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TYPE 36-A-14 ROTOR RELAY C.A.X. 

(Modified) 

Part I 

PRINCIPLES OF RELAY SWITCHING 
1. INTRODUCTION 

This series or rotor relay switchboards proVidea 

for tull automatic operation on an unattended 

basis with capacities for 60, 100, or 200 lines. 

The many new feat\U'es now made available in this 

board are fully described in Part II, "Equipaent 

and General Descriptive Notes, n page 9· ~rt I 

briefly outlines, in a simplified manner, the 

operations of rotor relay switching. 

The rotor relay automatic switchboard is a mech­

anically static system. No mechanical motion is 

present beyond the slight movement or relay 

amatures and the flexing or their springs. AU 

conducting paths from every stationto every 

other station are permanently wired, but they 

remain open until closed by the operation ot 

certain relays. Because one fundamental mechan- · 

ism, the relay, is used to perform all opera-

. tiona, the system is mechanically simple. 

Actually of course, several types ot relays are 

used. For instance, linefinding and connecting 

operations are best performed by multi-contact 

relays. Automatic Electric has developed the 

35-contact rotor relay tor these two important 

operations. 

2. THE ROTOR RELAY 

The Automatic Electric rotor relay, used tor 

making connections to ltgroupsn ot subscribers' 

ltnes, has 35 sets ot make-contacts, each having 

dual contact sl.U'faces. Fig. 1 shows an indi­

vidual rotor relay. Fig. 2 diagrQIIllllBtically 

illustrates the operating principles. 

In A ot Fig. 2, the associated pair or contact 

springs "a" are resting with predetemined pres­

sure against the insulating stops "b." This is 

the normal position with cam ncn free of the 

springs. When the relay magnet "d" is en~r­

gized, Fig. 2-B, the cam-shaft is partially 

rotated, forcing the cam ncn against the contact 

· ~prings to caaplete .the circuits. Since there 

1 

A 

c 

+ . JHMT 

FIGURE 2. OPERATING PRINCIPLE OF A RorOR ft!LAY 

are 35 or these contact-spring pairs with their · 

associated cams, the corresponding number or 

circuits can be simultaneously closed. Custo­

marily, there are three leads("+," "-•" and 

"en} associated with each subscriber or trunk 

line. Thus, ten lines can be handled by a rotor 

relay; these are then called tens-relays. Note 

in Fig. 2-C, the dual contact surfaces on each 

spring, and the wiping action brought about by 

rotation of the cam.. Cams and contactors are 

silver plated to further reduce contact r~sis­

tance and to provide protection against micro­

phonic noise. 
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3. IW>I C R&AY SIIITCRING 

?ig. 3 is a one- line dlagrs3 illustrating the 
basic switohl.ng principles underl:;i.ng rel.ay sys­
t e:>S. Tbe eallin8 line is round by the finder 
hslt' o r a !rae !inder- eonneetor lillk. A lllll< 
r:tcy be ccapll'6d t o a =nnsl operator• s cord in 
that. it finds the eslli.ng line 011 one end a~~d 
the called part:;' s line 0 11 its outgoing end, 
eonnectillg the two . In the 60, 100, end 200 
line switchboards , each con~~ector e~ reecb 
every line and tN!l.i: in tbe sxe.ha.nge. The eon­
nsetor , of course, functions under the direc­
tion or d!Al pulses . 

Upon a subscriber 1n the 20's group lifting 
hls hallds.et, the 720 tens- rotor-relay will oper­
ate collll!lctin8 all ten lines in the 201 s group 
to their eorrespondi.ng •?• anita- relays. Should 
•21• be the ealling line, un! ts-reley 1 - 1 will 
operate. ~low calling subscriber •21• is collllec­
t ed througb to the CCII!Itrol rela,ys . \1p(m his d!.olo­
tng the wanted n\Ob er , say •29, • t hese control 
relay$ will csuse t e!lB- rot;or - reley C20 to oper­
ate and th!ln un1 ts- relay C9 . A co=;plete eon­
neet1on b8!l now been established het.-t<een parties 
•21• and "29· . 
It sho!lld be Wlderst.ood that s 1llee only t8ll lines 
are sbown, cmly Oil!> tens-rotor-nslay per fillder 
and one per eollliBctor are nee<!.~ . Add.itionAl 
tens- rotor- rele;ya as al:Dwn in Fig. 5, it added, 
11'0uld be a ultipled to tile salOe group or . ,.. 
unite relays . F ig . 3, tbaretare, consti t utes 
the baste ot :il'tg . 5. 

'i'he idea or rota:-- relay switchin8 is d eveloped 
1\trther in the 200-line systeQ shOlill in Yig . 5· 
A subscriber 1rbose telephone niCII>er is 221 re-

?IGURX 4. A GROUP CF ROTOR RElAYS 



PRINCIPLES OF RELAY SWITCHING 

A B 
2.00- LINC: LINE FIND ER 2.00 LINE CONNECIO" , 

"TENS" ' UNITS" ' I..INE G~OUP 'UNITS" "TENS' 
ROTOR SEt,..ECTING ROTOR 

RI5:.1.. AY S REI..AYS REL.AY RI!LAYS ltE:t...AVS 

r rRST 100 l-IN E:S FJ RS'T 100 L INES 

GR~ 210 8 ' 8 GRP 210 

GRP 220 0 0 GRP 2.20 

GRP 2~ 0 0 GRP t.~O 

GRP 240 0 0 GRP Z40 

GRP 2.50 0 0 GRP 250 

8 
1- [ ...--

0 GRP 260 
GRP 260 

LINES , 

GRP 270 0 I Ll 0 GRP 270 

GRP zeo 0 ;Z 0 0 GRP 2 60 

F 
GRP 2.90 G) [] 

L INES '- L INK CONTROL sG G GRP 290 

I ~. REl.- AYS 

·0 8 0 
,. 

GRP 200 8 G 
GRP zoo 

z &7 ' ~ so 
0 r-o S.E.CONO 100 LIN ES 

SE.CONO 100 LIN E S 7 3& 8 1:-<:::: 

c:J 
6 G ~0 0 4:tr. 9 GR~ !10 

GRP 310 
7 ~ .. 

0 0 s & 10 0 GRP 3ZO 
g [~] . 

