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:BERNA.l\D D. WILLi ,•OF CHICAGO, ILLINOIS, ASSIGNOR TO AUTOMATIC ELECTRIC COMPANY, OF CHICAGO, ILLINOIS, A CORPORA'rION OF ILLINOIS. 
TELEPHONE TRUNK-CIRCUITS. 

1.267,031. Specification of Letters Patent. Pat.en fed lllay 21, 1918. .Application filed Augnst 23, 1916. Serial No. 110,488. 
To all ·wlwm it may concern: 

Be it known that I, Bi,:11NAWJ D. WILLIS, H citi;,:t•n of the United States of America, and u rrsident of Chicago, county of Cook, ,5 nml State of Illinois, have innmted certain 1ww and useful Irnprovementr:; iu Telephone Trnnk-Circuits, of whfrh the following is a s1wcificati011. 
.Wy inwntiou relates in general to inter-10 office trunk circuits, but is more particularly (·onem·rn•d with circuits of this clrnract('r \l'hich Hl'e adapted for use in aulomatic tl'!(•phmw ,,ystems. I11 U. S. LeUlWS Pali.mt #l,l:{!i,Ul:d. granled April 20, Hll5, to T. n. l;i :Hartin. tlwrn is showil ,lll<l dt>.'.'i{'l'ibed a two­wav tnmk circuit for use in n two-wire or noi1-gro1md(•<1 a11tomatic tPlephonP system. Tlw trunk circuit there illustrated i,; pro­YidP<l with a repeater at each end for trans-20 mitcing opt;rating h,npulses to an automatic i-m ii ch n t thr othrr end over the two sides of thP 1rnnk line in series. 

Srn:h a trunk circuit is well adapted for w,,. iu a sy,,tem in which the different offices 25 ot· Pxdwnges nre only a few miles apart. In 111or,• exteu;:;i Vl' inatallntions, however, com­p,·isin,!t wid!'ly seatt,erpJ. exchanges, which il!lr\ IJ(,, t1PpamtNl by a humlred miles or 11101·1•. it is ad,·isable to lowt>r the resistance 30 of tlw impnls(' transmitt.ing cil'cuit by mak­;ng 11~p (If u ground r!'turn . The repeaters :it Pach Ptd, tlwrl'for,\, may tw arranged to l'PcPin- impnl,ws tritnsmittcd over the two sidPs of n line in series, and repeat these 35 i111p11lses over a ground return circuit to up­JHtratns at Lil<' distant (•nd, where the im­p,th-ws nre a6rain • translated to the series rnrietv in order to bperatc the usual two­wire automatic switches. This method of 40 opnationr if spe.cia.1 precautions are not taken, is open to the objection that the im­pulsPs are liable to be afft>cted by variations in the ground potential at the opposit~, ends of th(• trunk circuit,. I ti many localities the 45 potential of ground may vary from nega­tiH rnlnes to fifteen or twenty volts above the g-round potential at other points, which is s11fficient to ;-ery seriously afl'ect the qnalitv of impulses transmitted over ground 50 r«'1 u r1i c:ircuits. , The object of my invention is to provide a trunk circuit of the general character set forth above which is adapted to auto­mnticnlly compensate for any ,·ariations in 55 th<' gr~1md pofontial which may occur1 

