
455-4 2 3 R F x 
a T is gl na Q Q n Q , , . f. Reference 

May 16, 1933. D. B. HARRIS ET AL 1,908,896 
TRANSMISSION SYSTEM FOR SOUND CARRYING CURRENTs 

Filed Oct. 20, 1930 3. Sheets-Sheet li 

0000000000 

S is 
& E. No 

Examiner 

( ----r 
w 

s 

  

  



Examiner 

May 16, 1933. D. B. HARRIS ET AL 1908,896 
TRANSMISSION SYSTEM FOR SOUND CARRYING CURRENTS 

Filed Oct. 20, 1930 3. Sheets-Sheet 2 

ty Anuevatory 
s OOOO 0000 U of 6%aza(6-Z442 

re- layzzeez (7ézoroveys 
w 42% 

  



May 16, 1933. D. B. HARRIs ET AL 
TRANSMISSION SYSTEM FOR SOUND CARRYING CURRENTs 

1908,896 

Filed Oct. 20, 1930 3. Sheets-Sheet 3 

el NY 

N 0900 000 g “Eitz, -Zity titorreeys 

  

  



0 

5 

20 

30 

5 

40 

wy reas 

5 regeneration resulted in the 

Patented May 16, 1933 

UNITED STATES 
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PATENT OFFICE 

DONATD. B. HARRIS AND ORVILLE W. KNAUSS, OF ST. PAUL, MNNESOTA, ASSIGNORS, 
BY DIRECT AND MESNE ASSIGNMENTS, TO FROGRAM SERVICE COMPANY, OF ST. 
PAUL, MINNESOTA, A CORPORATION OF DEAWARE . 

TRANSMISSION SYSTEM FOR SOUND-CARRYING CURRENTS 

Application filed October 20, 1930. Serial No. 489,883. 

This invention relates to systems for trans mitting sound-carrying and image-carrying 
currents from a central station to a number 
of distantly located stations through the me: 
dium of conductors and is an improvement 
upon the invention disclosed in our U.S. 
Letters Patent No. 1,733,194, issued October 
29th, 1929. In said patent an operative system was 
disclosed especially adapted for program 
service work where programs, such as music, 
addresses, and other sound entertainment, 
are transmitted from a central station to a 
number of distant stations, such as subscrib 
ers' homes, and wherein conductors in con 
ventional communication systems could be 
conveniently utilized to transmit not only 
the sound-carrying currents, but, in con 
junction with ground, other electro-motive 
forces for operating amplifiers located at the 
distant stations. 
As pointed out in our said patent, one of 

the important advantages of the original 
system was to eliminate interference caused 
by induction of energy into other conduc 
tors neighboring or in the same cable with 
the conductors utilized in our system, which 
induction is often referred to as “cross talk'. 
However, cross talk or induction was not 
entirely overcome due to the fact that the 
line conductors of the original system were 
not balanced with respect to ground. 
Another objection to the original system 

was that a small amount of low frequency 
system due to 

a feed-back from the plate circuit to the 
grid circuit and through the medium of a 
potential generated along the plate circuit 
side of the line. 

In our joint application entitled "Trans 
mission system for sound-carrying cur 
rents', S. N. 460,882, filed June 13th, 1930, 
we disclosed an improved transmission sys 
tem for sound-carrying and image-carrying 
currents which lessened the said objection 

s 

able features of said original system. In said improved system, potentials for maintaining 
the grid at an operative potential with re 
spect to the filament element were supplied 
from the central office through a circuit in 
cluding one of the line conductors in con 
junction with ground. The line conductors 
of this system were adequately balanced 
with respect to ground and efficient means 
were provided for preventing undesirable re 
generation effects. In the said improved 
system, under some conditions, however, 
noise induction of small magnitude resulted 
in the line transmitting the program service 
due to a difference between the ground po 
tentials at the central and the remote sta 
tions and due to the impossibility of main taining the terminating impedances in a 
condition of perfect balance. The installa 
tion costs of said improved system were high 
due to the necessity of making a connection 
to ground at the subscribers' stations. 
In both the original and said improved 

systems, because of the necessity of ground 
connections in conjunction with the several 
circuits included in the system and due to 
the high plate potentials required in connec 
tion with the amplifier, some danger is pre 
sented to workmen installing or servicing 
neighboring telephone or communication 
lines, and the said high potentials may break 
down the protective devices associated with 
the conductors of our system at either the 
central or distant stations. 

