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7 Claims.

This invention relates to coupling apparatus
and has for an object to provide a more efficient
coupling apparatus for coupling a carrier wave
transmitting and receiving device to a carrier
wave transmission channel.

It is a further.object of my invention to pro-
vide such coupling apparatus which applies a
greater proportion of the desired carrier wave
in the transmission channel to the carrier wave
receiver coupled to the channel by the coupling
apparatus, while it dees not increase the voltage
applied to the receiver when the transmitter
operates.

The features of my invention which I believe
to be novel are set forth with particularity in
the appended claims. My invention itself, how-
ever, both as to its organization and method of
operation, together with further objects and ad-
vantages thereof miay best be understood by
reference to the following description taken in

connection with the accompanying drawing in.

which Fig. 1 illustrates an embodiment of my in-
vention and Figs 2 and 3 illustrate modifications
thereof. .

Fig. 1 shows a power transmission line 10 upon
which a signal modulated carrier wave is im-
pressed from a transmitter {1 and from which a
receiver 12 is energized by a carrier wave of dif-
ferent frequency to reproduce a signal modulated
thereon. The transmitter ff and receiver (2
are both coupled to the same conductor of the
transmission line 10 through coupling apparatus
13. The circuit through one conductor of the
line 18 ang ground forms a transmission channel.
The transmitter (! includes a tuned output cir-
cuit comprising an inductance I4 and a conden-
ser 15. One side of the tuned circuit 14, (5 is
grounded and carrier wave voltage from the
other side is transmitted serially through a vari-
able inductance 16, a condenser (1, a second
variable inductance 18, and a high voltage con-
denser t9 to the transmission line 10. 'The out-
put of the transmitter 11 may be applied through
any suitable coupling device to the inductance 16.

The adjustable inductance 16 is adjusted so
that it resonates in series with the condenser 11
at the transmitter frequency. Similarly the ad-
justable inductance I8 is adjusted to resonate
serially with the high voltage condenser 9 at
the transmitter frequency. Therefore, at the
transmitter frequency no voltage exists across
the inductance 16 and-condenser {1 and likewise
no voltage exists across the inductance 18 and
condenser 19.

The coupling system 13 acts effectively to ex-
clude from the transmitter Il and receiver 2
voltage of power frequency on "the transmission
line 10. This power frequency is very much
lower than either the transmitter frequency or
the receiver frequency. The reactances of the
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condensers 1T and 19 are therefore very high
at the power frequency and very little power
frequency voltage is transmitted to the trans-
mitter 1, or to the receiver 12 '

The receiver 12 includes a tuned input circuit
comprising an inductance 20 and a condenser 21,
which circuit is resonant at a frequency different
from the transmitter frequency (at which the .
tuned circuit 18, 15 is resonant). One side of
the -tuned circuit 20, 21 is grounded and the
other side is connected through a protective re-
sistor 22 to a point between condenser 7 and
inductance (8. A gas or vapor discharge device
23 is connected in shunt to the tuned circuit 20,
21 and has the characteristic that it conducts
substantially no current when voltages below a
critical value are impressed thereacross, but
when voltages greater than this critical value
are impressed thereacross it tends to carry so
much current that a large voltage drop is pro-
duced in the circuit through which the voltage
is supplied. The protective resistor 22 is in the.
circuit through which voltage is supplied across
the device 23 and if voltages greater than a
critical value are impressed across the device 23
a large drop occurs through the resistor 22 so
that the receiver 12 is protected therefrom.