GRP 3 20 

GRP 3~0 0 ~ El 8 GRP &30 

GRP 340 0 toE) 0 GRP 340 

GRP 350 0 ... . ·.~ 0 GRP 350 

9SO 0 r-- '--

0 GRP GRP 380 

GRP 3 70 0 ' 0 GRP 1170 

GRP aeo 0 0 G~P aao 

0 
0 • ROTOR R El-AY ·0 GRP 1190 Cl - HOR l·:lONTAL REI..AY GRP S90 

0 
@) -GROUP SELitCTING RI . .'V; 

0 GRP soo GRP 1100 

FIGURE 5· BASIC SCHEME. OF A 200-LINE. RELAY LINK . 

moves his handset. Th1s action causes rotor 
r elay 220 t o operate conneCting the line t hru to 
the rl]'n units-relays. Rotor relay 220· completes· 
connectiODS for all ten lines in the 220 group. 
Which of these ten will be passed t o the control 
relays is determined by the parti.eular "F" 'lmits­
r.ela.y which operates . Subscriber' s lines a r e 
divided i nto tWO' groups , lines· l -5 and 6- 0• On-e: 
line from each group is associated with a units­
relay. The gr oup r elay G' determi nes which or· 
the two lines w111 be passed to the connector. 
Thus all lines ending in the digit n1 n or "6". 
operate a certain units -relay.. Group relay. G­
rema.ins unoperated when the calling line i s the. 
f irst of t~ two· alternate lines. The calling 
tel ephone is now. connect ed to the control relays·"' 
Note that the f i nding or a l ine is not aceom-

plished by· a hunt ing o.pe.r.a.tion but rather by 
the closing of a path from the calling tele­
phone· to the link-control relays. 

The subscriber dial s th·e wanted ntulber, say 
"376·" This ce.use.s, first , t he "370" lfCII tens­
rot .or-re·lay. t .o ope·rat.e:; then the c-6 units­
relay which now completes the connection between 
the calling end the called t elephones. In the 
connector, there are ten uni ts- relay's per link:. 
Thus, no .n·group" relay 1s needed. Guard rel ays 
are provided. te protect· the link agai nst inter­
t erence from si.Jlulte.neous calls. The number or 
links available detemines the ntllllber o'f conver-

. sations which. may take place at one time i n an 
exchange. 
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F INOE'R ·DIR ECT ING RELAY GROUP 

I• 
.COM'M.ON 

4. IJlm>l!itlm ~ 

A. s1apl1t1•d circnit ~r ;the ~-ll-era.l. t-we ,or 
l ine:finder used ·wtt-b1i'he ~. a'OO# :am! ;2tlG li.De 
boards appears in 71g. 6.. As :in the 41-agralll­
matio sketch, two 1.1nea are assocle:ted mth each 
un1 ta-rela;y. The ~J..ine..,g1Dlp-eelect1Dg• relay •GI' 
operates to choose a ·llDa -r:rsa :the seco.n4 group. 
'l'hus, a t~al or ttTe ~-m.-ays "Pel" Ullk i :s 
saved by• the addttion ·of tile ·grotg~ ~,. 

In the s11etoh, t1ro lines .have be_en shown t-o 
illustrate th-e operatl'On or the l.i~OUJ'-. 
selecting r.el.Q'.. .ODJ.y .one ..ro.t.or _r.elq ..( .tens 
7-50) has l>een 1nclluted and ·one unl't:s-Te1..V 
( 71-6). Both l.illea 5-l --ad .,6 a1!e :1n the .saae 
tens-group .md associated -:wi'th 'the -same units­
relay. 

·E.QUI.PMEI'!IT 

A nbacriber., sa:r ~ " 1lJIOll rMOV1D8 hill hand­
set ope~s the 11De relay_. l.e:rt. top Fig. 6. 
Thls oloees clrcul:'ts to tens-guard relay '1'(150 
and w unit:s-.gu-ard re).ay 6Gl -6,. ccaaon to all 
l.inlrB.. lf.h-.ee pNmllli; .any ~·ten-- or units­
guard relays troa ~rat.ing durl.n& the neit 
fracti«~. Dr -a seeond. DI.U_. Sianl.tane<)lUI ·calls 
are preTented tr.c111 1Jlj;8J't.er~ ..-ith one another 
tor the reason tha-t .cnly guard rel:eys may close 
.gr.ound to tena- Dr -untt.s-~a.. Ckla1'4 Nla;ys 
-are C(liiK)n to all lil:iks. 

The call allot.te-~ .. .i.ower right. now a ssigns a 
tree ~lnder-c.o:nne~ 1Uik -to tbe ~ by .ener­

.gizin& the pr.oper finder-start zelv.. 'l'he tca­
rdtor-.relay ( 7-501:. '6U 11h1dl 1i'h• callill8 ·line 
appears, operates at tbia time aa :does the pro-
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FIGURE 7. SCHEMATIC CIRCUIT OF A RELAY-TYPE CONNECTOR 

per units-relay (Fl-6). The group relay does 
not operate on calls from the first line group 
as fran ''51. n 

Now two of the ten lines from the tens-group 
are led thru to the line group relay which, 
unoperated, passes only the first onto the con­
nector. The calling line has now been extended 
to the pulsing relay of the connector. The 
pulsing relay causes a bold relay to place ground 
on the "H" lead to hold the finder relays for 
the duration of the call. It also places ground 
on the "C" lead making the calling number (51) 
busy to other calla and operating the line cut­
off relay (Fig. 6). Operation of the cut-off 
relay removes the line relay trom the circuit. 
The line relq, falling back, releases the tens 
and units-guard relays permitting another call 
to seize the guard relays and hence seize the 
next tree link assigned by the call allotter. 
These operations take place in fractions of 
seconds. The connector is now under control 
of the calling party's dial. 

5· CONNECTOR OPERATIONS 

The oallins party, hearing dial tone, dials the 
called party's number. Each digit is recorded 

momentarily bythe pulse--registering and ringing­
selecting relays. · Since there is a considerable 
difference between the 100-iine connector ana 
the 200-line connector, each will be described 
separately. Connectors are equipped with ten 
units relays in contrast to the group system of 
the finder. The 60-line boards are similar to 
the 100-line in operation. 

5.1 T,he 60 and 100-Line Switchboarde 

In practice a subscriber's n~ber consists of 
four digits, the first and last controlling 
ringing. The first line-selecting digit which 
is the second digit dialed causes the appro­
priate tens-connector to operate (Fig. 7). Thus 
if the wanted number is n24ll,n dialing of the 
n4n will cause the clio tens-relay to operate aDd 
lock itself up on the ncn lead. The next digit~ 
n1, 11 causes the Cl units-relay to operate and 
likewise lock on the ncu lead. 

The calling subscriber will now receive ring­
back tone if the called line is free or busy 
tone if it is busy. The connedtion is under 
control of the calling party. 
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FIGURE 8. SOBRMATIC CIRCUI'l' OF A 200-LIN.E RELAY-TYPE CONNECTOR 

5.2 200-Li.ne Connector ( Fignre t) 

The 200-lllle connector h8.8 access- dlrectl,- to 
200 linea. Dialing of the :tiret digit selects 
the hundreds group. Tbu.s it the wanted party 
baa 2001 listed as a number, dialing o:t the 112ft 

will cause the 200-group lev-er-rele:y, l.ower cen­
ter, to operate. 1'hen the dialing ot "0" will 
send ground to the tens-rotor-relay 0200. 0200 
will operate and lock on the non lead. Dialing 
or the second "0" will operate units relay CO 
which also locks on •c.n Had a "3" been the 
t1rst digit dialed, the 300 relay would have 
closed and the subsequent digit would have oper­
ated a tens-relay .in the 300 group. One set ot 
tm1 t.s rela.ys serves both hundreds groups. 

