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DAVID S HULFISH OI‘ CHICAGO ILLINOIS ASSIGNOR TO THE AMERICAN
BELL TELILPIIONE C‘OMPANY OF BOSTON MASSACI—IUSETTS A CORPORA-—»
TION OI‘ MASSACHUSETTS

BUSY TEST SYSTEM

SRR SPmuI.u .LGA"‘ION mrmmg pa,rt Gf Letters Pa.tent No. 712 455 d&ted October 28 1902 |
S ‘Orlglnal apphcatlon ﬁled I'Tﬂvember 5 1901, Serml Nu 81 252 Dlvlded and tlns applm&twn ﬁled Aprll 5, 1902 Senal |
o B 1 AL S R Nm 101 504 "Nn mndel} e PR o

T o all WhOT?’b it 7?%4’,/ comeern: . 1 L is the 11u,t..-.1,1110 11ne cuculb a,nd a b rep-
Be it known that I, DAVID S. IIULI‘ISH 1e-_,f:_tre:aent its main conductors, 1espeet1ve1y It
qldmg at Chieago, in the county of 0001{ and’*_.'__.?-ls connected with the. smtehboard C at the
 State of Illinois, haveinvented certain Im- | central station O and’ extends OHtW&ldI}T 55

pmvements in Busy-Test Systems and Ap- ';thel efrom to the substations 8, $% and S%.

i

o namtuq of whleh the followmﬂ‘ isa Spemﬁm-*{ “. At the central station H is the central
SRR tlon S | | - SRR i{somce of current, connected between the .
The 1mem10n 1el&teb pm BIGUI&I]}"' to busy-—; “mains a b of the. (,uemt and havmg a frmund
S ‘rest systems for usein con;unctmn with poly-. *_connectmn at one of its poles 36.° B -'-60.;;;
_'_-w station subser 1bers ¢ircuits of eentml bat- | G‘rls the usuallmpedanue -coll, hd\«"lnﬂ‘ Wmd |

tery telephone -exchange systems and- .a,ppaﬁ--__f.1ngs m 7 1N t,he two mam conductms Iespee- o
‘ratus, the objeet: bemwto provide abusy—test_‘ ;_'twely e~ L TR o
8Y stem which can be: applled for any circuit{ Fisa dlffelenua,l reldy or elecbwmawnetlc
to the switchboard by means of the switeh | &mteh having its two coil-windings g dlild ) 65
5 devices when the desired connection involves | in: the said trwo main conductors; but the said
‘Lhe switehing of the cireuit to ‘another line [ coils are 'w ound or connected to oppose. one
SR B -or mdepeudent of said smtchmw devices .:L[ld j':a,not;hel when a current f:om ‘the source H
PR (,enmal station mampulatmn when the com- | flows inthe metallic circuit T.. The said elec-
- “munication established is. l}etween two %t.a-". §ﬁ-t10mafrnetw switch is thetefme irresponsive 70
R .i!i-_-qzo 13_10115 of the same ¢ircuit. ~~ .. .. o por null to'such a ‘eurrent. Obviously, how-
| “This application is a dwlbmn of my' ftpph-j | ever, a similar current ﬂowmtr through one
S cation filed November 5, 1901, Serial No. only of its windings will mdﬂ'nemcally excite
: 81,;..02 the ple&enbmventmu bemfr herein de- | the applmnce Whl(_,h theleu pon will operate
- secribed and illastrated as a,pphed to the cen- | to attract its armatures. “Under the condi- 75 |
A -25 tral- battery telephone-exchange sy stem and | tions of this bpeuﬁcatmn the coil g 1s the one.
- apparatus constituting the subject - mattel | which alone acts to excite the core. S
elmmed in said 0110‘111.5;1 apphcatwn | Risthecut- off relay; D, arelay eont,mlhnfr |
In d(,cmd.:mce wuh my pte%ent invention I | the {mphmmon of the busy test potential to
. arrange a relay in the main metallie circuit | the test rings or points ¢ of the switeh-sock- 8o
. .30 Whleh when said metallie cireuit is closed by | ets J J* when the circuit is eufrawed by com-
- the d15placement of a receiveratany sabsta- | mummtlon between tiwo of its own stations.

tion acts to connect the test- -pieces of the | "M is the independent or call generator, usu-

