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To all whom it may concern:
Be it known that I, CiTARLES ADAMS-IRAN-

DALL, a citizen of the United States, residing

at Boston, in the county of Suffolk and State

-of Massachusetts, have invented new and use-

ful Improvements in Telephone Systems, ot

which the following 1s a specification.

This invention relates to electric telephony,
and has for its object to telephonically trans-
mit articulate speech over underground and

“submarine cable circuits and land-lines, be-

ing especially applicable to (,116111{35“ 11::w1nu
what is Lnown in the art as ‘‘high static ca-
paclity.”’

In telegraphy the static capﬂeity of a sub-

marine or underground cable has been found
to affect the transmission of electric impulses
thereover, limiting the distances Lh.;u;me%cw oS

can besentr ehab]y and also the speed of trans-

mission. This has also been held to apply to
telephoning, and the limiting distance of trans-

mission of speech by telephony has been mathe-

matically formulated under what i1s known as
HaLles _. . : , |
the ““K. R. law.” which (it has been calcu-

lated) gives the limiting distance or IX. R. at

which the transmission of speech is good or
satisfactory, as tollows: for overhead copper
wire, ten thousand K. R.; for cablesand un-
derground circuits, eight thousand K. R.; for
overheadiron wires,five thousand IX. R. This
law has been generally accepted and applied
(with some modifications) by electrical engi-
neersin the construction of telephone-circuits.
By means of my presentinvention, however, 1
have transmitted articulate speeuh over 1ron-
wirecircuitshaving a K. R. many times greater
than the above-calculated IS. R. and over arti-
ficial cables of high capacity and resistance up
to a X. R. of five million nine hundred and
eighty-five thousand. To enable me to ac-
complish such a result, I have made 1mpor-
tant discoveriesand improvements, which con-
stitute the subject-matter of the present in-

| Vention herein deseribed.

An important feature of my Invention con-
sists in leaving the line-circuit open at one
end, which may be et her the transmitting or
the receiving end, in combination with (}ther

ends of the circult me

I features hereinafter described, and particu-

larly pointed out in the claims following the
deseription. I have al
v be left open and the
speech telephonically transmitted in a thor-
oughly practical manner over long distances,
such circuit having normally or proviaed ar-
tilicially with the proper resistance and ca-
pacity, and especially if a suitable impedance
1s inserted in the cireuit between the trans-
mitter and the usual ground terminal discon-
nected from the ground. By such arrange-
ment a return-wire or an thl‘tllfl“l"&tlll‘l']. 18 not
used or 1*[1{11.111%(1 |

In carrying my invention into practice in

such manner as to obtain the best results the

main features to be observed and the appara-

tus to be used in combination with the above-

described arrangement of circuits consist,
hirst, of a Leluphom{; transmitter c:apabla-oi
carrying and varying an electric current ex
pressed in watts or mille-watts sufticient for
OI' COY 1‘(}%1)01]{21]]10 to the work to be done in
the line-circuit: second, the provision of one
or more induction-coils having the primary
or primaries constructed and a,daJchd to the
current to beused in the local circuit with the
transmitter, the secondary coll or coils being
wound to give the desired electromotive force
in the line or cable; third, in the provision of

a (301‘1:11301111{:1-\\*'01,111(1 coll or helix having three.

or more independent coils, the line coil or
coils being arranged ut]mx* for receiving or
for transmitting:; tourth_.} he use of a shunt
ot derived circuit around the receiver or con-
nected
cluded therein an impedance and resistance,
or either of them. -
The distinctive features of my invention will
ba fully set forth in the following description
and illustrated in the accompanying drawings,
wherein— .

Figure 1 is a dilagrammatic view lustrat-
ing a grounded telephone-circuit wel Il known

to Lhose skilled in the art: and in common use.

Tig. 2 is a similar view of such a circuit ar-

mcred according to my invention and un-
ﬂl'mmded or open at the 1(1{JL1V1110 end {}uly

il

directly to ground and having 1n-

P
so discovered that both
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Fig. 3 is a similar view of such a circuit un-
orounded at the transmitting endonly. Fig.
4 is a view of such circuit grounded at the
transmitting end through an impecdance 1n-
terposed between the line-coil and the ground,
the receiving end being open or connected to
a condenser. Fig. 5 is a view illustrating a
line or cable connected at each end to a texr-
tiary coil and means for connecting and discon-
necting either or both ends from the ground
separately or conjointly, as may be desired;
and Fig. 6 is a detail view illustrating the
shunt or derived circuit and connection at the
recelving end. |

