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Patented Aug. 13, 1929. 

UNITED STATES 
1,724,112 

PATENT OFFICE. 
MAURICE L. SINDERBAND, OF NEW YORK, N. Y., GEORGEN. TIDD, or ELIZABETH, 

NEWJERSEY, AND JOSEPH. W. MILNOR, OF NEw York, N. Y., AssIGNORs To GEN 
ERAL ELECTRIC COMPANY, A coRPORATION OF NEW YORK. 

COMMUNICATING SYSTEM FOR POWER-TRANSMISSION LINEs. 

Application filed January 28, 1920, Serial No. 354,602. Renewed December 18, 1928. 

This invention relates to systems for coll 
veying intelligence. More specifically it re 
lates to systems for telephoning or tele 
graphing over a line employed to transmit 
power. 

Alternating... current transmission lines 
have long since been employed, and are 
coming into more general use, to transmit 
power to points distant from the source of 
power. In order properly to operate these 
systems and to render them effective it is 
desirable that some form of reliable, pri 
vate, communicating system, such as the 
telephone or telegraph, be provided between 
the power supply station and the consuming 
station or stations. The desirability or ne 
cessity for such a communication is empha 
sized by the now common interchange con 
tracts entered into between various compa 
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nies operating plants and interconnected 
transmission lines. In the past it has been 
the practice to install telephone or tele 
graph wires on the same poles or towers 
which support the high tension power wires 
or conductors. This method is open to ob 
jection because of the cost of the signal line 
wire. But a still greater objection exists 
due to the inductive disturbances set up lin 
the signaling conductors due to the proxim 
ity of the power conductors. The last men 
tioned objection may be more or less over 
come by mounting the signaling conductors 
on separate poles spaced from those which 
support the power lines. However, this 
method increases the installation and main 
tenance costs still more. 
One of the principal objects of the pres: 

ent invention is to provide a novel form of 
landline, signaling or communicating sys 
tem in which no line wires other than the 
power transmission conductors are required 
and in which there is practically no disturb 
ance, inductive or otherwise, between the power transmitting and signalling systems. 
Other objects and advantages will appear 
as the invention is hereinafter disclosed. 
Referring to the drawings which illus 

trate what we now consider preferred forms 
of our invention: 

Fig. 1 is a diagrammatic view illustrat 
ing one form of telegraph system embody 
ing our invention. 

Fig. 2 is a wiring diagram of a modified 
combined sending and receiving station. 

Fig. 3 is a diagram illustrating a different 
means for superimposing the signaling cur 
rent upon the power current. 

Figs. 4, 5, 6 and are diagrams illustrat 
ling Some of the different ways of coupling 
the local signal circuits to the power trans 
mission system. 

Fig. 8 is a wiring diagram illustrating 
Our invention adapted for telephonic com 
munication. 

Fig. 9 is a modified form of telegraph 
system. 

Fig. 10 is a diagram utilized in explain 
ing the theory of operation of the system 
shown in Fig. 9. 

Fig. 11 illustrates diagramatically, a 
form of transmitting means, different from 
that in Fig. 3, for superimposing upon the 
transmission line a frequency three times 
that of the power current. 
Fig 12 is a diagram employed in explain 

ing the theory of operation of the means 
shown in Fig. 11. 

Fig. 13 illustrates a system somewhat sim 
ilar to that in Fig. 1, but slightly modified. 
While the invention it applicable to an 

alternating current transmission line of any 
number of phases we have shown it applied 
to a three-phase system. In Fig. 1 the 
power is adapted to be supplied to the line 
ES the conductors 1 (supplied by a suitable generator, not shown) and a step 
up transformer T. The primary, and sec 
ondary of the latter are 
connected and the three-phase, three-wire 
line is indicated at l', l, l. The other 
end of the line is shown connected to the 
primary of a E. transformer T, the Secondary of which is connected to lines 2 
which go to the load. The system thus far 
described is one commonly employed for 
high tension transmission. 
We employ the power conveying line as 

the signaling line by suitably coupling trans 
mitting means at at least one station and re 
ceiving means at the other station or pref 
erably both stations. Thus at station S we 
have shown a generator G of alternating 
current of a frequency different from that 
of the frequency of the current supplied to 

