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UNITED STATES PATENT OFFICE, 
FRANK A. PICKERNELL, OF NEWARK, NEW JERSEY, ASSIGNOR TO THE 
AMERICAN TELEPHONE AND TELEGRAPH COMPANY, OF NEW YORK. 

SYSTE W O F C O M B N E D TE LE P H O N Y AND TELEG RAPHY. 

SPECIFICATION forming part of Letters Patent No. 492,471, dated February 28, 1893. 
Application filed April 29, 1892, Serial No. 431,217. (No model.) 

To all whon, it may concern: 
Be it known that I, FRANK. A. PICKERNELL, 

residing at Newark, in the county of Essex 
and State of New Jersey, have invented cer 
tain Improvements in Composite Telephonic 
and Telegraphic Transmission, of which the 
following is a specification. 
My invention relates to systems of com 

bined telephony and telegraphy, wherein the 
simultaneous transmission of telephonic and 
telegraphic signals or communications over 
the same conductors is effectuated. 
When a metallic or double wire telephone 

circuit is constructed between any two sta 
tions, it is possible by arranging certain ap 
pliances and conductors in association there 
with, to adapt the same for the simultaneous 
transmission also of telegraphic messages, 
each of the two conductors of the double wire 
telephonic circuit being adapted to consti 
tute the main portion of an independent earth 
completed circuit, so that while one telephonic 
message is being transmitted over the two con 
ductors arranged to form the two sides of the 
same circuit two telegraphic messages may be 
sent one over each of the said two conductors 
arranged to severally form parts of different 
earth completed circuits. Such an organiza 
tion involves the application of condensers to 
the telephonic circuit so formed, and the ap 
plication of the two telegraphic circuits, of 
electromagnetic resistancesandauxiliary con 
densers and is not new. For comparatively 
short lines-for example-lines of not over 
three hundred miles long-the efficiency of 
this arrangement of the telegraphic circuits 
is practically constant under weather varia 
tions, but I have found that when operated 
over lines which are of materially greater 
length, it is not absolutely trustWorthy, and 
is not under all conditions of weather satis 
factory, although the double wire telephonic 
circuit at the same time may be working with 
a substantially uniform efficiency. 
The object of my invention is to render the 

two telegraphic circuits of which the two con 
ductors of the telephonic circuit severally 
form parts, practically independent of weather 
variation, over a much longer distance than 
is now practicable; to cause their operation to 
be uniformly efficient, and to accomplish these 

results without detriment to the practical con 
tinuity and successful operation of the tele 
phonic circuit. 
The drawing which accompanies and forms 

a part of this specification is a diagram of a 
combined system of telephony and telegraphy 
in which my invention is embodied. 
The invention consists in dividing at an in 

termediate station one or both of the two con 
ductors of a double wire telephonic circuit, 
each of which may individually consititute 
the line conductor of a telegraphic circuit, 
and interposing in such conductor or conduct 
ors at the point of division, a practical and 
preferably automatic telegraphic repeater. 

It consists also in placing a telegraphic re 
peater in one or both conductors of the double 
line telephonic circuit at a suitably located 
intermediate station, and in looping, bridg 
ing, or shunting the same by a branch circuit 
round it including a condenser, so that while 
the efficiency of each telegraphic circuit is in 
creased by dividing it at mid-length into two 
shorter circuits, the receiving instrument of 
each, at the said intermediate station being 
enabled to operate the key of the other, or in 
Some equivalent way to repeat into the other; 
the continuity of the telephonic circuit is at 
all times maintained by the presence and ar 
rangement of the condensers, through which 
the telephonic or voice currents readily propa 
gate themselves. 

It consists also in associating with such a 
combined system a Milliken repeater con 
nected in one or both circuit conductors of 
the double wire telephonic circuit, and in loop 
ing a condenser round the same. 

