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·: ~· ··: .TEST · C IRCil1'2 . .. ~ ·· 
Fina.l;Mll~tiple Test Lines; fb-r Tes.ting .Inc.om-ins: S.el:ectpr :Circui_ts Hav.ing Four 
:earty,.Semi-Selector · A.C. Ringing • :95-llO Volts.,,,.; .Jt.n~ome;'1;ic ~outine Select.or 
Test F.r@4'!le ·.:.. Power DivisioiX:·Mechanic·a1 SWftching. · :· . . . · · · · ·· ·. 

,- ·. .. . .. . . . 
i::··• ...... ·.; ; 

DEVELORENT ' ; .. :. · 
'..-··~·~·~,.~ ... ·•. .. ~ .~. 

1. .~{R~@:..Q,F CIRCUIT 
~. . ; . ~ ; . . . .. ... : . 

~ ..... 

. ·.-.:~_- .This; circuit. is u.sed foii test.fog machine ·swi tc-hi:ng. ~ncoming selector 
c.ircui t. · These inodriling cireui ts are equipped with four party_ semi- . 
.'seiect.ive J:'.iliging ·feature and have 24 volts talking battery. . · 
.... ,- .' . . . "',' 

2. ·~10rutrm :LIMITS ... 
i ·~' 

··:···:·This :circu~t 'is used only when· the voltage .of the exchange. batterY, 
is.·~ to 25 volts· for 24·vo'l.t bs.t.tery·and 48.5 to.50 yolt43 for~ vo~t 

. batte:r;y. · · ·. • · · 
.. ~.. . , . 

. ; ": 

OPERATION 
~-··.· .· .. 

.. ·. . •, ... 
,,;_,,I 

:.· , .. 

. , .. · 
'·•,' 

.. ;~h~ p~in~ipa.l fi.mct~ons.! of· this .~'i~ctii t ar.~ as· follo\Vs :· .. 
'',.•· ':-

~:i .· ·;··To test the ·r1nging r~lay~ in·the incoin'l:ng·selector ·circuit' for 
.. ~.a) :-_premat~re ·t~ipping_, .f:i> l proper -~·tJ:'.'ipp°i11g and· { c ). non-·~r..i~o~~: 

3.~ .. . '.T.o. ~.iv.e. the s"pe·~isory ·relay in the cirduit· mider :test ~ soaking 
.. ·. cu..rr.ent, and then a. releasing cu.rre!l~, a:f't~r vvh~ch ·the l"·ei~· "<Jo:n~i_n-· . 

. . ues to be . operated and released al terna.tely until dis-connection ta.i-ces 
.. -.. place. . · · · · · · "· · . . " : ; · · 

';_These t~st lines a~~ ~ssigned-.specia.l nun)· er~· a.nd a.l."e t?ro1,1s~connected 
-. ·tt> tli.e f'itial ;multiple but are .. not ·co~ected .t .ei~her. 11n~ "fihde:;-s."Test 
. · calls. ar.e made b-y either· a routine. testing _ci ·c~i.:t .. or the ~niia.1 · tes·ung 
· ci:rcu'i t at the, ori~ina.tipg end,, wh~ch selects. a.·. trunl-t for test and, ~top 

only' when -.trottble !is f ou.n4 or a busy trunk is e.:neountered. ' ' 
, . I • 

DETAILED DESCRI;f'lION 1 • ; . : 

