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To all whom it may concern:

" Beit known that I, FRANK R. McBERTY, a
citizen of the United States, residing at Dow-
ner’s Grove,in the county of Du Page and State
of Illinois, have invented a certain new and
useful Improvement in Telephone-Exchange
Apparatus, (CaseNo. 37,) of which the follow-
ing is a full, clear, concise, and exact deserip-
tion, reference being had to the accompany-
ing drawing, forming a part of this specifica-
tion. : :

My invention concernsthe operation of tele-
phone-lines grouped in telephone-exchanges
and provided with earth - returns or with
ground branches.

- The invention consists in the application to
such line-circuits of polarization or counter-
electromotive - forée cells in the circuits in
such a way as to prevent the ecreation in them
of currents arising from differences of poten-
tial at the different ground connections. It
involves also certain groupings of the lines,
whereby the greatest freedom from extrane-
ous currents may be attained with the least
apparatus.- o

The device which has been termed the “‘ po-
larization” or *‘ counter-electromotive-force”

* cell is well known to those skilled in elec-
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tricalscience, Itmay beanunformed Planté
storage-cell or any other pair of plates im-
mersed in an electrolyte and adapted to be-
conie quickly polarized to oppose the passage
through them of current in either direction.

The troublesome differences of potential

-between different points of the earth, which
. produce currents in grounded line-circuits

connecting the different points, such as my
invention is designed to avoid, are also fa-
miliar to those acquainted with the art of tel-
ephony. These differences of potential are
commonly found in the vicinity of electrical
railways or other systems of electrical appli-
ances conveying heavy currents through the

~earth. When the differences of potential

arise from the currents used in the operation

of railways, they vary in direction and in

amount from time to time. - In grounded lines
extending from substations to a central sta-

. tion and including at the central station an-
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nunciators responsive to signaling-currents

from the substations currents.in the line arise

from such differences of potential between -

the grounds at the substations and that at the

central station. The currents frequently op-

erate the line-annunciators or other signaling
appliances connected with the lines. In the
case of metallic circuit-lines—such as trunk-
lines—provided with ground branches for the
burpose of transmitting signals currents from
the same sources surge through the trunk-
lines, sometimes operating all the signaling
devices connected with them. Great confu-
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sion and hindrance to the operators are thus

occasioned.

My invention consists in interposing in the
ground branches of the lines liable to such
currents a number of polarization-cells suf-
ficient to counteract any difference of poten-
tial acting upon the line and thus to prevent
the creation in the circuit of any appreciable
current from the electromotive force in the
earth. In special cases these cells may be
included in the ground branches of each line;

. In other cases it may be found sufficient to
‘interpose a series of cells in a common ground

branch from a group of lines whose termi-
nals are subjected to sabstantially equal dif-
ferences of potential. : .

Several modifications of my invention are
illustrated in the accompanying drawing.

In the drawing anumber of substations A,
B, G, and D are represented connected by
ground-circuit telephone-lines with appara-
tus at one central office E.- Another group
of lines from stations F, G, and H terminate
in a switchboard at another central office I.
Means for.communication between the offices
is provided in the trunk-line 1.

The substations are assumed to be equipped

“with the ordinary generators of signaling-cur-

rent, polarized signal-bells, and telephones.
The apparatus at the central station is also
of usual character—a terminal spring-jack %
and an annunciator/, responsive to signaling-
current from the substation-generators, be-
ing- provided in the switchboard for each
line. At each switchboard is located a pair
of plugs m and m' for uniting spring-jacks of
different lines, together with a clearing-out
annunciator n for each pair of plugs. It is
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understood that each operator in the central
office isequipped with a number of such pairs
of plugs.

The trunk-line1is furnished with the usual
automatic signaling appliances, comprising
a signal-indicator o at one terminal station
of the line, associated with the spring-jack p,
which constitutes the terminal connection of
the line, and a battery or other source of cur-
rent ¢ at the other station, and switch-con-
tacts in the spring-jack 7, which constitutes
the other terminal of the trunk-line for clos-
ing the circuit of the battery through the
trunk-line under certain circumstances. The
trunk-line here shown is intended to be used
from station E as a ¢‘call-initiating” station
to station I as a ‘‘receiving-station.” The
system of signals is intended to become oper-
ative after connection has been made at sta-
tion E and completed at station I and is de-
signed to inform the operator at the latter
station, through the instrumentality of signal
0, when the econnecting-plug m’ is withdrawn
from spring-jack r.

