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This invention relates to wave transmission. circuits
and’ more particularly to impedance-matching. termina-
tions for a transmission line,

An object of the invention is to avoid end' reflections
i a transmission circuit comprising a-transmission..line
Operating between 4 source and a load, one. of which
is larger and the othier smaller than the characteristic
impedance of the line.

More specifically, the object is- to. introduce into such
a circuit terminal impedances which will provide match-
ing terminations for the: line- without causing transmission
distortion-dae to-the added impedances: ’

In a wave transmission circuit comprising a trans-
mission line interconnecting a wave source and a load
neither of which matches the characteristic impedance
Zy of the line, undesired energy reflections will occur at
the ‘ends of the line. The impedance of ejther the source
or the load may be either larger or smaller than Zg,
which is assumed to have a reactive component, The
present invention is applicable to such a circuit when
one of these impedances, preferably a pure resistance,
has a value Zs which is smaller than Zy and the other
has a value Zm which is high compared to Zo. An im-
pedance Z; approximately equal to Zy—Zs is connected
in series between the smaller impedance Zs and the line,
and an impedance Zz approximately equal to Zo is con-
nected in shunt with the larger impedance Zn. In this
way, the line is terminated at each end'in an impedance
substantially equal to its characteristic impedance, thus
greatly reducing or eliminating end reflections. Further-
more, no distortion of the over-all transmission loss
characteristic is introduced by the addition of these
terminal impedances, because the current through the
series impedance Zi at one end of the line produces a
voltage loss characteristic which is entirely nullified by
the voltage increase characteristic due to the current
through the shunt impedance Zz at the other end.

The nature of the invention and its various objects,
features, and advantages will appear more fully in the
following detailed description of typical embodiments
illustrated in the accompanying drawing, of which

Fig. 1 shows schematically a wave transmission cir-
cuit provided with impedance-matching terminations in
accordance with the invention; :

Fig. 2 is a schematic circuit showing a second em-
bodiment of the invention; and

Fig. 3 shows schematically one network configuration
suitable for the impedances Z; and Zs of Figs. 1 and 2.

Taking up the figures in greater detail, Fig. 1 shows
a wave transmission circuit comprising a transmission
line 1" of characteristic impedance Zo having a pair of
input terminals 2—3 and a pair of output terminals
4-—5. The line 1 may, for example, be a coaxial or
other type of cable circuit the characteristic impedance
of which has a reactive component. A source 7 of wave
energy of impedance Zs smaller than Zo is connected
through a series impedance Z: to the input terminals
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2--3 of the line 1. The impedarice Zy has approximately
the vahie ' :

_ . Z1=Zo—2Z5. (1)
An amplifier Al having an input impedance Zm Iarge
compared to Zo is connected. to the output terminals
4—5. . An impedance Zs, approximately equal to Z,. is
shunted across the input of the amplifier A1 between' the
terminals 4—5 of the-line, and the output of the' ampli-
fier is conniected to-a: load impedance Zr..

The transmission line ¥ is thus terminated at each: erid
in an impedance substantislly equal fo its' characteristic
impedance® Zo. The terminal impedance Zr at the: send-
ing end is _

Zr=Zs+Z1=2Z5-+Zov—Zs=Zp 2)

The impedance match at this end will, of course, depend
upon how closely’ Equation 1 is' satisfied. The terninal
impedance at the output end of the line is also equal to
Zq if the impedance Zu is high enough that its shunting
effect may’ be' neglected: - If this is' not the' case, the-int-
pedance Zz may be made of such 4 value that the parallel
combination of Zz and Zm will be equal to Zp. The re-
flection of energy at the ends of the litie T due to im-

° pedance mismatch is” thus - greatly” reduced “or entitely

eliminated. The addition of tie impedinces Zi and Za
will cause no distortion of the over-all loss characteristic
of the transmission circuit. The voltage loss charac-
teristic due to the current through the series impedance
Z1 is exactly compensated by the voltage increase charac-
teristic caused by the current through the shunt im-
pedance Zz.