The usual normal connectionsof a grounded

telephone-circuit are shown in Fig. 1 of the
drawings and are well understood by those
skilled in the art and need not, therefore, be
herein described in detail. Ihave discovered
that if such a circuit or cable has normally or
has artificially imparted thereto the proper
electrostatic condition the connection between
the receiver and earth may be broken or dis-
connected and the wire left open at that end,
as indicated at 1 in Fig. 2 of the drawings,
under which conditions the receiver wiil re-
produce the transmitted speech with a greater
volume of tone and will also work on longer
circuits than would be possible in the arrange-
ment shown in Fig. 1. Insaid Fig. 2 the nu-
meral 2 indicates the line-wire; 3, transmit-

ters arranged in local circuits 4, which also .

include batteries 5; 6, the receiver, and-7 the
induction-coils, the primaries ot which latter
are included in the local circuits and the sec-
ondaries in the line. It will be obvious that
any variations set up in the local circuit by
the transmitter will be transmitted by the
primary of one induction-coil tothe secondary
thereof and transmitted over the line to the
recelver 6. . p |

In Fig 3 of the drawings the receiver 6 1s
connected to ground by a conductor 8 and the
oround connection from the induction-coil 7
at the transmitter is left open by means of a
switeh 9 or is connected to a condenser 10 by
means of said switch. In such an arrange-
ment results corresponding to those obtained
with the arrangement illustrated in Kig. 2 are
obtained.

" In the arrangement shownin Kig. 4 an 1m-
pedance 11 (a coil or the like) is interposed
between the induction-coil 7 and the ground
at the transmitting end. At the receiving end
the receiver 6 has one terminal connected di-
rectly to the cable-wire through a switch 12
or is connected thereto through a condenser
13 by means of said switch 12, the other ter-
minal of the receiver being connected to a
switch 14, which may be either left open, held
in the hand of the operator, or connected to a
suitable condenser 15. In such an arrange-

“ment the impedance seemingly acts as a dam

or obstruction and forces the induced cur-
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rents over the circuit to the receiver, as the
loudness and clearness of the sounds repro-
duced by the receiver is greatly increased over
that obtained in the arrangement shown in
Figs. 2 and 3 of the drawings.

In Fig. 51 have shown another arrange-
ment of the receiver and transmitter circuits
in combination with other features forming

‘a part of my invention. In such arrangement

the cable 2 is connected either directly or
through a condenser 16 by any suitable
means-—such, for example, as a two-way
switeh 17—to one end, 18, of one of the coils
19 of a compound coil having three or more
independent helices, the other end, 20, of said
coil being connected to a suitable switch 21,
and therefrom the current passes to a receiver
09 by wire 23, the other end of the terminal
of the receiver being preferably connected to
a condenser 24, which may, if desired, be con-
nected to ground by means of a switch B, or
the switch 21 may be turned to connect the
cable to one terminal of a receiver 25, the
other terminal of which is connected through
an impedance 26 with earth. The cabie 1s
also connected around the receiver 22 or to
the eround by means of a two-way switch A
by a shunt-circuit wire 27, connected to the
switch 21, the shunt-circuit having included
therein an impedance 28 or a resistance 29, or
hoth the resistance and the impedance. The
second coil 30 of the tertiary coil is connected
at one end to a condenser 31, the other end
being connected to one terminal of a receiver

32, the other terminal of said receiver being

left open or connected by means of a switch
33 to a condenser 34. It will be apparent that
by the use of a second local circuit the re-
ceiver 32 is removed from the direct main-line
circuit or cable and is ungrounded, whereby
it is less affected by the earth-currents upon
or discharging from the line or cable. The
third coil 35 should be of low resistance and
is located in the local circuit which includes
the transmitter 3 and battery 5. 'The circuit
used and connections shown in Fig. 5 of the
drawingsare normally the same or duplicates
of one another at each end of the line circuit
or cable. | |

In the arrangement last described, the cir-
cuit being ungrounded at one end, and prefer-
ably at the receiving end, I have transmitted
and reproduced articulate speech practically
and satisfactorily over circuits having very
high static capacity when using proper cur-
rent energy at the transmitter.

In the application of the telephone to actual
use upon submarine and underground cables
I have found that under some conditions of

such circuits the receiver is detrimentally af--

tected by what is termed in the art " earth-
currents,” an electric ‘condition of the cable
resulting seemingly from contact with the
earth even though insulated therefrom. To
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overcome and prevent this detrimental effect

or action of the earth-currents upon the re-
celver, I place a shunt or derived circuit
around the receiver, as before described, and,
as most clearly shown in Fig. 6 of the draw-
1ings, such circuit including an impedance 28
and an adjustable or variable resistance 29.
This arrangement constitutes an important

‘1mprovement, as the earth-currents are there-

by shunted from the receiver-coil and tele-
phone currents or a large percentage thereof
are prevented from passing over the shunt-
circuit because of the impedance therein,
which impedance being of low resistance does
not stop or impede the dischar oe of the aceu-