In order to apply a larger proportion of the
carrier wave of the received frequency in the
transmission line 10 to the receiver 12, means is
provided to make the circuit including the ele-
ments 14, 15,16, 171, 18, and 19 series resonant at
the received frequency and to provide that the
elements 14, {5, 16 and 17 exhibit the ‘opposite
type of reactance to the elements 18 and 19,
To accomplish this result a series combination
comprising an adjustable inductance 24 and a
condenser 25 is connected in shunt to the induc-
tance 16 and condenser 11. If the received fre-
quency is higher than the frequency .of current
transmitted by the transmitter the tuned: cir-
cuit 14, 15 has capacitive reactance and the
tuned circuits 16, 17 and 18, 19 each have in-
ductive reactance. The capacitive reactance of
the tuned circuit 14, 15 is substantially less than
the inductive reactance of the tuned circuit 16,
1. In order to produce the series resonance de-
sired, the inductance 24 is reduced until the
effect of the condenser 25 is sufficient, in shunt
to the tuned circuit 16, 17 to make the elements
14, IS, 16, 11, 24 and 25 altogether have a capaci-
tive reactance at the frequency at which the re-
ceiver operates equal to the inductive reactance
of the elements 18 and 19. Under such condi-
tions of adjustment the coupling device acts as
an inductance connected from the receiver to the
transmission line 10 and a capacity: connected
from the receiver to ground, the inductance and
the capacity being tuned at the frequency of the
receiver so that the transmission line 10 tends to
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transmit a large voltage of the frequency at

which the receiver operates to the receiver 12.
If the received frequency is lower than the

transmitted frequency the adjustment differs in

some details. The tuned circuit (4, 15 appears
to have inductive reactance and the circuits 16,

{7 and 18, 19 appear to have capacitive reactance.
The adjustable inductance 24 is therefore in-
creased until the overall reactance of the ele-
ments 14, i5, 16, 11, 24, and 25 is inductive in
the proper amount to resonate with the capaci-
tive reactance of the elements 18 and 19 at the
received frequency. Under these conditions of
. adjustment, the coupling device acts as a con-

denser connected between the receiver 12 and

transmission line {0 and an inductance connected.

from the receiver 12 to ground, so that the con-
denser and inductance resonate at the received
frequency and tend to transmit a large voltage
of received frequency from the line (0 to the
receiver 12,

By this connection of the receiver 12 to the
coupling device 13 a large voltage of the received
frequency is supplied to the receiver 12, where in
former practice the receiver 12 was energized in
parallel to the tuned circuit 14, 15 of the trans-
mitter 11 and received a relatively much smaller
voltage. Increased selectivity provided by the
connection of the receiver as disclosed herein,
which might result in poor transmission of high
frequencies of the signal modulated on the car-
rier wave, may be offset by introducing resistance
into the tuned ecircuit 20, 21 to reduce its selec-
tivity and broaden its frequency response.

In Fig. 2 the parts are identical with those il-
lustrated in Fig. 1 and are given like reference
characters. The receiver 12 is, however, con-
nected to the coupling apparatus 13 between the
inductance 16 and the condenser {1.- The cou-
pling apparatus 3 is also adjusted somewhat
differently. The inductance 18 is adjusted to
resonate with the condenser 19 at the received
frequency, and the inductance 16 is likewise ad-
justed to resonate with the condenser {71 at the
received frequency. At the received frequeney
there is, therefore, no voltage across the in-
ductance 18 and condenser 19 or across the in-
ductance 16 and condenser 1. Since the induc-
tance 16 and condenser {1 are series resonant at
the received frequency, a point between them
tends to reach a very high voltage at the re-
ceived frequency.

At the transmitted frequency the combination
of inductance 16 and condenser {1 and the
combination of the inductance 18 and condenser
19 are either inductive or capacitive as the trans-
mitted frequency is higher or lower than the re-
ceived frequency. If they are inductive at the
transmitted frequency, the inductance 24 is de-
.creased so that the condenser 25 makes the com-
bination of elements 16, {7, 24 and 25 appear as
a capacitance equal in reactance to the inductive
reactance of elements 18 and 19 at the trans-
mitted frequency.

If the combination of elements 16 and IT acts

as a capacitance, the inductance 24 is increased .

so that the combination of eléments 16, 11, 24
and 25 is inductive and so that ifs reactance is
equal to the capacitive reactance of the elements.
18 and {8 of the transmitted frequency.

While this type of connection and adjustment
of the elements is not so advantageous as that,
illustrated by Fig. 1 it possesses advantages over
prior systems.  While the carrier wave is trans-
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. greater intensity than if the receiver were con-
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nected to a point between the transmitter {1 and
inductance 18, the transmitted carrier wave from
the transmitter il is applied with greater in-
tensity to the receiver 12 in the connection of
Fig. 2 than with the connections of Fig. 1. It is,
however, of more advantage to connect the re-
celver 12 as shown in Fig. 2 than to connect it
in parallel to the transmitter I1.

