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To all whom, it may concern. 
Beit known that I, CHESTER H. ARNOLD, 

residing at Boston, in the county of Suffolk 
and State of Massachusetts, have invented 
certain Improvements in Telephonic Relay 
or Repeating Systems, of which the following 
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is a specification. 
This invention relates to telephone relay or 

repeating systems, and its object is to facili 
tate the balancing of the system, to make the 
desired operation of reinforcing the current 
in the receiving-circuit more certain, and 
more surely to provide for the nullity of the 
receiving or repeating magnet to the reinforc 
ing-currents generated in consequence of its 
OWn action, while remaining perfectly respon 
sive to the action of the distant transmitters. 
The essence of the invention consists in as 

Sociating the relay or repeating apparatus 
proper, including its local repeating-circuit, 
With a short but conductively-complete aux 
iliary Section of the main line, and in com 
bining the said section and its associated re 
peater mechanism and arrangement with the 
tWO main telephone-circuits which are desired 
to repeat into each other, in such a way that 
it is inductively connected with both by 
means of repeating induction-coils, and thus 
constitutes a link connection between the said 
two main circuits, uniting them into a single 
compound circuit for through communica 
tion. At the same time the balance is much 
facilitated by reason of the shortness of the 
complete middle line-section thus interposed 
at the central, intermediate, or repeating sta 
tion between the ends of the two circuits con 
cerned. 
In the drawings, Figures 1 to 4 are all dia 

grams representing different arrangements 
of telephone-circuits embodying the inven 
tion. 

In Fig. 1, which indicates the simplest ex 
emplification of the invention, A and B are 
Sub-stations at the outer ends of the telephone 
circuits L and L, and C is a central inter 
mediate or repeating station entered by the 
other end of both circuits, and where they 
may be joined up electrically to constitute a 
compound or conjoint circuit for through 

5o communication. The said circuits may with 

circuits connected for intercommunication, or 
as a single circuit of extra length, and in 
either case they are associated with a repeater 
placed at the central station C, by means of 
which the currents developed by the trans 
mitter of either end station in the act of trans 
mission are reinforced with similar currents 
derived from a fresh and centrally-placed 
Source, these being caused by the action of 
said repeater to copy the form of the original 
voice-currents and then passed along to the 
distant receiving-station. w 
At the terminal stations A and B is the or 

dinary sub-station apparatus, consisting of a 
receiving-telephone T, a variable-resistance 
transmitter m in the local circuit E of a cur 
rent-generator g, and the transmitter induc 
tion-coil. I, whose primary winding is in the 
said local circuit and whose secondary wind 
ing is in the main circuit. 

circuit H, forming the link for through com 
munication interposed between the main cir 
cuits or sections of circuits LL, and thus con 
stituting a central section of the compound 
telephone-circuit formed by the union effected 
through its interposition of the said two main 
circuits. 

Extended between the two conductors 3 and 
6 (which are virtually continuations of the 
conductors 2 and 5 of circuit L on one side 
and of the conductors 4 and 7 on the other) 
is the bridge-conductor d, containing the re 
ceiving or repeating electromagnet R of 
usual construction. 
phragma of this magnet carries or is other 
wise in operative relation to the variable-re 
sistance medium of a repeating transmitter 
M, and controls the same, the said medium 
being placed in a local repeating-circuit F, in 
cluding also a reinforcing-generator or source 
of current g. 
An induction-coil I is interposed between 

the local circuit F and the central-station sec 
tion Hofthe mainline, and by its instrumental 
ity the variations of current occurring in the 
said local circuit are impressed in reinforced 
magnitude upon the said main-line section. 
The long and fine wire secondary windings of 
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equal propriety be regarded as two distinct m 
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At the central station C is a short closed 
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the induction-coil I is placed in the circuit 
of the main-line section H and is split or di 
vided by the bridge connection at ac, so that 
one-half of the said winding is on each side 
of the said bridge connection. The single or 
undivided coarse and short wire primary 
winding p° is in the local repeating-circuit F. 

