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Britain
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February 2, 1951

4 Claims. (CL 333—6)

This invention relates to high frequency filter, com-
biner and like arrangements and more particularly to such
arrangements of the bridge type. As will be seen later
the invention may be applied to filters having two pairs
of external connection points, one for input and the other
for output or to combiners having three pairs of external
connection points of which two may be for. different in-
puts and the third for a common output or two may be
for different outputs and the third for a single input.

According to this invention a filter, combiner or like 2

circuit arrangement for use on high.frequencies comprises
a four arm bridge circuit with a T-connected stub in each

of two opposite arms, one pair of external connection:

points in ome of the remaining arms, connection points
for the connection of a balancing impedance in the other
remaining arm and another pair of external connection
points in one diagonal, the connections of the bridge and
the impedances of the stubs being constituted by dis-
tributed reactances and resistance presented by a con-
centric tubular conductor structure.

In embodiments with three pairs of external connec-
tion points the third pair, together with an associated
isolating stub, is provided in the second diagonal of the
bridge.

An important, though by no means the only applica-
tion of the invention is to short wave video and sound
modulated signal systems.

The invention is illustrated in the accompanying draw-
ings in which Fig. 1 is a circuit representation of one
embodiment and Fig. 2 a schematic representation show-
ing the circuit of Fig. 1 actually embodied in a tubular
conductor structure. In order adequately to co-relate
these two figures corresponding reference numerals are
applied to corresponding parts of the conductor repre-

sentations and corresponding reference letters indicate the *

various impedances.

Referring to Fig. 1 the bridge circuit therein shown
comprises four arms of which the opposite arms contain-
ing the conductor lengths 3, 5 and 1, 7 respectively in-
clude T connected stubs. One of these stubs consists of
an impedance Z3 and the impedances Z1, Z2 (in the “cross
bar” of the T) these impedances being of electrical
lengths 6,, 6, and 4, respectively. In the figure 71 is
shown open circuited at its far end and Za short cir-
cuited at its far end. Zi may however be short circuit
ended. In the former case (Z: open) ¢, is made slightly
less than a quarter of a wave length long at the operat-
ing frequency or slightly less than an odd multiple
thereof: in the latter case 6, is made slightly less than
a half wave length long at-the operating frequency or
slightly less than an integra]l multiple thereof. . In either
case 6, is made short and ¢, may be any length.

The T connected stub in the opposite arm arranged
to have an input impedance which is the reciprocal of
that of the above described T connected stub and consists
of impedances Z3r, Zir, and Zsr of lengths 6,r,, 8,5 and
0,p respectively. The term “reciprocal” is used herein
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in its mathematical sense as explained for example in the
text by Guillemin on “The Mathematics of - Circuit
Analysis” (Massachusetts Institute of Technology, John
Wiley & Son, Inc, New York). Corresponding to Zz
being short circuit ended, Zzr is open circuit ended. Zir

~may be short circuit ended in which case 6,5 is made

slightly less than a quarter of a wave length at the operat-
ing frequency, or slightly less than an odd muitiple of
a quarter wave length long. Zir may however be open
circuit ended in which case 6,5 is made slightly less than
a half wave length long or slightly less than an integral
multiple of a half wave length long. In either case 6,3
is made short and 9, may be any length.

- The "third arm of - the bridge, containing - conductor
lengths 1 and 5 contains the output connection terminals
0, the output circuit being represented (in Fig. 1 but not
in Fig. 2) as an output tubular line OT leading, for ex-
ample to a transmitting aerial (not shown). The corner
of ‘the bridge between this arm and the arm containing
the stub Zs, Z1, Z2 is earthed.

The fourth arm of the bridge contains connection points

- XX between which a balancing resistance R may be con-
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nected through a matched cable K. The cable and re-
sistance are represented in Fig. 1 but not in Fig. 2 where
only the points XX are indicated. The cable may, how-
ever, be accommodated between the tubes 3 and 4 in Fig.
2 or on the outside of the tube 7.

One pair of input connection points is constituted by
the ends of one diagonal of the bridge and in Fig. 1 an
input line Ly which may carry, for example a video modu-~
lated high frequency wave or other wide band input, is
indicated. A second pair of input connection points is
constituted by the ends 13 of the other diagonal and again
in' Fig. 1 an input line L2, which may carry, for example,
a sound modulated or other narrow band input adjacent
the wide band input in frequency, is indicated. Across
these terminals 1z is connected an isolating stub (marked
Zrsor) short circuited at its far end by a connection 11
and which should be a quarter of a wave length at the
operating frequency or an odd multiple thereof, long.

By suitable choice of the lengths 6z and 63r the narrow
band frequency can be either below or above the wide
band frequency. - Also, in some cases the narrow and wide
band inputs may be interchanged.