On hannonic ri.ng1ng boards, the last digit se­
lects the frequency to be eent out. For details 
see Part II, Section 22.2. On code ringing 
boards, the f ourth digit selects the cOde though 
first digits such as 4 and 5 must be used with 
20-party bridged ringing lines. See Part II, 
Section 22.12. 

6. AlJTOMATIC SELECTION OF P.B.X. TRUNKS. 

These switchboards are arranged for automatic 
selection or private branch exchange trunks. 
These are reached by calling the !irst :tour­
digit number 1n the ~onsecutive nu.ber series 
assigned a subscriber. '!'bus, 1.r a certain fum 
were to be a.ss1gned five trunks, the line ua­
bers lllU8t be consecutin, and the ttrst JlU8t be 
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FlGURR 10, AUTOMA.TIC SELECTION OF SWITCH- THRU TRUNKS ON A R<n'ATING BASIS 

The select ion or switch-thru trunks such as 
those used tar toll service ADd for service to 
nei ghboring exchanges is automatic upon the 
dialing or a s ingle digit-- "7,. ns, n •9," or 
110 . • SUCCe SSiVe CallS t o the S811le leVel are 
routed over different trunks. The trunks are 
p~eselected in a rotating order such that no 

trunk is used twice until all tree ones in the 
group have been used. Thus a fault in any one 
trwk: will not lillit serrtce. The "5" relaT 
which bas preselected the next trunk relltlina 
locked- up until the trunk is used . { F1g.l0~ 
This is in contrast to the •sn relays ot the 
P.B.x. trmk groups which relaTs remain operated 
only u long as the preceding trunk is in uae. 
Re!erring to Fig. 10, note that the COO and the 



GENERAL DESCRIPTION 
AOCl leada are uaoeiat.ed w:1 th the pula1ng rela:fa 
such that g:row:.d h s= OT-...= both >C:etl tbe ain­
gle cHpt , e.g. , 10 , o 1a dis.led . Crou:>d 011 COO 
pulls up tena- rela)' COO wbjeb cooz:eeta the 
grow>d..S A.OCl lead Tia the lower contact w the 
•s• t!'UDJt aeleetill6 re1e,ys . 

At the besinning or e cycle of operations, rela)' 
Sl la held operated by ground on ita rx• con­
t act . Sl, therefore , eotuteets grew:.d tree the 
ACCl lead trca the tens-rela:y to unite-relay Cl. 
Aa eoon aa trunk one 1e thus seized, ground on 
1 t.a Ql lead oparet.es nler 'l'Bl whleb opere tea S2 
by placing ground on ita lower pojr or eontacte . 
Re lay S2 locka- up 011 i ta •x• contact and re-
1-• rel41 Sl. 'l'h1s =:xt call tor an •o• trunk 
w1 U eoiUI&et t!:e &CCl lead to C2 and ~runk 121 
will be lel:ed. Crouad OTer the CN lead or 
trunk •2• will causa ':'1!2 to oparau w~ich will 
operate the ti8xt. os• :-el.ey a:d ~0 seize tbe D&xt. 
tncll: . '!'be lea~ tl"'IDk, ixl this l!:l<lteee 110, • 
is ae i:ed Ul<a cy otller; ColreTer, tha t~rer 
ot the cycle back to t!:e f!=st trunl: and rela)' 

9 

Sl prese:rts senral 1Dtereat1J13 pointe . UpOD 
the sei:.u..-e o~ t.!'UI!lc 10, 'r810 will be ope!'ated 
by grolllld o: t!:a ~ lead . 'i'BlO eloaes gxol::ld 
to the SO I .UO. to operate) re.la:r, lowe:- rigllt. . 
lihen t.be SO :-ele;r !lnally operates, it :-erur.es 
gro=d not only rrc:. tl:e SlO lut •s• :-ele;r) 
but also tra:l ita 01111 w1Dd111&" · Both relays l'e­

leue. Gro!!:ld :>ow paaaea t.hru the .Uddie series 
eoctaets ar the os• relays to Sl. 'Olllch oparetea 
it t he ti:-st trunk la not buay. In a.o.y ennt , 
the Urat non-busy trunk ·will be prepared for 
the next eal1 , and the cycle o r operation re­
ca;n.ene es . 

Since the trunl: 1111leetin.g •s• relays play uo 
port 111 the t.olklng c ircuit, they lOBY thus he 
releued • bile the trunk 1a 1n uee . '!'he •TB• 
relays wil l, howenr, r-1n operated as long 
u their associated tru:>l<a era busy, p:'Oteet 1Jl8 
tbe b~~Sy ~:noks agatcn intnai O:I ahoul.d t!le 
cycle be :-epeated berore the trunl<a are ~. 
Otlly o=te OS • re1a.r ""'Y he opera t.ad at err =• 
tla.e 1n eo:~treat to t he •!'B• releya . 

Part II 

GENERAL DESCRIPTION 

:hla se:-1ea o~ roto:r !'eley Sldtel:boe.rda p:ro-rtdea 
~or tull-autaca~lc operet!o~ o~ an u=atte~ded 
bests , SUpe.-TisiO:> cay be enreiud by tl:.e toll 
or manuel operator s~ a ce1s]1bor lng attended 
exchange. !".any special !"eat=es and sanlcu 
are aftilable . ?or e:a::!lllij>l.9. 'MI!'lrlcatto:>, ec,~ 
on- busy, and 1ntereepttng sarTiee represent a 
raw or the features .bleb =ay be had wit!l tha 
boo.rda . Rillg1ng ....,. be ba=nic or code. Ring 
cut- orr !a opt1o,.,lly delayed or 1Jlstant. 

Xech lnatallat1on is c<ti'ered by a •Job• apeci­
t'1catlon . 'l'bll apec1fiatioa it..U~es tha appa­
ratus and aateria l that 1e being e h1ppad, and 
also lists tha uaoeieted =nutacturing nu::l>are. 
~e ebip:ent should, there~ore, be car.rully 
cheeked ec;auat. tbe Job speetr1est1crn t.o dater­
tina the t ... er:r U a ted U.a:: ha" heen reea!Ted . 
Tte Job apee1!"ieat1= el..ao 1I>dleateS iwca, wch 
u the ... u. d18trlbut.1Lg ~. mich are to be 
supplied by the telepllone ~· 

Any dertatton.o !'rcc the lioe.rds descr ibed be."« L"'* 
detailed 1o. the spee1!1cation aa are the bl•Je­
printl included 1n the ah.l p:eet . These blue­
prieta proYida speclt1e intor.:atloa concernill6 
the aaaa::bl:r or the s:rltchboard, wiring, eabl!q, 
and c1rouits . Cccbined with the notea and data 
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_1o ______________________________ ROTOR RELAY C.A.X. 
U. ~ll1• ~to.. tb7 g1,.. cm:plr..e 1ctcm:at1oc 
aD4 t.::stru~i<r...s ror inr.all1Dg a:lld pl.o.~U:;> e!:a 
aw1 te!:b~"'<i l.n~o .oe:-T ice . P,.~ :V o! tbie 
bal.U~1c cxU;~" :Ia gce:-al !..cstalla~1o:o o"t 
t!:••• ~oan!.s. 