5. When the test !number designated by the Te ephone Company, As sen.t .. 
,ei.t_her by an auto$tic test. circ.uit, or :r1y a .. achine switchi~·a· o~el'at6r, 
who ·sets ·up the ·nupiber. on -the. H;eyboard as a r gtlla:i;- call, a.n i.nc:ami.ng 
··selector seizes a ~inaJ. ~S.elec.to,r·, ·Whi~h in turn hunts for th,e firs.t idle 
, test line. When t frs circqit -is seJz.ed by the final select.or, battery 
over the' S le$.d. op rates. the- ( 00) . relay which lockS tq battery· 011 tlle S 
lead wheri the test switch {.R:-l.) &4va?ll)es· to pos~t.ion ·2. The (CO) relay 
operated.,· at this ime per:torma no 11se:(ul .functi9n ... : When the incomi_ng 
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.. sel.ector circu:i"t under ·test .:1as advanced. to its ringillg position, the 
(R.) relay ope!'ates on the ·firs.t period of. ringing ct1rrent supplied by a 
two ring interrupter. The .operat.io:p of t~:ie (R) .rel~y closes a circuit 
from ground throu.gh to battery throuf>'h th~ "winding of the (R-1} relay, 
which operates.. The operation of the (R-~) relay closes circuit (A) 
from ground throngh the FU interrupter brush 1 (not sh(IWll) (PU-1} lamp, . 
cam (I), the (R-1) relay operated, cam E, the (HJ-1) and {FU-2) relays, 
.to battery through the winding of the (PUoi-2} relay, and (B) f'rom ground 
through the PU inter'ri:l.pter brnsh 2 . (not shmm} , FU-2 lamp, cam H, the 
{R-1) relay, . operates the (PU .... 2) _and (PU-l) .relays normal to battery 
through 'the winding of the, (RJ-1) .relay. 

1 
Vll1en the ringing cnrrent oper

at1ng the (R) rela.y is being received thrpngh ringing brush set l from 
the incoming circuit, (FU-1) relay operates, anci loc~rs t~1rone;h its make 

. contact to ground on cam D. When the ringi!l[s current is. beir-'6 supplied 
. _to the test circuit thl'ough, ringing brush. set 2, the {PU-1) relay oper
ates and locks throtigh to gronnd on .. cam. ])~· · The opera ti on of either the 
(PU-1) or (RJ ... 2) relays, opens the operat·ng circnit to the other reley, 
preventing its operation. The operation f either the (PU-1) or (PU-2) 
relays closes a. circuit from ground cam B• to battery throngh the R-l 
magnet, advancing the switch to position ~. Shou.lcl either set of inter
rupter brushes connect ground thrattgh the make or brea.11: contact of the 
(RJ-l) relay before ringing cnrrent is disconnected and with. the R-1 
swi toh in position 2, the (RT} . relay opera.~es on its inner winding and 
.locks 011 its outer winding to ground on c~ c, J?reventing f1;irther oper
a·tion ot the test ·circu~ t: until disconnecttion t~es place. With the 
switch in posit:ion 2, ri~ging curr·ent is discon."1.ected ·from the test 
circuit in the interval between the first and second ·l'ings, releasing 
the (R) rela.y,·which in turn re~eases the (R-1) relay. The release of 
the (Il-1} relay closes.~ circidt from groµrid on cam D, through the (CO) 

·relay operated t..lle (R-1) relay normal, c~ F, the _(Pt]} relay normal to 
battery th1·ough the R-1 ma.o'?liet~ - adva.nc'in~ the switch· to position 3. . 
When tho naict interval of two ring ringi~ current is a;pplied to tl1e · 
test circuit, the (R) relay reoperates, in turn operating the (R-1) re
lay. The operation of the (R-1) relay co~mects ground through cam D, 
the {CO) and (R~l) relay~ operated cam E, the (PU) relay normal; to 
battery through-the R-2 magnet, ,advancing the S\7it(l].1 to position 4. In 
position 4, either the Rj .interrupter :brush set 1, or brush set 2 
supplies ground throug..11 ca.ms· I and H respectiyely, an.d contacts of 
the (RJ-1) re19.y; to battery taroµgh·tl1e (JU) reiay,. opera.ting the relay. 
The operation of the (PU)·· rel.ey-; cl:ose:s .a circuit from ground on cam D, 
through the (CO) rela..y operated the (R-1) relay norinal, -rrh:ich released 
during the interval betv1een rings, cam F, the (RJ) relay operated to 
battery through the R-1 ma:?,'D.et, advancing the switch to· po·si tion 5. As 
the sw:i.~ch leaves position 4, the (RJ) relay releases. 

