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. Toall whom it may CONCErT:

Be it known that I, Garrison BaBcock,
citizen of the U111ted States, residing at
in the county of W[onroe .:md
State of NeW York, have invented a certain

- new and useful IlﬁplOVE‘l 1ient 1in Telephone-

Exchange Systems, of which the following
1S & full clear, concise, and exact d@scrlptmn
'_.__retexence buno had to
10

the f.eeom panying

drawings, forming a part of this specifi-

cation.

My invention relates to telephone ex-

change systems and has for its object a more

15

51n'1phﬁed and a more efficient arrangement
of the apparatus and cireuits, pnrtlcul.;uly

~ in central energy systems.

By means of my invention I am enabled

~ to prevent the voice currents issuing from

20
~ only audible in the receiver at the other con-

the transmitter at one substation from being
audible in the receiver at that substation and

~ nected substation.

Another feature of my invention lies in

the absence of all inductive or tl.:m%for ner

means at the substations and in the pro-

- vision of common transformation means at
the central exchange.

I also provide 1m-

'_._pr ved indicating and supervisory signal-
. ing means, the 111(:111_f1,t1]:10 hm_p or 0the1 S10-

30
- plying the transmitters
the telephonic voice
through the line limbs.

" the direct current is therefore practically re-
duced to one-fourth the leblbtaﬂ(:b encoun-

35

_nal serving also as the supervisory signal.

In my system the direct current for SU -
at the substations
passes parallelly over the line limbs while
currents pass serially
The resistance to

~ tered in Systems; of the prior art with the

_40

45

50

55

© same size conductors, or in other words, to

pr oducu as efficient 1'(,8111t AS 1IN PLIOr Sys-

tems practically only one-fourth the cross sec-
~ tion of conductor would be necessary. A

‘the substations the receiver coils are ,111@11,1(;@(:1
serially
-between ‘the (,01153 the transmittey
. leads to ground.
o tery
'.--thmuoh an indicating relay w ith both line

in the line limbs and from a point
circetitt
Mormally the central bat-
1S connebte@ between oround and

hmbs, and upon clostre ot the transmitter

circult at the substation current flows from
~ the battery parallelly through the Iine lunbs,
~ differentially through the receiver coils and

through the tr: ansmitter cireuit.
~circuit at the central exchange is divided
into two mductwel} sup%mted parts pro-
o -Vlded Wlth 1epe.e_1t1110 colls which mductlvely

The cord

repeat the voice currents from one line to
the other connected line, and these repeating
colls are so arranged that when conversation
1s goIng on between two substations, the
voice currents from either substation will
pass differentially and parallelly through
the recerver coils through the cor resP{)ndmﬂ
repeating coils at the central exchange,
where they are rearranged to flow sermlly
through the line limbs of the other substa-
tion and serially through the receiver coils
thereat. Thus the recelver at a substation
1s not responsive to the voice currents from
that substation but 1s responsive only to the
voice cuirents coming from the other sub-
station.

My invention will be best understood by
reference to the accompanying drawing
which diagrammatically shows one form of
system in which the several features of my
invention may be utilized.

The line limbs a—0b lead from the jack
springs 1 and 2 and at the substation mclude
serially the coils 3 and 4 of the receiver 5.
The transmitter circuit thus leads from a
point 7 between the receiver coils to the con-
tact 8 of the switch hcok 9 and includes the
transmitter 10, the switch hook being con-
nected with ﬂround G. The alternate jack
springs 11 and 12 are normally in engage-
ment with the main springs 1 and 2 and both
connect with the conductor 13 containing the
winding 14 of the indicating relay 15 and
connect wlth the positive 51de of the common
battery B. A lamp or other signal 16 1s
inciuded in the conductor 17 leading from
the negative side of the battery B to the
front contact 18 of the indicating relay and
to the jack thimble 19.