9. c.uo J.C:::Y 

~ ewit~ a.-. -.46 U. ·~ ee;paettiae, 
60, 100, =<~ 200 lti:. ur:oinals. Iiller. tully 
eqaipped eacb has 7, 10, an<! 20 !'1cle~­
lilllal ~ethaly. n.e c.tz:l>er or ll:lb preae:>~ 
d~emil>ea the c.'C:ber o! ~rilrultaneou.s coaTarM­
t1ou which ....,. take p4oe . 'lhres ~=nl< groups 
(tour OD eart..oU. 200 11Aa boa.rdl>) are ool::l:l&lly 
pro-rided for -aldng OO!Uie~lcma with nel.gbbor1og 
nehangaa. A rnx1= ot ten tl:1lll.ks _,. be f.n a 
group w1 tb aut-o&at1o a.!~ion on a ro~a~iog 
bub. -i..cg space &e~~e..."tll7 pott:d.ta a c.oW 
ot 10 ti:\Uika ra:-t!:e ~Uc.a; 10 o:: tba 1oo-Uca; 
and 11! on tl:-<> 200-llue board. These uy be 
41 Tided "" '"""'55!1:TY """'118 U> e <;l:..-.e or tour 
l e.,ela • P=l-t do:> 1a -.de tor ~ wo ( tl:.ree 001 
the 20C-1ice boa.rd) ~TaU 5~c.l; h~a 
~r=lr:: s;:-ccpa. 

U:>n" Li:lD ~ 
60 7 10 

100 10 10 
200 20 lt 

• !Joel~ 1118 trl::lb 

Switchboa..ood OU:omsio:a: 

P. i!. L Jrogpa 
2 
2 
3 

9w1 ~bbosrd l.ellgth 111dth !!els!rt 
60 3' +1JII- :?1 ..o• 6• -9• 

100 5' - 2- 1;tl• 2' ..()1 6• -9° 
200* } ' +1~· 2' ..()11 6• -9" 

• The cacplate oxclwl&e awitcbboerd oon.aiete at 
t OOlr INch wll ta • 

CCIO:I:IGII Zquipcoct l'rs:se : 

60 2' ~1/S• 2• ..00 
100 2' ~lfS• 2' ...()• 
200 2' ~lfS• 2' ..()0 

10. I!IJIF!INJ 

~ -.qui~ != ~ aitcbllc&.-.!. 1.o Daa:tc.acl "" 
clollb1a-a1dd rn:eworlr:: enclose:\ in aee·UQ!I.! 
a"itchhoL--d ee:!>~. !he -.qtlip::!!d. """'-&!a~ of! 

ll.ne Nl.qe, ~r=lr:: repeater ll:l1 ta.. =-~1118 
1~, Cllll sl.l.otta:-, CCCOO!l ~ui;::ct, tu.a 
peels, r1r>.g1:>g CCG"Oen.&.r, r1ng;lag ~. 
TOl-, ..,._r, aD4 poen- bo.ord. It ~e 
rlllgia& 1a aupplie.d, liha b.anoolli c eon.,ert.er 
abal.t, w!U ch replace a the ebon r1118:1.Dg CODTar­

tar, Is wall l:lD1lDt<t4 . The atoraga batt e:ry and 
charger .ossoc!a~ed with each swi tchboard are 
a cnmtad separately. 111 general the equ1)'ae11t 
llllita vldng 11p a ewitc:bl>oard are readil,. 1dc­
tif1able. 

10.1 '!"he 60-LiJ>.e Swi~chboard 
Lice aqllipo=t (l ill8, cut-off, =d lock-out 
relara t or ea.@ 11.l:a) ia 1000te1i = the top, 
hoct aide <d tl:<l switel:l>oard. ~ - ~ 

are Qe.!Qr. Each llcl: eh-ccili ie aqui~ .nth 
no rot.a:' Klara, deslpa~ ·~ (!~ar) ,.,-­
ee• (~l ~1TelJ", to: •= 6%'0'Q ot 
te::i ll.l:a. . naaa releya ere ~ as •te:!l.S. 
~ u el:l ~lr« ea a oo=.ct.Or o: !'~tar 
a ~:>e::.S-leTel . • l1nlr:: tor 60 licaa co:ISi~ or 
12 ~ relATa e:d a lP""'P c! t~ =1i eo:>­
I:aetox IIlii ta- relqa. !:a:b llcl: group 1& l!ICitl:lted 
1.o a b.orlzoD~el row, spaca baia& pi'OTided tor 
eeTe:n ~. 

'i'O tbe rl8bt or ~be ~ ra1qa Ia the eal.l­
allotter wb.icb aal•~· the 11nlr:: ~0 be WJad ror 
each ea.U, 'l'bia 1ne1ud"" tbe proteetin teus­
gu.ord ('l'C) and units- guard (IJG) rel a:ra whicb 
pe=i t anlT 0116 at aaveral aiii>Ut eneoas eal.ls to 
occupy a Huk. AbO'Oe, top right, !a the l1D8 
ud tt"'IAk t e no.l.luLl bo.ord 1ncllld1e& the !'llae 
pe::tel. 

0:> tti rear aide or ~ !'~ ._ ... ~!ce J;PJ.l.lli.D& 
eoa::= 1.::& a:d o:l:ar raU:Ts uaoeiat.ad with -~ 



GENERAL DESCRIPTION 
ll..nk. 'l'hese are oounted on Yertiee.l stri]lS . At 
the rlgbt a.re the trllllk and P . B. L seleeti.Jig 
relays . 

The eo=:on equl p:ent fro~ holde the tone and 
ri.Jigi.ng equlj%:<ent ineludiag repeater =unti.Jig 
space tor eight tnu>.l:.s o:o the t'l'Ont side. On 
its rear, the re is s~ce tor t .o a ddi t ional 
trunk repeaters and e xtra eo= <>n equipll:lent . 

10 , 2 The 100-Line Slri tchboard 

Rotor rele,ys appear pr=i.Dently on the front 
side of this boa rd . 'l'bere is apa c e for ten 
borizoutal rows , aaeh row cootaiuiDg the ne""s ­
a&ry rotor relara f or a co~plete link . T.o 
rotor relays, designated •7• ( tinder) and •c• 
( connector) respective ly are requlrad t or aach 
leYel ot t en l11>8e , Tbesa relays ere ll:no1m ea 
•ten.s• relays, eacb acting as a eollll.eetor or ~ 
finder for a tens-le..-el. A llnl< tor a lOQ-line 
board consists ot 20 rotor relays end a groap o1 

ll 

finder and co.nnector units - relays. &acb l ink 
group 1s oounted ina horizontal row, spaca beiag 
p:rovided for <oen links . 