5. With the R-1 switch. in position· 5,. a circuit is closed from either 
ringing interrupter brush set i.- .o:r brush s·et 2~ through ei th.er the make 
. or break contact depending upon the posJtion of .the ( RT-2) relay, con- · 
tacts of cam o.3 M:.F. condenser, fa} r-eiay to. gen.e11 a.tor ground on cam N, 
opera.ting the (R} relay on the first ringing- period of the tv.ro ring ettr
rent. Ringing current is a.lso being supplied from the incoming under 
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test but this cu.rrent perfonns no useful fu.nctiom in the test circnit. 
The (R) relay operated, in turn operates the (R-1) relay, which closes a 
circuit from ground on ca.lll D, thr9ugh the (CO) and ('R-1) rel~ys operated, 
cam E '(R;;.l}' cam B "oh .R;.;.2·, to 'battery tln·o~:;·h the R.;.2. magnet,. advancing 

. ··the timing s\vitch from' position. l the A"ca?U car.rying"it to position 9 •. 
: -. As ·the<R-2 switch i.s ·advlilicr~ throq.gh pos~ ti on ·2 to 7-3/4, the T ·,and R 
. s~des of the· test line a.ref closed through cam ~ 6n l\-2~ ·Cam L -()n R-1, 
' ]);· 0, ·a119- 'B resiiJta.nces.for 1./2 s~con~~· ~est~ng·for pi~einature tripping 

·· ···-'of ·the·ri:nghig relay in the '1ric0ming·se1ector qirQuit under .test.' At the 
' ·arid o! ·'the fir~t "~i_ngihg per,iod, . ~.9,.e (R} a.nq. JR~.l) relays .release, olosirlg 

' '"a circuit "frcnn gron114 ·on "c·am D,. t}ll'ongh the {CO} reley-, operated the 
· ... { R-1} relay :rio:r:mal ~ 'cams .. 'E" and-_~,· ',cam B. 011 Jt-2 ~ t Q bat te,ry throug."1 the 
: ".'R:2 magnet,. oovai:ci~ the ·s·~i.t.ch ~·.t9 p~~~.~i:o~.·to.:: .. Wit~ th~ R-l switch 

in positio:n 5; atid. the R-2 S'i1itcli in positiorf,l.0, tl;le (:R) and (R-1) re
lays reoperate on: a. second perio~:-. of :r'inging·ourr~nt, closing .a: circuit 
'from _grott.tid throtigli .. the ·oper~te[· relay 6'arll. E.. 6ri, R-1, cam .G .and .a.:.~,· to 
the :a.~2 magziet, adva.ricing the sw).tch out of position. lo, t11e A carri c.arry .. 
·ing it to posi~ion·ra. ·'• · :.· · · · · . ·: ·· · · · 

7. · : · As the R-2 ·swi t·ch is .mo~ing through ·1)o~it.i9n l,l .'to· is"'.".3/4,· the ring-
. · ing ·relays in ··the incoming selector 6:ircni t µnder test, a.re a..,?;ai-n t.ested 

for premature tripping. by: donnecting · tb,e ·.a; c and::n·, resistances a.yross 
the :t;ip and! l'fng Sides of ti1e'. test" line throttgh cams L and E. W!ien the 
(R) relay rel ea.sos at the end ·>f the second "rfriging period the (R-l) re
lay releases, and closes a circuit from .grqq.nd .thrqugh cams F and G on .. 
·n-:r~ oain c on R~2·, "v:hich is i:ri :p~siition 18, t'o ·battery th:!S'Ollgh the R-l · 

· ·magne·t, advaneing the· switcl~ to· ·~osi ti on l.8. The R-2 .switch fS advanced 
to position i ·:rrom ground, ('R . ...:i)··relaf ~olina1., cam F.:an<i G ~~n position 6, 
to· battery through cam .B. When the (BJ' re~·ay operates on "the first ,period 
of the ·n·axt· ringing. ill;terv~l, the· (R,-l'r'.:rel9,.y 'qpeI'·ates,. and closes fJ, cir
cait through· bani'_E on· R-1,' ·o_am· B. on ·n-2, to b~tt.e.ry titr.ough the ~2 mag-