In the diagram the terminal stations are 
characterized respectively by the letters X 
and Z and the intermediate station by the 
letter Y. The two terminal stations are 
united by conductors which form a through 
double line telephonic circuit, L. L. L. L. and 
the said circuit passes through the interme 
diate station Y. Each of these two conduct 
ors may in the manner disclosed by Letters 
Patent of the United States granted to F. Van 
Rysselberghe July 28, 1885, No. 323,239, to 
which reference is made, be provided with 
telegraphic extensions or earth branches an 
with which the usual telegraphic apparatus 
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the above change in the order of operation. 
The apparatus however which I prefer, and 
which I have found well adapted to the pecu 
liar conditions of the case is that commer 
cially known as the “Milliken' or sometimes 
the “Milliken-Hicks’ repeater, and which is 
described on pages 50 and 51 of the above 
named textbook. 
In the drawing, the operator Z on line sec 

tion L* is supposed to be sending to X, and 
has just elevated his key, and the circuit is 
momentarily broken; while the operator Xat 
station X is sending, to Z and has his key 
depressed, the circuit L being thereby closed. 
On both sides the lines entering the interme 
diate station from both terminal stations pass 
first to their several relays D, D, D; and D, 
and thence to the opposite sounders on the 
same side, respectively, and through the re 
peating points 20 and 21 carried by such 
sounders, and which serve as the circuit con 
trolling keys to be operated by the other 
line on the same side, to the intermediate 
station battery, and to earth. The extra re 
peater magnets N, Nº, Nº and Nº are placed 
above and in front of the relay magnets, so 
that when their armatures are released their 
levers are drawn back by their retracting 
springs S, and come firmly in contact with 
the relay armature levers, as shown at D 
in the diagram. The circuits of the said ex 
tra repeater magnets two on each side, are 
shown in broken lines, the magnet N being 
in circuit with local battery at and the forward 
circuit closing points 23 and 24 of sounder B°, 
N° being similarly associated with battery ct 
and sounder B, N with battery a' and sounder 
Bº, and Nºwith battery alº and sounder Bº. 
The function of these extra repeater magnets 
N is to keep their armatures fully attracted 
when the line to which the relay with which 
they are associated is sending, in order that 
the armature of said relay may have perfect 
freedom to move in accordance with the key 
at the transmitting station, and may there 
fore operate its own sounder and through 
that, the circuit controlling automatic key of 
the continuation line; but to permit their said 
armatures to be promptly retracted by the 
springss, when the transmitting key is opened, 
the relay to which they belong being con 
nected with the receiving line as at D, in or 
der that the armature of said relay D shall 
not be retracted by its springs, and thereby 
caused to operate its sounder B, which if per 
mitted would produce a false break between 
the points 20 and 21 of the transmitting line 
L° controlled by the said sounder. Although 
the operation of this as well as other repeat 
ers is well understood, it may here be briefly 
described. Station Z beginning to send, opens 
its key lc and its circuit L. The circuit thus 
being broken, relay D' releases its armature 
and breaking the local circuit of battery a 
at nu, allows the lever of the sounder Bºto fall 
back. This movement in turn breaks at 23 
and 24 the circuit of the extra repeating mag 

net N, and the receiving main circuit L at 
20, 21, repeating by the latter operation the 
signal into the said main circuit L. But the 
insulated contact piece 21 is a spring, and its 
contact with 20 tends thereby to maintain 
itself an instant longer than does that of the 
extra local circuit between 23 and 24. The 
said extra local circuit through the magnetN 
being broken, the armature v thereof is re 
leased and drawn backward by its springs 
against the end or top of the relay lever 21, 
holding the latter in its forward position, al 
though the relay magnet D be at this mo 
ment demagnetized. Being so retained, the 
sounder circuit of local battery a is kept 
closed, and cannot break at its points 20 and 
21 the circuit of the sending line L* nor 
can it break at its points 23 and 24, the cir 
cuit of the extra repeating magnet of said 
sending line. The spring S requires to have 
a stronger tension both absolute, and rela 
tively to its magnet than the springs. It is 
evident that when Z is sending, the armature 
of relay D cannot operate being held quies 
cent by lever v whenever sounder B° opens 
line L and being held by the magnetism of 
its own relay when the said sounder again 
closes line L. The action when Xsends, is ex 
actly similar, and the operation of the repeat 
ers on both sides of the double conductor sys 
tem is alike. 
Although I have shown line batteries a for 