At the central exchange are cord circuits
C each provided with the plugs 20 and 21.
Each plug is associated with two sets of re-
peating coils, one set including the repeating
coils 23 and 23 and the other set including
the repeating coils 22" and 23". The sleeve
and tip members of the plug 20 are con-
nected together through two parallel paths,
one path inclucding the primary windings
94 and 25 of the coils 22 and 23 1*espectwely
and the other path including the secondary

windings 26” and 277 of the coils 22/ and 28”.
The sleeve and tip members of the plug 21
are also connected together hl"Ouﬂ‘h par‘ﬂlel
paths, one including “the primary windings

o4’ and 95" of the coils 22/ and 28’ respec-
tively, and the secondary windings 26 and
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“be closed thfounh the
~ conductor 17, the jack thimble 19, the Jeeve

60"
relay 29 being 1n turn controlled by

65

the lamp.

or ringing apparatus,

:EEf.-ﬂ
L

27 of the coilé 29 and 23. | The conductor 28 ! connections.

leaas from the positive side of the battery to
a point bﬂtween the primary windings 22

and 23 and includes the winding of the |

supervisory relay 29. 'The conductor 30
leads from the positive side of the battery
and to a point between
ings 227 and 23" and includes the winding of
the supervisory relay 31. The armature 32
of the relay 29 is connected with the positive
pole of the battery, and the normal contact

38 theretfor 1s cmmected with the sleeve mem-

ber oir the plug 20. The armature 34 of the
relay 81 connects with the positive pole of
the battery, and the normal contact 35 there-
for connects with the sleeve member of the
plug 21.
The opumtlon of a system of this kind 1s
now apparent. Upon removal of the re-

cerver fTrom the hoolk thﬂ transmitter cir-

cult at the substation 1s connected -with
oround and current will flow as follows:
from the positive pele of the battery at the
central exchange through the trunk con-

| dqu(}l‘ 36 to the conductor 13, through wind-

ing 14 of the indicating relay and to the
normal spring contacts 11 and 12, the cur-

vent then passing parallelly through the main

jack springs 1 and 2 and thmuﬂn the line

limbs @ and b parallelly through the receiver

coils 3 and 4 and through the transmitter
cireuit at the supstation to oround, the nega-

‘tive side of the central ba-tterv beinﬂ* also
oroundec‘ The 1ndicating relay becm nes

energized to attract 1S :;'er%tu ‘@ 87 agalnst

its contact 18 whereupon circuit will be
closed through the lamp 16 from the battery
through the ~conductor 17, through contact
18 and attracted armature 37, the lamp 16
being 1111111111mted to m}tlfy the operator who
inserts the plug 20 into the coi Les]_:)ondmo
springjack. Insertion of the plug, how-
ever, l1fts the main springs 1 and 2 from the
normal contact springs 11 and 12 thus open-
ing the circuit :_hrouon the indicating 1elaV
and the circuit contr rolled thereby thr ough
The primary windings 24 and
95 of the repeating coils 22 and 93 however,
are connected pftraﬂeﬂ v 1n circult ‘and POSl-

ive battery is fed to the line and substation
through the relay 29 and conductor 28.
Consequent energization oi the relay 29
causes attraction of its armature 32 to pre-
vent closure of a circuit through the lamp 16

‘upon insertion of a plug in t the jack, which

circuit through the lamp would otherwise
circuit icluding the

member of the plue 20, the contact 33 and
the armature 32, the cirenit controll; ing the
the con-
dition of the substation app%mtus I have
not shown operator’s telephonic apparatus
as the principles of
my invention can be 1llustmted without such

the primary Wlnd- _

—

-

'bef‘on"*mo iHluminated.