Fig. 2, which will be found largely self—explanatory
from the correspondence of numeral and letter references

“with those of Fig. 1 shows the way in which the circuit of

Fig. 1 is embodied in a structure composed entirely of
concentric tubes and supporting and spacing insulators
INS. All the parts of Figs. 1 and 2 are identified by
similar references and the impedances Zi, Zs, etc. are
marked in Fig. 2 as well as in Fig. 1. There are two T
connected stubs electrically in Fig. 2, one is the stub con-
sisting of the impedances Z1, Zs and Z3 and the other is
the stub consisting of the reciprocal impedances Zir, Zor
and Z3r. All these impedance references will be found
in the appropriate places in Fig. 2. While the T con-
nected stubs do not have the appearance of the T con-
nected stubs from the mechanical point of view in Fig. 2,
they are there, nevertheless, as electrical stubs and, in-
deed, much of the ingenuity and value of this invention
are to be found in the way in which the complex circuit
of Fig. 1 has been mechanically embodied in the con-
venient structure of Fig. 2. As will be seen the terminals
12 are concentric as are the terminals 21 and 0, the outer
terminals of 12 and 0 being constituted in each case by the
periphery of a hole in the appropriate tube. The parts
9, 10 and 11 (Fig. 2) are short circuiting rings provided
for adjustment purposes and are slidable as to position,
the construction at 10 allowing the tube 7 to be slide end-
wise to adjust the value of Zar while a sliding joint at 12
and a push rod 13 enable adjustment of the length of Zag
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to be effected. A sliding joint at 14 and a push rod 15
provide for adjustment of the length of Zi for operation
on any working frequency. The lengths in question are
not, particularly critical, the important thing being that
they must not be quarter wave lengths or half wave
lengths (as the case may be) at any working frequency ap-
plied thersto. It will be noted that in cases where there
is more than one frequency the said frequencies are
closely adjacent. The structure is split, i. . mechanically
dividable along the line Y—Y (where face flanges are
indicated) so that the parts: to the left of the chain line
can be removed to allow those to the right of it to be ad-
justed.

Where two inputs are not required, i. e. in. the case of a
filter, the input terminals 12 may be dispensed with, in
which case, if the outermost tube 6 is omitted and the
tubes S and 7 connected together, the arrangement be-
comes a switching type filter of narrow pass band or
narrow stop band characteristics. (depending upon the
length chosen for 63 and #r) i. e. a filter which switches
from output to balancing resistance and thus appears al-
ways matched at the input. Alternatively, the same re-
sults can be achieved by dispensing with terminals %1
and connecting the tubes 1 and 3.

Again by dispensing with- terminals 12 and connecting
tubes. § and 7 as before, but using the terminals O as
input terminals: and the terminals %1 as output terminals
the filter may be used as a stop or trap filter eliminating
a desired wide or narrow signal band-—e. g. video- or
sound signals from a partially mixed output—in de-
pendence upon the lengths chosen. for g2 and 6. Such
an arrangement may be made of quite small. dimensions.
Similar results can be achieved by dispensing with ter-
minals 11, connecting, the tubes 1 and 3 and using; 12 as
output terminals and 0 as input terminals.

The invention provides important practical advantages
which are. extremely difficult if not impossible to achieve
with known arrangements. There are no: condensers or
other lumped. impedances to. produce. large voltage dif-
ferences. and insulation difficulties; adjustment is. easily
effected, mostly from outside the structure thus. allowing
final and accurate trimming to be effected while a: meas-
uring signal, or actual useful power is present; the corners
of the bridge are brought virtually to the same point
physically—this fact enables. an actual embodiment to
accord closely with theoretical design data; the. balancing
resistance is connected by a. matched transmission line
(the cable). and is thus effectively at the central junction,
so that the actnal resistance can be outside. the. structure;
the T-connected. stubs. give high. efficiency and low. losses
without having to be physically large; the reciprocal: arms
of the bridge can be made reciprocal to a high degree. of
accuracy because the lower ends of the “stems” of the T’s
are brought to the central junction and adjustment to
virtually exact. reciprocal values is comparatively easy;
in the case of a combiner for wide and narrow band in-
puts either can be of the higher frequency, as may be
desired; the parts of the stubs where losses. occur are con-
stituted by identical tubes so that the stub impedances
remain closely reciprocal even at resonance, where. re-
sistance is. the governing factor; and the construction al-
lows of forced cooling e. g. forced air or water cooling if
required.