It is an object of our present invention to 
provide an economical and improved sys 
tem of the class described utilizing a pair 
of conductors between a central and a dis 
tant station for transmission of sound and 
image-carrying currents as well as grid and 
late potentials, wherein the objectionable 
eatures of said original system and said 
improved system are obviated; wherein the 
system is simplified and maybe installed at 
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currents are transmitted from the central 
station to the remote station with a mun 
imum loss of energy, and wherein the pair 
of line conductors employed are isolated 
from ground thereby eliminating all chance 
of noise inductions. 

It is a further object to provide a system 
of the class described wherein conductors, 
such as, for example, a pair of conductors 
in a conventional communication cable may 
be utilized for transmitting sound- or image 
carrying currents from a central station to 
a distant station; wherein the same conduc 
tors transmit electro-motive forces for main 
taining the plate element of the amplifier at 
an operative potential in respect to the fila 
ment and wherein potentials for maintain 
ing the grid element of the amplifier at an 
operative potential in respect to the filament 
element are created in the remotely located 
amplifier by means of electro-motive forces 
generated across a resistance inserted in the 
supply circuit, including the central office 
source of direct current and said line con 
ductors. In our present invention all sig 
nal Ed supply circuits may be isolated from 
OO. 
"Eier object is to provide a system 
wherein the safety hazards previously re 
ferred to are eliminated throughout the sys 
ten. 
These and other objects and advantages 

of the invention will be fulliv set forth in the 
following description made in connection 
with the accompany drawings, in which 
like reference characters refer to similar 
parts throughout the several views, and in 
which :- . 

Fig. 1 is a diagram of one form of our 
system, and 

Figs. 2 and 3 are diagrams of other forms. 
Referring to the first form of the inven 

tion, illustrated in Fig. 1, the elements and 
apparatus located at the left of the heavy 
broken line A-A are located at the central 
station while the apparatus at the right of 
said line are located at one of the distant 
stations, such as the home of a subscriber 
to the program service. At the central sta 
tion a source of alternating current is avail 
able, from the output of a suitable amplifier 
or other apparatus. In the drawings, the 
plate element of this amplifier is designated 
by the numeral 4. B battery B is also 
located at the central station. Another 
source of direct current, such as a Belin 
inator or generator may be substituted for 
the B battery. The central office output 
transformer, comprising primary winding 1 
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and secondary windings 2 and 3, having con 
denser 5 interposed therebetween, is dis 
posed between the source of alternating cur 
rent and line conductors X and Y which 
extend between the central station and the 
distant station. These line conductors may 
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be a pair of wires in a conventional com 
munication cable. The output transformer 
is adapted to reduce the impedance of the 
source to a point where the termination of 
the line is made equal to the characteristic 
impedance of the line conductors. The B 
battery B is connected to the line conduc 
tors through transformer windings 2 and 3. 
Key 6 is also located at the central office for 
the purpose of operating a remotely located 
relay at the receiving amplifiers at the dis 
tant stations, the contacts of said key open 
ing and closing the filament circuit of the 
distant amplifier. 
At the distanct station is located the ther 

mionic amplifier and accessory apparatus. 
The in E disclosed is of the single stage 
push-pull type. It is to be understood, 
however, that an amplifier with more than 
One stage or an amplifier using the single 
tube-per-stage circuit may be employed. 
The push-pull circuit is desirable in that it 
affords greater power output for the same 
plate and grid potentials and also reduces 
distortion to some extent by eliminating cer. 
tain harmonics generated in the tubes. 
In particular the structure of the ampli 

