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Patented June 12, 1928. 1,672,977 
UNITED STATES PATENT OFFICE. 

FRANK E. FIELD, OF SOMERVILLE, NEw JERSEY, AssIGNOR. To wesTERN ELECTRIc 
COMPANY, INCORPORATED, OF NEW YORK, N. Y., A coRPoRATION or NEw York. 

REPEATING CoIL. 
Application filed July 26, 1922. serial No. 577,522. 

This invention relates to balanced trans 
lating circuits and pertains, especially to 
means for preventing unbalance and distor 
tion in a speech transmission circuit in which 
transformers are employed for connecting a 
pair of vacuum tube repeaters in the so 
called push-pull relation to the circuit. 
The transformers ordinarily used in such 

circuits are composed of multi-layer coaxial 
coils which are so arranged that the capac 
ities between the coils and the core, or be 
tween the cores and the casing are practi 
cally negligible whereas the capacities 
between the adjacent layers of the super 
posed coils have considerably larger values 
which cannot be neglected. 

It is an object of this invention to ma 
terially reduce, in transformers of the above 
and similar types, the effect of the capacities 
between the primary and secondary wind 
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Another object of the invention is to sub 
stantially eliminate the effect of the capac 
ities between the primarv and secondary 
windings of the input transformer. 
These objects are attained in general by 

connecting the grids of the associated vac 
uum tubes to the layers of the secondary 
sections of the input transformer which are 
non-adjacent to the primary sections of the 
transformer and by connecting the cathodes 
of the tubes to the layers of the secondary 
sections which are adjacent the primary. 
The anodes of the tubes are connected to the 
non-adjacent layers of the primary sections 
of the output transformer and the cathodes 
to the adjacent lavers of the primary 
through a battery. The outer layers of the 
primary of the input transformer are con 
nected so as to be in the electrical center. 
of the primary, and are therefore main 
tained at a substantially constant potential 
with respect to ground when the winding is 
connected to a balanced circuit such as an 
open wire line. The cathodes are grounded. 
The effect of this arrangement thus is 
to short-circuit the interlayer capacities 
through ground. . . 

Referring now to the accompanying draw 
ings, Fig. 1 discloses the winding of the 
transformers and their connections to the re 
peaters, and Fig. 2 is a diagrammatic repre 
sentation thereof. 
The circuit of this invention comprises a 

transformer B, the primary of which is con 

nected to an incoming line A which is bal 
anced with respect to ground and the second 
ary of which is included in the input circuit 
9f a balanced vacuum tube repeater circuit 
C, the output circuit of which includes the 60 
primary of a transformer D, the secondary 
of which is connected to an outgoing line E. 
The input transformer may comprise a 

Substantially rectangular frame 1 around the 
ends 2 and 3 of which are wound multi- 65 
layer primary coils 4 and 5. Surrounding 
the coils 4 and 5 and having their inner lay 
ers adjacent the outer layers of said coils are 
multi-layer secondary coils 6 and 7 which 
cooperate with the coils 4 and 5 to form the 70 
primary and Secondary of the transformer. 
Binding posts 8, 9, 10 and 11 are provided 
for the inner and outer layers of the pri 
mary coils 4 and 5. For the inner and outer 
layers of the secondary coils 6 and 7 are pro-75 
vided the binding posts 12, 13, 14 and 15. 
The binding posts 9 and 10 are connected 
to the incoming line and a conductor 16 con 
nects the binding posts 8 and 11. The con 
ductor 16 by virtue of its symmetrical po- 80 
sition with respect to the incoming line of 
the circuit is maintained at effective ground 
potential because of the capacities to ground 
of the two members of the incoming line. 
The binding posts 13 and 14 of the second- as 
ary coils are connected by a conductor 17 
and the binding posts 12 and 15 are con 
nected, respectively, with the grids 18 and 19 
of the repeater tubes 20 and 21. The cath 
Odes 22 and 23 of the tubes 20 and 21 are in 90 
circuit with the battery 24, which supplies 
heating current to the cathode and are 
grounded at 25. The conductor 17 is con 
nected to the negative pole of the battery 28. 
The output transformer for this circuit 95 

may comprise a substantially rectangular 
frame 31 around the ends 32 and 33 of which 
are wound multi-layer secondary coils 34 and 
35. Surrounding the coils 34 and 35 and 
having their inner layers adjacent the outer 100 
layers of said coils are multi-layer primary 
coils 36 and 37 which cooperate with the 
coils 34 and 35 to form the primary and 
secondary of a step down transformer. 
Binding posts 38, 39, 40 and 41 are pro- 105 
vided for the inner and outer layers of the 
primary coils 36 and 37. For the inner and 
outer layers of the secondary coils 34 and 35 
are provided the binding posts 42, 43,44 and 
45. The binding posts 39, and 40 are con- 10 
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nected by the conductor 46 to the cathodes 
22 and 23 through a low impedance battery 