To the right top or thesa is the ee.ll-allotter 
whlcb sele<:ts the J.1nk to be used tor udl call . 
ThlB includes t he proteetive tellS- guard (TO) and 
unite- guard (00) rel.oeys llilicb perait only CID.e ot 
se"Yerel si:Nltaneous calls to oecttpy e link. At 
the o;ery top, right are the teminal blocl<e tor 
lines and trllllks plus t;he tll5a penel. Below are 
tba t:nmk eale<:tillg relays. 

Line raleye appear on the rear side at the lett . 
Each line requires threa relays - lin&, cut-oft, 
a nd lock - out . To the right or these are the 
pulstag, counting , and other r elays ass ociat ed 
with each link. These ere =unted on 't'erti«.l 
strips, three strips per link. 

'i'hs """""' equ1 ~t rrs::~e ccmte ins the tone and 
r1.ngi.ag equlp:eot (at top). the pow-er penel, end 

I 
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I:IO<l:lt1Jl6 apace tor e1$1rt tnmlc repeat.e rs (bott<z 
rrcmt ) . '!'he rear a ide baa apeee tor !:>i.oealla:n­
eoua COCIIOD ~llipu:>t, two tnmk repeaters, e:od 
apo<re apace. 

10 . 3 200-Li:>e Switchbcerd 

'f!:e equt...,~ Is dl'rided OCD!lg tear liJ:e aJ>d UzU: 
trezea -.Mel> are tc!eat1c.s 1, each e"--'"1 "& r~ 50 
Unu. ~ u.e ~ o! a tn>lealo!t is =ta! 
tu liruo ,.,.ut;aft!lt I top lett ) . ltacl:l Una re­
qtlit'es t!:ree :-.teya. ll!le, t!lt-<>ff, a::d locl:-o<:t . 
To tl:e rlalol or tl:ua a:-. three tl"!Ck repea~­
ar •~ripe. A~ tl:le rar t op, rl~t Ia ~a lica 
=~ tn::lk tar;:lnol bloeka plla t~ t'lae p;!!lel. 
Aercaa tt.e ~ta= are :.oa:,ta.g s:tt1ps !"or llis­
Cc4llueoaa ltwk :.lara. Zach :tnk oee1rp1ea 
t.!Iree 'f"8rtlcal n.-1~ !::4.-. Eloi t- :~ to t!:e 
~ 0: tl:e ll c.e ~raiul l>lo--..lt top) . a.. =1~ 
cell.a:leo u re laya uao~1ate:1 wit!> eac!: ~ 
!eel .:.de tl:a pu.l a1 q an! eo= !La :-elaya. 

'lbt l"10C" sl<!e 1a de~ed ex:clu.alTaly to :1~ 
a:m co:t::e~or relays. Tta. -e are :1 n l1.=U per 
=it. he 1:1. llDl< oc C"J> le • ~>wo !lor 1 z.o:.tlll rows 
ae.rose ~be tre&e. ~Ce t.op ro-. troa lett to 
right CO:ltaillS tl:le CO!Il:&<>tor cita- rela;rs ~ 
20 ~or rela.)'S deaio;:ated •c• ( e«~..-ecta:-) wit!> 
t~ •=r-1ne llDa tc.o-gro::;o ~rs =r\c---"!3 . 
3el.01f are tlle auoelated !1~•~ relay.s o! a x­
aetly tlle ace ruaobar u t he co=ectc: e.rles. 
Ttees are ~.Sil>l'ated 1 !'1 ( !Icier) !ollmred by 
tb Uae tGa-gl'Oup w!>ieh U:ey a.sn-a. 

!'l:.e c- equ1-l1t ~- &~s "" 1~ rz.o!:lt 
aide, ~ equ.lp-ADt, U..... INI!Ider, powar pe;:;el., 
te.m1 =1 blocka I all top), 8:1<1 t:I'llDk S<SUcti.cg 
:"<Slays I bot to= ) . On a a rear side are six 
trunk :-.pester atrlpe ( !.op) , At the 1:>ott<a e.re 

iacelleneoua co=aon equi~ant aod tbe cell 
allotter ( r1sllt ) , '!'he call ellotter esleets the 
Uak to be uaed tor esch clil . It 1aelud" the 
prot~t l,.e te~>S-suorc! (TO) and UD.1 ts-.,'"l>ttd ( UG) 
r ele,ys wblcl:l perait ODly OIUI or aenral •i:ml.­
taneous eelle t o OOCUJI7 a l!~tk. 

ll . SOBSCRlB!RS' LDa ~OU1wlT 

'i'he equlp;r;sut ror eaeb llae eona1ata or tbrae 
rel<l;a; La. , liM, cut-<>tr, aD<! lock-oat d""lg-­
!1Bted L, CO aad RO toUo-.4 by tile associated 
line au:::l>er. ln a4d1t1oa to the uaual t'uncl;1on.s, 
the line equ.lp:eat proYidea tor locking- out 
linea wbl.cb de•elop low-realataace aborts ---­
such liAea reca.lllill& locked-oat until the trouble 
el.ears, when the uaoc1eted Una olreui.ts are 
eUU>Jlat ically r•atored to ao=al• ;U.so, 0:1 
reverttq calla, the Una ia locked_.,..:t nee a 
uru: Ca:> tta call 1a cswe:ed. .., t!:at tbe l.Ult 
is u.aec! cr.Uy du:'iq tl:l.e U:e the call 1s bel.q 
1D.I.tls:ted. Beeeue ot tb~ circuit l'equir«::e:lts, 
tha •c• t•mlaala 1D the Una t~er eel eo:>­
~or ~-· r.leye a..-. •• ,.._,..,ted, •a1• be1.c& 
the <iaa~1o::. ror t.l:e co=ectcr ~. 

~-ret= l.1.ue baTe the sa::& 11::4 e«u.l.=t 
u t.l:e utellic Ur.ea; hOWTer, eert.ai.rl wirir,g 

ROTOR RELAY C.A.X. 
cbangea a:e aade ta the atanc!erc! 11ue relay 
wiring . No change In tbe un1Yeraal cc:mector 
cireuHa 1s required, but gl'O=ded lU!se aey be 
e.esil>l'ed only in ~be 200 group 0: the 200 lil>e 
switebl!oard. 

lA<:al battery tel~ U7 be Q.8ed 00 s::b3cr1-
'be.-al lll>ea u c!•ta1lac! 1D Sect icm t,t, 

!.nto=a tio:: oo lille at eda.-.a i" co;,tai=ad U! 
Sect!oo 13, "Pillaa Ccr.,.:nt~~eru.oao. 

ll.l lnhrceptit@ Sentce 

This 1Jo ~cSecl ea]~ee1oll.y a.s a occmmie::ce r.o 
~scr1l:er-s e•'llcc l1:u reee=tly dia=e.,..~ 
oar pa.-t1aa o:. ~'ridual Ur.aa r..osa =!>e: bas 
'bee~ e,.._, ged . 

ll.2 Cua a or Sen1ca To:>a 

Cla.sa C: arrtce toe. ::JilT be 1.!!~ ac c:r a:­
a_ll llLaa b.y :•kl::s :.he proper e-o~io::: t.o 
't!l!t claaa o! aerrlc• t o=- eo:>c!a:ser et ~ ~~ 
ser1ber1 a llae hrataal. '!'his ~=:• ( nlp1tly 
U:t.e.-:-u~.., , will be ~85.rd ~ tbe toll 0;>8!'~ 
lll!:o ::ay a~ ace<~:'<11.cotb. 

