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We, STANDARD  TELEPHONES  AND
CaBLES LIMITED, a British Company, of
STC House, 190 Strand, London W.C.2,
England, do hereby declare the invention,
for which we pray that a patent may be
granted to us, and the method by which it
is to be performed, to be particularly des-
cribed in and by the following statement:—

The invention relates to symmetrical poly-
phase networks.

In order to understand the operation of
the symmetrical polyphase networks accord-
ing to the invention, the concept of negative
frequency must be introduced. If a four-
phase system is considered which has as
shown in the drawing according to FIGURE 1
(A) voltages of V, —jV, —V, +jV applied
to its four input terminals then the input
signal can be called symmetrical since all
voltages are equal in magnitude and spaced
apart by steps of 90°, and of say positive
sequence since, conventionally, all vectors
rotate anticlockwise and the voltage on path
1 leads that on path 2 by 90°, and
similarly, the voltage on path 2 leads that
on path 3 etc. If now the vectors rotate the
opposite way ie. as shown in the drawing
according to FIGURE 1 (B) the system is
still symmetrical but is now of negative
sequence since the voltage on path 1 lags the
voltage on path 2 by 90° instead of leading
as before.

Considering the voltage on path 1 it can
be secen from the drawing according to
FIGURE 2 that this voltage is V Sin wt
i.e. the projection of the vector 1 on to the
imaginary axis when it is being rotated anti-
clockwise. When the sequence of vectors is
reversed, —V Sin ot will be observed.
Since —Sin ot=Sin(—owt) it can be said
that, on one phase, positive sequence re-
presents positive « and negative sequence

[Price 4s. 6d.]

represents negative . Thus where positive
and negative frequencies are hereinafter re-
ferred to with reference to the charac-
teristics of a single phase network it means
positive and negative sequence respectively
in a polyphase network containing N phases
of the single phase network.

The invention provides a symmetrical
polyphase network including two or more
polyphase network sections connected in
cascade which each include a first im-
pedance in each one of its N-phases con-
nected between the input and output
terminals thereof, the input of each one of
said N-phases being connected to the out-
put of an adjacent phase via a second im-
pedance having a different phase angle to
said first impedance.

The foregoing and other features accord-
ing to the invention will be better under-
stood from the following description with
reference to the accompanying drawings, in
which: —

FIGURES 1 (A) and 1 (B) respectively
illustrate positive and negative sequence four
phase vector diagrams.

FIGURE 2 illustrates a positive sequence
four phase vector diagram.

FIGURE 3 shows the circuit diagram of
a network section of a symmetrical four
phase network according to the invention.

FIGURE 4 iilustrates attenuation charac-
teristics for the network shown in the draw-
ing according to FIGURE 3,

FIGURE 5 illustrates attenuation charac-
teristics for a symmetrical polyphase net-
work which includes four network sections
of the type shown in the drawing according
to FIGURE 3 connected in cascade,

FIGURE 6 shows the circuit diagram of
a network section of a symmetrical three
phase network according to the invention,
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FIGURE 7 shows the w plane pole-zero
plot for a passive symmetrical polyphase
network according te the invention.

FIGURE 8 shows the circuit diagram of
two of the symmetrical four phase net-
work sections according to FIGURE 3 con-
nected in cascade via a four phase 1 to j
impedance transformer,

FIGURES 9 (A) and (B) show frequency
response curves for an N-path frequency
translation system having low pass filters
connected in each of the N-paths thereof.

FIGURES 10 (A) and (B) show fre-
quency response curves for an N-path fre-
quency translation system which utilizes the
symmetrical polyphase networks according to
the invention,

FIGURES 11 (A) to (C) show vector
diagrams, and

FIGURE 12 shows the circuit diagram
of a two phase quadratve modulator net-
work.

It is well known in the art that it is
possible to build passive R-C all-pass net-
works and to construct two such networks
with a phase difference at their outputs
of approximately 90° with a bandwidth de-
termined by the network complexity.

A single network section of the
symmetrical polyphase network according to
the invention which performs exactly the
same function as the two separate R.C net-~
works and which is very much less sensitive
to component tolerances is of the type
shown in the drawing according to
FIGURE 3. When two or more of these
network sections are provided they are con-
nected in cascade.

Referring to FIGURE 3, a four phase net-
work section together with typical voltages
and currents associated with each phase is
shown therein and includes a resistance R
in each of the four phases which is con-
nected between the input and output
terminals of the phase with which it is
associated. "The input of each phase con-
nected to the output of an adjacent leading
phase via a capacitance C

The chain matrix for each one of the
phases of this four phase network section
is:—

Vgl jariecR L]
—_— A
1-wcR 3 -0ch
|
“eneas(d)
Ig Ao asject| 1,
4 - ok 14 - acR

From this matrix it can be seen that a
transmission zere occurs at w=1/CR. The
insertion loss for a single phase takes the
form shown by the chain dotted line 1 in
the drawing according to FIGURE 4.

It should be noted that the input of each
phase of the network according to FIGURE
3 may be connected via a capacitance to the
output of an adjacent lagging phase instead
of an adjacent leading phase in which case
the chain matrix (1) would become: —
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1,0 | 240c
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It can therefore be seen from this matrix
that a transmission zero will occur at
w=—1/CR and the insertion loss for a
single phase will take the form shown by
the dotted line 2 in the drawing according
to FIGURE 4.

In each of the symmetrical polyphase net-
work sections outlined in the preceding
paragraphs, the capacitance C and resistance
R may be interchanged. This interchange
results in a reversal of the attenuation
characteristics about zero frequency and
introduces a phase shift through the net-
work section of 90°. For example, the chain

matrix (1) for the network section of
FIGURE 3 becomes: —
2| |2rjecr R 2
iaswcRr J{aeaxr
00 ] 0
ajuc S ojacef [T,
1Gech) Jlec?)
when the capacitance and resistance are
interchanged.

The characteristic from a single network
section is not be very desirable for most
applications and in particular where it is
necessary to be able to regulate the attenua-
tion characteristics to a desired form and it
is therefore necessary to use two or more
sections connected in cascade. For example,
the attenuation characteristic shown in the
drawing according to FIGURE 5 may be
required in which case it would be necessary
to provide four of the network sections con-
nected in cascade, the transmission zeros
which occur in the lower side band at

oy =—1/CiR;, w,=—1/C.Rpwy=—1/C;R; and ,=—1/C,R,
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