fier at the distant station embodies choke 
coils 7 and 8 and condenser 9 for the pur pose of segregating the input and output 
circuits of the amplifier; a potentiometer 
comprising winding 10 and movable tap 11; 
a condenser 12 for the purpose of isolating 
the supply circuit from the input circuit; 
an input transformer comprising primary 
winding 13 and secondary windings 14 and 
15; two thermionic tubes having grid ele 
ments 16 and 17, plate elements 18 and 19 
and filament or cathode elements 20 and 21 
respectively; an output transformer com 
prising primary windings 22 and 23 and sec ondary winding 24; a dynamic speaker 25 
including a voice coil 26 and a field coil 27, 
which, in the first form, is also employed as 
a retardation coil for the purpose of further 
segregating the input and output circuits 
of the amplifier; a power transformer 28 
to supply filament current to the amplifier 
and having a primary winding 29 and a 
secondary winding 30; and a key 31 avail 
able for the use of the subscriber in open 
ing and closing the filament circuit; a relay including winding 32 and spring contacts 
83 and 34 for the purpose of opening and 
closing the filament circuit by a control from 
the central office. 
A condenser 35 is interposed between the 

filament and the plate potential tap on the 
output transformer for the purpose of 
further segregating the output and input 
circuits. A tapped resistance 37 is con 
nected across the filament supply leads and 
having a center tap connected to the grid 
return for the prise of preventing the 
amplification of any alternating current 
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hum which might be generated in the fila 
ment circuit. A grid bias resistance 38 is 
connected between the filament and grid 
return. . . . " 

In describing our system, the apparatus 
and elements utilized will be described in 
conjunction with the several circuits between 
the central station and the subscriber's 
home, 

Filament circuit 
The filament circuit for the thermionic 

tubes of the amplifier may be conveniently 
supplied from the household source of alter 
nating current. This circuit includes wind 
ing 30 of the power transformer, contacts 33 
and 34 of relay 32-33-34, filaments 20 and 
21 and the contacts of key 31. This circuit 
is closed and supplies current to the fila 
ments as long as the relay is operated and 
the contacts of key 31 are closed. Key 31 is 
available to the use of the subscriber while 
the relay is energized by currents trans 
mitted from the central station thereby 
making it possible for the operators at the 
central station to energize or de-energize the 
filament circuits of the distantly located am 
plifier as may seem desirable. The operation 
of relay 32-33-34 will be further treated 
in the explanation of the control circuit. 

Grid supply circuit 
Grid supply potentials are generated for 

grids 16 and i7 by means of potentials 
created across grid bias resistance 38 
through a path from positive battery B at 
the central office, contacts of key 6, winding 
3 of central office output transformer, line 
conductor Y, choke coil 8, choke coil 27, 
windings 22 and 23 of the output trans. 
former, the space current paths of both 
tubes, resistance 37, resistance 38, choke coil 
7, line conductor X, transformer winding 2 
to negative battery B. This current sets up 
a voltage across resistance 38 which serves 
to keep the grids 16 and 17 at a negative 
potential at all times in respect to filaments 
20 and 21 respectively. 

Plate supply circuit 
Plate potentials and currents are supplied 

to birth plates through the identical cirruit 
described in the paragraph headed “Grid 
supply circuit.' 

Signal circuit 
Alternating potentials generated by the 

central office amplifier are impressed on 
winding 1 of the central office output trans 
former causing current to flow through this 
winding. In turn this current induces a 
potential across windings 2 and 3. This 
otential causes current to flow from point 

I shown on the drawings through line con 
ductor X, condenser 12, potentiometer 
winding 10, line conductor Y, to the point Q, 

or w 
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shown on the drawings. This current in turn 
creates a potential along the length of 
potentiometer winding 10 and accordingly 
generates a proportional potential between 
tap 11 and line conductor Y at point N. 
This potential causes a current to flow from 
tap 11 through winding 13 to point N in 
ducing a corresponding potential of greater 
magnitude across windings 14 and 15, which 
is applied directly to grids 16 and 17. This 
potential is augmented by the normal an 
plifying action of the tubes and the result 
ing potential created between plates 18 and 
19 causes current to flow through windings 
22 and 23 of the output transformer. By 
induction a current is thereby caused to cir 
culate through the secondary winding 24 of 
the output transformer and the voice coil 26 
of the dynamic speaker. 