‘mulated earth-currents to gmund, whereby

the detrimental effects of the earth-currents

are prevented and the quick natural action of

the receiver 1s obtained. o
Whatever may be the scientific explanation

of the various phenomena that 1 have ob-

served 1n the practical use of the novel ar-
rangement of circuits herein described and
forming a part of this invention, the receiv-
Ing apparatus does in practice fait hfully re-
*)roduce both in quality and characteristics
the electric vibrations generated in the trans-
mitter-circuit, and these electrical vibrations
may be transmitted over lines of great length.
The vibrations are seemingly transmitted with

an intensity and volume dependem only upon |

the potential or current energy employed at

the transmitting end of the linie and without
any of the evil effects of retardation due to

static capacity experienced in telegraphy.
Having descrlbed my mvcntlon

1. In telephony, a main line, a telephone-

transmitter arranged in a local cireuit at one
end of said line, a battery included in said

local circuit, an induction-coil having the pri-

mary thereof forming a part of the said local

circult and the secondary forming a part of
the main line, an impedance arranged in the
line-circuit, a receiver in the line-circuit, and
a condenser between the receiver and earth.

9. In telephony, a mainline or cable, asuit-
able transmitter and receiving apparatus, in
combination with a condenser codperating
with said apparatus, a coll connecting the re-

celving end of the main line to the recelver, a
conductor leading from the receiver, and an.

ungrounded condenser conhected to said COn-

ductOI
3. In telephony, a main line or cable, a suit-

~able transmitting and receiving appar @tus., m

60

combination with a condenser and coil, a re-
ceiver, and an impedance connecting the re-
ceivinge end of the main line with 01‘01111d n
the order named.

4. Intelephony, a mainline or ce&blu in com-
bination with suitable transmitting ﬂt‘nd recely-
ing apparatus, the receiving end of the main
line being connected to earth through a con-

what T

‘with a main line or cable and suitab

denser, a coil and a split circuit, one branch'

of said split circuit including a receiver and
4 CONC
Iflef,te(,

to ground through an im pudcmc'e

. In teleph ony, amain line or cable, in com-
bll’]"Lt]O]’l with suitable tr ansmitting and receiv-
ing apparatus, a split circult connecting the

1*0001171110 end of the main line with o mund
a receiver and a condenser 111cluded 1n one
branch of the split circuit and an 111:1ped.;mce

included in the other branch of sald circult,

and a (301‘1(11@1‘1501* arranged between the receiv-
ing end of
subsmntmlly as and for the purpose specified.

6. In telephony, the combination with a
main line or cable and suitable transmitting
and receiving apparatus, of an induction- coil

at one end {.}I the main hne having three in-
dependent helices one of which is Il‘lcludbd 1n
the main line-circuit and the obhel two helices

being connected up in local cirenits and suit-
‘able line and local connections, substantially

as and for the purpose ‘S‘[)GGIHQ{J
7. Intelephony, amainline or cable, in com-
bination with suitabie transmitting ..-111(1 recelv-

ing apparatus, and a shunt- circuit around the

receiving apparatus and connectible either to
the latter and the.main line or to the receiving

apparatus and earth, substantially as and for

the purposes specilied.
8. In telephony, the combination with a

maJm 111r16 or c.:xb]o zmd %mLf_LblL, tr an%mitunﬂ -

_____ main line bemtr
un moundcd .,;Lt Lh{, IBCOIVIII‘J {*1‘_1(] through L_1e

recelver, and an 1mpedame interposed in the

transmitting end of the main line between the
latter and uu*th., substantially as and for the
purpose specified.

9. In telephony, the combination with a
main line or cable and

to a condunamﬂ, and an impedance interposed
in the transmitting end of the main line be-
tween the
for the purpose specified.

10. In a telephone system, the com

hination
le trans-
mitting and receiving apparatus, of an indue-
tion-coll at each end of the line or cable hav-
ing three independent helices, one helix of each
11:1{]110131011—@011 being connected to the line or

cable and to 0‘1‘0111’1(1 through a receiver and
impedance, the other helices being connected

up in independent local circuits, sub&&mtmllv
as and for the purpose s:p{.,cﬂ]ed

enser, and the other bmnch being con-

the main line and the spliteircuit.

suitable transmitting
and receiving apparatus, said main line at the
recelving end being ungrounded and connected
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11. In a telephone system, the combination

with a maln line or cable and suitable trans-

mitting and receiving apparatus, of an indue~
tion-coil at one end of the line h.:wmtr three in~
dependent helices, one helix being connectcd
to the line Lhtouuh a condenser md to ground
through a receiver and impedance, the other-
helices belng connected up in mdupendent lo-
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cal circuits, substantially as and for the pur-
| tion-coil at each end of the line having one

pose specified.