.: ·net, advanciirig··the timing ;SWi tch ~qt ·o! 'positi.on .i,, "th~. ,A oa.m c~rying 
.·it to posl~l.cin 9. '.As tlie .R~-2· sWitc}1i is pa$sirig throngh posi tio?).. 2 to 

. ·7 :1/4 on· _its· s.econd revolcit'ion, ~h~ pre,ma.ture." tripPirig of $e ,ringing re
"·la.ys' is 'tested· a: tlilrd t'ime.· . In. "th-e s.ilent. per.i.Od'. b~~ee.rt the two rings, 
• ·the··(Rl° "Jfelay' reieases:, t·n ·t~l"n r~leas.ing the (:R::1)" relay, \Vhich cfonnects 

gtlound · thtolt~ cama"F :and G~ cam.~,. to battery' thtortgll' ~he R-2 m8gnet, 
·aa~~~~; the ·ti~~:trg ·s~1,i~c1-i'.to, "posit~~ti,:"io. With. ,the R~2 sWitch: ·1n. posi'."" 

. ti~ '1()1,' tp:e· same· gr.au~~. thro~ .c~ ,p ·on R".".ii!· 84yanoes the R-1 switch 
·to pos-ition'"f".·. In pos'ition 7;o£ lt-l, ~~e. (R.l. relay i.s co~ected a.cross 
"the·!!!·: and"~ sides·· ot"'the tes·t: 6irc~it -~~iting ~e ·second interval. ot 

.fc.:: rl1lg' current.- . .. · .... " " '' ... ' . . . . ' 
.·~'; l;j < ·;~~,... . .. : :.>. ·)··.·. .: . r : . . ·· 

TR;u'PING.:TEfit! "·· ' . .. ~ · 
.. ·_.,_.:···:~.:.: ... , ·.;_;~:·, ... ~~~ ,~.:: . 

a.. · '.If the rrnging relays~ i~ the ·rnc·briiing ~eleet.Q:i;-~.circuit :u~d.~r t~·t have 
·' -nO.t 't·rip~d'.j>1•ema~urely~ ·.an~ th~_.(R). relS:~,'bpe.~~t~.s ... on t~e .second· iinging 

interval~· ·ii\ turn: op~ating .'the' .. (1\-1) r~liiy, .\91h~9h closes a.· QifQi£it :from 
·· .. ground through: cem E, the·{~)_· r~~ey ·no'~~r t6.:b~t.tecy .. througlJ. th~· F.:_l 
·magnet~ 'advancing the ·swftcl:i to "p()Sttion 8 •. '~.Ho\'fev'er, should the ri~ing 
relays in the incoming selectol" ... tdrcnit "trip pr~aturt~y, the (R) r.elay 
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does not operate, a.rid th'e test circuit is held up rmtil cleared from the 
: originating end. In position. 8 of a:..1, th.e sHent interval between two · 
rip.gs occur, releasing the R relay, which in tnrn releases· the (R-l) relay. 
The release of the (R-1) relay closes ground. th.ro~1gh cam F, to battery 
through· the R-~ ~et, advancing.· the .~~quence switch to position 9. In 
position 9 of R-;l, the {R} rel.ay is .. connected in· a circuit from generator 
ground ·on'cam·N,· ·winding of the (R) relay, .cam o, contact of.the (PU-2) 
'.reJ:ay to either_ bru.sh set t,. or. brns.h set 2-., .Qf the ringing inte_rrupter, 
operating the (RJ relay. The (R) .relay reoper-~tes the (R..:.1) relay, which 
connects ground throrigh cam E .to, cam G on R-2, adv.ancing the R-2 switch 
out bf position 10 of its $econd revolntion... The R-2 switch is carr.ied 
to position lfr, by means ·af'the A cam, and ae. it passes through position 
TI' 'to 16-5/4 the ringing .re'ltws .in the test sele.ctor circuit are tested 
·for timing tripping_~ by connecting the (B) resistanc·e and the 530 ohm 
portion of the C resistance· a.cross the T and R side of the test line. Dur
ing the silent period, after the second two ring interval, the (R) and . 
(R-1). relays. release which advances the {R-2) switch to position 1, i.n a.· 
c'ircui t throngh cams. F and G, and cam B· on R-~~. ·With the R-2 switch in . 
position l, the same ground through the .. {R-i) relay normal cams F and. G 
on R-1, cam C on R-2, to battery .. through the R-1 mauCT.et, advances the 
testing switch to position 10. · 