It will be noted that this circuit embodies 
certain impedances which are common both 
to the input and the output circuit of the 
amplifier. Specifically line conductors X 
and Y are used for the transmission of oper 
ating potentials to the plate circuit and are 
also used for the transmission of alternating 
potentials to the input circuit. For this rea 
son it is necessary to incorporate means in 
the device for preventing the return of al 
ternating currents generated in the output 
circuit to the input circuit. In the case of a 
push-pull amplifier of this type, potentials 
in the plate circuit to which the supply cir 
cuit is accessible are very small, and are lim 
ited to small unbalance potentials generated 
between the supply tap on windings 22 and 
23 and the filament, due to differences in the 
electrical properties of windings 22 and 23 
or due to a dissimilarity in the amplifying 
properties of the tubes. These potentials, 
however, exist to some extent, and if a path 
of low impedance were provided aiong the 
supply circuit, a certain amount of unbal 
ance current would flow from the supply tap 
on windings 22 and 23 through line conduc 
tor Y, windings 2 and 3 of the central office 
output transformer, line conductor X and 
winding 13 of the input transformer, induc 
ing a corresponding potential on grids 16 
and 17 and cause undesirable regeneration 
effects. 
In order to prevent effects of this kind, 

means are provided in this amplifier for 
maintaining the impedance of that part of 
the supply circuit which is disposed between 
the input and the output circuits of the am 
plifier at a high value in respect to alternat 
ing currents. 
clude: the combination of condenser 9 and 
choke coils 7 and 8 comprising a conven 
tional electrical filter, and choke coil 27. 
In the first form the choke coil 27 is shown 

to be a part of the dynamic speaker, a fea 
ture which will contribute considerably to 
economy in the manufacture of the appara 
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tus. Preferably this choke coil will be the 
field coil of the speaker and its impedance 
is such that it will retard to a very great ex 
tent the passage of any currents due to un 
balance potentials set up between the supply 
tap on windings 22 and 23 and the filaments 
of the tubes. 

In the filter combination 7-8-9 the in 
pedance of condenser 9 has a low value in re 
spect to alternating currents and offers a 
path whereby any unbalance currents may 
readily return to the filament of the tubes 
without traversing the line conductors or 
the input circuit. On the contrary, choke 
coils and 8 offer an extremely high imped 
ance to unbalance currents and according 
ly prevent the transmission of any such cur 
rents to the line or input circuit. At the 
same time, a path of relatively low imped 
ance is supplied by choke coils 7, 8 and 27 
for the transmission of direct currents to the 
plate circuits of the tubes while condenser 
9 has an infinite impedance for currents of 
this type and accordingly does not provide 
it ) between line conductors X and Y. 

in combiaation, the two elements referred 
to provide means whereby direct currents 
for the purpose of maintaining the various 
elements of the tubes at operative potentials 
may be transmitted to the tubes with slight 
loss; whereby alternating currents generated 
in the plate circuit of the amplifer are pre: 
vented from returning to the grid circuit of 
the amplifier, thereby preventing undesira: 
ble regeneration effects; and whereby signal 
currents transmitted to the amplifier or line 
conductors X and Y are allowed to traverse 
the input circuit of the amplifier without at 
tenuation caused by the various taps taken 
off for the supply circuit. 
Condenser 2 is interposed between the 

filter 7-8-9 and the potentiometer 10 for 
the purpose of E"5, the passage of supply currents through the potentiometer 
winding while at the same time allowing the 
passage of alternating signal currents to the 
input circuit of the amplifier. 
Condenser 5 is provided at the central of 

fice for the purpose of allowing the passage 
of signal currents through windings 2 and 3 
of the output transformer and for the pur 
pose of preventing the passage of supply cur 
rents from the central office battery B. 

