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The node-to-datum voltage vector I: can then be found by using 
the relation 

v, = -[Y,, + A, ,A;] - ’ [  A,,C, + A r i 1 J .  (30) 

The solutions of cp on rp allow the determination of the 
scattering parameter S i j  of the TE,, mode as follows: 

[3] Y. L. Chow and S. C. Wu, “ A  moment method with mixed basis 
functions for scattering by waveguide junctions,” ZEEE Trans. Mi- 
crowme Theory Tech., vol. MTT-21, pp 333-340, July 1973. 

[4] M. Koshiba and M. Suzuki, “Applications of the boundary element 
method to waveguide discontinuities,” ZEEE Trans. Microwazx The- 
ory Tech., vol. MTT-34, pp. 301-307, 1986. 

In (32), both Prp and Prq should be replaced by 1 for If-plane 
junctions. 

V. NUMERICAL RESULTS 

To demonstrate the validity and effectiveness of the method, 
computed results for various H- and E-plane waveguide discon- 
tinuities have been obtained and compared with other theories 
available. In the analysis, the first six evanescent higher order 
modes are used in (24). 

Numerical results for two-port and multiport junctions are 
given in Figs. 3 and 4. The NMD method is applicable to the 
analysis of multimedia problems and can also be easily applied 
to the frequency range in which waveguide propagates multi- 
modes. Fig. 5(a) shows an inhomogeneous junction and its 
discretization scheme. In this case the boundary conditions 
(Pair (Pdielectric and a(P/anIair = - acp/anldielectric should be taken 
into account on the interface between air and dielectric. Fig. 
5(b) shows the results of the magnitude of reflection coefficient 
obtained by the NMD method and the moment method [3], 
respectively, and good agreement is obtained. The NMD results 
of the transmission coefficients given by Fig. 5(c) are quite 
different from those of the moment method [3]. In the moment 
method, the transmission coefficients of the higher order modes 
are not zero at the cutoff values of E , .  As a check on the 
accuracy of our solutions, the total power sums P;‘ have been 
evaluated and the power conservation condition is satisfied to 
an accuracy of 5 So the results given by the NMD method 
are convincing. 

VI. CONCLUSION 

In this paper a network model decomposition algorithm has 
been developed which permits the scattering matrices to be 
computed for arbitrarily shaped H- or E-plane junctions. Com- 
puted results for various H- and E-plane junctions are also 
given as a demonstration of the validity of the method. Our 
discussions and results obtained indicate that the network model 
decomposition method has the virtues of simplicity and general- 
ity, and so is a powerful tool for the analysis of waveguide 
discontinuity problems. 

REFERENCES 

[ l ]  Wen Geyi, “Numerical solution of transmission line problems by a 
network model decomposition method based on polygon discretiza- 
tion,’’ IEEE Trans. Microwaue Theory Tech., vol. 38, pp. 1086-1091, 
Aug. 1990. 

121 N. Marcuvitz, Wuueguide Handbook. New York McGraw-Hill, 
1951. 

Analysis of E - H Plane Tee Junction Using 
a Variational Formulation 

B. N. Das and N. V. S. Narasimha Sarma 

Abstract -An analysis of an E - H plane tee junction taking the width 
of the slot and wall thickness into account is presented. The parameters 
of the three-port equivalent network are determined. The reflection as 
well as transmission parameters are evaluated. A comparison between 
theoretical and experimental results is presented. 

I. INTRODUCTION 

In the investigations on E - H  plane T junctions reported in 
the literature [l], the internal energy storage required for the 
evaluation of impedance loading has been found by regarding 
the coupling slot as a superposition of transverse and longitudi- 
nal components. Hsu and Chen [2] have presented a method of 
analysis which is not based on this concept. In the coordinate 
transformation they use, there is no scope for taking the effect 
of slot width into account. Further, in [2, eq. (811 limits of 
integration were not properly taken. In the method suggested by 
Stevenson [3] and used by Elliott et al. [4] the expression 
involves a singularity, which, it is suggested, should be avoided 
for better accuracy. But the method for avoiding the singularity 
is not indicated. 

In the present work, a three-port equivalent network for an 
E - H plane tee junction is determined taking into account the 
effect of waveguide wall thickness and considering the contribu- 
tion of the dominant mode to the imaginary part of the self- 
reaction. 

