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Zo all whom it may concern:
BeiltknownthatI, ALEXANDER MUIRHEAD,
a subject of the Queen of Great Britain, resid-
Ing at Norwood, in the county of Surrey, in
the Kingdom of England, have invented cer-

taln new and useful Improvements in Duplex
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Telegraphy, of whlch the following is a Speci-
fication.

My invention relates to duplex telegraphs;
and the object of the same is to effect greater
and better results from the duplex working of
long submarine cables on systemssuch as that
known as the ‘“Muirhead double-block SYyS-

‘tem,”’ as described in Letters Patent of thé.
United States No. 234.490. granted to me on

the 16th day of November, 1880 Or on any
other analogous system of wor‘kmg
In the accompanying drawings, Figure1 is

a diagram showing the m]pmved arrangement

of apparatus for carrying out the invention
described in the above Letters Patent, and is
substantially @ reproduction of Fig. 3 of the
drawings accompanying the same; and Fig. 2
is a diagram showing the amanwement and
modification of thatapparatus for carryi ng out
the present invention. KFig. 3 shows the ap-
plication of the present invention to bothsides
of the differential circuit.:

In Fig. 1 of the drawings, 8’ and S? are the
two sets of condensers, placed, respectively,
between the key K and the cable C and the
key and the artificiai cab'e A L.

As has been stated in the specification forn-
ing a part of said Letters Patent No. 234,490,
it has been found practicable to establish and
maintain a balancewithout using bridge-wires,
hy adjusting the capacity of the condensers S*
S* relatively to each other; but I have since
discovered that on very long cables, such as
those recently laid between Canso, Nova Sco-
tia, and Waterville, Ireland, (the Bennett-
Mackay cables,) 1t 1s 1nsufficient and ex-
tremely difficult to effectand maintain in prac-

tice an exact balance by merely having the

condensers S 5 (sending-condensers) adjusted
for capacity. In order to effect a balance suf-
ficiently exact for the purpose of obtaining the
oreatest possible speed of working, it is nec-

essary not only that the capacity of the con-

denser &% placed between the key K and sub-
marine cable C, should be of the required ratio

| to that of the condenser § between the key K

and the artificial cable A L, but also that their
times of charging a;nd discharging should be

the same. 55

As it is practically impossible to construet
or build up a number of sets of large condens-
ers even out of exactly the same mateiials, SO
that their rates of absorption of charge shall
be the same throughout, 1 resort to the “follow- co
ing device, which is the subject of this Inven-
tion, and which is illustrated in Fig. 2.

The condensers S’ & in Fig. 2 cormspond
with those m :rked $* §* in Fig. 1 of the draw-
ings of Letters Patent No. 234.490. A rheo- 63

-stat, RhA, of low resistance, adjustable to vary-

ing resistances, is interposed between the sig-
naling-key K and the condensers S and &%
The Cc.thB C and the artificial cable A L are
connected with these econdensersin the manner 7o
shown, and a condenser, S*, and receiving-in-

| Strument R areinserted in the circuit between
the real and artificial cables.

B represents the battery, and E the earth.

To one of the two condensers, preferably to 75
the smaller of the two—say S*—1I1 attach an-
other and supplementary condenser. $% which -
is subdivided into small parts, and 1 insert be-
tween one terminal of it and one terminal of
S? a set of resistance coils (marked H R in the 8o
diagram) of high resistance—say of one thou-
sand to one hundred thousand ohms—and I
connect the other terminal of S* by a simple
wire with the couespondmﬂ terminal of &, as
shown. 85 -

In ef ‘ecting the balance the artificial cable
A 1, is first of all made electrically equal to
the cable C. The condensers 8 and S*are then
inserted and their capacitiesadjusted by means |
of the subdivided condenser §°. A fter obtain- go
ing in this way the nearest balance, a slight
increase is made in the capacity of °—say by
one microfarad—and by trials the amount of
resistance required in the resistance-coils H R
is aseertained. This produces afilow of charge g5
in the circuit of §* and S° together equal to
that flowing into the condenser §'.