Control relay circuit 
The control relay is energized by current 

transmitted from positive central office bat 
tery B through contacts of key 6, winding 
3, line conductor Y, choke coil 8, winding 32 
of the control relay, choke coil 7, line con 
ductor X, winding 2 to negative central of 
fice battery B. By operating key 6 relay 
32-33-34 may be energized or de-energized 
thereby opening, or closing the filament cir 
cuit. - 

a 
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Volume control operation 
As discussed briefly in the description of 

the signal circuit, signal currents traversing 
winding 10 of the potentiometer set up a 
potential between tap 11 and point N. e 
magnitude of this potential is directly pro 
portional to the resistance included between 
tap 11 and point N. Accordingly, as ta. 
11 is moved along the length the wind 
ing to include a larger amount of resistance, 
the potential impressed across winding 13 
is increased. Conversely, if tap 11 is moved 
to include a smaller amount of resistance, 
the potential impressed across winding 13 
is decreased. A corresponding and propor 
tional variation in potential is produced be 
tween grids 16 and 17. 

Referring to the second form of the in 
vention illustrated in Fig. 2, the apparatus 
included in this form is similar to that de 
scribed in connection with the first form and 
the individual elements are disposed simi 
larly in respect to each other with the ex 
ception that an input transformer and po 
tentiometer, each having two windings sep 
arated by a condenser, are employed; and 
that the plate circuit retardation coil does 
not form a part of the speaker. The pri 
mary windings of the input transformer are 
numbered 7a and 9a and the windings of 
the potentiometer are numbered 10a and 11a. 
The condensers employed in connection with the transformer winding and potentiometer 
are numbered respectively 8a, and 12a. With 
these exceptions the elements of the circuit 
are designated by the same numbers in the 
drawings as were employed in the case of 
the first form. 

In describing this form, only such circuits 
will be treated in detailas deviate from the 
corresponding circuits outlined in the de 
scription of the first form. 

Filament circuit 
This circuit is similar to the first form. 

Grid supply circuit 
Potentials for maintaining the grids at 

negative potentials with respect to the fila 
ments are created between the terminals of 
resistance 38 due to the normal plate sup 
ply current which flows through a path 
from positive central office battery B, con 
tacts of key 6, transformer winding 3, line 
conductor Y, potentiometer winding 11a, 
transformer winding 9a, choke coil 27a, 
transformer windings 22 and 23, the space 
current paths of both tubes, resistance 37, 
resistance 38, transformer winding 7a, po 
tentionaeter winding 10a, line conductor X, 
transformer winding 2 to negative central 
office battery B. 

Plate supply circuit 
Current supply for the plate circuits of 

the tubes is transmitted through the same 
P 
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path as that described for the grid supply 
circuit. 

Aignal circuit 
In this circuit alternating signal poten 

tials are transmitted from the central sta 
tion to the remote station along line con 
ductors X and Y in a manner exactly sin 
ilar to that described in connection with the 
first form. At the remote station signal po 
tentials impressed on the potentiometer 
windings 10a and 11a cause alternating cur 
rent to flow through these windings and 
through condenser 12a and set up between 
any two points on windings 10a and 11a al 
ternating potentials proportional to the re 
sistance included between the two points. 
The alternating potentials between potenti 
ometer taps M and N cause current to flow 
through transformer windings 7a and 9a 
and condenser 8a. By induction a corre 
sponding potential is generated in the sec 
ondary windings 14 and 15 and impressed 
on grids 16 and 17. This potential is ampli 
fied and delivered to the loud speaker in a 
manner similar to the first form. 

In this form the combination including 
transformer windings 7a and 9a and con 
denser 8a perform a dual function. This 
combination takes the place of filter 7-8-9 
shown in the first form and is effective in 
segregating the output circuit from the in 
put circuit. In addition windings 7a and 9a 
comprise the primary of the input trans. 
former. Considering this combination of 
elements as a filter, windings 7a and 9a pro 
vide a path of high impedance to unbalance 
potentials generated in the plate circuit 
thereby preventing the return of any un 
balance currents to the grid circuit; while 
at the same time a path of low impedance 
is provided for supply currents. Condenser 
8a provides a path of high impedance to 
supply currents but allows the passage of 
alternating signal currents received from 
the line conductors. Transformer windings 
7a and 9a and potentiometer windings 10a 
and 11a are balanced in respect to the line 
in such a way that any small capacity ef 
fects existing between elements of the ampli 
fier and ground will not produce an unbal 
anced condition of the line. 
In this form the plate circuit retardation 

coil 27a is shown as a separate element and 
does not form a part of the speaker, which 
in this case is of the magnetic type. 

