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ABSTRACT

In this paper we describe a very efficient multi-
mode admittance matrix representation of a six-
port Cubic junction composed of the orthogonal
intersection of three rectangular waveguides. The
formulation is based on the theory of cavities and
yelds very simple closed-form analytical expres-
sions for all matrix elements. In addition to the-
ory, the application of the results obtained to the
special cases of E- and H-plane T-junctions and to
the Magic-T junction are also discussed indicat-
ing how the representations obtained are indeed
very accurate and numerically efficient.

1. INTRODUCTION

Rectangular waveguide junctions are often used
in several passive components like, for instance,
orhtomode transducers, multiplexers, and cou-
plers. The development of fast and accurate al-
gorithms for their analysis has therefore received
considerable attention in the literature [1]-[3].

In this paper we present an efficient multimode
admittance matrix representation for the six-port
device in Fig. 1, called the Cubic or C-junction.
The analysis is based on the theory of cavities [4],
and yelds closed-form analytical expressions for
the admittance matrix elements which are practi-
cally independent from frequency.

In addition, we also discuss how the general
matrix derived can be used to study common
junctions like E- and H-plane T-junctions, and
Magic-T junctions. Comparisons with available
data are shown indicating how the representations
derived are indeed very accurate and efficient.

Figure 1: Cubic waveguide junction.

2. THE GENERAL C-JUNCTION

The structure under study is the C-junction shown
in Fig. 1. The objective is to derive a multimode
equivalent network representation, in terms of ad-
mittance parameters, with the reference planes for
the electrical ports coinciding with the faces of the
internal cubic region. According to the theory of
cavities [4], such a representation is based on the
following generic expression
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where hi and gi represent the solenoidal and irro-
tational modes of the central cubic cavity, respec-
tively, ! is the angular frequency of the exciting
field, Ki the discrete wavenumber of the i-th cav-
ity mode, n the unitary vector perpendicular to the
aperture outward the cavity, and where h(�)

m and
e(�)m represent the m-th vector mode functions of
the waveguide in the access port (�) (the integra-
tion domains CS(�) and CS(
) indicate the port
where the integral is evaluated).

To proceed, we now need to derive the expres-
sions for both the rotational and irrotational vec-
tor mode functions of the central cubic cavity,
obtained by placing short-circuit terminations in
all six ports. This, however, can be very eas-
ily accomplished by using as a starting point the
standard vector mode functions of a rectangular
waveguide (see for instance [5]), and then using
the theory described in [6].

With respect to the excitation modes (e(
)n and
h(�)
m ) appearing at expression (1), the subindexes

n and m stand for p2, q2 and for p1, q1, respec-
tively. The expressions for these vector mode
functions must be defined at each access port of
the C-junction. Furthermore, for evaluating (1)
the term (n� e(
)n ) must be computed. However,
such term is directly related to the vector mode
function h(
)

n , so that it is only necessary to de-
rive expressions for the normalized magnetic field
h(�)
m . These expressions can be easily obtained for

each port from [5].
Then, taking advantage of modal orthogonal-

ity, we can easily obtain
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cosine integrals to be performed on the corre-
sponding variable (x, y or z in each case), such
as for instance

Is
(1)
x(i;n) =

Z a

0
sin

�
n�x

a

�
sin

�
i�x

a

�
dx (8)

Ic
(3)
z(i;m) =

Z c

0
cos

�
m�z

c

�
cos

�
i�z

c

�
dz (9)

Is
(3)
y(i;m) =

Z b

0
sin

�
m�y

b

�
sin

�
i�y

b

�
dy (10)

Note that the coefficients N (1)
xn

, N (1)
yn

, N (3)
zm

and
N (3)

ym
present at expression (7) are the normaliza-

tion factors of the magnetic vector mode func-
tions at the corresponding ports, which can be di-
rectly obtained from [5]. On the other hand, the
coefficients Nhi

x , Nhi
y , Nhi

z , Ngi
x , Ngi

y and Ngi
z ,

also appearing in (7), represent the normalization
factors of the solenoidal and irrotational modes of
the central cubic cavity which can be simply de-
rived from [6].