th shown delta, 
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the line li-li. For example, if the power 
frequency is 60 cycles per second the fre 
quency of the generator G may be 400 cycles. 
The generator G is shown connected to and 
controlled by a key K and coupled to one 
phase l of the line by means of a current 
transformer of which one windling is desig 
nated C. Obviously, with the switch 3 in 
the position shown at station S, depression 
of the key K will cause the generator G. 
to supply current to the transmission line 
at a frequency equal to that for which said 
generator is designed, or in the example 
above, 400 cycles. In order substantially to 
prevent the power current (assumed to be 
at 60 cycles) from reacting on the circuit 
G, K, the means shown at 4, 5 in Fig. 1 

20 

30 

35 

40 

45 

may be employed. It will be seen that the 
inductance 4 and capacity 5 are connected 
in parallel across the winding C and these 
impedances are designed or adjusted for 
parallel resonance; i.e., to be antiresonant, 
at the frequency of the generator G. This 
means that with the values of frequencies 
above assumed the combined impedance of 
fered to the signal current at 400 cycles by 
the elements 4, 5 will be practically infinite 
although the impedance offered by the last 
mentioned elements to the passage of the 
power current will be comparatively low. 
This means that so far as the passage of sig 
naling current in the circuit G, K, C is con 
cerned the set 4-5 is substantially of no 
effect. On the other hand, practically all 
of the lower frequency current, introduced 
into the local circuit by the winding C, 
passes through the elements 4-5 by virtue 
of the comparatively low impedance of the 
latter at the power frequency. 
The receiving means at the station S is 

shown as comprising a current transformer 
C, inductance 4 and capacity 5’ in all re 
Spects similar to the corresponding elements 
C, 4 and 5 at the station S. With the switch 
8 in the position shown it will be seen that 
the coil or winding C' is in series with a 
telephone receiver, or other receiving de ice, 
6 and inductance and capacity 9’ E. 10 
designed for parallel resonance at the fre 
quency of the generator G may be shunted 
across the receiver 6' for the purpose of 
shunting out any power frequency current 
which may pass the anti-resonant set 4, 5’. 
The impedances '8' are preferably so de 

55 signed or adjusted that the receiving circuit 
containing the receiver 6' will be tuned to, 
or resonant at, the frequency of the gener 
ator G, whereby a maximum amount of 
signaling current will flow through the re 
ceiver 6. The impedances 7, 8 are also 
preferably designed or adjusted for series 
resonance at the signaling frequency. With 
such design the combined impedance 7-8 
will materially restrict the flow of any pow 
er frequency current which may pass the set 
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4'-5'. While we have described a sending 
means at the station S and receiving means 
at station S it is preferable, of course, to 
provide both a sending means and receiving 
means at each station. We have shown such 
a system in Fig. 1, the elements K and G' 
at station S corresponding to elements K 
and G at station Sand elements 6, 7, 8, 9 
and 10 at station S corresponding to ele 
ments 6, 7, 8, 9 and 10' at station S. In 
short the signaling equipment at one station 
is identical to that at the other. 
To understand the operation of the system 

above described, let it be assumed that the 
line l, l l is carrying current at 60 cycles 
and that both switches 3,3' are in the receiv 
ing position. If the operator at station S 
desires to communicate with the operator at 
the station S' the former need only start 
his generator G through switch 3 to send 
ing position and then manipulate the key K 
in the usual manner. The receiving circuit 
at S being tuned to the frequency of the 
generator G, the operator at S will be able 
to read the message by means of the instru 
ment 6'. Due to the shunts 4'-5' and 
9-10, as well as the impedance offered to 
the power current by the elements 7", 8", the 
receiver 6' will be free from any noise which 
would otherwise becaused by the power cur 
rent. Signalling from station S' may be 
accomplished in a similar manner. 
The system above described may be modi 

fied in various respects. Thus, instead of 
relying on the elements 4, 5, 4',5', 9, 10, 9', 
and 10 to restrict or substantially eliminate 
the flow of power current in the local sig 
nalling circuits, some or all of these elements 
may be omitted and the arrangement shown 
in Fig.2 adopted. In this figure, which de 
picts the apparatus at one station (the appa 
ratus at the other station being identical), 
the elements K, G, C, l, 3, 6, 7 and 8 will 
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at once be recognized in view of the explana- . 
tion of Fig.1. The anti-resonant sets 4-5, 
4'-5', 9-10 and 9-10' are all omitted and 
inductance 11 and capacity 12 substituted 

