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UNITED STATES PATENT OFFICE.

ALEXANDER MUIRHEAD, OF LONDON, ENGLAND.

TELEGRAPHY.

SPRECIFICATION forming part of Letters Patent No. 435,851, dated September 2, 1850.
Application filed March 6, 1888, Serial No. 266,367, (No model.)

To all whom it may concern: main condensers. Moreover, I employ a sup-
Be it known that I, ALEXANDER MUIRHEAD, | plementary condenser and & high resistance
doctor of science, telegraph engineer, a sub- | in combination with one of the condensersor 55

ject of the Queen of Great Britain, and aresi- | sets of condensers above mentioned compos-

g dent of London, England, have invented new | ing the double block, or I employ other suit-

" and useful Improvements relating to Electric | able means for establishing a balance under
Telegraphs, of which the following is a specifi- | the conditions of cable and artificial line
cation,reference being hadto the accompany- | herein specified. 6o
ing drawings. | In some cases the condenser employed in

to My invention relates to duplex electric [ combination with the compensating circult
telegraphs; and its main object is to diminish | above described may be dispensed with, a
the cost of the apparatus required for work- differential receiving-instrument being used,
ing long submarine cables upon systems such | one wire of which is connected directly to the 65
as that known as the “Muirhead double-block” | compensating circuit and the other to the

1z system. Inthe said double-block system and | condenser which is In connection with the
in analogous systems it has been customary | cable. In such cases the values of the con-
to employ an artificial line and to arrange | densers and resistances forming the compen-
condensers or sets of condensers between the | sating circuit must be determined, so as to 7o
key and the actual line or cable and between | produce the same electrical effect as that ob-

20 the key and the artificial line. It has, more- | tained by means of a compensating circuit
over,been usual to makean artificial line with | such as that above described combined with
a total capacity equal to or nearly as great as | a main condenser.

‘that of the cable, and in which the ratio of | In the accompanying drawings, Figure 1 1S 75
the resistance to the capacity is the same as | a diagram showing an arrangement of appa-

2¢ that of the resistance of the cable to the ca- | ratus working upon the double-block system
pacity of the cable. | of duplex telegraphy, with condensers in the

T have discovered that a sufficiently-near | sending and receiving circuils and having
balance to permit of efficient duplex working | my present improvements embodied therein 8o
can be obtained with an artificial lineof much | or incorporated therewith. Fig.2is a diagram

30 less total capacity than that of the cable. To | illustrating a modification of my present in-
effect this result, I in some cases increase the | vention. Figs. s, 4,5, and 6 arc diagrams illus-

resistance of the artificial line in such a man- | trating further modifications thereof.
ner that although the capacity thereotf 1s less Like letters indicate corresponding parts o5
than that of the cable the product of the re- | throughout the drawings.

3¢ sistance and the capacity of the artificial line Referring to Fig. 1, C is the cable. A Lis
are equal to the product of the resistance and | the artificial line, which consists, as above
capacity of the cable. TFor example, I substi- | stated, of Muirhead’s inductive resistance, x
tute for the artificial line heretofore employed | 4 being the resistance strip or conductor, and go
an artificial line consisting of “ Muirhead’s in- | C* the induction plate or surface.

40 duetive resistance,” so consfructed that its C’ (% are the main condensers, arranged, re-
strip-resistance is greater in proportion to its spectively, between the said key K and the
capacity than in apparatus of the same kind | sald cable and between the said key and the
or class heretofore construeted. Inothercases | artificial cable A L. | 05
I substitute for the artificial line heretofore | R I is a rheostat of low resistance placed

45 employed a compensating circuit composed | between the key K and the condensers C’ C=.
of a series of condensers of which the total or (? is a supplementary condenser connected
collective capacity is less than the total ca- | to the condenser C?, and - R is a set of coils of
pacity of the cable, (say, for instance, about ' high resistance inserted between terminals of 1co
one-third of the capacity of the cable,) and | the said condensers C? C3. Isometimessubsti-

so which are arranged in combination with suit- | tute for the condenser C? and resistance H R