tlwrt>by securing accurate transmission of i111pulses regar<lless of such variations. The particular means en1ployed to secure the foregoing results will be fully describell hen•.inafter, and its operation explained, 60 n•focence beiug had to the accompanying drawing, which shc.ws diagrammatically a : ,ro-way automatic trunk circuit embodying tlie priIH"iplPs of my invention. , In the druwiug, thti reference charactets Gr, 7:, and 76 indicate the two line conductors of the tr1mk circuit, which terminate at op­Jlrn,ite ends in thP windings of the repeat· ing coils R' and R!. Through the medium of n•Jwnting coil R' the trunk conductors 70 7t1 :ind 7(i are inductiYely connected to con­d1wtors 11 und 12, which in turn arc adapted :fnr <·onnedion either with conductors 5 nnd 7 or conductors 8 ai1d 10, depeJ1ding on the direction of the call. In a similar munnor 75 thl· 1·epeati11g coil R 2 serves to inductively connw:t the line conductors 75 und 76 with conductors 111 and 112 which are adapted fol' conuection either with conductors 105 and 107 or conductors 108 and 110. 80 The manner in which connections are established to or from the trunk circuit mav bo understood clearly by referring t.o th'e prt>,·iously mentioned patent to Martin. Thus the bank contads 2, 3, and 4 are as- 85 s1mwd to be multiplied in the banks of first SP,lC('tor switche;;; sud1 as the one there shown and described, while the conductors 8, 9, nwl 10 extend to nnd terminate either in a line switch, as shown in the said Martin 90 pntent, or directly in a second selector switch. In the same manner, at the opposite end of the trunk circuit, the bank contacts • 102, 103, and 104 are multiplied in the ·banks of first· 1select.ors in the distant exchange 95 while the eondnctors 108, 109, and 110 !JX· tend l'ither to u line switch or to a second • sPledor switch. 
The two groups of relays indicated col-• lectively by reference characters M' and M2 100 comprise two repeaters through the medium of which the operating a.nu ta.lking circuits are esta,b1ished and • controlled. It is thonght that th~ functions of these relays can b<>,st be explained by describing the oper- 105 ations incident to the establishment of a connection over the trunk circuit. Accord­ingly it will be assumed that a calling sub­scriber has established connection through the medium of. instrumentalities including 110 
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a selector switrh with lhP h:rnk ('Ontaets 2, 
:i, and 4 for the purposq of conr1<~cling via 
tlw 1 rnnk circuit with a st1bsr-ribc1· in the 
distant exchange. 

5 Upon the completion of the connection to 
the bank contacts 2, 0, and •1, the double­
wound line relay ff> is 1•11e1·gized ov(•r a cir­
cuit which may be I rnc1,d as follows: gronnd 
at G', lower winding of li1w relay 15, all(l 

1 o conductor 7 bank contact -l. thence by way 
of the lower selector wiper ( not shown), 
the calling Sllbscriber's loop and the npper· 
i,;elector wiper (,also not shown), to the bank 
contact 2, and thence by way of conductor 

1 ,, 5 and the upper winding of line l'elay 1.5 
to the ungrounded pole of battery B'. On 
attracting its armatnre, the line relay l!> 
completes a circuit for the slow-acting rn­
lease relay lG as follows: ground at G', 

20 armature 24 and its working contact, and 
winding of relay 16 to the ungrounded polo 
of Lattery B'. Upon energizing, r0lay 1H 
prepares a circuit for relay 1:7 by means of 
the armature 2(5; switches the conductors 

2,, ;n aml 38 by mPans of arnrntnn•s 28 and '.2Q 
from connection with the impu1se r1)ceiving 
relay 19 into connrction with contacts con 
t rnll<><l by the line relay lD; and by means 
fJ{ armature 27 prepares a holdir,g cir,~uit 

:-10 for the selector switch which may be trncod 
in 1iart as follows: ground at G", arma( ure 
27 and its working contact, and conductor 
G to bank contact 3, whence the circuit ex­
tends back lo a relay in the selector swikh 

3G which is maintained energized in the usual 
manner to prevent the release of the said 
selector. 

As a further result of the energir.ation of 
relays 15 and 16 a circuit has been com-

m plete<l for the impulse receiving relay 119 
in the repeater M2 at the distant exchange. 
This is the circuit over which the opentt­
ing impulses will be transmitted and it ex­
tends over the following path: ground at 

,1;; G1 2, v,linding 120 of rela.y 119, armatlirc 1'2S 
and its back contact, conductor 137, wind­
ing 133 of repeating coil R2, trunk line con­
ductor 75, winding 33 of repeating coil 
R', conductor 37, armature 28 and its work-

GO ing contact, armature 23 and its working 
contact, resistance 26, and battery Bt to 
ground at G0

• At the same time a circuit 
is completed over the lower trunk line .con­
ductor 76 which corresponds in every par--

5G ticular to the circuit just rkscribetl ·except 
that it includes the lower winding 121 of 
rPlay 119 an<l that the 1?attcry H2 is Olll ittc<l. 
Assuming that the grdund potentials at the 
two exchanges are the same, this latter cir-

f\lJ cuit extending from ground G' in one ex­
change to ground G12 in the other exchang,~ 
will cany no current and may be for the 
present neglected. 