C1y (.,ult

| "Bt.ﬂ; LiOI}.E}

913,451

But supposing connection 1s
desired with the substation shown at the
right of the diagram. The operator inserts
the plug 21 into th e corresponding spring-

jack which then 111’11116t113te1y closes a circuit
bl“l cugh the lamp 167, through the armature

54, contact 35, sleeve member of the nlug 21,

jack thimble 19 and conductor 177 , the lamp
Upon 1 enmvum the
receiver from the hook ] in response to a “eall-
ing signal, however, circuit will be ciosect
thr uueh the Superwgow relay 81 to open the

‘.mmwh the elay being traced as follows:
from the nositive pole of the battery through
relav 31 1:)malldlv through the primary
windings 247 and 257, par aﬂelly through the
plug members and jack springs 1" and 9’ and
thl(}uOﬂ the line 11111b5 @ and 0, paralleily
throucrh the coils 3" and 4’ of the receiver at
the called station, and through the trans-
mitter circwt to ﬂround and the two sub-
Are NOW telephomcﬂ]y connected.
The current for supplying the transmitter
thus passes parallelly through the line limbs
and thr ough the receiver coﬂs and these
colls bemﬁ differentially Woun(:t voice cur-
rents from the corresponding transmitter
will not be audible 1n the receiver. In other
vords, the user of tLe telephone can not hear
his own voilce.
the central exchange and through the cor-
responding primary and c~{-‘:(3011df11y coils of

rected to fl OW set 1ally into the connected line
and through the line limbs, and conse-
quently to Aow ser 1ally thr 011011 the receiver
connecied therewith and to he audible to the

user of this receiver, whose vmce currents

pass parallelly tbmueh the receiver coils
and are inaudible to him. The secondary
windings 26 and 27, for instance, are so as-
sociated with the pldﬂﬂlY demﬂs 24 and
25 that the parallel direction of the voice
currents from the corresponding substation
through these primary coils will be given a
serial direction through the %econdny colls
and (Jonseqaently tmmwh the line Iimbs ot
the other hine. In the same manner the sec-
ondary windings 26" and 27" of the relays
00" and 23’ are e arranged to cause serial cur-
rent flow in the other line of the induced
volce currents ﬂowmﬁ par ﬂleHV through the
primary windings 24" and 25", This paral-
lel almnﬂement as 1s ev 1{%1‘11,5 grea wtly re-
cdv

ces-the 1‘*emmer1 cross section of eonductm
The anncyance due to extraneous noises in

the transmitter 1s also emweh,r obviated.

The primary windings of the repeating colls
are preferably of sufficient 1mpedance to pre-
vent leakage of voice cuncntsa cross-talk and
SO 01, while the come*zpondmﬂ primary and
secondmjf windings are preferably in opposi-
tion to render the repeating coil non- “induct-

1ve to allow free passage of telephonic cur-

through the lamp 167, the circuit

Iis voice currents pass to

o1,
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the repeating mechanism, being there redi-
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feﬁte "between" the connected

tures of these relays falling back
“normal contacts close circuit thrm oh the re-

013,451

substations.
A fter the subserlbers have finished conversa-
tion, the receivers are replaced on the hooks,

- thue brefn,kmcr the clreuit thlouﬂh the re-

spective supervisory relays, and the arma-
to ther

~ spective signal lamps to notily the operatoy

: thet eonvereetwn 18 endcled.

10

15

The same lamp

‘or other signal, therefore, serves both as an

111(11(3&1:1110' elonal and as a supervisory signal.
Ina System of this kind there will be con-

. sider qbly less trouble, both Iine limbs being
~at the same

potential and in parallel, and
should one line limb become broken, for in-

 stance, or in any other way defective, the
'.eubsember can still call the central e:s.eh.«mﬂe

over the other conductor, and, although 1t
may be difficult to converse, suflicient signals
can be given to notify the central e\ehfmoe
that the line 1s out of order. To further bal-

‘ance the line, adjustable resistances 38 and
39 may be mcluded in the line Iimbs, and

 this resistance is preferably in the form of

heat eoﬂs which then serve the combined

- purposes of protecting the line against over-

"hmbs

30

flow of current and also to bahnee the line

The cellmﬁ cireuit at the subet.;ttlone may

“bhe connected with the lme limbs 1m various
ways, being here shown in bridee across the

“limbs and meludmn the ‘%1011‘11 bell 40 and

B the condenser 41.

- 35

The ringing arrangeinent

at the central exchange wﬂl then be cennee*-'
ed with the cord cir cuit to properly send sig-
'.m,lmo eurlent for the substation 1011{11 cir-
~eult.