~able resistances, the said series of condensers | a circuit composed of Muinhead’s inductive

~and resistances being connected to one of the l resistance, as shown in Fig. 2, wherein @ y is
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the resistance strip or conductor of the said | It is evident that by the improvements
~inductive resistance, and C* is the induction

plate or surface. A receiving-instrument R

and a condenser C° are inserted between the

real and artificial cables. '
1'he following is a practlical example of the
conditions under which I can advantageously

use an artificial line of less capacity than the
cable—that is to say, assuming the cable C,
If1g. 1, to have a capacity of one thousand

microfarads and a resistance of seven thou- |

sand five hundred ohms, a balance is estab-
lished with the artificial line of total capacity
of five hundred microfarads and a resistance
of fifteen thousand ohms underthe following
conditions, viz: the condenser C’ having a

capacity of eighty microfarads, the condenser

C? a capacity of 38.23 microfarads, and the
condenser C° a capacity of 3.3 microfarads,
and H R thirty-one thousand ohms, a resist-

ance of about twenty ohms being inserted be-
- tween C’ and the rheostat R /.

When the
artificial line is of very high resistance, it

may be advantageous in certain cases to

transpose the key K and receiving-instru-
ment R, as shown in Fig. 3.

Kig. 4 shows an arrangement of apparatus
similar to that shown in Fig. 1, with the fol-
lowing exception, viz: I dispense with the
artificial cable and substitute therefor a com-
pensating circuit comprising a series of con-

~densers ¢’ ¢* ¢® ¢* ¢’ of relatively small capac-

ity, which are all connected to the main con-

~denser C* and to earth, resistances 7’ 72 3 ¢t

35

being interposed between the several con-
densers of the sald series and the earth. The
condensger C* is, moreover, in some cases con-

nected to earth through a resistance R’.

40

- ment can be varied.

50

Fi1g. 5 shows one arrangement in which a
differential receiving-instrumentisemployed.
A B indicate the two wires or coils of the said
receliving-instrument, whose relative electro-
magnetic effect upon the index of the instru-
The wire A 1is inserted
between the condenser C’ and the rheostat
R h. 1édispense with the main condenser C?
and with the supplementary condenser C° and
resistance II R, (shown in the preceding fig-

ures,) and I connect one end of the wire B to

the rheostat R 47 and the other end thereof
to the condensers ¢’ ¢® ¢3 ¢* ¢® and resistances

"2 r® ot S, the said condensers being con-

55

6o

nected to earth, and in some cases I also
connect the said wire B to earth through a
resistance R’. It is evident that the values
of these condensers and resistances must dif-

fer from the values of those used in combi-

nation with the condensers C? as in Fig. 4.
The condensers ¢’ ¢® ¢® ¢ ¢® and resistances
r’ r*r*r*r° may in any case be arranged either
as shown in Fig. 4 or as in Fig. 5—~that is to
say, the resistances may be between the con-
densers and the earth or between the con-
densers and the receiving-instrument.
- Any desired number of condensers and re-
sistances may be employed in the aforesaid
series.

above described I provide for greatly dimin-
ishing the cost of the apparatus, as I am en-
abled to employ apparatus of much less ca-
pacity than has heretofore been used in duplex
telegraphs on submarine cables. Moreover,
a diminished capacity is required in a Series
of condensers and resistances such as that
above described as compared with an artificial
line of ordinarv construction. |
I wish it understood that for the purpos

of my present invention I include under the

term “artificial line” a compensating cireuit

consisting of condensers and resistances ar-

75

30

ranged as shown in Fig. 4 or in Fig. 5, as well

as the Muirhead’s inductive resistance shown
in KFigs. 1 and 3, and also any equivalent de-
vices or arrangements. - -