By way of illustrating and explaining my
improved method of duplex balanecing, I give
the conditions required in balancing one of 100
the above-mentioned “Maok&y—Benuetb” Ca-
bles, which are as follows: On the northerly
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of the two main cables 8’ is equal to one hun-
dred and twenty microfarads, 8? to one hun-
dred and twenty microfarads, S* to fifteen one-
bhundredthsof amicrofarad, and the resistance-
coils H R to one hundred thousand ohms. In
this case the combination of the small capac-
1ty in 8 with the resistance of the coils H R
produces a flow of charge of slower rate, which

superposed upon thatof the condenser S? pro-

duces the same effect as the charging and dis-
charging of the condenser 8.

Under certain conditions it has been found
desirable to provide for an additional adjust-
ment through the condenser &', Fig. 2, in the
actual line, as well as through the condenser
S’ In the artificial line. In such cases the con-
ance-circuit composed of a resistance-coil and
a supplementary condenser precisely similar
to those used in connection with the condenser
5% and shown by H R and S, respectively,
In Fig. 2. The adjustment is then effected
through both condensers, instead of through
one, as before. This arrangement is repre-
sented in Iig 3, in which S and 8* are the
main condensers in the circuit, S* and S° the
adjustable supplementary condensers, and H
I} and H’" R’ the resistance-coils in either re-
sistance-circuitsurrounding the main condens-
ers. By way of illastrating and explaining
the method of duplex balancing shown in Fig.
3, 1 give the conditions required in balancing
the southerly of the two above-mentioned ca-

blesat thestation at Waterville, Ireland. Here

S is equal to seventy-nine miecrofarads, §° to

one microfarad, and H' R’ to thirteen thou-

sand ohms. §*isequal to eighty microfarads,
S equal to one and filty-one one-hundredths
microfarads, and H R to thirty-eight thon-
sand ohms. The effect produced is substan-
tially the same as before, and is in some cases
more favorable.

The present invention is not limited to the
hereinbefore-described system, but is applica-
ble to any other system of working in which

16 18 required to balance one cable against an-

2 ' 327,097

other by means of condensers, either in the
case of double-cored cables or cables under
separate armatures. |

I claim as my invention--

1. The combination, substantially asherein-
before set forth, in an electrical or telegraphic
circuit, of an adjustable condenser in the cir-

cuit, an electrical circuit surrounding said

condenser for modifying the capacity of the
same, an artificial resistance in said modify-
ing-circuit, and a supplementary condenser
alsoinsaid modifying-circuit, for the purposes
set forth.

2. The combination, substantially as herein-

before set forth, in an electrical or telgraphie

circuit, of the receiving-instrument, the ad-

J——

justable rheostat, the separate condensers in

the circuit, one conneeting with the actual
and the other with the artificial or compen-
sating line, the adjustable supplementary con-
denser, and the adjustable resistance-coil in
connection with ore of said condensers with
the key and battery and the condenser in the
bridge or circuit between the actual and the
artificial lines. | -- ‘

3. The combination, substantially as herein-
before set forth, in an electrical or telegraphiec
circuit, of the receiving-ingtrument, the ad-

justable rheostat, the separate condensers in

the ecircuit, one connecting with the actual
and the other with the artificial or compen-
sating line, the electrical circuits surround-
ing said condensers for modifying the capac-
1ty of the same, the adjustable supplementary
condensers, and theadjustable resistance-coils
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in said modifying-circuits with the key and -

the battery and the condenser in the circuit
between the actual and the artificial line.

In testimony whereof I have hereunto sub-
scribed my name this 10th day of December,
1884.

ALEXANDER MUIRHEAD.

Witnesses:
H. T. RICE, Jr.,
J. MUIRHEAD.
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