Fron the completion of the circnit 
ur, tli roi,6h its will<ling 120, relay 119 is en-

ergized by current flowing over the trunk 
line conductor 75, and upon attracting its 
a1·111at11re, r·ornplctes an energizing circuit 
for the ;.;low-ucti11g relay 122 which may be 
traced as foilom,: ground at 0 1 4, armature 70 

152 nnd its working cont:11·1 , and winding of 
relay rn2 to the Ullgronnded pole of battery 
B". Hy the a it.rad ion of armatures liiO and 
H\1 of 1·c•lay !;~:!, !h(• conductors 111 and 
11:2 are shif1Pd f1·01J1 conne('tiou with bank 7G 

contacts 10:! arnl 104 into connection with 
wnductorn 108 and 110, which latter con­
dudors it will be assumed terminate in the 
willdings of the line relay of a second se-
lector switch" so 

This selector line relay will now be en­
ergized over a loup just completed by relay 
119 and which nmy be traced as follows:. 
cornlnctor 108, armature 153 and its work-
ing contact, aad wmding of impedance coil 8:i 

118 lo condiwtor 110. On the energization 
or ! he selr-ctor· I im• !'e!ay and the consequent, 
(•twrgiza t ion of the associated slow--acting 
relc•a:;e relay, Urn cornluctm· 109 is grounded 
in !Ii,, ,1·c,!J knowu manner, wrwreb_y the re- !JO 

peri1er M2 is prni(icled against sci,mrc by a. 
first t:eler;tor switeh throngh the medium of 
tl,l: gn,uud pot,·ntiai vn ::nrnk conL'lct 10a 
and it~ rnultipks. 

The foreg1Jing operations have taken g5 

place as the result of the extension of the 
calling line to the repeater M', which ex­
tension mav he assumed to have been ac­
cornplishecl°by the calling subscriber through 
tho rmnoval of his receiver and the manipu- 100 

lation of his calling device in accordance 
with the first digit of the desired number. 
The c,tlling subscriber may now operate his 
calling device in accordance with the second 
1ligit. of the desiri!d number thereby result- 105 

ing iu a series of interruptions of the cir-
cuit of the line relay H\. Responsive to 
1 hn,c i11lerruptions of its ·circmt the 1h1e 
rcla_y lii dei~norgizm, a corresponding num-
Lor of times a11d at the firnt dcfarnrgization 11 o 
completes a circuit for the slow--acting relay 
17 which may be traced ns follows: ground 
at G', armature 24 and its back conto.ct, 
a1·rnatnrc1 26 and its working cont:wt and 
the winding of relay 17 to the. ung1·ounded 1 H> 

pole of the battery B8
• Relays 16 and 17, 

being slow-acting, retain their armatures 
,luring a series of impulses, after which relay 
17 is deenergized. Iu its emwgized condi-
ticJll rnlay 17 by means of its armatures ao J 20 

and :30' opens th~ bridged windings of re­
poati:1g coil I{' whereby the conden;;i:n·s at 
and 3:t are prevented from int.Pdering with 
the transrnisc,ion of i1upnlses. H will be 
r li-111· 110w that at each cld;ncrgization of the 12 :c; 

linn l'()]ay Hi, the enc1·gizing circuit of tlrn 
irnpnbc recc,iving relay 11!> at the dist:tnt 
exchange will he bJ"Oken. Ifalay 119, then•-
for1,, vibrntPs its armatun• in svnchronis111 
witli tJw. relay Hi and interrupts'at each de- 130 
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Lridge of said conductors at onn end, a con. 
ne(·tion from thli middle point of said relay 
to ground, connections from the other crnl 
of saitl conductors to ground, and a balt;•ry 

