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Correspondence

Fourier Transforms and Directional

Couplers*

The excellent review of Bolinder’ on the
applications of Fourier transforms in wave
theory, particularly the section on “Coupling
of Waves, ” suggested that the readers of

these TRANSACTIONS might also be interested
in some related work performed by this
writer some time ago. A report2 on this work
contains a section on the use of Fourier in-

tegral and series methods for directional

coupler design. In connection with direc-
tional couplers, this letter also can be con-

sidered as noting a further addition to the

useful bibliography of Schwartz.z Although
not widely distributed, the aforementioned

report? has been available since late 1947 in
the Document Room of the Research Lab-

oratory of Electronics at the Massachusetts
Institute of Technology as No. SPE-239. It

should be emphasized that this letter is not
intended to start a controversy as to who

did what first, but rather to bring to the
readers’ attention a report of possible inter-

est.
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Analysis of the Variable-Ratio Mi-

crowave Power Divider*

It has been shown experimentally that a

variable-ratio microwave power divider is
easily assembled from two identical 3-db

directional couplers and a phase changer.1
The scattering matrix’ of this structure is
readily obtained from the flow graph~ show-
ing the interconnections between the cou-

plers. The following shows that the whole

structure is still a directional coupler, de-
rives the conditions to optimize the power
transfer, and finally, gives the phase angles
of the scattering coefficients.

The type of Iossless directional couplers
that are considered here have the following
scattering matrix
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where a~ and b, are, respectively, the com-
plex amplitudes of the incident and emer-

gent waves referred to planes i= 1, 2, 3, 4

and have been normalized in such a way

that a,ai* and b,b,% are respective] y pro-
portional to the incident and emergent
power at terminal i.

Fig. 1 shows the structure to be analyzed
and Fig. 2 its flow graph. The whole struc-
ture can be specified by the following scat-
tering matrix referred to planes 1, 2’, 3
and 4’
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From the flow graph the coefficients s,, are
found to be

SU = S2W = S?3-SS4,4,= o

S13 = S31 = S2,4, = S4,2, = O

sw = S122e–i@ + S14~e–le = S2,1

s147 = &2&4( e-Jo + e–id) = s4~1 = s’Y3 = s32~

su, = S122e–Jo + S142e–J~ = sd,z. (3)

After substituting (3) in matrix (2), one ob-

tains

Since the analysis is based on the assumption

of ideal Iossless components, the scattering
matrix (4) is unitary and of the same type

as matrix (1). Thus the whole structure is

still a directional coupler whose coefficients
are functions of e and & Let 6 = o -bl,
where ~ is variable at will (variable phase

changer). Then,

.$14,= 21s121 Isl,l Cos;

where ~,, = phase of &i: 014= phase of .$ ~.
The amplitude of s14’ is thell given by

I .s,4 I =2/ S,*I [1 - I SMp]’” Cos; (5)

SinCe 1S1212+1S1412 =1.

The optimization of 1$14] with resPect
to I S,4 I is obtained by making

+4?]=0

q s,, I

for all possible values of #; i.e.;