Control relay circuit 
The control relay is energized by currents 

transmitted from positive central office bat 
tery B through contacts of key 
former winding 3, line conductor Y, potenti 
ometer winding 11a, transformer winding 
9a, relay winding 32, transformer winding 
7a, potentiometer winding 10a, line conduc 
tor X, transformer winding 2, to negative 
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central office battery B. By operating key 
6 relay 32-33-34 may be energized or de 
energized, opening and closing the filament 
circuit. 

Volume control operation 
As outlined previously in the discussion 

of the signal circuit, alternating potentials 
received from the line cause current to flow 
tirough the potentiometer windings 10a and 
ila and condenser 12a, setting up between 
any two points along the length of winding 
10a and 11a, alternating potentials propor 
tional to the resistance included between the 
two points. Taps are taken off from wind 
ings 10u and 11a in such a way that as the 
potentiometer arms are moved a connection 
is made from taps M and N to different 
points along the length of windings 10a and, 
llc, such that any increase in the resistance 
included between tap M and condenser 12a 
will be accompanied by a corresponding. 
change in the resistance included E. 
tap N and condenser 12a. Accordingly as 
the potentiometer arms are moved to include 
a greater resistance between taps M and N, 
a greater potential is impressed across the 
input transformer; while as the potentiome 
ter arms are moved to include a less resist 

70 

7. 

80 

90 

ance a smaller potential is applied to the 
input transformer. 

Referring to the third form of the inven 
tion disclosed in Fig. 3, the apparatus in 
cluded in this form is similar to the first 
form and the disposition of the various ele 
inents in respect to each other is similar to 
the arrangement of the first form with the 
exception that filter combination 7-8-9 
shown in he first form is replaced by the 
combination including transformer windings 
7b and 8b and condenser 9b, and that po 
tentiometer 10-11 shown in the first form 
is replaced by potentiometer 105-11b. 
With these exceptions the elements of the 
circuit are designated by the same numbers 
as were applied to the corresponding ele 
ments in the first form. 

In describing the operation of this form 
of the invention only such circuits will be 
treated in detail as deviate from the corre 
sponding circuits of the first form. 

Filament circuit 
This circuit is similar to the first form. 

Grid supply circuit 
Grid supply potentials for maintaining 

the grid elements of the tubes at a negative 
bias in respect to the filaments are created 
between the terminals of resistance 38 due to 
the passage of the plate supply current which 
flows through a path from positive central 
office battery B, contacts of key 6, transform 
er winding 3, line conductor Y, transformer 
winding 8b, retardation coil 27, transformer 
windings 22 and 23, the space current paths 
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of both tubes, resistance 37, resistance 38, 
transformer winding 7b, line conductor X, 
transformer winding 2, to negative central 
office battery B. 

Plate apply circuit 
The circuit for the supply of direct cur 

rent to the plates of the tubes is established 
thorugh the same path as that described in 
connection with the grid supply circuit. 

Signal circuit 
Alternating signal currents are generated 

at the centra E. and transmitted to the 
remote station in a manner similar to that 
outlined in the description of the first form. 
These currents traverse windings 7b and 8b 
of the input transformer and condenser 95 
and induce corresponding potentials across 
secondary windings 14 and 15. These po 
tentials cause current to flow through po 
tentiometer windings 10b and 11b and ac 
cordingly set between any two points 
along the length of windings 10b and 11b 
alternating signal potentials directly pro 
portional to the resistance included between 
the points. These potentials are applied di 
rectly to grids 16 and 17, and are amplified 
and delivered to the loud speaker in a man 
ner similar to that described in connection 
with the first form. 
As in the case of the previously described 

second form, the combination including 
transformer windings 7b and 8b and con 
denser 95 performs a dual purpose in acting 
as a segregating unit for the separation 
of the input EFoutput circuits and also in 
forming a part of the input circuit for the 
delivery of the signal current to the grids of 
the tubes. 

tontrol relay circuit 
This circuit is similar to the first form. 