5 in scl'ics-with one of said las! ground c:011-

nections. 
5. In combina1ion, :l rday 1•011Jpt·isillg a 

co11tinuo11s winding in 01w ,lin:ditw gr'>Hrnl­
cd at: its rnidcl]P point, li11e eonductors mn-

10 1wctcd at one ,•nd, rcspectin,ly, to opposite 
ends of said winding, n battery, and means 
for connecting said ·line rond11cto1s to 
ground at the other end arnl for inclnding 
said battery in seril~s with om: of said con 

15 dnctors. 
fi. J n eornl.iination, n relay corn prising a 

c011tinuow, winding in one direction gr(Jund­
rnl at ils 1niddlc point,, line comlw·ton; con­
nec:ic,cl at one eud, r::;;pl¼:.tivcly, to opposite• 

~o ends of ba:id ,vir1di ng~ u lin i C8t'}" ha 1 j ng i~; 
positive pok grounded, und llWam, Jnr C: 1H1 

ner·ting said lirn, condndor;-; 1,.t. Uw o:lrnr 
1c11tl, ri!b\Wclin·ly. iu µTouwl aml tn /[,.·. ,11, 

gro:mlli:cl pole of ,mid haU.t'.ry. 
7. In a tP!erhorh· ~-Y~;t~'•rt):, t), 1;i:ni1!1,-! '\'l Pf'!; 

,·irniit conrwdirig two c·xd1,f11,c;(',, :wd i1,· 
1:li11ling a n·lay i11 (,111° exdi:rng:e, Jn<•.:•n~ n, 
the otla·r cxehange for tnrn.~:11iUing: ,·1,rrent 
i111t:ulsps or(•r ::iu.id c.:ircHit to OJlf'f,,ce su id re-

30 lay, :111, I_ autonrntic rnca,11s for- pren:ntmg 
di ffm·t•rn·•·s in tl u, gNanrl potPntial a L, the 
1 wo bxclvr,ges from inter-foring with the 
oD(•!·'Jt~f•Tl of ~~ui•_: relav. 
·s. Jr, a ;..,>;Aune S):Stem, n gt'o,111d n·lurIJ 

:;c cir,_:i1it (·onn,:•:t 111g two cxc1wng,•:o an<l in­
••iudirig n.: ,me_ exchange one Y>'i11ding of a 
donhlc wo1md rolav. n•ea11s :1.t the other ex 
ch:wg-e for t:·ans;ihting C'llrrer1t i111p11b1cs 
ovPr ~ai,l c!J 1_:uj, to operatl~ :·~uit~ rela::v, and 

40 :1n aui·r,ni:1ti,: g.1'(,UIHl rrt11n1 eo,i>pen:,;ating­
rircJJit al:,o comH'{•(jng ti;,. ! w,, PX•:1,nnp;l ,. 
and ind11<lm£r the ~l'cond ,rindi11;; of :sai1l 
rdav, ·,viw,.d>v the s:1.i\l r1•la•, :s .twL affoct.•d 
by (f}i1'erc11cr:~/ i!; gcc;'HHl pui:,:'. ·~1 iul :it thP t,vo 

45 rxdrnngns. 
9. The cornbinatl0n with ,1, 1·',hty and a 

ground reti1rn ci:rcult tlH'.1·efor,, of means for 
securing uniform oJ_wr:,i:ion,: of saiJ relny 
unaffeci.ed by varying earth J1oi.entials1 said 

50 means comJ>l'ising i, second. ~round return 
circuit for said relay so connected that 
fluctuations of current in said first circuit 
due to variations in earth potential are com­
pensated for hy wrrespondi np; fhietnation,:, 

55 of cnrrcnt in srtid st•eorn.l eircrnL 
10. The cornhination· with a, relay pro­

vided wil h two windings, of scprirate ground 
return circuits for said windings, imd a 
battery in one of said circuits, said hnttery 

60 and rela,v windings being so corm1::cted tlrnt 
r·111Tcnh, in the circ11it containing· tlw battery 
(•amwd hy unequal ground pot.cntfal9 are 
countcr-h:dancci1 by <'otTc:-;ponding ~urren:t1:, 
in the otlwr circuit. 