Fig. 2 shows another embodiment of the invention in
a transmission circuit which is similar to the one shown
in Fig. 1 except that the high impedance is here asso-
ciated with the sending end of the line 1 and the low
impedance with the receiving end. In Fig. 2, signal
waves from a source 8 are amplified in the amplifier A2
and impressed upon the input terminals 2—3 of the line
1, to the receiving end of which is connected a load
impedance Zs’. The amplifier A2 has an output im-
pedance Zu" which is large compared with the charac-
teristic impedance Zo of ‘the line 1. The load impedance
Zs’, which may- represent receiving equipment or the
input impedance of an amplifier, is smaller than Zo. An
impedance Z»* approximately equal to Zg is connected’
across the output of the amplifier A2, thus terminating
the line 1 at the sending end effectively in its charac-
teristic impedance. The line is also terminated in its
characteristic impedance at the receiving end by con-
necting between the load Zs’ and the line a series im-
pedance Zi’ having the value

2y =Zo—Zg' 3)
The terminal impedance Zt’ at this end is thus
Zr' =75+ 7V =25+ Zo—Zs=2Zy 4)

In this circuit, also, the voltage changes caused by the
impedances Zi” and Z2' are equal but opposite in sign
throughout the frequency range of interest and therefore
have no net effect on the transmission loss characteristic
of the circuit.

Fig. 3 shows a suitable network configuration for the
impedance Zs of Fig. 1. - The impedance comprises three
resistances Ri, Rs, and Rs connected in series between
the terminals 9 and 10. The resistance R: is shunted by
a capacitance Ci and the resistance R2 by a capacitance
Ca. The values of the component resistances and capaci-
tances may be so chosen as to make the impedance be-
tween the terminals 9 and 10 simulate quite closely the
characteristic impedance Zo of the line 1 over the useful
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frequency range of the transmission circuit. This im-
pedance simulation may, in general, be improved by the
inclusion of one or more additional parallel combina-
tions of resistance and capacitance, as indicated by the
broken connection at 11. 'The same type of network
may be used also for the impedance Zi. For example,
if the impedance Zs is a pure resistance of value Rs, the
impedance Zz may be modified for use as Zi by sub-
stituting for Rs a resistance Rs’ having the value

R3’=Rs—Rs (3

The type of network shown in Fig. 3 may also be used
for the impedances Z1’ and Z2’ in Fig. 2.

Although the transmission circuits in Figs. 1 and 2
have been shown as unbalanced structures, it is to be
understood, of course, that they may be balanced. For
example, if the circuit of Fig. 1 is balanced, the im-
pedance Zi is replaced by two series impedances each
equal to Zi/2, one of which is connected between the
source 7 and the input terminal 2 and the other between
the source and the other input terminal 3.

It is to be understood that the above-described ar-
rangements are illustrative of the application of the prin-
ciples of the invention. Numerous other arrangements
may be devised by those skilled in the art without de-
parting from the spirit and scope of the invention.

What is claimed is:

- 1. A wave transmission circuit comprising a trans-
mission line of characteristic impedance Zo having a re-
active component, a first terminal impedance including

_ @& wave source connected to one end of said
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line, a sec-
ond terminal impedance connected to the other end of
said line, one of said terminal impedances being a pure
resistance of value Rs smaller than Zo and the other of
said terminal impedances having a large value compared
to Zo, an impedance equal over the frequency range of
interest to Zo—Rs connected im series between said im-
pedance of value Rs and said line, and a two-terminal
impedance equal over said range to Zo connected in shunt
with said other terminal impedance.

2. A circuit in accordance with claim 1 in which said
first terminal impedance has the value Rs.

3. A circuit in accordance with claim 1-in-which said
second terminal impedance has the value Rs.

References Cited in the file of this patent
UNITED STATES PATENTS
1,713,603 Hoyt May 21, 1929
1,815,254 2 £3) 4 J . July 21, 1931
1,815,256 HOYt coccem e July 21, 1931
2,158,978 Bowman-Manifold et al, . May 16, 1939,
2,163,750 D'Heedene o —ceeemmeemmm June 27, 1939
2,223,736 Mertz - Dec. 3, 1940
2,252,613 Bingley wece— e Aug, 12, 1941
2,628,312 Peterson et al. oo e - Feb. 10, 1953
FOREIGN PATENTS
626,763 France —meeeeeeeomoee— May 21, 1927
454,463 (€ 15511E:) 1\ A — Jan. 13, 1928