Volume control operation. 
The operation and construction of the vol 

ume control are similar to those described 
in connection with the previously outlined 
second form, except that the potentials gen 
erated between taps M and N are applied 
directly to grids 16 and 17 and are not deliv 
ered to the tubes through the input trans 
former. 
From the foregoing description it will be 

seen that the three embodiments of the in 
wention disclosed successfully fulfill the ob 
jects set forth. Of the three forms dis 
closed, the form shown in Fig. presents 
eertain advantages in relation to the other 

se forms, but each of the other forms possesses 
lesser points of advantage in certain re 

Referring to the first form, the embodi 
ment of the separate filter combination 

OS 7-8-9 is advantageous in that this combina 
A 
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tion can be made to have practically any 
constants which may be desirable in order to 
produce the most effective segregating pro 
perties. When the filter employed is a part 
of the input transformer and when this in 
put transformer constitutes the line termina 
tion, the impedance of the retardation coil 
is limited by the necessity of making the im 
pedance of both coils in series equal to the 
characteristic impedance of the line. This 
disadvantage is overcome by g a sepa 
rate filter. A second advantage of the first 
form is that no supply current traverses the 
windings of the potentiometer effecting sub 
stantial economies in the manufacture of 
this element. A third advantage exists in 
the fact that no supply current is allowed to 
traverse winding 13 of the input transform 
er thereby preventing undesirable saturation 
effects. 
The form of the invention disclosed in 

Fig. 2 has the advantage that the separate 
filter combination is eliminated with a corre 
sponding decrease in the cost of manufac 
ture. Adequate segregating characteristics : 
in the transformer windings 7a and 9a are 
maintained by placing the volume control 
on the line side of the transformer thereby 
maintaining the impedance of the trans 
former windings at a relatively high value. 
The form of the invention disclosed in 

Fig. 3 has the same advantages as Fig. 2 
in relation to the elimination of the separate 
filter and has the additional advantage that 
no current is allowed to traverse the poten 
tiometer windings enabling the construc 
tion of this element at a lower cost. 

Figs. 1 and 3 show the use of the field coil 
of the dynamic speaker as a retardation coil 
for the purpose of impeding the flow of Tun 
balance currents from the plate circuit to 
the input circuit. This feature should re 
sult in desirable savings in manufacturing 
costs. 

In the three embodiments of the inven 
tion disclosed it is to be borne in mind that 
the impedance ratio of the central office out 
put transformer is such that the impedance 
of the source of signal current 4 is reflected 
through to the line at a value eqtral to the 
characteristic impedance of the line. It is a 
well known principle in transmission of 
alternating currents that under these condi 
tions a minimum yoltage level is required 
at the central station for the transmission 
of a maximum voltage level to the remote 
station. For this reason in the three en 
bodiments of the invention disclosed the sig 
nal currents will be transmitted from the 
central station to the remote station at a 
voltage level sufficiently low to obviate the 
possibility of causing any “cross talk” in 
neighboring conductors in the same com 
munication cable, it being remembered that 
our system is especially adapted for use in 
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program service supplied by telephone com 
panies wherein conductors in conventional 
communication cables may be utilized for 
the transmission of sound or image-carrying 
currents as well as for the transmission of 
operating electro-motive forces for the re 
motely located amplifiers. 
In the appended claims the term "alter 

nating currents' is meant to include all cur 
rents described in the foregoing specifica 
tion as sound-carrying, image-carrying or 
signal currents. The term "space current 
path' is meant to indicate the path of con 
ductivity existing in a conventional vacuum 
tube between the plate and filament due to 
the flow of electrons between said two ele 
Inents. 
What is claimed is: 
1. In transmission systems for alternating 