N several switch-sockets with a source of test-. 'ally a magneto- eleemlc altel natmcr cuuent
| - ing potenmal dl’ild T also provide means for 'ﬁenemtm w0 L - 85

35 attmmnw the same end when theline inques- | N is a signal devi ice to indicate maommﬂ'

tion is swu:(,hed at any of its switch-sockets. ;ea,lls and 7 72 are resistance devices.
I thus plotecb the said main circuit ' when'| = The switch sockets.or ,]a.eksJJ“ suiﬁclently |
- already in use from interr uption - -under all- ;mdleate that the letchboa,ld Cisor nmy be
f ~ circumstances. - Moreover, in the first case | a multlple switchboard. 90."_ |
" 4o the busy test is set xvlthoutopemtmw the cut- | - Thesignaldevice N is eonneebed mdbmnch |
~ off relayto disconnect the normal cirenit con- | ulemt 28 extending toearth or returnthrough -
nections; but in the lattercaseitis: arranged | the drmdhme and fixed contacts 27 26 of the
I ~that Lhe application of the testing (,unenb{. switch-relay F from point 34 of conductor 24.
e slla,ll operate the said cut-off relay. " }Thisbranch circuit, and therefore thesaidsig- g5
| 45 - The drawing accompanymn‘ and 111ust1 at-—'- ‘nal N included thetem, are. eonm olled by the »
| ing this Specmcatlon is a diagram of a poly- | said relay-switch F.
statmn or partyline or cireuit extendl.nw from | The call-generator M is in the norma,lly dis-
‘a central station toa plurality of subamtlons - connected btanch cirenit 43, leading: from
© T'will first deseribe the arrangement of cir- | earth to the front stop 42 of the armature 39 100
g0 cuits with which my busy -test sybtem is- as- | of relay-switch, which armature normally —
Socmted as 111115trated in the dmwmﬂ' BN | makes contaet wu:h the back stop 40, the1 eby




| 11[1:51,111133.1mn'ﬂr the normal connectlon of the |

~ of the cut-off relay, winding of relay D,

main eonduetor b. The normal connection

of main conductor ¢ as it enters the central
station and after passing its switch-socket

branches is-through contact- pleces ¢ and 21
coil ¢
of differential relay F, coil m of the impe-

“dance-coil, and eondmtor 22 to the source H
at its ungrounded pole 23, while that of con- |

‘10 ductor bisby way of the cut-off- relay contacts

15

20

25

“alike.

- fand 37, conductor 38, movable and fixed con-

-tact-—pomts 39 and 40 of the differential relay

F, coil & of said relay, winding n of the im-
pedauce coill G and eonductor 41 to the

grounded pole of the source H at 36. The

__call -generator connection is thus controlled:
by the differential relay F, and when the lat- |
ter becomes excited and the armature-con-
- tact 389 tmnstened from the back stop 40 to

the front stop 42 the normal connection of the
main conductor b with the source Hincluding

The appamtus at a,ll of ’the &ubstatlons is
At each is the usual electromagnetic

~ call-bell B and the condenser ¢ in. a bmdﬂ‘e 7

together between points 1213 of the main con-

30

35

ductors ¢ and b, respectively, and the said
bridge also, as usual 1s held conductively

~open but 1nduct1ve1y c,losed for the passage

of therapidly-changing call-cur rem'-‘s by means

_ of the said condenser.

T is the telephone- hmnsmntet
celver, I, the transmitter mduetlon 0011 with

| 1ts prlmary winding » and secondary winding

40

v*, and s the suspension-switch, serving as a
suapport for the receiver when the statlon ap- |

paratus is not in use and controlling the con-
tinuity of the telephone-bridge v and local
circuit. - Thesaid telephone- b1 1dge v 1s shown

~asextending between the same points 1213 of

45

¢ondenser ¢,

55
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the main clremt-conductors and as leading

through the transmitter T and the secondary
WI_ndmt}' 1 of the induction-coil.
normally or while the switch s is held de-
pressed by the weight of the receiver in said
switch at the point 3.

controls the local cireuit, which 11101udes the
receiver { and the primary coil 4+ and which
may be regarded as looping from point 6 to
point 8 of the bridge 7, so that it includes the
The tranbmlbter T, besides be-

ing in the telephone-bridge, is in this local
circuit also.