I thus premde a very simple, economical

~and efficient, telephone system, but do not

40

45

wish to be limited to this particular adapta-
~ tion thereof shown, as the features thereof
- may be utilized with equal e

f'lnttery and other system arrangements.

iciency 1n local

Having described the pr melple of my 1n-

ventlen howevel I claim as new and desire

to eeeure by Letters Patent:

1. In a telephone system, the combination

~ with a substation, of line limbs leading

S means for causing

05

- therefrom, means at the substation for trans-
50

. eubstmtlon for receiving telephonic currents,
“means for causing the “transmitted currents

mitting telephonic currents, means at the

to pass pftmllelly over the line himbs, and

the received telephone
currents te p‘lse eenqllv through the line

__'llmbs.

2. In e. telephone system, the cembmetlen

| wrth a telephone line, of substations con-

-_ | neeted therewmth

tr ‘1118111113’511'10 and receiv-

) ing apparatus-at each substation associated
- with the line,

Tor eupplymcr the line and apparatus, means

a cominon source of current

- for causing telephonic currents from the

65

'_:"rl"anemlttmo apparatus at one substation to
:__ﬂow in such a manner through the receiving

apparatus at said substation as to render
sald receiving apparatus Iirresponsive to
such current flow, and means for causing
said current flow {o pass 1n such manner
thirough the receiving apparatus at a con-
ne(,ted substation as to cause said other re-
¢ ewmu apparatus to be responsive.

3. In a telephene systen, the combination
with substations, of a line connecting said
substations, a source of current for csupply—

' ing the line and eubehtmne, a transmitter

and a receiver at each substation assoclated
with the line Ilmbs thereat, and means asso-
ciated with the line for causing telephomc
currents transmitted from one substation to
flow parallelly through the receiver thereat
and throuel the line limbs of said substa-
tion and to flow serially through the line
limbs and through the receiver of a con-
nected subetatlon whereby the receiver at
the counected substation only 18 responsive
to sard currents.

4. In a telephone system, the combination
with substations connected by a telephone
line, of a sonvece of current for supplying
said line and substations, a transmitter and
a recelver at each substation associated with
the line limbs thereat, and means associatec
with the line for causing telephonic currents
transmitted from a substation to flow paral-
lelly through the receiver coils and the lne
lunbs and for causing telephonic currents
recelved at the Subefdtl{)ll to pass serially
through the -vecelver coils.

5. 1n a telephone systemn, the combination
with substations connected by a telephone
line, of a source of current for supplying the
line at substations, a receiver and a trans-
mitter at each substation connected with the
line thereat, and means for causing tele-
nhonic currents transmitted from a substa-
tion to pass differentially through the coils
of the veceiver at said substation and paral-
lelly through the line limbs leading there-
from and for causing telephonic curr rents ve-
ceived at the substation to flow serially
through the line limbs and receiver coils,
whereby said receiver 1s 1rresponsive to
transmitted currents and responsive only to
recelved currents.

6. In a telephone system, the combination
with two substations, of line limbs leading
therefrom,. a sonrce of current for Sllpp]Y-
ing said line limbs and substations, a trans-
mitter and a receiver at each substation,
means adapted upon actuation of the trans-
initter at one substation for causing the gen-
crated telephonic currents to flow from the
substation pavallelly through the hine limbs
and thr euﬁh the receiver coils, whereby the
receiver is irresponsive; means associated
with the line Iimbs leading from each substa-
tion for rearranging Hle parallel currents
from a substation to cause them to flow seri-

- ally through the line limbs of the other sub-
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transmitted from one substation and for in-

65

=

from each substation,

station and the receiver coils thereat, where- 1 flow serially through the line limbs of the

by the receiver at the other substation 1s i other substation Whereby the receiver coils

responsive to the currents transmitted fr(}m
the first substation.