• 



GENERAL DESCRIPTION 
12. LINK CIRCUITS 

The function of the link circuits is to auto­
matically find the calling line when a call is 
initiated and extend the calling line to the 
desired line in accordance wtth.the number dialed. 
The link circuits are arranged for reverse bat­
tery answering supervision. The 11Dk circuits 
employ 3?-contact, rotor relays for connecting 
with the calling and called lines. 

While the lillk capacity represents the number or 
calls that may be in progress at one time, it 
should be.noted that the traffic capacity of 
each link is exceptionally high because: {1) 
reverting calls (Section 30) occupy a link only' 
while the called party is being selected and 
rtmg: ( 2) links are automatically timed-out when 
beld by nperm.8Jlent" lines, unanswered calls, 
etc. (Section 25). 

13. PULSE COMPENSA'I'ING FEATURE OF LINX'S 

A ••pulse compensating" feature bas been in­
corporated in the connector circuits in order 
to permit dialing over varying line conditions 
which are usually encountered 1n rural districts. 
The name of thi.s feature, "pulse compensating," 
describes in part at least its main purpose; an 
impulse, once initiated, completes its function 
by means of a locking circuit regardless of out­
side influences wb~ch ordinarily affect the im­
pulse length and consequently apparatus oper­
ation. If the pulses :from the pulsing ·relay's 
back contact are too short as caused by a line 
wi~ low leakage resistance, they 19111 be length­
ened by the locking feature. If the pulses are 
too long as they would be on a high resistance 
loop line, an art1t1c1al shUnt increases the 
operating speed of the impulsing relay. Yet it 
introduces no detrimental ettects on the release 
characteristics of that relay on heavily loaded 
lines. · 

The large range of this pulse compensating fea­
ture is outlined here;. The data given, of course. 
permits operation with all variables at the 
unfavorable llmita. The dia;Ling range 18 0 to 
1000 ohms line loop resistance and shunts or 
intinity to as low as gooo omu across the line 
(leakage) or betlt'e&n either or both sides ot the 
line and ground. This dialing raDge permits 
wide voltage limits with diai pulses of 8 to ll 
per second, and 20 low impedance ri.Dgers bridged 
across the line or five between each side ot the 
Une and ground. The dialing range of the trunk 
repeaters varies with the types of trunks and 
repeaters employed, but 1n general. the range 
18 ample to meet requirements. 

14. CALL ALLOT'l'Ba 

'J!he call allotter distributes calls evenly over 
aU l1Dks ana prevents connection with a calling 
line by more than a single link. It assigns a 
different link on sucoess1TS calls tra11 the same 
line, prov1d1Dg that another link is available. 
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The allotter also assigns another link it the 
first link assigned to a call tails to make 
connection with the calling line. 

15. REVER'l'ING CALLS 

This switchboard provides for the making of 
reverting ealls on party lines by tbe dialing of 
the directory number. TiCk-tone is employed to 
inform the called party that the call is from 
his own line, in the case or harmonic ringing 
boards. On code ringing exchanges, a ring-back 
signal is furnished the calling party. See Sec­
tion 30 ror operating details. 

16. P.B.X. TRUNKS 

Provision is made for two P .B.X.. groups of trunka 
on 60 and 10<>-line boarl'ts; three groups, on 200-
line boards. Automatic trunk selection on a 
"non-rotating~ basis is employed, the first tree 
trunk in the group being selected. Levels com­
monly assigned to this service are the "50" and 
w60" on 100-line boards. Trunks are assigned 
at the beginning of a level, end unused numbers 
may be assigned to other subscribers. Any number 
may be used :for night service except the first. 
The trunks go-out either to consecutive numbered 
telephones or to a P.B.X. 

17. TRONKS TO OTHER OFFICES 

Three groups of such switch-through trunks may 
be employed on the 60 and 100-ltne boards; four 
groups, on the 200-line. These trunks have 
single-digit call numbers, non, "9", "S", and 
"7"· Up to ten tl"'lDks may be assigned 1n a group 
and any unused numbers in the particular tens 
level may be given regular subscriber numbers or 
emplo.yed for paystations. The trunks within a 
group are selected automatically and in rotating 
order such that no trunk is selected a second 
time until after all rree ~runks in the group 
have been used. The total number ot trunlat is 
limited by the mounting space provided for trunk 
repeaters. This space regularly provides tor 10 
trunks on the 60-line; 10, on the 100-line; 18. 
on the 200-line board. The capacity for sub­
scribers' lines is, naturally, reduced by one 
ror each trunk equipped. Links are arranged 
tor switch-through service to a repeater on 
trunk calls. 

Sometimes it 1s desirable to multiple trunks 
from one tens group to a second group. For e%­
ample. if IIOtt level held only three toll trunks, 
it might be desirable to multiple free service 
trunks trom another level to the !tOn level~ In 
a case of this kind, both tru.nk groups, must, of 
course, end in operator positions. 

When trunk selection is required in a trunk group 
which contains some trunks multi pled :frolll. another 
group, trunk selecting relays without lfrotationll 

. should be used in order that the regular trunks, 
which appear first, may be used most· often, the 



· ROTOR RELAY C.A.X. 
----------------------------~--18. NETWORK'S multipled trlm.ks getting onl.y the overflow. Con­
versation timing may be provided on the free 
service but not on the toll trunks. 

17.1 Verification Service 

An operator may monitor or talk- on a busy line 
by prefixing the digit n1n to the regular tour­
digit subscriber number. This feature is con­
venient for verifying the calling station's 
number on requests tor toll service as well as 
tor cheekin8 reported "busies." Only ·toll opera­
tors may avail themse1Tes of thi e service; i t 
may be removed if desired . 

17.2 "Camp-on-Busy" service 

The toll operator, if she desires, may after 
dialing the subscriber's number prefixed by a 
"1 ", camp on a busy line. When the busy condi­
tion is removed, ringing will automati cally 
begin. At any time, she :may converse with the 
parties on the line. 