Two. ﬂmundmﬂ‘-ke}%
the two main conductors a and b, respec-
tively, at the points 14 15 in each subsnd,mon
The said keys have front contact-anvils 19
and 20, both connected to earth at E%. Nor-
mally they produce no effect on the circuit;
but when either key is depressed it ﬂ‘lounds
its own main conductor directly. Moreover

when key % is depressed it not only connects
its own main conductor ¢ duecbly to earth,
but also connects the other main eonduetor
b to earth through the inductively - closed

f Lhe re-

It is open

The said switch also |

k k? are attached tol.-lsmberted

2 N ST RLE

brid ges 7 of their respectwe bells B.  So, also
key i* when depressed grounds the main con-

ductor b directly and d,lso grounds the other
main: conductor a throucrh the telephone-
“bridge of any substation or bubsba,t;mns where

such telephone-bridge is closed by the dis-
plaeement of the receiver from the suspen-
swn switch. o

I will now descrlbe in detaﬂ the busy test

system as applied to the above-deseribed ar-

rangement of substation-circuits.
| Refemmn‘ agaln to the central-station dp-
pliances, it “will be seen that a busy-test con-

| dactor 31 unites the several SWltOh-SOert'

7¢

85

test-frames d and a connectlon 24 from the

tential extends to said test-frames through

‘the contacts 29 80 of the special relay D and

a resistance . The magnet-coil of the cut-off

‘relay R is in an earth branch 83 from test-

~conductor 31 at point 32.

the coil & is broken and the call-current gen- |

~erator M is united to the bald main conductor.
~in place thereof. -

When two substa-

tions of the same circuit aretalking together,

1t-1s quite as necessary to protect the clremt

‘source H or any similar source of testing po-

go

from interruption as it is when the line is
switched for communication between one of

its own stations and a station of another line;

but under such conditions it is required that

the cut-off relay shall not be operated. This
is accomplished by the use of relay D. When
two stations of the same circuit are in com-

munication, their receivers are taken from

‘their suspension-switches and the metallic
- circuit is completed, so that the current of
-battery Il can flow therein through the mag-

net-coil of relay D. The said 1elay is thus
excited and the contact 29 30 is made, estab-

lishing an electrical testing - potentul upon

test-rings d by connecting them through con-
ductors 31 a,nd 24 with the source H at pole
23.

The resistance 7 is of such magnitude.
‘that with a normal adjustment of the cut-oft

105

relay R any current passing through thesaid

relay R 1is insufficient for its Opelatwn

lied without operat-
ing the cut-off relay, and therefore without
mtelfermﬂ' with the circuit connection be-

tween the main circuit L and the source H,

whose current is required for the supply of

the substation-transmitters.

P is the answering-plug of an ordlnmy

switch-cord, (not shown,) and, as usual, its
local or sleeve contact surface P° reg1stels_

with the test-ring d of any socket wherein it

sion 51 to the battery H? and ground. Thus
whenever the said plug is inserted in a socket

d to answer or make a call the current from

battery H? flows over the local circuit thereby

established to operate the cut-off relay R in_

such local circuit and to Impress a test po-
tential upon all other switch -socket test-
pieces belonging to the same subscrlber 3 cir-
cuit.

It is now ewdent that When the line is en-

Thesaid sleeve-contactis united
-by the local cord econductor 50 and its exten-

110

‘Hence the busy test employed during the
communication between two stations of the |
same circuit can be app

115
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. desirable to disconnect said Dbattery Hj: .nmdzg?z;j “
~In:| the circuit 28 of the lamp- mwnal N; but as
.the code- signals are dlbbmctwe and qmte aif-
ferent f:om the central-

}'fﬂashnws mfs(ud Ia,mp Sign a,l whu,h when 5uch SO

. the cut-off relay is made to operate.-
. either case should- the line- pmtected be:. de-.
-f,bn*ed for connection: by anuthel one:the test
.. 20 is madein the. usual WAy, a8 indicated by Lhe?"_;,

- test-plug P2, whichmay; as is customary, be

aﬁed 1r_1 a, loeal ccmmumcatmu between twe

_-'of ITS own substations the huﬂw test: ‘poten-
S R tial is: 1mpre‘%sed 1) p(m its test-rings through',
- the intermediation of the extra relay D and:

“ ¢ that daring the'en gagement of said -line Ly

'.eontae’r the cnmluutor bheteof and the bat-
“In the formercase:

the companion pluﬂ' of a pair aqumted W1th'?