12. In atelephone system, the combination
with a main line or cable and suitable trans-
mitting and receiving apparatus, of an induc-
tion-coil at one end of the main line having
three independent helices, one helix of each
induction being connected at one end to sald
line and at its other end connected to a con-
denser through a receiver, the other helices
of each induction-coil being connected up m
independentlocal circuits, substantially as and
for the purpose specified.

13. In a telephone system, the combination
with a main line or cable, and suitable trans-
mitting and receiving apparatus, of an induc-
tion-coil at each end of the main line having
three independent helices, one helix ot each
snduction-coil being connected at one end to
said line through an intervening condenser,
and at its other end connected to a condenser
through a receiver, the other helices ot each
- nduction-coil being connected up in independ-
ent local circuits, substantially as described
and for the purpose specified.

14. In a telephone system, the combination
with 2 main line or cable and suitable trans-
mitting and recelving apparatus, of an induc-
tion-coil at each end of the line having one ot
:+o helices connected at one end to the line, the
other end of the said helix being connected
to a condenser through a receiver and to
oround through an impedance, one helix of
each induction-coil being connected up in a
local circuit with a transmitter and battery,
substantially as and for the purpose specified.

15. In a telephone system, the combination
with a main line or cable and suitable trans-
mitting and receiving apparatus, of an induc-
tion at each end of the line having one of 1ts
helices connected at one end to the line through
an intervening condenser, the other end of
the said helix being connected to a condenser
through a receiver and to ground through an
impedance, one helix of each induction-coil
being connected up in a local circuit with a
iransmitter and a battery, substantially as and
for the purpose specified.

16. In a telephone system, the combination
with a main line or cable and suitable trans-
mitting and receiving apparatus, of an indue-
tion-coil at each end of the line or cable hav-
ing one end of one of its helices connected to
the line, the other end of said helix oeing con-
nected to ground through asplit circuit, a re-
coiver and condenser being included in one
branch of said circuit and an impedance 1n
the other branch of said circuit, one helix of
each of the induction-coils being connected
up in local circuit with a transmitter and
battery, substantially as and for the purpose
specified.

17. In a telephone system, the combination
with a main line or cable and suitable trans-

777,324

mittine and receiving apparatus, of an induc-

end of one of its helices connected to the line,

o condenser interposed between the induction-
coil and the line, the other end of said helix
being connected to ground through a split

circuit, a receiver and condenser included 1n
one branch of said circuit and an impedance
iveluded in the other branch of said circuit,
one helix of each of the induction-coils being
connected up in local circuit with the trans-
mitter and battery, substantially as and for
the purpose specified.

18. In a telephone system, the combination
with a main line or cable and suitable trans--

mitting and receiving apparatus, of an induc-
tion-coil at each end of the line having three
helices, one helix of said coil being connected
at one end to the line and at the other end
connected to ground through a receiver and
impedance, a second helix of said induction-
coil being connected up in local circuit with a
battery and transmitter, and a third helix of
the induction-coil being arranged 1in a second
local circuit including therein a receiver, sub-
stantially as and for the purpose specified.
19. In a telephone system, the combination
with a main line or cable, and suitable trans-
mitting and recelving apparatus, of an induec-
tion-coil at each end of the line having three

helices, one helix of said coil being connected

at one end to the Ime through an intervening
impedance, and at the other end connected to
around through a receiver and impedance, a
second helix of said induction-coil being con-
nected up in a local circuit with a battery and
transmitter, and a third helix of the induction-
coil being arranged in a second local circuit
including therein a receiver, substantially as
and for the purpose specified.

90. In a telephone system, the combination
with a main line or cable and suitable trans-
mitting and receiving apparatus, of an induc-
tion-coil, at each end of the line having three
helices, one helix of said induction-coil being
connected at one end to the line, the other encl
of said helix being connected to a condenser
through a receiver, a second helix of the in-
duction-coil being connected up in a local eir-
cuit in a battery and transmitter, and a third
helix of said induction-coil being arranged 1n
a second local circuit in which 1s included a
receiver, substantially as and for the purpose
specified.

91. In a telephone system, the combination
with a main line or cable and suitable trans-
mitting and receiving apparatus, of an induc-
tion-coil at each end of the line having three
helices, one helix of the induction-coil being
connected at one end of the line, the other
end of said helix being connected to oround
through a split circuit one branch whereof in-
cludes a receiver and condenser and the other

branch an impedance, a second helix of the
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incduction-coil being connected up in local cir-
cult with a battery and transmitter, and a third
helix of the induction-coil being arranged in
a second local circuit in which is included a
receiver, substantially as and for the purpose
~ specified. ,

In testimony whereof I have hereunto set

my hand in presence of two subscribing wit-
nesses. . '

CHARLES ADAMS-RANDALL.
Witnesse:a: |

V. BrarrLow, -

Guarp C. R. MARSHALL.
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