17 •3 "C8l!lJ?-0n-Line" or Delayed-Ring Service 

An operator may dial tha first three dig1 ts of 
a subscriber' s number to seize the line. She 
may then neamp on the line, • del.aying ringing 
until she has canpleted, sa:y, a toll connection. 
The line on which the operator is camping will 
test busy to other calls and should a party on 
the line lift his receiver while the operator is 
"camping," she will receive answer SUPervision. 
The operator ll18y then talk to the party. Th18 
does not disturb the connection for after the 
:party has replaced his handset, the operator may 
at any time dial the fourth digit to ring the 
wanted line. 

17.~ All- Lin.ks Busy Tone 

It desired, connections may be. made such that a 
busy tone will be returned to an operator on 
switch-through trunks when all links are busy. 
Loca~ subscribers, of course, fail to get dial 
tone under suoh busy conditions. 

17.5 Identifi cation of Trunk Calls 

Trunk calls through the links are identified 
from the eall allotter, permitting the special 
features of the links to function on trunk calls 
but not on subscriber calls even though these 
lines are assigned in the seme group as trunks. 

17.6 Restricted SerTice 

Frequently. it 1s desirable to restrict all 
subsuibers or a group of subscribers from con­
necting with certain trtlD..laJ such as toll lines 
accessible onl.y to the operator. On saue boards, 
this can be provided on a tens- group basis, 
i.e., all the lines in one or more. tens-group 
may be prevented from dialing certain trunks. 

In a telephone network such as the typical ex­
ample shown in Fig. 15. the above services. 
available on these Automatic Electric rotor 
relay swi.t chboards. prove of exceptional value, 
especially when combined with the trunk re­
peaters discussed in Section 52. The network 
shown consists of a Toll Center, 11A11 ; a tandem. 
rotor ~elay exchange, "B" (200 lines); a sub­
tandem rotor relay exchange, ne11 ( 100 lines); 
a megneto-manual exchange. nn, • out of nc•; and 
a strowger automatic exchange, ~" out of "B0 • 

The toll operator 1n "A" may be reached by any 
subscriber in the unattended automatic exchange.,. 
Calle from "C" are automat i eally tandem.ed through 
nBn where there is a trunk finder group for the 
two metalli c and one phantom cir<luit to •A. • The 
magneto manual operator at 110• has a dial by 
which she can reach the tol l operator in "A" 
by dialing "0" as a subscriber in ncn would do. 

Where free service is provided between t wo ex­
changes, the subscriber (of an automatic_ex­
ehange) may dial directly into the neighboring 
system. For elllllple, a subscriber in exchange 
nxn may dial "g" for tree service to exchange 
•Bw . 

Where a toll charge is to be made a s between 
exehange ne11 and 11E," the subserib.,r in nerr must 
dial •011 for the operator in "A, n The call is 
automatically tendemed through exchange 11B" to 
trA. " The operator there records the charge and 
may utilize the ver ification feature, when pro­
vided, to cheek the source of the call if she 
desires. As the calling party wants a connection 
with "E, • the operator at "A" dials "~" back 
over a trunk to "B" which makes connection 
w1 th "E. 11 The operator upon hearing dial tone 
from nE• dials the number of' the wanted party. 

Trunks between "A" and "B" may be released by 
t he operatQr, in some circuits. Each network 
presents problems peculiar t o itself, and there­
fore, each such inatallation must ne cessarily 
differ from. every other to a considerable degree. 

In Figure 15 
nAn {Toll Operator) Dials 

"7" for MC II 
ngn for "E" 

"7g" for "D" 

•B• Dials 

•oa for Toll, Information, Etc. 
"9" for Free Service to "C" 
"B" for Fre e Service to "E" 
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TOLL CENTER 

FIGURI!: 15. AN ILLUSTRATIVE NETWORK PLAN 

"B" is Blocked troa 
"9811 to 11D" 

"711 to ncn 

"C" Dials 
non for Toll, Information, Etc. 
"9" for Free Service to "B" 
ngn tor Service to "D" 

ncn is Blocked tram 
"OS" to "E" 
119811 to "E" 

"D" (Operator only) Dials 
11011. to IIAII 

"E" Dials 
ngon ·tor Toll, Information, Etc. 

ngn for Free Service to "B" 

"E" is Blocked from 
118911 to "C" 
"B7" to ''C" 

19. PAYSTATIONS 

Paystations of the post-payment type may be 
connected to any line terminal. These· coin 
collectors require reverse battery, however; so 
see the installation information in Part IV, 
Section 48 . Reverse battery, r-eceived when 
the called party answers, place!! a shunt on the 
transmitter so that a conversation cannot be 
carried-on until a nickel has been deposited. 
No C()in is required to talk to the operator who 
receives paystation tone when she answers the 
call. At any time, she may recall paystation 
tone by momentarily removing her plug fr0111 the 

jack before her. Other types of paystations 
and paystation service may be employed. For 
example, if local calls are tree, an ordinary 
automatic telephone with a supplementary coin 
box may be employed. 

20. SUBSCRIBERS' LINE SERVICES 

One or the following two groups of services 
(section 20.1 or 20.2) may be supplied depending 
on whether the board is arranged for harmonic 
or code ringing. In either case ringing of the 
called station is automatic and intermittent. 
Ring cut-oft may be instantaneous Ul>OD the called 
party's removing the handset, or the cut-ott may 

be delayed~ i.e., during any silent period with­
in or at the end ot a ringing code. A "genera­
tor drain" relay is provided to permit operation 
on heavily loaded lines. This relay drains any 
charge remaining on the line atter a ringing 
cycle. 

20.1 Code Ringing 

The equipment is arranged to provide, on a ter­
minal per line basis, the following classes ot 
service: 

(a) Individual 
(b) Two-party, selective d1 Tided ringing 
{c) ll'our-party, semi-select! ve diVided ringing 
{d) Ten-party, semi-selective divided ringing 
(e) Ten-party, non-selective bridged ringing 
{ 1') Twenty-party, non-selective bridged ringing 
{g) Paystation 

The ringing ot the called station is automatic. 
Ringing. starts with the first complete cycle 
after the completion of dialing. 
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The code cycl e is repeated approxilllately every 
g or 10 seconds as desired, the change in length 
of the code cycle being accomplished by a change 
in strapping. The length or the code cycle hs.s 
no effect on the codes sent. The codes are as 
follows: 

Code 1 - 1 Long 
Code 2 - 2 Shorts 
Code 3 - 4 Shorts 
Code· 4 - 1 Long, 1 Short 
Code 5 - 1 Lo~, 2 Shorts 
Code 6 - 2 Shorts, 1 Long, 1 Short 
Code 7 - 2 Longs 
Code 8 - 2 Longs, 1 Short 
Code 9 - l Long, 3 Shorts 
Code 10 - 2 Shorts, 1 Long 

Code 11 - 1 Short, 1 Long 
Code 12 - 3 Shorts 
Code 13 - 5 Shorts 
Code 14 - 1 Short, 1 Long, 1 Short 
Code 15 - 1 Short, 1 Long, 2 Shorts 
Code 16 - 3 Shorts, 1 Long, 1 Short 
Code 17 - 1 Short, 2 Longs 
Code 18 - 1 Short, 2 Longs, 1 Short 
Code 19 - 1 Short, 1 Long, 3 Shorts 
Code 20 - 3 Shorts, 1 Long 

The second ten codes are the same as the first 
but with one short ring prefixed. 

