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Reply fry R. L. Kyhl

I have no disagreement with the com-

ments of L. J. Kaplan and D. J. R. Stock.

I was thinking of plotting the two parts of the

chart from different origins. My chief inter-

est was in the type of graphical display

chosen.

While the issue was at the press, a similar
use of a double chart was published else-
where.lo

10 R. M. Steere, “Novel apphcations of the Smith
chart, ” Mzc~owaw J., vol. 3, PP. 97–100; March,
1960.

Scattering Matrix for an N-Port

Power-Divider Junction*

INTRODCTCTION

During the course of an investigation of
a data-processing technique yielding effec-

tively reduced sidelobes and beamwidth for

a microwave radar antenna, the need arose
for multiport power dividers. In order to

avoid an undesirable decrease in the signal-
to-noise ratio, it was necessary that these

dividers waste no power. Consequently, a
scattering matrix was sought which would
have the obvious requirement that there

be no wave reflected in the input port and
which would allow the power to be divided
into arbitrary but fixed relative parts.

It should be noted that there now exist

two methodsl for synthesizing an n-port

junction at a single frequency directly from

the normalized scattering matrix, without
use of the associated impedance matrix.

THE SCATTERING MATRIX

A reciprocal, lossless junction can be rep-
resented by a symmetric, unitary scattering
matrix S’. It is sufficient to consider a real
matrix first without losing generality, be-

cause the matrix S’ for the general case (in-

cluding phase shifts) can be derived from
the real case by a simple transformation.z

The purpose of this paper is to find the
scattering matrix for an n-port junction,

such that when a wave is fed into, say, port

one, there will be no reflected wa~,e in that
port, and such that the amplitude of the
wave transmitted to port k is equal to a
gi~,en XL. Analytically expressed, this re-
quires that

where the x7, are subject to the restriction
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Symmetry requires that means that one may choose any mtios for

S,j = s,,, (3)
the output waves and have no reflected
wave in the input port. Once such a di~ ider

and uuitarity, which reduces to orthogonal- is constructed, however, the ratio of the

ity for the real case considered here, re- output waves is fixed.

quires that 0. R. PRICE

. . Hughes Res. Labs.

[where use has been made of (3)].

the matrix S satisfying (1), (3), and (4)
may be obtained as follows:

A. .s,, = 0,
B. S/,k = .r~’ – 1 for k >1,

\ (5)
C. S;, ‘Sj~ =%,.!?, for i#j,’i > 1,~> 1, ,

To prove that (5) is the required solution,

it is only necessary to verify that it satisfies
(l), (3), and (4). From A and D, it is evident

that (1) is satisfied, and from C and D it is
evident that (3) is satisfied. To verify that
(4) is also satisfied, it is necessary to consider

separately various possible values of i and j,
because of the special nature of the various
sij.

1) i=j=l.

Using (2) and the rules given in (5),

-&ski,, = $, x,’ = 1,

which satisfies (4).
2) i=j#l.

Proceeding as above,

——St,’ +

k+i

According to (2), the above sum on k is
(1 –x,’) and hence the right side reduces to

one as required.
3) i#j.
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Lossy Resonant Slot Coupling*

The paper by Allen and Kinol sugg~sts a
novel method of combating troublesome cut-
off oscillations in periodic slow-wave struc-
tures. The idea is to couple 10SSperiodically
into the system through S1Ots which are
resonant at the center of the (narrow) oscil-

lation range. The high Q of the slots will

effectively decouple the loss in the operating
range of the pass band.

To develop this idea, we start with Allen
and Kino’s (13) for the voltage 4(.x)-along

the slot in terms of the tangential H field
along the slot. With respect to their Fig. 2

coordinates, shown in Fig. 1 below, we can

It is necessary to consider separately the Fig. 1—A 10SSY slot in a cavity wall. I’oltage ~(x)

casei=l (or~=l) and i#l #~. exists across the slot gap, d.

a) i=l.

For this case, the above expression re-

reduces to
write the transmission line equation for the

slot voltage as

The case j = 1 is essentially the same as

that above and therefore (4) is satisfied
in both of these cases.
b) i#l#j.
For this case, (6) becomes

f Si,sk, = I,*, + .&t,(.Y,2 + .YJ’ – 2)
h-l

+ Xw, z .w2.
k#i.J

(t)’/t)x’ +-km(x)
. – j&[(IcRc.)+ – fi._J (1)

wh~re the tangential magnetic field is
(l,H.C)+ on t~e +s- or cavity side of the

slot and is Hz– on the –z-side. Eq. (1)

can be derived rigorously for a TEM slot
mode. The caret denotes a total field, and
we have split the cavity field into an Arnpti-
tude 1. ancl a vector field pattern Lr, for
equivalent circuit purposes; this notation
differs from that of Allen and Kino. LO is

W’hen use is made of (2), the above equa- the slot inductance per unit length in the

tion reduces to zero as required. x-direction.
Let us introduce the lossy susceptance

CONCLUSION G +jB by saying that the average voltage

It has been shown that it is theoretically
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