With regard to the expressions for the Y (5;1)
m;n

and Y (5;3)
m;n elements of the admittance matrix rep-

resentation of the cubic junction, they are quite
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similar to the one outlined in (7) for the Y (3;1)
m;n el-

ements, but taking into account the two electrical
ports related by the Y (5;1)

m;n and Y (5;3)
m;n elements.

The remaining elements of the admittance ma-
trix representation of the C-junction can be easily
deduced taking into account symmetry properties
of such structure, and also from the fact that such
junction is reciprocal.

3. APPLICATION EXAMPLES

The expressions derived in the previous section
for the general C-junction can be easily special-
ized to particular cases of special interest like,
for instance, the H- and the E-plane T-junctions
shown in Fig. 2.

Figure 2: H- and E-plane T-junctions.

The H-plane T-junction can, in fact, be consid-
ered as a C-junction (see Fig. 1) with ports 4, 5
and 6 terminated by short-circuits. The same pro-
cedure can also be used for the E-plane case. The
effect on the actual matrix representation is sim-
ply the reduction of the original six by six block
structure to the appropriate three by three block
structure.

To validate the admittance matrix representa-
tions derived, we have computed the scattering
parameters of a standard H-plane T-junction im-
plemented with waveguide WR62 (a = 15:799
mm, b = 7:899 mm). The results obtained are
shown in Fig. 3. As we can see, we have an excel-
lent agreement between our results and measure-
ments from [3].

Next we present the scattering matrix results
obtained for an E-plane T-junction in waveguides
WR62 (a = 15:799 mm, b = 7:899 mm). The re-
sults obtained are shown in Fig. 4 and are again in

excellent agreement with the reference measure-
ments [3].
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Figure 3: Magnitude of the scattering parameters
for a rectangular waveguide (WR62: a = 15:799

mm, b = 7:899 mm) H-plane T-junction operating in
the Ku-band. The solid line indicates our results, the
points indicate measurements from [3].
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Figure 4: Magnitude of the scattering parameters for
a rectangular waveguide (WR62: a = 15:799 mm,
b = 7:899 mm) E-plane T-junction operating in the
Ku-band. The solid line represents our results, and the
points represent measurements from [3].

In order to obtain the results shown in Fig. 3
and Fig. 4, 20 modes at each port have been used
for both cases. Running the full-wave analysis of
each structure has only required 0.04 sec. per fre-
quency point on a CONVEX 1600 machine.

The last application to be considered is the
Magic-T junction shown in Fig. 5. In order to
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characterize this device using the C-junction ma-
trix elements, it is convenient to decompose it in
to a four port junction and a step between a square
and a standard rectangular waveguide (port num-
ber 4 in Fig. 5). For the central junction, we can
again use the C-junction results. The step junc-
tion can instead be represented by another admit-
tance matrix representation given in [7].

Figure 5: Magic-T junction.

As a validation, we have computed the scatter-
ing parameters of a Magic-T in WR62 waveguide
(a = 15:799 mm, b = 7:899 mm). The results ob-
tained can be seen at Fig. 6, and are in very good
agreement with the results shown in [3].
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Figure 6: Magnitude of S21, S41 and S44 parameters
for a rectangular waveguide (WR62: a = 15:799mm,
b = 7:899mm) Magic-T junction operating in the Ku-
band. With solid line our results, and with points re-
sults shown in [3].

For this case, 20 modes have been used at
each port of the central four-port junction, and
40 modes have been chosen for the rectangular

waveguide. The CPU time for this example, due
to its higher complexity, has been of 4:5 sec. per
frequency point on a CONVEX 1600 machine.

4. CONCLUSION

In this paper we have developed the multimode
admittance matrix representation of a general six-
port junction (the C-junction). The value of the
representation derived is in that it yelds simple an-
alytical closed-form expressions which are basi-
cally independent from frequency. Furthermore,
we show how the general expressions can be used
to study more common junctions like the E- or
H-plane T-junction, and the Magic-T junction.
Comparisons with available data are included in-
dicating that the formulation derived is very accu-
rate as well as computationally efficient.
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