I find the arrangement shown in Fig. 6 to
be an advantageous equivalent of the con-
denser C? and high resistance H R shown in
IFFi1gs. 1,3, and 4—that is to say, two condensers
C° C% are joined up in connection with the
block-condensers C” C* as shown in Fig. 6,
and the high resistance above mentioned with
reference to Fig. 1 is replaced by a set of
slides of high resistance H R, connected with
the condensers C3 (% The index or movable
or sliding contact Z of the slides is connected
directly to  the key K or to the index of
the rheostat R /. By varying the position
of Z upon H R the difference in the rates of
flow of the two sets of condensers C’ C® and
C* C° can be more gradually effected than by
the single circuit of C®and H R. (Shown in
Figs. 1, 3, and 4.)

Qo
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Moreover, I wish it understood that I am .

aware of the existence of the following -
ters Patent of the United States for du =x
telegraphy, viz: No. 234,490, November 16,
1880; No. 327,097, September 29, 1885, and
No. 829,477, November 3, 1885, granted to my-
self, and No. 284,498, September 4, 1883,
granted to Smith and Taylor, and I do not
make any claim in my present application
tor any of the inventions described in the
specifications of the aforesaid prior patents.

‘What I ¢laim is— |

1. In a duplex electric telegraph working
on the double-bloeck or an analogous system,
an artifictal line or compensating circuit hav-
Ing a capacity much less than that of the
actual cable and a resistance correspondingly
greater than the conductor of the cable, com-
bined with a supplementary or adjusting cir-
cuit comprising an adjustable condenser and
an adjustable high resistance or the electrical
equivalent thereof, substantially as hereinbe-
fore described, for the purpose specified.

2, In a duplex-electric telegraph working.

upon the double-block or analogous systems,
and in which condensers are employed in
both the sending and receiving circuits, an
artificial line consisting of Muirhead’s induct-
1ve resistance, having a total capacity much
less than that of the actual cable and resist-

tance correspondingly greater than that of
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the conductor of the cable, substantially as
and for the purpose above specified.

3. In a duplex electric telegraph working
on the double-block or analogous systems, the
combination,with the cable C, the condensers
C’ C?, the key K, and a receiving-instrument,

of a Muirhead’s inductive resistance, the re- |

sistance strip or conductor « ¥ of which 1s
connected to one terminal of the condenser
C? and the induction plate or surface C* of
which is connected to earth, substantially as
and for the purpose set forth.

4. In a duplex electrie telegraph working
on the double-block oranalogoussystems,the
combination,with the cable C the condensms
C’ C? the key K, and areceiving-instrument,

of a Muirhead’s inductive resmtance, the re- |

sistance-strip «y of which is connected toone

terminal of the condenser C? and the induc- |

tion plate or surface C* of which is connected

to earth, and an adjusting-eircuit connected |

to the te1m1na,1f-s of the said condenser C7,

i

substantially asand for the purposes set forth. [

5. The combination, with the cable C, the
condenser C’, the key K, and a receiving-in- 25
strument, of the condensers ¢’ ¢* ¢® ¢* ¢® and
resistances v’ +* v° r* r°, substantially as and
for the purposes set forth.

6. The combination, with the cable C, the
condenser C/, the key K, and a receiving-in- 3o
strument, of the condensers ¢’ ¢* ¢® ¢* ¢, the
resistances v’ v* 7 r* 7>, and the resistance R/,
substantially asandfor the purposes set forth.

7. The combination, with the cable C, the
condenser C’, the key K and a receiving-in- 35
strument, of the condensels ¢’ ¢ ¢ ct ¢’ the
1681513&11068 ot 3t 5 and the condenbex C?,
substantially as and forthe purposes set forth.

In testimony whereof 1 have hereunto
signed my name In the presence of two sub- 4o
seribing witnesses.

ALEXANDER MUIRHEAD.

Witnesses:
DAVID YOUNG,
C. JUNGE.
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