I claim:

1. A high frequency filter, combiner or like circuit
arrangement comprising a four arm bridge circuit in-
cluding concentric tubular conductor structures with. a
T-connected stub in each of two opposite arms, one pair
of external connection points in ome of the. remaining
arms, connection points for the connection of a balancing
impedance in the other remaining arm and. a.second. pair
of external connection points in one diagonal, the arms
of the, bridge circuit being constituted by the impedance
of the stubs and resistance presented by the concentric.
tubular conductor structares in which one of the T-
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connected stubs has an input impedance which is the
reciprocal of that of the other, said other stub compris-
ing three impedances (Z1, Zs, and Z3) of which Z; and Z2
are in the “cross bar” of the T, the concentric tubular
conductor structure constituting impedance Z1 being open
circuited at its far end and the concentric tubular cen-
ductor structure constituting impedance Zz being short
circuited at its far end, Z: consiituting an impedance
equivalent to a circuit having an electrical length slightly

. less than an odd number, including one, of guarter wave

lengths long at the operating frequency and Zs constitut-
ing an impedance equivalent to a circuit having an elec-
trical length. which is short in relation to the wave length
of the operating frequency.

2. A high frequency filter, combiner or like circuit ar-
rangement comprising a four arm bridge circuit includ-
ing concentric tubular ceonductor structures with a T-con-
nected stub in each of two opposite arms, one pair of ex-
ternal connection points in one of the remaining arms,
connection points for the connection of a balancing. im-
pedance-in the other remaining arm and a second pair of
external connection points in: one diagonal, the arms of
the bridge: circuit being constituted by the impedances of
the stubs and resistance presented by the concentric tubu-
lar conductor structures in which one of the T-connected
stubs has an input impedance which is the reciprocal of
that. of the other, said othar stub comprising three im-
pedances (Z1, Zz, and' Z3) of which Z1 and Z2 are in the
“cross bar” of the T, the concentric tubular conductor
structure constituting impedance Z; being short circuited
at its: far end and the concentric tubular conductor struc-
ture constituting impedance Za being short circuited at
its: far end; Z: constituting: an impedance equivalent to 2
circuit having an: electrical length slightly less than a
whole number, including. one, of half wave lengths long
at the operating: frequency and Zo constituting an im-
pedance equivalent to a circuit having an electrical length
which is short in relation to:the wave length.

3. A high: frequency filter, combiner or like circuit
structure composed entirely: of concentric tubes and sup-
porting and spacing: insulators, said structure embodying
a four arm bridge circuit including concentric tubular
conductor structures with a T-connected. stub in each of
two-opposite arms, one pair of external connection points
in one of the remaining arms, connection. points for the
connection. of a balancing: impedance in:the other remain-
ing arm and: a: second pair-of external connection. points
in one diagonal; the:arms.of the: bridge: circuit- being: con-
stituted by the impedances. of: the: stubs and resistance
presented by the: concentric tubular conductor structures,
in which. one of the T-comnecizd. stubs has an input im-
pedance. which:is the reciprocal of that of the other, said
other: stub comprising: three impedances (Zi, Zz, and Z3)
of which Zy and Z2 are in the “cross bar” of the T, the
concentric tubular conductor structure censtituting im-
pedance 71 being open: circuited at its' far end and the
concentric: tubular conductor stractiure comstititing im-
pedance Zz- being short circuited at its far end, Z1 con-
stituting an impedance equivalent to- a circuit having an
electrical length slightly less: than' an odd number, in-
cluding one, of quarter wave: lengths long at the operat-
ing frequency and Zz constituting an impedance equivalent
to- a circuit having an electrical length which is short in
relation to-the wave length of the operating.frequency..

4. A high frequency filter; combiner or like circuit
structure composed: entirely of concentric tubes-and sup-
porting and spacing insulators; said’ structure embodying
a four arm- bridge circuit including concentric tubular
conductor structures with a T-connected stub- in each of
two opposite arms, one pair of external connection points
in one of .the remaining arms, connection points for the
connection of a balancing impedance in the other re-
maining arm and a second pair of external connection
points in' one diagonal, the arms of the bridge circuit
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being constituted by the impedances of the stubs and re-
sistance presented by the concentric tubular conductor
structures, in which one of the T-connected stubs has
an input impedance which is the reciprocal of that of
the other, said other stub comprising three impedances
(Z1, Zs, and Z3) of which Z: and Z2 are in the “cross
bar” of the T, the concentric tubular conductor structure
constituting impedance Z: being short circuited at its
far end and the concentric tubular conductor structure
constituting impedance Zz being short circuited at its far
end, Z1 constituting an impedance equivalent to a circuit
having an electrical length slightly less than a whole
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pumber, including one, of half wave lengths long at the
operating frequency and Zz constituting an impedance
equivalent to a circuit having an electrical length which
is short in relation to the wave length of the operating
frequency.

References Cited in the file of this patent
UNITED STATES PATENTS

Masters Jan. 24, 1950
Herold Apr. 22, 1952

2,495,589
2,594,167