110 
therefor. The inductance 11 and capacity 
12 are connected in parallel with each other 
and are either in series with the generator 
G or receiver 6 depending on the position of 
the switch 3. The set 11-12 is designed 
for parallel resonance at the frequency of 
the power current i. e. the set 11-12 will 
offer substantially infinite impedance to any 
flow of power current in the sending or re 
ceiving circuits but will offer comparatively 
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little impedance to the flow of the signalling 
current. 

Instead of employing a separate f 
G, or G' for superimposing a signalling fre 
quency on the power transmission line the 
arrangement shown in Fig. 3 may be adapt 
ed. To simplify the explanation we have 
omitted the receiving means at the station 
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the station S'. The key K in this form of 
the invention is normally closed, i.e., its back 
contacts are connected across the winding C 
of the current transformer. The design is 
such that when the key K is in the normally 
closed position, a moderate current flows 

S and the sending or transmitting means at 

through the winding C of the current trans 
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tion of impedance in the 

former and the power currents are trans 
mitted over the transmission line in the usual 
and normal manner. But when the key Kis 
depressed the circuit including winding C is 
opened and the current in the other winding 
(primary) of the current transformer then 
causes the ferrous magnetic circuit (not 
shown) of the current transformer to be 
come greatly over-saturated. This introduc 

power line li dis 
torts the shape of the wave of the power cur 
rent and introduces higher harmonics into 
the transmission line. Suppose that the fre 
E. of the power current is 60 cycles and the design of the transmitting means is such 
that, on depression of the key K, a third 
harmonic is introduced into the transmission 
line. The sets 4'-5' and 9-10 should 
then be tuned to be anti-resonant to a fre 
quency of 3X60 i.e. 180 cycles, and the 
circuit containing the receiver 6' should be 
designed to be resonant at the last mentioned 
frequency. The receiver 6 will then re 
spond to the third harmonic but will be sub 
stantially unaffected by the fundamental of 
the power current wave. In other words the receiver 6' will respond every time the key 
K is depressed. 
A still different means for impressing a 

signalling current of a different frequency 
upon the line is shown in Fig. 11. Two 
transformers 21 and 22 are provided. When 
the normally open key K is closed current 
at the power frequency f is supplied to the 
rimaries P and P in series. eprimary 
has comparatively few turns and the pri 

mary P. many turns so that the iron is mag 
netized more intensely in 22 than in 2h. The 
two secondaries S and S are so wound and 
connected that the E. M. F.'s of the funda 
mental frequenty neutralize each other, but 
the third harmonics cause a current flow in 
the coil C at a frequency 3f. This may be 
more readily understood y referring to Fig. 
12 in which the curve 22 represents the 
M. F. in the secondary S, the curve 21 that 
in secondary S and curve R the resultant 
triple frequency E. M. F. in the coil C. 
Any of the three types of receiving circuits 
shown in Figs. 1, 2 or 3 may be g 
with the transmitting means shown in Fig. 
11. 
Various modifications in the method of 

coupling the sending and receiving circuits 
to power transmission line may be resorted 
to. Thus instead of coupling the current 
transformers C and C to the high tension 
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line they may be coupled to the low tension 
side as indicated at C in Fig. 4. Or, instead 
of Eg current transformers, potential 
transformers may be employed. Thus in Fig. 
5 one winding of the transformer is con 
nected across phase 1-1 on the high ten 
sion line, the other winding being indicated 
at C. A further modification is illustrated 
in Fig. 6 in which the primary and secondary 
of the transformer T are Y connected, the 
transformer Chaving one of its windings in 
serted in the lead which connects the neutral 
point of the secondary of the transformer to ground. 
In Fig. 7 we illustrate a further modifica 

tion in the manner of coupling the signalling 
circuits to the power transmission system. 
In this figure the primary of the transformer 
T is delta connected while the secondary is 
Y connected. The primary of the trans 
former T is delta connected as is also the 
secondary thereof. The signalling set at the 
station S is coupled to the power transmis 
sion system by means of a current trans 
former in one of the low tension phases of 
the transformer T. The signalling set at 
the station S is coupled to the power trans 
mission system by means of two current 
transformers C, one connected in one of 
low tension phases of the transformers T' 
and the other in another low tension phase 
of said transformer T. The relative direc 
tion of flow of the signalling may be seen 
by inspection of Fig. 7 in which the arrows 
indicate direction of flow at a particular 
instant. s 