60 , lL In a telephone E>'JStmn
1 

means for l'e-

pvaling cmTr~1t impulses fro~ ~llle exclJ:,t,nge 
to a11ot-hn, said means compr1smg a, ground 
rl'turn circuit including a battery at one end 
and oue winding of a relay at the other end, 
nnd a second ground return circuit includ- '10 
ing- a second ,vmding of said relay, whereby 
di lfrr<>r11'.1_:;; i !l ground potential between the 
t. 11 o ,•,,clw nrt>s whfrh oppose or ab."':!ist the 
,·111T,:nf frr,u1 said bu.Uerv also cuuse com .. 
prn,.;al.ing c11nents to tlow"in said second cir- 76 
,:nit. 

II!. In a Lele.phone system, an impulse 
tnrnsmitting crlu.y ;rnd a, differential irn-
pn l:-:1: recciYrng relay, two opposing ground 
r1>,t11r·n circuits for the latter relay controlled 80 
by ihe. former relay, and u bA,ttery in one 
of ''ii id circuits. 

J ;\, The eombination with a relay having· 
I.,, o 1\· inJ ingR, of separatr, circuits for: .<:aid 
\I 111d'.ngs ha Ying a eommon conductor, HD $6 
op1crat i11g ha:_ tr•tT in one of said circuits out 
.,;,,e thr, c.:on1111on conductori and means fc,r 

,,l11c ing H ..;rrie:, of inten-upt.ions in s0j;J 
.•,r,,,,;r,, to 1,p,.ralc said rt~lay inte1.·mittm1t}y. 

1J. Tlw u,n1biirntio11 with a relay pro- Ii.\ 
1 ided wit!t two windings1 of separate cfr-
1.:uits for ;o:a(d winding,:; having a ,:ommon 
(':,rtb return, u battery in one of said cir--• 
cuits only, the other circuit ('i)Dstitnting a 
path for the iiow of earth currents unop- H 
po:wd by artificial _sources ot pote~tial, and 
means for proclucmg a series of mterrup­
tions in said circuits to operate sai.d relay 
intermittently. 

15. The C'ombination with 11., trunk line1 100 
coimeeting hvo exchanges, of a relay pro­
Yiclul with two windings in one e:.::change, a, 
battery in the other excihange for operating 
s:iid relay, ground return circuits £or tlrn 
said relay winding_s including, re.:pedil'el_v1 105 
Olio conduclor of :-;,Lid trunk line 11nd sai.6\ 
battery) and tlrn other conductor of said. 
trunk line nxclusive of said battcrv. and 
me,uns for producing a seri~s of interrup­
tions in said circuits to operate said 11elay in- no 
tcrmittently. 

lG. The ,combination with a relay pro­
vi(kd with two windings, of separnte ground 
return circuits for said windings, a battery 
in one of said circuits, said battery and relay llb 
windings being so conncctt>d that currents in 
the circuit containing the battery caused ·by 
UJH!qual ground potentials are counter-bal­
rrn<;.•d by corresponding currents in the other 
circuit, a.nd means for producing a "cries of 120 
interruptions in said circuits to operate said 
rclny intermittently. 

17. The combination with a relay having 
two windings, of separate cir,~nits for "aid 
windings havin~ a common t'.m1d11d,or, a b:1t- l'?.5 
t11r:v for •Y(K'lat1ng.,,mid ;<Play [II (ltl" ,if ,-,,ii<l 
circuits riut.side the com11101l co1,,l11,·lnr a 
thir<l circuit undrr the ,:oni ro1 ,f ·-:c, ,,J i1,·:-,1 
rel tty, and a second rt'.lay for producmg ,1 

series of interruptiorn, ia si1id cir<'nits: fo il'n 
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energization the previously described con- the cu,rrent in windin~ 121. Relay 119 
trolling. circuit or the selector switch in therefoi:e will operate um .. ormly without t'e­
which the conductors 108 and 110 terminate. gard to any difference in ground potential 
In this manner the selector switch is which may exist. 