It only remains to describe the means of 
effecting the connection between the conduc 
tively-closed repeating-station section H of 
the main circuit with the principal or in 
terstation - sections L and L thereof. To 
this end I interpose repeating induction-coils 
J and J° between the two ends of the said 
station-section H and the central-station ends 
of the said principal sections L and L', re 
spectively, one winding l of both coils be 
ing in the section Hand the remaining wind 
ing l of one of the repeating-coils J being in 
the section L, while the winding of the 
other repeating-coil.J is connected in the sec 
tion L°. The repeating-coils J and J may be 
constructed on any preferred plan, provided 
only that the two windings have similar pro 
portions as to length and size of wire, and 
provided that the said windings are so rela 
tively disposed that their mutual induction is 
at a maximum, so that the currents induced 
by either in the other is of like potential. 
This is necessary because transmission is re 
ciprocal and because, therefore, that winding 
which at one moment is in a circuit which is 
receiving may at any other moment be in a 
transmitting-circuit, as the direction of con 
Versation changes. 
By the introduction of a short conductively 

complete repeating-station section of main 
line connected with the two principal sec 
tions by repeating-coils it becomes possible 
to equalize the two sides of the electrical 
balance with great facility and substantial ac 
curacy, first, because they can be made ex 
actly of the same length, and, second, because 
they are both short. 

Fig. 2 discloses the same essential elements 
as are found in Fig. 1, viz: the line-sections 
L. L. and the office-section H of the com 
pound main circuit, the repeating-coils J and 
J', the local repeating-circuit F, the repeat 
ing-magnet R, controlling the resistance of 
the said local circuit by its action on the va 
riable-resistance medium M, the reinforcing 
battery g in the local circuit, and the induc 
tion-coil I associated with the repeater. The 
differentiating feature is the transposition 
and rearrangement of the repeating-magnet 
and induction-coil. m 

In Fig. 2 the receiving-magnet is placed in 
one of the conductors 3 of the office main 
line section H, one-half of its winding or one 
of its spool-helices being placed on either 
side of the point ac of the bridge connection, 
while the secondary windings of the induc 
tion-coil remains undivided and is connected 
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of station main-circuit section H. There is 
no material change in the mode of operation. 
In Fig. 3 the separate repeating induction 

coil I is dispensed with, and the local re 
peating - circuit contains two coarse - wire 
windings, one associated with the two wind 
ings of each of the two main-line repeating 
coils J and J, so that the said coarse-wire 
winding p° serves as a primary for the coil J, 
while the winding p' serves as a primary 
helix for the coil J. In this way the repeat 
ing-coils J and J are enabled to replace the 
repeating induction-coil I, so that when the 
transmission is from L to L, J* acts as the 
said repeating induction-coil I, while when 
the direction of transmission is reversed the 
coil J acts as the repeating induction-coil. 
In Fig. 4 the special bridge is dispensed 

with, the repeating-magnet R being placed in 
one of the conductors 3 or 6 of the repeating 
station main-line section, and the division of 
the local repeating-circuit primary winding 
into the two sections p and p, and their as 
sociation with the two repeating-coils J and 
J, is relied upon for the establishment of the 
requisite balance. This arrangement may in 
some cases be convenient, but I regard it as 
being in some respects inferior to those al 
ready described, of which it forms a modifi 
cation. 

Having now described my invention, I 
claim 

1. In a telephone repeating or relay system, 
the combination of two main telephone cir 
cuits or sections of circuits; an associated 
auxiliary circuit inductively connected with 
and between the said main circuits or Sec 
tions to constitute with them a compound 
through circuit; a receiving electro-magnet 
in the said associated auxiliary circuit; a 
local repeating circuit including a variable 
resistance medium controlled by the said re 
peating magnet; and an induction coil with 
its primary and secondary windings included 
in the local circuit and the through circuit 
respectively, whereby the variations of cur 
rent set up in the local repeating circuit, by 
the action of the receiving magnet, are en 
abled to induce similar and reinforced vary 
ing currents in the said compound through 
circuit; substantially as described. 

2. In an automatic telephone repeating ap 
paratus, the combination of a compound 
through telephone circuit comprising two 
main line sections extending from outlying 
stations to a repeating station, and a short 
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central section located at said repeating sta 
tion; repeating induction coils uniting the 
said central section to the main line sections 
respectively; a bridge uniting the conduc 
tors of the said central section, and a receiv 
ing magnet included therein; a local repeat 
ing circuit containing a repeating transmit 
terresponsive to the said receiving magnet, 

65 as a. bridge between the conductors 3 and 6 and a battery; and a repeating induction 
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coil having a primary winding in said local two subscribing witnesses, this 7th day of 
circuit, and a secondary winding included in March, 1895. 
the central main line section on the two sides - - 
of the bridge respectively substantially as de- CHESTER, H, ARNOLD. 

5 scribed. Witnesses: 
In testimony whereof I have signed my GEO. WILLIS PIERCE, 

name to this specification, in the presence of WILTONL, RICHARDS. 
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