© . tains the ol}emtm

. the phw in‘makihg ‘the test is ;—Lpnhed to the
S , the opem,tm* meanwhiie listening
“at-the, recewer and if the line:is lm%y the.
tebt*poteﬂtlal lmprebaed upon said rings is:
_ __;;_m.-,unfebted as a soun d in. the leeewer W hlchlﬁ_;._

o test-ring

. communpicate" with m}otllel
. samevcircuit—for 1nst;u1ee S
" up the receiver from the subpenbmnmwltbh s
- and listens to ascertain whether or not the
“line is already f:-mplm ed -by some other sta-
| -Finding the circuit free he returns the:
‘receiver to- the switeh-hook and then to op-
~erate the bell atstation S ple%aex the ground-"
This results in the ringing of the.
.bell at all the substations; but as: each has
its own code- bl”‘[l‘ﬂ cmd as the 116_} 18 opela,ted.:
‘| eirenit.
‘the switch s, as in the former case,;.so that
| the person desiring to use the line may find.

43
o tion.

- their bells.

| . 6o

‘ing-key k.

substation 8%

_n'round E2

ool A smtehbﬂald the’ np Londuct,or 7-0f sneh}-

" plug being for* 131115 pmpoqe united. b} the:
“conductor: a‘? to the test-(,n cuit 03 whieh eon-
"The. tip of |-

“receiver 6’3

hmu ise is: sﬂent

o I lhe freneml opemtmn of Lh? Hlfrtmhntri_
""-".'.devlceb Of the system-let it be assu n}ed that-
a person at -any. substation, as S vishes to |
b'[rUIOIl ‘of the’
- He first mkesg

dll other btatmns w111 disr egal d tl:e ringing of--
AR ~When the said key is oper ated a
. 5o ground- -circuitisclosed over main conduotm a
- . ‘between the gmund connection at pole 56 of |
- battery H and the kej ground connection at |
‘This is tI&CE‘dUlB from pole
23 0of said sour ¢e by conductor 22, impedance-
- coil m, the eoil g of the diff
o lnawnetlc switeh F,. relay D, contacts 21 -and.
e of cut-off relay: R main (*Gnducwr @, point.
14 on said conduel,m' at substation S?, branch
17, key k, contact-anvil 19, conduetm 18, and’
There being no. current through-
B 1he other eml hof the electmmafmetm smtch*
F, that in the coil g is effective
“switch is operated and attracting its arma-
ture 39 breaksthe normal circuit of conductor
.65 band unites the said conductor, of which said
" armature is the terminal, to the source M of:

eren tial electro-

.:md the said.

m i n a,l

s;{lnﬂ'b 19&d113 undelstanda t,hdt 0116 Snb‘atd'fl()l’l
;'u calling another. - ] .

é.ifcon versation.

Ha,vm og ohbmned a 1'espmlse from the Sub--.
;-strdtzon w:—mted ‘the .person who has- called
from: S* ceases: 1:0 operate key % fmd againre- 95
‘moving the receiver.from HWI'[Gh s beginsthe - -
‘At the same time the main - -
circuit tests bu‘%_} against all.comers, because - -

I 'the 1‘@1&13? Dby opemtmﬂ' has connected the -
“test-rings d with a battery. throun"h conduc-— | "
':j{'tms 24 and 31 and resistance 7. L e
_The b&ttew H is retained: in - conneetmn:;fi:'.'."j__:._,
i-”wmh thecircuit tosupply transmitter-current, ..
";becau%e the cut-off 1ela,3 has.not opemted S
the current thr ough resistance.r bemw insuf-:
ficient. for its.operation,

statlon swnal the

. ot T R R S - T P A .
- - e [ . . . . '
i N Ll . R . ' . . 1 o . 1 . T
S - . . A -
' . I . . R .
' 1 - . . . .
' L] I' I- . _. . . . . . - . . ]
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] - 1
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. s '
i '
1 '