5 controlled to extend the connection in ac- It has been already mentioned that the 70 

cordance with the second digit of the called trunk circuit shown is adapted for two way 
number. It is understood that the slow-• operation. :Since the equipment at one end 
acting relay· •1~ 1-"i,ma;ins energized during is an exact duplicate of the equipment at 
the momentar;y deene'rgizittiorn, of relay 119. the other end it is not thought to be neces-

10 The remainmg digits of the desired num- sary to explain in detail the operations which 75 

her may now be called one after the other take place when the call is in the other di­
and nre repeated by the relays 15 and 119 rection. It may be stated, however, that the 
to successive switches in the distant ex- bank contacts 102, 103, and 104 may be 
change in the manner just described until seized by a selector switch, assuming, of 

15 finally the connection is completed to the course, that the trunk circuit is idle, after so 
called subscriber's line. Thereafter the which the line relay 115 is operated in re­
usual instrumentalities are brought into play spo,nse to interruptions of the calling line to 
to effect the, signaling of the called subscriber transmit impulses to the impulse receiving 
an<l conversation may then be held over the relay 19 at the other end of the trunk cir-

20 completed connection in the.customary man- cuit. Relay 19 in turn operates to control a 85 

ner. For the sake of clearness the talking series of automatic switches over the con­
conductors of the trunk circuit have been ductors 8 and 10. 
shown in heavy lines. It will be seen from the foregoing that I 
. The foregoing is descriptiv~ of the opera-· h_ave devised _an ~xceedin~li simple and, effi-

26 t10n when the ground connectwns at the re- cient trunk c1rc1Ut com:pnsrng a grouno re- 90 

spective exchanges are at the same poten- turn impulse transmit,tmg circuit, togeth<'r 
tial. It will now be assumed that due to the with means for automatically compensating 
effect .of street railway currents or other £or differences in the ground· potentials at 
a~encies, the ground at G' and G6 is at a opposite ends thereof. 

so higher p,otential than the ground at 0 12• While I have shown and described acer- 95 

This difference of potential will be in oppo- tain specific embodiment of my invention I 
sition to the potential of the battery B2 and consider it probable that modificati.ons may 
the current flow over the trunk line conduc- be made in order to adapt the invention for 
tor 75 and through the winding 120 of refo,y use in other telephone systems, or even for 

35 119 will therefore be reduced. Such redue- other purposes altogether. I do not, there- 100 

tion of current flow in the winding 120 fore, wish to limit myself to the precise form 
would seriously affect the o~ration of :rela.v shown, but desire rather to include and have 
119 were it not -for the provisi&n of the com- protected by Letters Patent all forms and 

'pensating circuit, oter which current now niodifications of my invention which come 
40 flows as follows: ~ound at G', resistance 35t within the scope o! the a.ppended claims. 105 

:,rmature 25 and its working contact, arma- What I claim as my fovention is: 
ture 29 and its working contact, winding 34 ' 1. The combination with a relay having 
of repeating coil R', trunk line conductor 76, two windings1 of separate circuits for said 
windint 134 of repeating coil R2, armature windings havmg a common conductor, and 

46 129 and its back contact, and the wiridin,g a battery for operating said relay in one of 110 

121 of relay 119 to ground at 0 11• The d1- said-circuits outside the common conductor. 
reatiop. of current flow in winding 121 is 2. The combination with a relay_ provided 
such that it assists the current in winding . with two windings, of separate circuits for 
120, ,Whence it will be seen thl\t the loss of . said windings having a common ~arth re-