The disclosure, up to this point, has been 
restricted to telegraphic systems, i. e., sys 
tems in which the frequency of the signal 
ling current is between 400 and 4000 cycles 
per second. At least some, if not all of the 
system thus far described may be utilized, 
by employment of proper sending and re 
ceiving instruments, for telephonic com 
munication. In this case a signalling fre 
uency of 5000 cycles per ...E. upwards 

thereof, is preferably employed. To avoid 
unnecessary surplusage we show but one 
adaptation of the invention to telephonic 
communication and in this illustration the 
receiving set is omitted from one station and 
the sending or transmitting set from the 
other for the sake of simplification. Refer 
ring to Fig. 8, the similarity between the 
most of the elements there shown and the 
corresponding elements in Fig. 1 will at 
once be apparent. The generator G, in this 
case, preferably has a frequency of at least 
5000 cycles and the key K is replaced by a 
microphone or telephone transmitter M. It 
will also be noted that the telephone re 
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ceiver 6' has connected in series therewith 
stal detector or other suitable recti 

er D'. 
is disclosed and claimed in our copending 

This modification of our invention 
Q 
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application, Serial No. 235,430, filed Novem 
ber 25, 1927, which is a division of this ap 
plication. 

In operation the operator at station S 
speaks into the device M thus modulating 
the high frequency current and the sound 
vibrations will be reproduced at 6 as will 
be apparent to those skilled in the art in 
view of the above disclosure. 
From the above description of our inven 

tion it will be appreciated that we have pro 
vided communicating systems in which the 
power-conveying conductors alone are em 
ployed to convey the signalling current 
without any substantial interference with 
the power transmission. No line wires other 
than the power lines are required so that the 
installation as well as maintenance costs are 
minimized. Furthermore, by virtue of the 
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sets 4-5, 4'-5', 9-10 and 9° 10' which are 
designed or adjusted for parallel or anti-res 
onance at the signalling frequency employed 
or the sets 11-12 designed for parallel res 
onance at the power frequency; there is 
practically no noise caused in the receiving 
instrument by the low frequency power 
current. 
A system specially different but from a 

generic standpoint in many respects the 
same as those already described, is illus 
trated in Fig. 9. Before describing this 
system in detail, we wish to explain the 
theory upon which it is based. The curve 
30 in Fig. 10 represents the power current 
in the line wirel. It will be noted that 
this current passes through zero twice in 
each cycle. In other words there are 2f 
(where f is the power frequency in cycles 

in which 
the line l is dead and may be employed 
to convey signalling current. Furthermore, 
if means are provided to render the signal 
ling circuits operative only when the power 
current is substantially zero, the last men 
tioned current will be substantially pre 
vented from flowing to the signalling instru 
ments. One form of means for accomplish 
ing these functions is indicated diagram 
matically in Fig. 9. Here again for the 
sake of simplicity we show only one trans 
mitting means and one receiver. The ele 
ments 1, 1, C, C' and K will at once be 
recognized. The key K is connected in se 
ries with the winding C of the current trans 
former, a battery 31 and a circuit controller. 
The last mentioned device comprises one or 
more contact segments 32 adapted to be en 
gaged by a contact arm 33 mounted on a 
shaft 34. The shaft 34 is driven by a syn 
chronous motor 35 supplied from the power 
line by any suitable connections. The de 
sign and adjustment of the contacts 32-33 
is such that current cannot flow through the said contacts except when the power cur 
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rent in line is is substantially zero and then 
only if the key K is closed. It will there 
fore be understood that when the key Kis 
closed unidirectional current impulses will 
pass through the winding C at a rate of 2f 
per second, each impulse occurring at a time 
when the power current is zero. The re 
ceiving system shown at S is a duplicate 
of the system shown at S except that battery 
31 and key K are omitted and receiving in 
strument 6' substituted therefor. 
In operation, when the key K is closed 