.. ·.:· 
.·• .f • 

9. With the switch.in position 10, .. the R relay is again connected across 
. the1 Up a.nd ring sides of the test Une, aws.i ting the next inte:rva.l ·of · 
ringing current. If the ringing relays in t.he selector circuit urider 
test have not ·tripped, the R and R-1 relays operate on the first period 
of ringi_ng current, and the R-1- ·relay locltS through c·am ·J, a.nd the CO 
relay operated to ground .on cam- D, preventing. further operation· of the 
t:esting circuit until disconnection takes place. If th~ ringing' relays 
in the incoming.circuits are tripped, ringi,ng· current ·;is not; supplied 
to the test circuit, and .the R and R-1 rela.y:e".conse.qu:ently do ·not oper-

. ate. . :'During the l-i:nging interval, .. .:w~ th: th~ . testing .. switch in: position 
10, gronnd is si.tpplied either .thr.Ol?-gll pick· tq>. illterrupter brush set 1, 

. or ·br11sh. set 2, ·cam I or cam H. ma.ke: or br~ak c.ontact:·of. ·t11e· ro-1 ·rela.y, 
depending upon whether· the ro-2 or PU-1 relay:is~ operated, to battery 
through the inner ·windjng of the: iu l".e~a.y, · .. !J'hich .. operates. With the 
PU' relay.operated, and the·:R-1 rela.y.non-opera.ted,·a. circuit is«Hased 
from ground ·on cam.l>, -~h:z."OIJ.gh_ the·co··relay, ·operated, the R-1 re18.y 'nor-· 
mal, cam F, . the .RJ ·relay· operated to. battery through the R-1 magnet, a.d.
va.ilCing the switch to position 11. As the test switch leaves position 
10, the holding circuits for the PU-1, or PU-2 relays, and the.PU relay 
are open, releasing the relay. In position 11 of the R-1 switch, the 
R-1 relay is placed under control ot the 149 interrupter. When the con.;. 

. tacts of the interrupter. make, a circuit is· c1oseq. from.gt-ourid on ·cam !c, 
through· the interrupter, Cain j • to battery through the \Vind'ing· Of the 
R.;..l relay, Which operates •. T.he opera.tion of: the R ... 1 relay closes a cir
cil.i t from ground on cam D, through the CO· and R-1 relays: operated~·· the 
PU' relay normal to battery through the R-l magnet advancing the pitch 
·to position 12. With the switch in position 12, the ~l relay releases 
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when the interrupter contacts break, and advances the testing switch. 
to position 13, in a. cj.rcnH from ground on cam D, throu.gh the CO .relay. 
ope:..-ates the R-1 relay normal cam 1"' to battery throngh the'n....:1 magnet, 
the testing switch remains· in position 13, a.pproxima.tely· ·1;2 second. un
til the bru.shes on the 149 interrnpter ma.ire.· Dnrir.g the tip ahd ring· 
sides of the test line, through caTJl M, to give a s0a.king current to 
th!=). S!lperyirrnry relay under te$t in the incoming selector circuit. .. , ~.· .. . . . 