The current ot Sald call f"-'eneratm_ﬁ:i_;?,'. S
.then passes over the gr ounded circuitof main- -
.econductor b, which. elremt extends from the -
sground. cnnneemon of said ‘generator to the
around ot the keéy % at- bub&.tatlon ST by wavi.'.*r._.’ SN
- switehing it to: (mmher line for Gomnmmm-:,;ffa ‘of. generator M, conductor 43; resistance v, -
Lo tion between stations: 0‘[‘ the 'said” two lmmg;'
... the bnqy-teSb petentml is 1mpre%ed apon'the’
S test-rings by way: of 1he third.or: loea,l pluw-;:;
SRR Ko R
A ?Tery con nected thel ewlth
L it is necessary. to rétain: the normal. cmmee-i?
© - tion of the source: H,and. dccordmn‘l) means.
. are provided to plevent the operation of they
cut-off 1=e]ayR ‘but; in the litter case it isfi

'_;;conmet S 42 and 3‘) of the 1*eldy-qwlteh ff,eon-
~ductor 38, contacts 37 andfof-the cut- (}ﬁ:‘ re-: s
“lay Ry, ma,m condlwtor b, .and: I&d@hlt]ﬂ' the}_-;i--,"_;_ggi'f_'l",'_'.;_;._,_. -
'.ESeveml substations thl‘ouwh theirind uu,wel} R

closed- Dell branches7in na,tallel to'maineon-
‘ductor a, and thus'to the key k; the ringing- .
%i.;em*renl; dlﬂdm g betw een bﬂ,ld bell blan(,hes;'_
;ﬁ”&t the points: 13, o o SR
“Theoperation. of thewldy Smtt,h B meludes] |
{-fs-t,hes attraction of itsarmature 27, Avhicheloses -

75

.:.jﬁmenb a,nd ﬂnct Lm,tmg, wﬂl be 1"‘1’101‘ed bV the-_' I
‘operator, who on observing 'such brief flash--

90

1000

105
and since eurrerlt_,- S

‘now flows through the neutr alizing-coil v also

‘of the relay- SWlt('ll F.the said switch has be-
‘come null, dmeonuectmw the call-generator
s.jaud causing the flashes of signal N ‘to cease.

X 1I¢C

Let it now be assumed let; a sabstation—
ay ‘S—desires to obtain a connection through

“the switchboard with a substation of anothel_
The receiver ¢ is to be removed from. -

115

out whether it is dlseuﬂ‘&ﬂ'ed butin thH eaﬁe .
{finding the.circuit free, the receiveris notre-.

‘close of the ‘com munication.

pla.eed but remains off

now to be &,teadlly depressed no code-signal

‘being lequned in the transmission of a cen-
tral- btm ion signal..
in the former case, constitutes a n‘lounded:
cireuit for the current of source H, the route
of such circuit.at the: central: sta,twn being
1ihe same as before, but.at the substation be-'--
ing from main eonductor a through the closed

way of point 12,
suspension- switeh s, point d secondar‘y in-
‘duction-coil ‘winding 7%, conductor v

The line- (?,OIldULtOI‘ , as

telephone -bridge 7 to-key: £* and ground .by
conductor 2,-tr msmltter T,

18 :and 15 on main: conductor b, branch 16,

R call- current of Whmh front stop 42is the ter—-’-'; key k2 contact-anvil 20, a,nd connectlon 1.

v, pomts |

the hook until’ the: -

The key %? is 120

125
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.' 'Smee this urcmt meludes the (3011 of relay D | statlons a battery or llke source of eunent

~ and the exciting-coil g only of relay F, these

o - relays both become opelatlve and pelform

~their sevelal functions.
Jatter is now Steadlly attracted maintaining

Armature 27 of the

the branch circuit 28 of swnal N sted,dllv

~ closed and the said signal steadlly displaced
~until the call is answered The substation-

*5
4 i

20

- bells are not rung, because although the ar-
10
- and the call-generator thereby united to con--
. ductor b the currents of. said generator are
- shunted from the bells by the resistanceless |
~ ground applied to conductor b at the key /?
‘The resistance %
1s of such ma,n'mtude as to prevent the call-
-eurrents from - attaining

strength while thus substantmlly short-cir-

mature 39 of the relay-switch F is attracted

of the calling substation.
an undesirable

cmted ‘When the call is answered by in-

serting the answering-plug P in the socket J?

of the calling line, the busy test potential is
Impressed upon the test-rings of the multiple
switch-sockets in the reﬂ'ulm way through

- the. third or local plug and cord conductor

25

35

and since current can now flow through Sald
cord conductor to the cut-off relay R by way

of a path independent of the resistance r the

said relay is operated in a manner and for a

purpose well understood.