O 

47 of relatively small voltage. The binding 
posts 38 and 41 are connected, respectively, 
to the anodes 26 and 27 of the tubes 20 and 
21. The binding posts, 43 and 44 are con 
nected to the outgoing line and the binding 
posts 42 and 45 are connected by conductor 
48 which, because of its symmetrical position 
with respect to the outgoing line of the cir 
cuit, is maintained at effective ground po 
tential by virtue of the capacities to ground 
of the two members of the outgoing line. 

ls 
Fig. 2 discloses, diagrammatically, the ef 

fect of this method of connection upon the 
capacities between the adjacent layers of the 
primary and secondary coils of the input 

25 
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and output transformers. Those portions of 
the coils adjacent the binding posts 8, 11, 12 
and 15 represent the outer layers of coils 4, 
5, 6 and 7, espectively, and those portions 
adjacent the binding posts 9, 10. 13 and 14 
represent the inner layers of said coils 4, 5, 
6 and 7 respectively. The capacities F and 
F' are therefore conveniently represented as 
being between the outer ends of coils 4 and 5 
and the inner ends of coils 6 and 7, respec 
tively. Since the terminals 8 and 13, and 11 
and 14 of the capacities F and F are con 
nected to the ground potential member 16 
and to ground 25, respectively, the effect of 
these capacities is nullified to such an extent 
that they have no effect upon the transmis 
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sion of speech Waves. . 
In the output transformer, those portions 

of the coils adjacent the binding posts 38. 
41, 42 and 45 represent the outer layers of 
the coils 34, 35.36 and 37, respectively, and 
those portions adjacent the binding posts 39, 
40, 43 and 44 represent the inner layers of 
said coils 34, 35, 36 and 37, respectively. The 
capacities G and G' are therefore conven 
iently represented as being between the in 
ner end of coil 34 and the outer end of coil 
36, and between the inner end of coil 35 and 
the outer end of coil 37, respectively. Since 
the terminals 42 and 45 are connected to the 
ground potential member 48 and the termi 
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65 

nals 39 and 40 are maintained at a potential 
in excess of ground equal only to the poten 
tial of the battery 47, the impedance of 
which is relatively small, the capacities G. 
and G' are eliminated to such an extent that 
they have no effect upon the transmission 
of speech through the circuit. 
What is claimed is: 
1. In a transmission circuit, a transformer 

having sections, each section comprising a 
multi-layer primary coil and a multi-layer 
secondary coil coaxial there with, said sec 
ondary coil having its inner layers balanced 
with respect to ground and means including 
connections to a line having its two sides 
similarly capacitatively related to ground 
for keeping the adjacent layers of the pri 

prising a multi-layer primary coil and a 
multi-layer secondary coil surrounding said 
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mary coils of each section at a fixed potential 
with respect to ground. . 

2. In a transmission circuit, a transformer 
having a pair of sections, each section com 

primary coil, a connection between the outer 
layers of the primary coils, connections from 
the inner layers of the primary coils to a line 
the two sides of which have like capacities 
to ground whereby said first mentioned con 
nection is at a fixed potential with respect 

70 

5 

to ground, a pair of vacuum tubes, each hav 
ing a cathode and a grid, connections be 
tween the outer layers of the secondary coils 
and the grids of said tubes, and connections 
between the inner layers of the secondary 
coils and the cathodes of said tubes, said last 
named connections being grounded. 

3. In a transmission circuit, a transformer 
comprising coaxial multi-layer primary and 
Secondary windings. means including con 
nections from said windings to a line having 
like capacities between its two sides and 
ground for maintaining the layer of the 
primary adjacent the secondary substantial 
ly at ground potential, a pair of vacuum 

8) 

9) 

tubes each having a cathode, and connections 
between the cathodes of said tubes and the 
layers of the secondary adjacent said pri 
mary, said last mentioned connections being 
grounded. . . . . . . 

4. In a transmission circuit, a transformer 
having sections, each section comprising a 
pair of multi-layer coaxial coils, connections 
respectively between the adjacent layers of 
the coils of one of said sections, and the cor responding adjacent layers of the coils of the 
other section, and means for maintaining 
said connections at fixed potentials with re 
spect to ground, said means including a con 
ductive path between one of said connections 
and ground, and electrical paths from the 
coils joined by the other connection to a line 
having its two sides similarly capacitative 
ly related to ground. 