current, a central station having available 
a source of direct current and a source of 
alternating current, a distantly located sta 
tion, a thermionic amplifier at said distant 
station having grid, plate, and cathode ele 
ments and including input elements, a pair 
of metallic conductors extending between 
said central station and said distant station, 
a circuit for said alternating current includ 
ing said conductors and including said input 
elements, a circuit for said direct current 
also including said conductors and includ 
ing the space current path of said amplifier, 
a resistance element at said distant station 
inserted in said direct current circuit for 
maintaining said grid element at operative 
bias potential with respect to said cathode 
element, a relay at said distant station hav 
ing an actuating coil and a pair of contacts 
which are closed when said coil is energized, 
and a local source of electrical energy at 
said distant station for heating said cathode 
element, the coil of said relay being connect 
ed to said direct current circuit and the con 
tacts of said relay being inserted in a circuit 
connecting said local source to said cathode 
element. 

2. In transmission systems for alternating 
current, a central station having available a 
source of direct current and a source of al 
ternating current, a distantly located sta 
tion, a thermionic annplifier at said distant 
station having grid, filament, and plate ele 
ments and including input elements, a pair 
of metallic conductors extending between 
said central station and said distant sta 
tion, a circuit for said alternating current 
including said conductors and including said 
input elements, a circuit for said direct cur 
rent also including said conductors and in 
cluding the space current path of said ampli 
fier, a coil at said central station coupled to 
said source of alternating currents, said coil 
being divided at its midpoint to form two 
equal sections thereof, said source of direct 

, current being connected in series with and 

between said sections, a condenser connected 
in multiple with said source of direct cur 
rent, the remaining terminal of said coil 
being connected to the respective conductors 
of said pair. . 

3. In transmission systems for alter 
nating current, a central station having 
available a source of direct current and a 
source of alternating current, a distantly 
located station, a thermionic amplifier at 
said distant station having grid, filament, 
and plate elements and including input ele 
ments, a pair of metallic conductors extend 
ing between said central station and said 
distant station, coupling means at said cen 
tral station connecting said source of alter 
nating current and said source of direct cur 
rent to said conductors, a coil at said distant 
station having two sections, a condenser con 
nected in series with and between said sec 
tions and the remaining ends of said sec 
tions being connected to the respective con 
ductors ; said pair, said input elements 
being connected to said conductors, a 
condenser inserted in series with said in 
put elements, the space current circuit of 
said amplifier being connected in parallel 
with said first mentioned condenser, a 
Source of electrical energy local to said dis 
tant station for heating said filament ele 
ment, a relay having an actuating coil and 
having electrical contacts connected in se 
ries with said local source, the coil of said relay being connected in parallel with said 
first mentioned condenser. 

4. The structure defined in claim 3 and a 
switch at said central station connected in 
series with said source of direct current 
whereby the supply of direct current to the 
space current circuit of said amplifier and 
to said relay coil may be simultaneously con 
trolled. 

5. In transmission systems for alternat 
ing current, a central station having avail 
able a source of direct current and a source 
of alternating current, a distantly located 
station, a thermionic amplifier at said dis 
tant station having grid, filament, and plate 
elements and including input elements, a 
pair of metallic conductors extending be 
tween said central station and said distant 
station, a coil at said central station cou 
pled to said source of alternating circuits, 
said coil being divided into two equal sec 
tions, said source of direct current being 
connected in series with and between said 
Sections, a condenser connected in parallel 
with said source of direct current, the re 
maining terminals of said coil being con 
nected to the respective conductors of said 
pair, a coil at said distant station having 
two sections, a condenser connected in se 
ries with and between said sections and the 
remaining ends of said sections being con 
nected to the respective conductors of said 
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pair, said input elements being connected to 
said conductors, a condenser inserted in se 
ries with said input elements, the space cur 
rent circuit of said amplifier being connect 
ed in parallel with said second mentioned 
condenser, a souree of electrical energy lo 
cal to said distant station for heating said 
filament element, a relay having an actuat 
ing coil and having electrical contacts con 
nected in series with said local source, the 
coil of said relay being connected in paral 
lel with said first mentioned condenser. 
In testimony whereof we affix our signa 

tures. 
DONALD. B. HARRIS. 
O. W. KNAUSS. 