From a knowledge of the equivalent network parameters, the 
net impedance loading, reflection coefficient, and coupling are 
evaluated for an E - H plane tee junction. A comparison be- 
tween theoretical and experimental results is also presented. 

11. ANALYSIS 

The inclined slot-coupled E - H  plane tee junction together 
with the coordinate system is shown in Fig. 1. The three-port 
equivalent circuit of the junction is shown in Fig. 2.  For a 
matched termination at port 3, the variational expression for the 
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distribution of the form 

+ +  a77 
E - UtEl COS - . 

2L 

The turns ratio of the transformer ( T 2 )  is of the form 

m 
- 

1 _-  
rrLcos0 ' PWCOS0 n20 

sin( 7) - a cos( 7) 
aWcos0  2L r r C O S 0  

a (a2-( 7) G - 4 w  

(3) 

The admittance presented at the primary of the transformer 
(T,) is expressed as 

yi0 = (n20)-2Y20.  (4) 

The expression for the admittance presented at the secondary of 
the transformer ( T , )  owing to a transmission line of length t is 
of the form 

Y& + Y,, tanh y,t 
Y,, + Yie tanh y,t y;e = y,, 

where y and Y, are the propagation constant and characteristic 
admittance of the transmission line. 

The turns ratio, Itl0, is obtained as 
Fig. 1. Inclined slot-coupled coplanar E -  H plane tee junction. 

In the above expression, 

i \V=Ciz:\12/abcos(azr/a) (7) 

I/slot = E,. (8) 

and 

From (2) and (6)-(8), the expression for n,, is obtained as 

T / 

YO 
PORT(1) PORT(2) 

O :  

Fig. 2. Equivalent network representation. 

admittance at plane b-b' of Fig. 2 is of the form [5, eq. (2)] 

Expressions for V i f l ,  Vzfl, and Vfo, in (1) are derived by follow- 
ing the procedure of [6, ch. 81 and using appropriate coordinate 
transformation for the structure of Fig. 1 assuming a slot field 

where 
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and 

_ _  m r x  m r x '  nn-y n r y '  
cos - cos - 

a a b b 
U,U, sin - sin - 

m r x  m r x '  _ _  nn-y n r y '  
+cos - cos - ( uYuy sin - sin - 

b b 

+ U,U, cos - cos - 
b b 

Substituting (21, (71, and ( 9 1 4 3 )  and using appropriate coordi- 
nate transformation, the integration with respect to the variables 
6' and 7' is first evaluated. The corresponding limits of the 
integration are taken from - L to 7, W to 6 ,  77 to L ,  and 5 to 
- W. Before carrying out the integration, the dot product be- 
tween dyadic and vector is evaluated using appropriate coordk 
nate Lransformation for variables 6 and 7 and unit vectors Us 
and U,,. The variables 5 and 77 appearing in the expression are 
now replaced by y' and z' for the purpose of carrying out the 
differentiation appearing in the dyadic operator. After the dif- 
ferentiation the variables y' and z' are then transformed to 6 
and 7 for the purpose of evaluating the double integral. The 
limits of the integration are now - L to L for 7 and W to - W 
for 5. The final lengthy expression so obtained cannot be repro- 
duced here for lack of space. 

111. ESTIMATION OF COUPLING, REFLECTION, AND 

TRANSMISSION COEFFICIENTS 

The coupling, reflection, and transmission coefficients seen 
from the primary guide are estimated. The normalized input 
impedance presented by the network at reference plane a-a' is 
given by 

j x ,  1 Y,, + Y&, tanh y,yt 
Z, = r, + j x ,  = - Z ,  + nf,- Y,,Z, x Y& +Yo, tanh y,t . (14) 

From the total impedance, the reflection coefficient is obtained 
as 

Return Loss (R.L.) = 2 4  log Irl. ( 16) 

The transmission coefficient from port (1) to port (2) is given by 

T = i + r .  (17) 

From power balance condition, the coupling coefficient is ob- 
tained as 

c = 1 - (ri2 - ( T I *  (18) 

(19) coupling in dB = 10 log C. 