each line, both at the terminal and interme 
diatestations, it is obvious that I am not in this 
respect restricted, this being a matter largely 
dependent upon the length of the lines; when 
such however is the arrangement adopted, 
care must be taken that the pole presented to 
line at the intermediate station is opposed to 
that presented to line at the terminal station. 
And although I have represented each of the 
two conductors of the double wire telephonic 
system as being arranged for use telegraphi 
cally, and provided centrally with a tele 
graphic repeater, yet I may without depart 
ing from the spirit of my invention, use but 
one side in such manner. 
In order that the double conductor tele 

phone circuit may work with perfect efficiency 
and not be adversely affected by the contin 
ual opening and closing of the circuit con 
ductors which they involve, I provide for each 
of the said two lines which are fitted at the 
intermediate station, with repeaters as de 
scribed, a condenser C of suitable capacity, 
and shunt the repeaters thereby, the condenser 
circuit shunting the repeater P, leaving line 
L at the point a and joining line L* at the 
point ac*, while that shunting the repeater Pº 
unites point ac on the line L' with point acion 
line L'. I have found in practice that these 
condensers for efficient work may have a ca 
pacity of about three microfarads. 
The electromagnets D of the relays of each 

of the four lines at the repeating station must 
be made with a high inductance so that their 
apparent resistance to telephone currents will 

7? 

75 

95 

OO 

I (5 

IIo 

II 5 

I 2 ? 

I 25 

  



IO 

35 

4 

also be high; and so made, the voice currents 
will not suffer any perceptible loss, by reason 
of the two sections of each side conductor of 
the telephonic circuit being grounded at the 
intermediate station. The addition of the 
condensers, and the said exalted inductance 
permits the passage of the telephone currents 
without any disadvantages attributable to the 
repeater connections. 

Having now fully described my invention, 
I claim 

1. The combination substantially as here 
in before described, with the two conductors of 
a double wire telephone circuit extending be 
tween two terminal stations through an in 
termediate station, the said conductors being 
divided at the said intern ediate station into 
two sections constituting independent earth 
completed telegraphic circuits, of a telegraphic 
repeater located at said intermediate station 
between and connected with the two sections 
of the divided conductor, whereby each is en 
abled to operate the other, and means for main 
taining the continuity of the telephonic cir 
cuit through said intermediate station. 

2. A metallic or double conductor telephone 
circuit having each of its component conduct 
ors centrally divided, and organized to sever 
ally constitute the line conductors of inde 
endent earth completed telegraphic circuits, 

combined with a repeater for each such inde 
pendent telegraphic circuit located at the 
point of division, and connected with the two 
divided sections whereby each may repeat its 
signals into and over the other, and with 
means for maintaining the continuity of the 
telephone circuit around said repeater. 

3. The combination with a metallic or 
double conductor telephone circuit extended 
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between two terminal stations through an in 
termediate station, the said conductors being 
respectively divided at the said intermediate 
station into two sections constituting inde 
pendent earth completed telegraphic circuits, 
of a telegraphic repeater located at the point 
of division between and connected with the 
said two sections of the divided conductor, 
and a condenser looped or bridged round the 
said repeater and shunting the same for voice 
currents, substantially as described. 

4. In combination with a system of simul 
taneous telephonic and telegraphic transmis 
sion over the same conductors comprising 
two line conductors extending between termi 
nal stations through an intermediate station, 
the said two lines being connected at their 
ends to form a double line telephonic circuit, 
and severally constituting centrally divided 
line conductors of independent earth com 
pleted telegraphic circuits; a Milliken repeater 
interposed at the said intermediate station 
between the two divisions of each of the said 
telegraphic line conductors, and having in 
the circuit of each division a receiving elec 
tromagnet of high inductance; and a con 
denser looping or shunting the said repeater, 
and having its plates electrically connected 
with the conductors of the two divisions of 
each line respectively; substantially as de 
Scribed. 
In testimony whereof I have signed my 

name to this specification, in the presence of 
two subscribing witnesses, this 21st day of 
April, 1892. - 

EFRANK A. PICKERNELL. 
Witnesses: 

STEPHEN D. FIELD, 
CHARLES HR. BANGS. 
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