Since all of thelines, inclusive of the trunk-
line, are grounded circuits the system with-
out the application of the present invention
would beliable to the usual interference from
extraneous currents arising from differences
of potential at the different ground connec-
tions. Thus it may be assumed that the
ground at station A is liable to become heav-
ily electrified to a potential above or below
the ground connection at the central office E.
The grounds at stations B, C, and D being
near together may be at positions of equally
high or low potentials different from that of
the central ground eonnection. Insuch cases
currents would tend to flow through the dif-
ferent lines to the ground at the central office
and to operate the line-annunciators there.
Similarly differences of potential might arise
between the ground connections of the trunk-
line at stations K and I, which would cause
the operation of the automatic signal o dur-
ing the insertion of plug m'in the spring-
jack and without relation to battery ¢, or in

-the event of a through connection between

different lines centering in the different of-
fices differences of potential between the
earth connections at the united substations
might cause the operation of the automatic
trunk-line signals and thus effect premature
disconnection of the lines.

In conformity with the presentinvention I
interpose in each ground branch, where itis
necessary, a polarization-cell or group of such
cells sufficient in number to oppose the pas-
sage of any current through the line from a
difference of potential between the ground
connections of the line. Each polarization-
cell will oppose a maximum counter electro-
motive force tocurrent through it of approxi-
mately two volts. The differences of poten-
tial observed in telephone-lines in cities do
not usually rise above twelve volts. Ilence
I consider six such polarization-cells to be a

sufficient number for practical use. In in-
terposing these cells in the lines I find if suf-
ficient in most cases to place the polariza-
tion-cells only in the ground branches at the
central office. In the case of lineslikethose
to stations B, C, and D, whose ground-ter-
minals are subject to substantially equal
electromotive forces, I find it sufficient to
unite the ground connections at the central
office and to interpose in the common wire
therea group of polarization-cells. Any tend-
ency to force current from ground at these
stations to that at the central office is then
opposed by the group of polarization-cells s
without reference to the direction or, within
the maximum counter electromotive force of
the polarization-cells, to the voltage of the
earth-potential. Since the ground connec-
tions. at the stations are subject to the same
influences, there is no tendency of current
to flow in through one line and out through
another line or group of lines. In the case
of stations like A, however, which are sub-
jeet to peculiar electrical conditions different
from the generality of stations, I prefer to
include a group of cells {in the substation
ground connection also. Suchecells of course
prevent the flow of current over the line from
the common ground-wire at the central of-
fice. StationsI¥, G,and H have been treated
in this way.

Ground connections from the clearing-out
annunciators n and other appliances con-
nected with the plug-circuit should of course
also include polarization-cells. This connec-
tion from the plug-circuit atistation E is made
through the common group of polarization-
cells s at that station. A similar branch
from the plug-circuitatstation Iigshown with
an individual group of polarization-cells w.

The interoffice trunk-line 1 is protected
from extraneous currents by a group vinthe
ground branch 2, which includes the signal
o. In this case the battery g, which is de-
signed to operate the signal, must be made of
sufficiently high electromotive force to over-
come the opposition of the cells v and eause
a current to traverse the signal o.

The polarization-cells as ordinarily con-
structed are of exceedingly low internal re-
sistance, and it is found that they transmit
alternating or rapidly-undulating currents
without any perceptible diminution. IHence
the alternating currents commonly used in
signaling between stations and the alternat-
ing or undulating telephonic currents find
circuit through them without any sensible
impairment.

Obviously a system cquipped throughout
with sueh groups of polarization-cells will be
free from the troubles incident to varying
earth-potentials,

I claim, broadly, as new and desire to se-
cure by Letters Patent—

1. The combination with a telephone-line
grounded at two points subject to differences
of potential and provided with a generator of
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‘alternating current at one substation and an

annunciator at the other station, of a group

‘of polarization-cells in one of the ground

branches, substantially as described.

2. The combination with a system of tele-
phone-lines grounded at points subject to
differences of potential and provided with
sources of signaling-current and with instru-

ments responsive to such current, of polariza- |-
- 10 tion-cells in suitable ground conmections to

oppose the passage through the lines of cur-
rent arising from such differences of poten-
tial, substantially as described.

Inwitness whereof I hereuntosubscribe my
name this 26th day of March, A. D, 1896.

FRANK R. McBERTY.

Witnesses:
ELLA EDLER,
LoLA J. BRINKERHOYR.