5. In a transmission circuit, a transform 
er comprising a pair of multi-layer primary 
coils in series, means for keeping the ter 
minals of the outer layers of each of said 
coils at substantially ground potential, said 
means including connections from the inner 
layers of said primary coils to a line having 
like capacities between its two sides and 
ground, a pair of multi-layer secondary coils 
surrounding said primary coils respectively, 
and connections between the terminals of the 
inner layers thereof and ground. 

6. In a signaling circuit, a balanced trans 
mission line, a transformer comprising a 
pair of multi-layer primary coils connected 
in series and a pair of multi-layer secondary 
coils coaxial with and surrounding said pri 
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mary coils, said secondary coils being con 
nected in series, connections from the inner 3) 
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layers of each section of said primary coils 
to said transmission line and connections 
from the inner layer of each section of the 
Secondary to an electrical device, said last 
named connections being grounded. 

7. In a transmission circuit, a transformer 
comprising a pair of sections, each section 

0 
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comprising a primary and secondary coil 
arranged with the outer layer of one adja 
cent the inner layer of the other, a connec 
tion between the layers of said primary coils 
adjacent said secondary coils, means for 
Imaintaining said connection at substantially 
ground potential, said means including con 
nections from the inner layers of said pri 
mary coils to a line having like capacities 
between its two sides and ground, a pair of 
vacuum tubes, each having a cathode and a 
grid, connections between the grids of said 
tubes and the non-adjacent layers of said 
secondary coils, and connections between the 
cathodes of said tubes and the layers of said 

25 
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Secondary coils adjacent said primary coils, 
said last named connection being grounded. 

8. In a transmission circuit, a line having 
terminals substantially balanced with re 
spect to ground, a transformer comprising a 
pair of multi-layer primary coils, said coils 
having the terminals of their inner layers 
connected to the terminals of said line, a 
connection between the terminals of their 
outer layers, said last named connection be 
ing at a fixed potential with respect to 
ground, and a pair of secondary coils super, 
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45 stantially ground potential, a multi-layer sec 
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posed on said primary coils, the inner layers 
of said secondary coils being connected to 
ground through a path of low impedance. 

9. In a transmission circuit, in combina 
tion, an incoming line, a transformer com 
prising a plurality of primary windings sym 
metrically arranged across the incoming 
line, connections between the outer layers of 
said primary windings, means including said 
line for maintaining said connections at sub 
ondary comprising a plurality of windings 
surrounding said primary windings, a plu 
rality of vacuum tubes, each having a cath 
ode and a grid, connections between the out er layers of said secondary windings and the 
grids of said vacuum tubes, and connections 
between the inner layers of said secondary 
windings and the cathodes of said tubes, 
said last named connections being grounded. 

10. In a transmission circuit, a trans 
former having a plurality of sections, each 

3 

section comprising a pair of multi-layer pri 
mary and secondary coils, the terminals of 
the primary non-adjacent said secondary be 
ing connected to an incoming line, and a 
connection beteween the terminals of the 
primary coils adjacent said secondary coils, 
said incoming line having like capacities be 
tween its two sides and ground whereby 
said connection is maintained at Substan 
tially ground potential, a pair of vacuum 
tubes, each having a cathode and a grid, 
connections from the layers of the second 
ary coils non-adjacent said primary coils to 
the grids of said tubes, and connections from 
the layers of the sections of said secondary 
adjacent said primary coils to the cathodes 
of said tubes, said last named connections being grounded. 

11. In a balanced transmission circuit, an 
outgoing line, a transformer comprising a 
pair of multi-layer secondary coils, the ter 
minals of the outer layers of said secondary 
coils being connected together, connections 
between the terminals of the inner layers of 
said secondary coils and said outgoing line, 
a pair of multi-layer primary coils sur 
rounding said secondary coils, a pair of vac 
uum tubes, each having a cathode and an 
anode, connections between the terminals of 
the inner layers of said primary coils and 
the cathodes of said tubes, connections be 
tween the terminals of the outer layers of 
said primary coils and the anodes of said 
tubes and connections between the cathodes 
of said tubes and ground. 

12. In a balanced transmission circuit, a 
pair of vacuum tubes, each having a cathode 
and an anode, an output transformer com 
prising a pair of multi-layer primary sec 
tions and a pair of multi-layer secondary 
sections, connections between the anodes of 
the tubes and the terminals of the layers of 
the primary sections non-adjacent the sec 
ondary sections, connections between the 
cathodes of said tubes and the terminals of 
the layers of the primary adjacent said sec 
ondary coils, a connection between the ter 
minals of the layers of the secondary sec 
tions adjacent said primary sections, an out 
ES line, and connections between the ter 
minals of the layers of said secondary sec 
tions non-adjacent the primary layers and 
said outgoing line. 
In witness whereof, I hereunto subscribe 

my name this 24th day of July, A. D. 1922. 
FRANK E. FIELD. 
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