In Fig. 3 many of the elements are like those
illustrated in Figs. 1 and 2 and are given like
reference characters. The coupling apparatus
13, however, serves to connect an additional re-
celver 26 to the lines 10 and for that purpose it
is constructed so that it can be tuned to three
different frequencies, namely the transmitted
frequency, the frequency: of the receiver 12, and
the frequency of the receiver 26.

The coupling device 13 is adjusted as explained
above to transmit the carrier wave from -the
transmitter 11 to the line 10.

The inductance 18 is adjusted to resonate with '

" the condenser -{T at the transmitted frequency
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and the inductance (8 is adjusted to resonate
with the condenser {8 at the transmitted fre-
quency. There is, therefore, no voltage of the -
transmitted frequency across the combination of
inductance 18 and condenser I1.. Circuit ele-
ments of the coupling device 13 which are con-
nected in shunt with the combination of induc-
tance 16 and condenser 1T are therefore unaf-
fected by the carrier wave transmitted from the
transmitter (i, and carry substantially no cur-
rent therefrom.

The coupling device I3 also acts to transmit
the carrier wave of the frequency of the receiver
§2 from the line 18 to that receiver as follows:
The inductance 24 and the condenser 25, con-
nected serially with an adjustable inductance 27
and a condenser 28 are connected in shunt to the
inductance 16 and condenser 11. 'The inductance

21 is adjusted to resonate with the condenser
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mitted from the line 18 to the receiver 12 with 75

28 at the frequency of the receiver f2. The com-
bination of the inductance 24 and condenser 2§
may therefore be adjusted to exhibit capacitive
or inductive reactance to tune the coupling de-
vice 13 to the frequency of the receiver 12 de-
pending on whether this frequency is higher or
lower than the transmitted frequency.

The coupling device 13 is also adjusted and
arranged to transmit a carrier wave from the
line 18 to the receiver 26 at its independent fre-
quency. A series combination of an adjustable
inductance 29 and a condenser 30 is connected
in shunt to the inductance 27 and the condenser
28. If the frequency of the receiver 26 is higher
than that of the receiver 12, the combination
of the inductance 27 and condenser 28 appears in-
Assuming that the frequency of the
receiver 12 ‘is higher than the frequency of the
transmitter 11, the combination of inductance 16
and condenser IT and also the combination of the
inductance §8 and condenser 19 also appear in-
ductive. The inductance 29 may therefore be
reduced until the combination of inductance 29
and condenser 30 is sufficien:ly capacitively reac-
tive so that the elements (4, (5, 16, 117, 24, 25, 21,
28, 28, and 30 altogether act as a capacitance
and the elements 18 and 19 act as an inductance
resonant with the capacitance at the frequency
of the receiver 28.

The inductance 29 and the condenser 30 do not
interfere with the action of the coupling device
{3 in transmitting a carrier wave from the line
10 to the receiver 12, becalise the combination
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of inductance 21 and condenser 28 is series res-
onant at the frequency of the receiver 2. The
combination of inductance 27 and condenser 28
is therefore substantially a short circuit across
the inductance 29 and condenser 30.

It is of course clear that additional receivers
may be energized from the line 10 through the
coupling device 13 if additional elements be added
thereto so as to allow its being tuned to addi-
tional received frequencies. By the use of the
coupling device 13 for each receiver .energized
therefrom there is the same advantage in that
the ratio of the carrier wave intensity from the
line 10 to the carrier wave intensity from the
transmitter 11 is increased. ’

The.coupling device 13 is very flexible and is
easily adjusted to couple a transmitter and one
or more receivers to a trahsmission line. The
transmitter and each receiver so coupled may be
adjusted to operate at any frequency in a wide
frequency band and the receiver sensitivity to
line signals is increased without increasing the
amount of transmitter voltage applied to the
receiver.