7. In a telephone systein, ‘the combination
with two substations, of lme limbs leading
trom each EHbStﬂLlOH} recelving and trans-
mitting apparatus at each substation, means
adapted upon actuation of the transmitting
apparatus at a

‘lllellv through the line hmbs, means ior
causing the receiving *‘tppamtu& to be 1rve-
sponsive upon such pamllel current flow, in-
ductive means assoclated with the line limbs
from each substation for rearranging the
parallel current flow received t_leleby ancl
causing the current to flow serially through
the s line limbs of the other substation and the
recelving apparatus thereat, and means for
causing “the recelving apparatus to be re-
spf)nsn;'e to such serial current flow.

in a telephone system, the combination
Wlﬂl two substations, of line limbs leading
transmitting and re-
celving apparatus at each Sllet’lthll a
source ot current for supplying the line
limbs and substation apparatus, means oper-
able upon actuation of the tr %n&mutmﬂ ap-
paratus at one of the substations for causing
telephonic currents to flow parallelly over
the line limbs from the substation, means
tor causing the transmitting flpparfltus at
the substation to be 1rresponsive to such
parallel current flow, inductive means con-

nected with the line limbs for recelving the |

telephonic currents from the line limbs of
the first substation and inducing these cur-
rents to the line limbs of the other substa-
tion, said inducing means being arranged to

~cause the Induced currents to flow serially

through the line limbs of the other substa-
tions and the receiving apparatus thereat,
and means for causing the recelving appa-

ratus to be responsive to such serial “current

flow.

9. In a telephone system, the combination
w1th two substations, of line limbs leading
irom each 311bst.;1t10n a transmitter and a

recelver at each substah 011, & COIMINOI source

of current for supplying the line limbs and
telephonic apparatus at the substations,
means operable upon actuation of the trans-
mitter at either of the substations for caus-
ing the generated telephonic currents
parallelly through the receiver coils and
through the line Timbs wher eby the recelver

15 rendered 1rresponsive to the transmitted |

telephonic currents, inductive mechanism as-
soclated with the line limbs from each sub-
station for receiving the telephonic currents

ducing said currents to the line limbs of the
other sub%tﬁtmn, sald 1nductive means being

arranged to cause the induced currents to | parallelly throuo*h the Iine 11111bs and means

substation for causing the
generated teleph(‘mu currents to flow par-

How serially

to flow

913,451

at the other substation are included serially

in circuit and the recelver rendered respon-

sive to received currents.
10. In a telephone system, the combina-

tion with a central exchange, of telephone
fines leading therefrom and termma,tmcr n
%11b%t.«1t1011.., 2 source of current at the ex- -
change for supplying the lines, transmitting

and receiving apparatus at each substation,

70

75

and means for causing telephonie currents '

ransmitted from one substatwn to flow

of a connected Substation from the central
exchange, the recelving apparatus being

1rresponsive to teleph{}mc currents transmlt--

ted from the substation but responsive to
currents received at the substation.

il. In a telephone system, the combina-
tion with a central exchanae of telephone
lines leading therefrom and, termmatmg n
il s..mstatlon, a cord circult at the exchange

for connecting said lines together, repeating

co1ls conneeted Wlﬂl the cord Cll‘CIllt a trans-

‘muitter and a receiver at each substatwn and

neans adapted upon actuation of the trans-
mitter at either substation for causing the

enerated telephonic currents to flow paral
ldly anda differentially through the receiver
coils and through the line limbs to the re-
peating colls, said repeating coils causu'lg

par--
allelly through the line limbs to the central
“exchange and serially through the Iine limbs

80

89

90

95 -

the tr fmsmltted current to be induced to the

lime limbs of the other substation and to
through said line limbs and
through the coills of the receiver thereat,

cachi recelver belng responsive to currents
ﬂom:{ 10 serlally unrmw*h the Iime limabs but
irresponsive to currents flowing parallelly
through the line Iumbs.