the receiver 6' will receive current impulses 
at the rate of 2f per second and a compara 
tively loud note of this pitch will be emitted 
thereby. When the key is open no signal 
ing current is transmitted and as the con 
tacts 32-33 are designed to close only 
when the E. M. F. induced in the coil C' by 
the power current is substantially zero, 
there will be practically no sound in said 
receiver at this time. 

In Fig. 13 we have illustrated a system 
in which the set 4, 5 is omitted in the send 
ing circuit, the set 7, 8 being designed or 
adjusted for series resonance at the signal 
ling frequency. This arrangement is par 
ticularly adapted to the form of the inven 
tion in which the transformers C, C are 
potential transformers. The set 7'-8" and 
7-8 in the receiving circuit are each de 
signed or adjusted for series resonance at 
the signalling frequency and the set 4'-5' 
for parallel resonance at the same frequency. 
The operation of this form of the inven 
tion will be understood in view of the ex 
Ation in connection with the preceding 
gures. 
It will be understood that the specific 

physical embodiments herein disclosed are 
illustrated only diagrammatically and to 
avoid confusion and surplusage more or less 
auxiliary apparatus such as manually op 
erable switches, discharge resistances, block 
ing condensers etc., which may prove de 
sirable in practice, have been omitted. 
However, with the present disclosure before 
him a man skilled in the art could make and 
use the invention. It is to be borne in 
mind also that while it is at present pre 
ferred to employ the various features and 
elements in the combinations described, some 
of these may be altered and others omitted 
and some of the features of each modifica 
tion may be embodied in the others without interfering with the more general results 
and effects outlined and the invention ex 
tends to such use. 
What we claim is: W 
1. A signalling system comprising in com 

bination, a power transmission line adapted 
to conduct alternating current at a prede 
termined fundamental frequency, means en 
ergized from said power transmission line 
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for setting up a harmonic of said funda 
mental frequency in said line at will, receiv 
ing means responsive to said harmonic, and 
means for substantially preventing flow of 
current at said fundamental iny 
through the receiving means. 

2. A combined power and intelligence con 
veying system comprising in combination, a 
multi-phase power generator, a step-up 
transformer whose primary is delta connect 
ed to said generator, a power transmission 
line to which the secondary of said trans 
former is Y-connected, a step-down trans 
former delta connected to said line and 
whose secondary is delta connected, a sig 
nalling circuit coupled to said power system 
by means of a current transformer in one of 
the low tension phases of one of said two 
first named transformers, and a signalling 
circuit coupled to said power system by 
means of two current transformers each con 
nected in a different one of the low tension 
phases of the other of said two first named 
transformers. 

3. A combined power and intelligence con 
veying system comprising in combination a 
multi-phase power generator, a multi-phase 
transformer whose primary winding is con 
nected to said generator, a multi-phase trans 
mission line to which the secondary of said 
transformer is connected, a signaling circuit 

5 
coupled to said power system by means of a 
current transformer in one of the phases of 
said primary winding, and a second signal 
ing circuit coupled to said multi-phase trans 
mission system by means of two current 
transformers each connected to a different 
phase of said system. 

35 

4. A combined power and intelligence con- . 
veying system comprising in combination a 
multi-phase source of current supply, a 
transformer whose primary winding is del 
ta-connected to said source, a power trans 
mission line to which the secondary of said 
transformer is Y-connected, a second trans 
former delta-connected to said line and 
whose secondary winding is delta-connected, 
a signaling circuit coupled to said power 
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system by means of a current transformer in 
one of the phases of the primary of said 
first mentioned transformer, and a signaling 
circuit coupled to said power system by 
means of two current transformers each con 
nected to a different one of the phases of the 
secondary of said second mentioned trans 
former. 
In testimony whereof we hereunto affix 

our signatures. 

MAURICE. L. SINDEBAND. 
GEORGEN. T. DD. 
JOSEPH. W. MILNOR. 
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