wave impedance of the dominant mode in the primary
waveguide and 17101 is given in (30), that is, let m = 1,

~ = () irl rmnl. Substituting the above equations into (22), we

obtain

H%=: Ho COS 6 ~
//rlolal. ,s,

d(~) exp (–rlolz) dS. (34)
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Fig. 4. Reflection coefficient as a function of frequency (a I = az = 22.86
mm: bI = bz = 10.16 mm, T = 1.27 mm, L = 16.20 mm, w = 1.00
mm, 9 = 300).

D. Expressions for the Scattering Parameters

Despite their length and complexity, the matrix elements

can readily be evaluated by means of a computer. As the

entire domain sinusoidal basis functions are used, accurate

results can be obtained by using only a few terms of the

basis functions. Since the dimension of the matrix equation is

not large, the matrix equation can be solved by direct matrix

inversion to obtain the surface magnetic currents. Once the

surface magnetic current is available, the scattering fields in

the primary waveguide can be determined by means of (8),

namely

-. Subsequently, the scattering parameters can be evaluated as
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Flg 5, Slot coupled waveguide T-Junction (case one)

follows

Sll=–g
J-5”$

= jwf ,

.c aib1K2 ,=1

“//COSflfj(TO) exp (–I’lolz~) d5’o (36)
..s1

III. NUMERICAL EXAMPLES

To validate the moment method formulation presented in

the previous section. three coupling geometries are examined.

which are commonly used in the design of the feeding systems

of slotted-waveguide antennas. In the numerical computations,

the convergence of the solutions has been examined, and it is

observed that five basis functions are required to achieve a

satisfactory accuracy. Consequently, five basis functions are

employed throughout in the numerical examples. The CPU

time on a HP-9000 work station for the computation of a

single numerical point is less than four minutes for all of the

examined geometries.

A. Narrow Wall Parallel Coupler

The geometry of the narrow wall coupler reported in [10] is

depicted in Fig. 3. To effect a moment method analysis of this

problem, a parallelogram approximation to the shape of the
inclined slot is employed in the above paper. In the present

analysis no such approximation is invoked. Inherently more

accurate results are therefore achievable. When the present

theory is applied to a 30° inclined slot between similar WG 16

I I
.4 n l– I.

g -6.0

z

~ -10.0 1
D

8 -12.0 –
0--+3---0 vana~onal method [91 ‘~5

;: k~
10.8 11.0 112 11.4 11.6 11.8

FREQUENCY ((lHz)

FIg 6. Coupling as a function of frequency (,Ll = a2 = 2Z 86 mm;

bl = b2 = 10.16 mm; ‘T = 127 mm; L = 1400 mm: III = O 80 mm;

o = 45”)

waveguides very close agreement with the predictions of

[10] 1s achieved, while good agreement with measurement is

demonstrated in Fig. 4, for the magnitude and phase of SI ~

over a range of frequencies in the vicinity of the slot resonance.

B. Slot coupled T-Junctiotl (Case I)

The slot coupled T-junction geometry shown in Fig. 5 has

been examined, using a variational analysis, in some detail in

[9]. This case can be implemented using the generalized theory

of Section II by employing the appropriate components of

the Green’s function in the secondary guide. In programming

terms this is achieved by incorporating optional subroutines

which encompass all possible geometrical configurations.

In Fig. 6 the predicted coupling associated with a 45° slot in

a T-junction between standard WG 16 rectangular waveguides

is compared with variational predictions and the measured
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Flg.7. Slot coupled waveguide T-junction (case two).

results presented in [9]. In the vicinity of resonance close

agreement between the theoretical predictions is demonstrated.

The deviations between the theoretical curves at frequencies

well away from resonance can largely be attributed to the

inaccurate treatment of wall thickness effects which is em-

ployed in the variational calculations. The agreement with

measuredl results is good when experimental errors are taken

into acccn-tnt.

C. Slot Coupled T-Junction (Case 2)

The H-plane T-junction illustrated in Fig. 7 involves simply

a 90° rotation of the secondary guide when compared with the

geometry of case 1. In mathematical terms this implies that the

components of the Green’s function for the secondary wave-

guide should be changed to accommodate to this geometry.

The H-plane Tee coupled by means of a longitudinal slot

(0 = 0°) has also been examined, as a separate problem,

[15], again using a variational technique. Not unexpectedly, the

correlation between the moment method predictions and those

of [15], based on this author’s variational approach, follows

the pattern discussed above. Agreement between our theory

and experiment for a coupling slot with 0° inclination in a

WG16 H-plane Tee is good, as Fig. 8 illustrates. Theoretical

predictions for the coupling provided by slots with inclinations

which are greater than 0° are also shown for comparison. The

inclined slot case is not accommodated in the analysis of [15].

IV. CONCLUSION

An analysis, based on the moment method, has been devel-

oped which is capable of treating a general class of rectangular

waveguide coupling problem where slot coupling through

the side wall of the primary guide is involved. The method

has been applied to three coupler geometries which have

previously been &eated in the literature as separate problems.

In all the three cases, good agreement between the proposed
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‘8”0 ““x
.9,(J ~
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Fig. 8. Coupling as a function of frequency (al = cm = 22.86 mm:
bl = bz = 10.16 mm; T = 1.27 mm; L = 16.00 mm; U, = 0.80 mm).

generalized theory and other analytical techniques is demon-

strated. The results are also supported by measurements.
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