60 curre:ti.tjn the one windi~ is compensated turn, and a l>attery m one of. said circuits 115 

for .by a cuITent in the otlier -winding. only, the other circuit constitbting a path 
Assuming now that the potential at ground for the flow of earth -currents unopposed by 

G12 is high~r than the potential of ground artificial sources of potential. • 
at tl_ie otl_ier exchange,· this differel¼ce in po- 3 .. The combination with a ttunk line ?on-

55 tential will be added t:p, _the potential of the nectmg two exchanges, of a relay provided 120 

battery Bit and the -c~nt' in winding 120 of witli two windings m one exchange, a hat­
relay 119 will accord~nJ~Y be increased, But tery in the other exchimge for operating 
this difference in potential also results in a said relay, and ground return ciI\.cuits for 
current in the lower winding 120 -of relwy the said relay wmdings including, respec-

fl0 119 via the path previously traced except tiyely, one conductor of said trunk line and 125 

that now the current flow is in the reverse di- said battery, and the other conductor of saicl 
rection. Currents in the two windings of trtmk-line exclusi.ve of said battery. 
relay 119 now oppose ea.ch other, whence it 4. The combination with a two conductor 
will be clear that the effect of the increased trunk line, of a relay continuously wound 

65 cmrcnt in winding 12~ ii counteracted by in the same direction and connected in 130 
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OJ't'raL1• :,111Ll lh-st relay iutcrJ11itle11tly, 11·hel'e­[,y concspomli11tr iat,enuptiuas are pro­d 11l'ed ia said thir<l circuit. 
18. Tlie eombination with a relay provid(~d , with two win<lings2 of separate circuits for 8:tid w iudiugs lrnvmg :t co11rn10n (',at·th rc­tnm, .a battm·,y in one of snid circuits only, the other circuit constituting a path for the flow of earth currents uuop1¥1si•d uy arti-

> ficial sources of potential. a ··tlii11dl-cir¢uiL u11dc1· the. conh·ol of said first relay, and a second relay for producing a series of iuter­ru ptions h1 said circuits to operate said first relay intermittently, whereby corresponding i11t('rruptio11s ar~ produced in said third cir-cuit. • · 19'. The combination with a trunk line con­necting two exchanges, of • a -relay provided with two windings m one exchange1 a bat­tery in the other exchan~e for operatmg said relay, ground return circuits for. the said relay windings including, respe<;tively, one conductor of said trunk line and said battery, and the other conductor of said· trunk line i exclusive of said battery, a third cit'cuit 

lllul1•r tl1v .. rn1trul of said lit·,-( rday, uud a !:ol'coml i-d:1y for pl'ud.11ciug a series of 1nter­l'llpt iu11,- in ,aid circ11its to operate said first. 1·el:1y i1!1,•r111ittl'JJtly, 1Ylterdi_y corresp011d-iug illtL•['l'lljltioJJc. :ti'(' prod11ced in ,-,uid third 30 ei!'c11it. 
:!O. Tl11.· co111lii11:<I irn1 wit!, a rd,1y pro1idcd \l'ith t 11·0 \\'in,li11t!:-,, ,,f !:'l:'parnte ground re­t.Ul'U cirl'uii s for :--:1 id w i ud i ug-.s, Ii battery ia <Jill' of ,:iid cit\·11ii:--, s,1id 1,attery and rcl:iy 35 "·.intliug·,.: l1ei11.!.!· -,> ,·<•llllect,·<l that curreuls in th\· cirenit L'011laiuiHg the battery caused by uueq11,tl ground 11oh•11tials are co11nter­hal:111el'd liy ('orr,",jloll(ling currents· in the otlH'r l'ireuil. :t third circuit under the con- 40 tro! of said ii 1':-,l l'l'lay, and a second relay for producing a srril's of interruptions in snid circuits to operate said first relay inter~ lllittently, where!Jy ,·01T('.~pouding i11terrup-tio11,; 11n: prud11ced in suid third circnit. 15 SignPrl by me at. Chicago, Cook couuty, State of Tllinois, this 1th day of August, 1916. 

BID RNA RD D. WILLIS. 
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