12. In telephone system, the combina-
tion with a central exchange, of telephone
imes leading therefrom and termmwtmg 1n
a snb%tatmu a cord circuit at the central
exchange, inductive repeating mechanism
connected with the cord circuit, tmnsmlt-
ting and recelving apparatus at each sub-

-qtﬂtion, a source of current at the central

excnange, means for causing direct currents
from said source to flow parailelly through
the repeating apparatus and the line hmbs,
and means for causing telephonic currents
to tlow para llu;.,lly over the line limbs from
a substation to the repeating apparatus and
serial.
ing apparatus to the substation.

13. in a telephomne system, the "combina-'-

tion with a central exchange, of telephone
lines leading thﬁiﬂffOTH to substations, trans-
mitting and recelving apparatus at each sub-
station connected with the line limbs thereat,

“a source of current at the central e‘ichange |

means for causing direct currents to ﬂow

v over the line imbs from the repeat-
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: for c‘msmg telephomo currents to flow

- parallelly over the line limbs toward the

~ central exchange and serially over the line |

hmbs from the central exchange.
14. In a telephone system, the combina-

“tion with a central exchange, of telephone

lines leading therefrom to substations, trans-

- mitting and receiving apparatus at each sub-

. station connected. with the line limbs ther eat,
10 @ source of current at the central e*{oha,noe
- means for causing direct currents to flow
~parallelly throucrh the line limbs, means for
- causing .

lelly over the line limbs toward the central

ly over the line Iimbs

telephonle currents to fow paral-

exchange and serial

- from_ the central exchange, means for caus-
- ing the receiving apparatus to be irrespon-

20

sive to telephonle currents flowing from the

corresponding substation, and means for
causing the receiving eppamtue to be re-
sponsive to telephonlo currents received at

~ the Cle‘I‘eSp()IldlIlﬂ‘ substation.

30

1.

stations, transmitting and recelving appara-

‘tus at each substatlon means for causing
transmitter currents to flow in parallel over
the line . lnnbs to the central exchange, a
cord circuit in the central exchange ior eonn

necting telephone lines tog ether, an 1nduc-
tion coil serving to convert the transmitter

“currents received thereby into currents for
actuating the receiving apparatus at the

35

eonneoted Snbstetlon sa1d mduction coil
serving also to reerranﬁ'e the current flow
to cause the current to flow serially through

- the line limbs and through the receiving ap-
- paratus at the connected substation.

40_
- _eombmmtlon with a central exelnnﬂ‘e of Sub-
stations connected therewith to telephone

lines, a receiver and a transmitter at each

16. In a telephone exchange system, the

_ In a telephone exchange systeln the
_--oombln.-ltlon with a central e\ehdnoe ot
telephone lines leading therefrom to sub-

N ELEU BELE EEL N Rr TRl e ALl A

“glstances 1n t

o

substation, a source of current for supply-
ing the line and apparatus at the substations,
means for causing the transmitter currents
to flow from a substation parallelly through
the recerver coils and through the line limbs
(o the central exchange, “and adjustable
means included in the line limbs for adjust-
g the current flow therethrough.

17. Tn a telephone exchange system the
combination with a central e:achanoe of
substations connected therewith to telephone
hnoe, a recerver and a transmitter at each
substation, a source of current.for supply-
mg the line and apparatus at the substations,
means for causing the transmitter currents
(o 1low from a substation parallelly through
the receiver coils and through the line limbs
to the central exchange, and heat coils in-
ciuced 1n the line limbs for protecting
against excessive current flow and for bal-
ancing the current flow through the line

llmbs.

)
18,

In a telephone exchange system, the
combination with a central exohmcre of sub-
statlons connected therewith to telephone
hneej a receiver and a transmitter at each
substation, a source of current for supply-
ing the line and apparatus at the substations,

nieans for causing the transmitter currents
to flow from a subst ation parallelly through
the receiver coils and through the line limbs
to the central exchange, and adjustable re-
’;1e form of heat coils included
m the line limbs for balancing the current
flow therethrough and for proteotan' against
axcessive current flow.

in witness whereof, I hereunto subscribe
my nanie this first day of July A. D., 1905.

GARRISON BABCOCK.

Witnesses:
CHATLES J. SCHMIDT,
Lroxard W. NOVANDER.
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