'ci1·;".~~$n':tf{t'eo~tacts. of. tii~ 149, JAt~rr\ibt'~~ mal:e the R~i relay' r6:" . :-_r""_~ 
opeira~es,:· and closes a c{rcuit. from e;ro\l~d cam E, t.he FU ·relay normal, ..... . 
to bat.te·r.r through, the R-1 magnet, ·aa.v·a"icinr; the testing s•:11 tell t·o · pos i-

_ ,ti o.n 1.4 •. When it leaves position .13., t.49 s~1ort a.rotmd the wind,ing of 
.. the L() ·relay.· ~s open at cam M, ia~.1:owi:ng t!le I;_q_ relay to: operate over the· 

tip.and rlng sid~: of' ~he ~est' line, .i:r;." series wi~ the testing resist.
a.iic.e.~, ",and the OS relay. 'in ~he illconiing, tt:> .b.at~ery and ground in th:e . 
incoming selector. circuit under "test• . The' dperation of 'the LO relay .. 
connects ground through cam o, to battery through the outer winding of 
the FU relay, vn1ich locks through its make contact to the sa~e ground. 
In position 14 of the R-1 si.vitch, the contacts o:f the 149 - interrupter 
make, operating the R-1 rolay, which prevents the moving of the R-l 
switch out of position 14, through the break contact of tho R-l relay. 
During the interval tha.t the brush of the 149 interrn.pter makes the B, 
C, D, F, G, and H resistances and the winding of the LO relay, are con
nected across the tip and ring side of the test line to release the 
supervisory relay in the incoming selector circuit. Upon the break of 
the interrupter bru.shas, the R-1 relay releases, connecting ground 
through its break contact and cam F, to battery through the R-1 magnet, 
advancing the testing switch to position 15. Ir. position 15 of the 
switch, the B and C, or the B, C and 120 ol1?Il portion of the D resistance, 
depending upon the length of subscriber's loop over which the supervisory 
relay is adjusted to operate are connected across the tip and.ring sides 
of the test circuit through the contacts of the 149 interrupter.cam J, 
and the winding of the LO relay. As the contacts of the 149 interrupter 
al terna.tely make and break the supervisory relay i.n the incoming seiector 
circuit under test, is alternately operated and released until· the re
quired number of pulses is sent back to satisfy the routine test circuit 
(not shown,). 

. .. , .. , 
' ~ .. "··. 

Discamur.cT.ION ~ .,_ ... -

11. When the routine test circuit is satisfi~.d disconnection ta.kes place, 
opening the tip and ring sides of the test circuit in the incoming se
lector circuit, releasing the LO relay. Whon the final seiector circuit 
releases the S terminal of' the test circri.it, the CO relay releases, · 
closing a circuit from battery through the "A" resistance, the co relay 
normal, cam J;>, to the S t:ennin~l, holding this circuit bn.sy to other 
hunting finals until ~estored to'norma.1. The release of the CO relay 
a.lsQ closes a. circuit from ground on cam D to battery through the wind
ing of the MR register, \~ich operates and records the number of test 
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made with this circuit. The operation of the Tum register closes a cir
cuit .-~rom _ground Cam D on .R.,.3. to b~tt&J?Y .thr.9l,lgi:l the R~~ ·magn~t., adyanc-

. ing the switch to normal.. With the R:-2 · sw~tqh. ~n :position 11 ~he .. s~e 
·.~round is• connected through cam· D or R-2, c8lll B on R-1. t:o battery through 
::'.thEf_R-1 magnet advancing the. test switch to position.];. In position l' 

'.or .R-1, the MR register releases,. rest·9r.i?Jg' ;, tl~e circni t .to norma+. · 
. . 

12. )n case of pr.emature.disco:nnectiondue.to .. fa11lt in· either the, in()OOl-

• -.<; .. -

ing circuit itself, the test line circuit awaits in the position in which 
the trouble occu.rred until the release of the S terminal by the final., .. 
From this point the circu.i t is restored to normal as described above ... 

.. - ' 

. " 

i'.:.' 

•'·· 

• < :. 

' " .. " f. 

' ' ~-·. ' 

ENG. I.M.W. 
6-8-24. 

CHK'D. J.I. 
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