While I have shown a particular embodiment
of my invention, it will, of course, be understood
that I do not wish to be limited thereto, since
different modifications may be made both in the
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circuit arrangement and instrumentalities em- -

ployed, and I aim by the appended claims to
cover any such modifications as fall within the
true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. Carrier wave apparatus comprising a trans-
mitter and a receiver operating at different fre-
quencies, an electrical path serially including said
transmitter, and means to connect said receiver
in shunt to a portion of said path including said
transmitter, the reactance of the portion of said
path in shunt to said receiver being of opposite
character to the reactance of the remainder of
sald path at the frequency at which said re-
ceiver operates, and said path having minimum
reactance to a wave from the output of said trans-
mitter at the frequency at which sald transmitter
operates.

2. Carrier wave apparatus comprising a trans-
mitter and a receiver operating at different fre-
quencies, an electrical path serially including said
transmitter and a plurality of serially connected
impedance elements, and means to connect said
receiver in shunt to a portion of said path in-

cluding said. transmitter and at least one of said -

elements, the reactance of the portion of said
path in shunt to said receiver being of opposite
character to the reactance of the remainder of
sald path at the frequency at which the receiver
operates, and said elements having minimum re-
actance at the frequency at which said trans-
mitter operates.

3. Carrier wave apparatus comprising a trans-
" mitter and a recejver operating at different fre-
quencies, an electrical path serfally including said
transmitter and a plurality of serially connected
groups of reactance elements, each of said groups
having minimum reactance at the frequency at
which said transmitter operates, and means to
connect said receiver in shunt to said trans-
mitter and at least one of said groups, the re.
actance of sald path in shunt to said recelver
being of opposite character to the reactance of
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_ 3
the remainder of said path at the frequency at
which said receiver operates. » ‘

4. Carrier wave apparatus comprising a paral- .
lel resonant path connected in series with two
series resonant paths, said paths all being reso-
nant at a predetermined frequency, and appara-
tus responsive to a wave of a frequency different
from said predetermined frequency connected in
shunt to-said parallel resonant path and the ad-
Jacent one of said series resonant paths, the alge-
braic sum of the reactances of said parallel reso-
nant path and the adjacent series resonant path
being of opposite character to the reactance of
the remaining series resonant path at said dif-
ferent frequency.

5. In a carrier communication system, a power
line, a carrier wave transmitter and a receiver,
a coupling condenser connected from said line
serially through a tuning coil and a second con-
denser and second coil to the output of said trans-
mitter, said coupling condenser and first coil, and
similarly said second condenser and second coil,
being series resonant with each other at the op-
erating frequency of said transmitter, a reactance
element connected-in shunt to said second con-
denser and second coil having such a value that
the combined reactance of said second condenser,
second coil, the output of said transmitter, and
said reactance element is equal in. value and of
opposite character to the combined reactance of
said coupling condenser and said first coil at the
operating frequency of said receiver, and means
connecting said receiver in shunt to said second
condenser and coil and said transmitter, whereby
& carrier wave on said power line of the frequency
to which said receiver responds is impressed at
high voltage on said receiver.

6. Carrier wave apparatus comprising a trans-
mitter and a plurality of receivers operating at
different frequencies, an electrical path serially
including said transmitter, and means to con-
nect said receivers together in shunt to a portion
of said path including said transmitter, the re-
actance of the portion of said path in shunt to
sald receivers being of opposite character to the
reactance of the remainder of said path at each
frequency at which a respective receiver operates,
and said path having minimum reactance to a
wave from the output of said transmitter at the
frequency at which said transmitter operates. .

7. In a carrier communication system, a power
line, a carrier wave transmitter and a receiver, a
coupling condenser connected from said line
serially through & tuning coil and a second con-
denser and second coil to the output of said
transmitter, said coupling condenser and first
coll, and similarly said second condenser and
second coil, being series resonant with each other
at the operating frequency of said receiver, a re- .
actance connected in shunt to said second con-
denser and second coil having such a value that
the combined reactance of said second condenser,
second coil, and said reactance is equal in value
and of opposite character to the combined re-
actance of said coupling condenser and first coil
at the operating frequency of said transmitter,
and means connecting said receiver in shunt to
said second coil and sald transmitter, whereby a

- carrier wave on said power line of the frequency
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to which said receiver responds is impressed at
high voltage on said receiver. '
EDWIN W. KENEFAKE,