The use of the 1mpedance'001l G is in pmt

to regulate the current admitted to the line
and partly to prevent waste or diversion of
the voice-currents when two statlons of the

qa,m.e clireuit are conversing.

When the main circuit L has been qw.ttched

to another circuit at the central station and

the cut-off relay has been operated, as de-

- scribed above, the impedance-coil G, relay-

~ switch F, and test-current relay D are sev-
40

ered from the said circuit and of course cease
to exercise their several faunetions.

- From what has been stated it is eVIdent
that no call-signal can be transmitted simply

by removing the receiver from the switch,

but that sueh action alone merely sets the

~automatic busy test; also, that to call other
- substations of the qame GII’OHIB one key must

_50

60

be operated in correspondence with the code-
signal of such stations, the receiver being in
plaee on the switch, and that to call the cen-

tral station from any substation the other key

must be steadily depressed, ‘the recewer be-
ing kept off the switch.

Ib is to be understood that Whlle for clem-
ness two sources  H* of steady current are
shown and described a single source is in
practice pleferably employed and also that
such single source in practice may be common
Lo a number of main cirecuits. |

Having thus described my 1nvent10n its
nature and operation, I claim—

1..In abusy-test system for central-batter y

telephone- exchanﬂ'es, the combination with a |

polystatlon circuit system comprising a me-
tallic main telephone-circuit extending be-

tween a central station and a plu rahty of sub-1 =

1

| in said metallle circuit at the central station;
a call-bell in a conductlvely-Open bridge. of
I'sald eireuit, telephone instruments in an in-

dependent no: mally open bridge of said cir-

cuit,and a suspension-switch operated by the

removal of the receiver therefrom to close the
circuit through said telephone-bridge, all at

each substatlon and a battery or hke source

of current in bﬂld metalllc circuit, a call-re-

ceiving signal device iu a local c1reu1b of said

ba‘rtery, & dlfferentm,lly-wound relay in said
main circuit controlling said signal device
and held by its opposing coils irresponsive to

the operation of said suspension-switeh, and
a multiple switchboard with which the said

main circuit is connected, of a single-wound

relay in said main cwcmb responsive to said

suspensmn -switch, and a branch cireuit lead-
ing from said ba,tterv through the local con-

'tact points of said last-named relay to the
‘busy-test pleces of the several switch-sockets
~of said main cireuit on said switchboard, all

at sald central stfulon subsrdntmlly as. set

forth.

2. In a busy-test 5ystem for ceutral-battely
telephone- exchann"eb, the combination with a
metallic main circuit extending between a
central station and a number of lebSt&t:lOI]S
a battery at said central station con nected be-

tween the main conductors of said main eir-
cuit; a plurality of switeh -sockets at said
central station with which said ecircuit is as-

sociated; switch-plugs co6perating with said

sockets; a busy-test circuit-conductor unit-.
ing the test rings or points of the -several

switeh-sockets of said cireuit; a cut-off relay
in a branch or extension of bald conductor;
means associated with said switch-plugs for
establishing a busy—test connection between

said switch- socket test-rings and the said bat-

tery or like source of testlnﬂ'-current when
the said main circuitis switehed_; and aswiteh
at each substation to close said main cir-
cuit throughthe telephones of said station; of
an independent and normally discontinuous
clectrical connection between said source of

| testing-currentand said busy-test conductor;

a relay 1n the main circuit responsive to sald
substation-switch controlling the said connec-
tion and adapted when exclbed to establish
the same; and means as indicated for permit-
ting the ope-ra,taon of the cut-off relay by the
current of the testing-potential when applied

- through the switech devices, and for prevent-

ing such operation when the said cuarrent 1s

‘applied by said relay, substantlally as de-
‘scribed.

- In testlmony whereof I have sw'ned my
name to this specification, in the presence of
two subseribing witnesses, this 28th day of

March, 1902. .
| | . DAVID S HULFISH.
Witnesses: o B
S. G. MCMEEN,

-H. W. CAsLOW.
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