IV. NUMERICAL AND EXPERIMENTAL RESULTS 

Using the expressions (1)-(19) the return loss and coupling 
are evaluated for 2 L = 1.4 cm, 2 W = 0.08 cm and 0 = 45" over 
the frequency range 10.8-11.8 GHz for t = 0 as well as t = 0.127 
cm. The results are presented in Figs. 3 and 4 respectively. The 

FREQUENCY [ G H z )  , il.0 11; 11;L 11;6 11; 10.8 

t - -5.0 !z 
I - 
t $ -10.0 

0 
-I 

t =O.l27cm 
t = O  

- 
-.- 
-4- EXPERIMENT 

Fig. 3. Variation of return loss from port (1) with frequency for 
2L = 1.4 cm and 2W= 0.08 cm. 
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Fig. 4. Variation of coupling with frequency for 2 L  = 1.4 cm and 
2W = 0.08 cm. 

experimental results on return loss and coupling are also pre- 
sented in the same figures for purposes of comparison 

V. DISCUSSION 

The validity of the analysis presented in this work is estab- 
lished from the satisfactory agreement between the theoretical 
and experimental results. In this case the length of the coupling 
slot is around 1.4 cm, which corresponds to a free-space reso- 
nant frequency of 10.2 GHz. But the calculated resonant fre- 
quency is 11.2 GHz, which is higher than the free-space reso- 
nant frequency. It is worthwhile to state that for a slot of length 
less than A /2, it has been observed by the authors that for a slot 
radiating into matched waveguide forming a tee junction, the 
length of the slot for resonance is greater than A /2. The same is 
observed for a slot-coupled E - H plane tee junction. 

The deviation between the theoretical and experimental re- 
sults is not appreciable for lower frequencies, but is found to 
increase at higher frequencies. This can be attributed to the 
fabrication irregularities of the coupling slot. As the frequency 
increases, the dimensional irregularities relative to wavelength 
increase, resulting in larger deviation between theoretical and 
experimental results with increasing frequency. Improvement in 
the bandwidth can be realized by using coupling slots with 
round ends. 
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Theoretical and  Experimental Study of the 
Evolution of Fields in an  Overdimensioned 

Waveguide with a Corrugated Surface 

J. P. Fenelon and A. Papiernik 

Abstract -The field of corrugated waveguides has been extensively 
investigated over a number of years, a s  such structures have been used 
for antenna feeds [11-[41. To obtain a n  answer to problems arising in 
many microwave applications, some labs use overdimensioned corru- 
gated waveguides. In the present work, we propose a theoretical ap- 
proach with eigenmodes that enables us to determine the values of the 
limiting frequencies (frequencies of T modes in the periodic structure) 
of an overdimensioned parallelepiped cavity loaded with a thin corruga- 
tion as  a function of the height of the aperture. In this approach, the 
electric field is represented by different analytical functions. We com- 
pared the theoretical results with the experimental values obtained for 
different apertures and periodicities, according to the value of the 
wavelength in comparison with the aperture and the period. Each 
function is in good agreement in a certain frequency range. 

I. INTRODUCTION 

In a previous study [5], we have shown experimentally that the 
dispersion characteristic of the periodic structurc (period H )  in 
Fig. 1 can be obtained with a cavity loaded by one corrugation 
(see Fig. 2). Thc length on either side of the zero-thickness 
corrugation is L = k H  (where k equal 1 / 2 ,  1, 3 / 2 ,  . . accord- 
ing to the mode studied). The established mode always has the 
same configuration: the n- mode (periodic phase shift P H  = T 

in the periodic structure). 
We used the properties described above (for L ,  = L 2  = H / 2 ,  

the resonant frequency of this cavity corresponding to the limit- 
ing frequency of the periodic structure with the same period H )  
and the “magnetic” eigenvectors to determine the expression 
for the magnetic field. 
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Fig. 1. An overdimensioned rectangular periodic waveguide 
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Fig. 2. Equivalent cavity with one corrugation to represent infinite 
periodic structure. Image of the field configuration in this cavity. 

To obtain the theoretical resonant frequency, we assume that 
in the plane of the zero-thickness corrugation aperture (x -  y 
plane in Fig. 2) the expressions for the electric field components 
are E ,  = E; = 0 and E ,  = f ( x ) ,  where for f ( x )  we use a distri- 
bution, an exponential, and an inverse variation of the square of 
the distance from the aperture (see Fig. 3) and for the magnetic 
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