20.2 Harmonic Ringing 

Harmonic ringers, supplied subscribers, are 
tuned to ring only when one given frequency is 
impressed on t he line. Thus, full-selective, 
ten-party service may be given on all terminals 
with divided ringing. Semi-selective ringing 
employing one and two rings may be furnished 
to give semi-selective service on ten-party 
bridg ed ringing lines. Grounded lines must 
necessarily employ this latter method. Harmonic 
services are as follows: 

( a) Individual 
(b) Two-party, selective divided ringing 
(c) Five~party, full selective bridged ringing 
{d) Ten-party, s~i-seleotive bridged ringing 
(e) Ten-party, full selective divided ringing 
(f) Paystation 

If desired, individual or two-party lines may 
use the regular straight line ringers. Ring 
digits (Section 22) should be assigned which 
will select frequencies of 20, 25, 30 or 33-l/3 
cycles. The frequencies generated are shown 
below. New installations are frequently sup­
plied in the non-multiple series. 

Frequencies 

Non-Multiple Multiple 
20 16-2/3 
302 25 
4 33-1/3 
54 50 
66 66-2/3 

21. RINGING EQ.UIHmfr 

Choice of ringing equipment is determined by the 
kind of line service desired, i.e., code or har­
monic ringing. In either case vibrating-type 
ringing converters are used. With code rlngtng, 
only one converter need be used. This produces 
current at a frequency or approximately 20 cy­
cles per second. The codes are produced by a 
relay-type ringing interrupter. Ring cut-off 
may be instantaneous or delayed. Duplicate 
ringing converters with automatic transfer may 
be supplied if desired. 

A harmonic ringing converter consists of five 
vibrating reed converters, one for each or the 
five frequencies. A relay-type interrupter is 
also used with harmonic ril).ging. Ordinarily it 
merely provides single ringing intervals (one 
ring}; however, it may produce two rings per 
period for the ten-pe.rty semi-selective service. 
These harmonic converters may also be supplied 
in duplicate with automatic transfer in ease or 
failure of any one of the five vibrators. Rill8-
ing current is connected to the called line 
through a 25 watt generetor lamp individual to 
the link, as protection t o the ringing current 
supply. Ring cut-off may be instantaneous or 
occur during the first silent period after the 
subscriber lifts his handset. 

22. NUMBER ASSIGNMENTS 

Subscribers' numbers consist of four digits. 
The first digit determines the class of service 
and also, in the case 6f codes, how ringing 
current is to b~ applied to the line; the sec­
ond and third digits select the line; and the 
fourth digit, the ringing code or frequency. 
Codes and frequencies are listed in Sub-Sections 
20.1 and 20.2 respectively. Trunk groups are as­
signed a single digit as no.n P.B.X. trunk 
groups are assigned regular tour-digit numbers. 
The first number (directory listed) should be 
line 1 in the tens-group. For night service, 
any number except the first may be used. Sub­
scribers' stations may be assigned the unused 
numbers at the end of either inter-office or 

. P.B. x. trunk groups.· 

22 .1 Code Ringing 

As mentioned previously tour-digit numbers are 
assigned, and it is, therefore, neces88l'Y to use 
a different system 1n assigning first digits 
tor the several boards. 

22.11 60 and 100 Line Capacity 

Individual, coin-box and divided-ringing sta­
tions on metallic li.nes are assigned the digit 
"2" as the first digit . On divided-ringing 
lines, t he last (fourth) digit determines the 
side of the line to which the ringing will be 
applied as well as the ringing code --- digits 
1-5 ring on the negative side or the line, and 
digits 6-0 on the positive side of the line, 
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uaing the first ten ringing codes shown in the 
table included in Sub-Section 20.1. 

Bridged- ringing stations ( 118tall1c and ground­
return lines) aN assigned either digit •3" or 
·~· aa the first digit . The digit ~· i a as­
signed to each stat ion to be signaled by one of 
the ttrst ten ringing codes, and the digit "~" 
is assigned to each station to be signaled by 
one of the second ten ringing codes. 

22.12 200 Line Capacity 

Indi rtdual, coin- box_ and di Tided- ringing eta­
tiona on aetallic lines are assigned the first 
digit 112• tor linea in the "200' group end the 
digit '3' tor lines in the "300" group. On 
di v1ded- r1nging lines, the last (fourth) digit 
determines the side or the line to which the 
ringing will be applied as well as the ring­
ing code-- digits 1-5 riDg on the negative side 
ot the line, and digits 6-0 on the positive, 
using the first ten ringing .codes shown in the 
table included in Sub-Section 20.1. 

Bridged-ringing stations (metallic and ground­
return lines) are assigned only in the "200• 
line group being given the first digit "~" tor 
t he first ten ringing codes and the digit "5" 
tor t he last ten codes. {See Section 22.3 
which s ummarizes this inf ormation.) 

22. 2 Harmonic Ringi ng 

The firs t-digit numbering of haraonic ringing 
switchboards is qui te s imple. A first digit, 
•2,n ie used f or the first one-hundred linea 
( 200 line group ) giving the following service: 
individual, coin-box, divided-ringing (metallic 
lines, 10- party full selective), bridged-ri~ng 
(metallic and all ground-return lines; 5-party 
full selective, 10- party semi-selective). 

First digit "3H gives identical service on the 
"300" line group or 200- line boards . 

The fourth digit selects one of the the t're­
quencies and determines the side or the line t o 
which ringing current will be applied tor di­
vided ringing. Digits "1" to "5" ring on the 
negative side or the line; digits •6• to non on 
the positive. 

It 10-party semi-selective, one and two ring, 
bridged ringing is t o be employed, fourth digits 
ot "1" to "5" connect the appropriate frequency 
to the negative side of the line as above. Each 
ringing cycle consists of one ring followed by 
a silent period--usual practice. Fourth digits 
ot •6n to "0" connect t he desired frequency to 
t he positive side of the line. Bach ringing 
cycle consists of two short rin~ followed by 
a silent period, thus serving as a ample code. 
The side of t he line, opposite to that on which 
ringing current is placed, receives ground. 
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22. 3 NUilber Assignment Table 

Digit NUIIlber Use 

First Digit 
All Boards 
( Ten-thousands) 1---- Verification Serv-

ice (Operator Only) 

(Thousands) 1--- Absorbed 
2--- Ing.ividual. 

Coin Box 
*Divided Ringing 
10 Stations 
(First 10 Codes or 
5 Frequencies) 

3--- oBridged Ringillg 

60 and 100 Line (J'ir~ 10 Codes) 

Boards li--- 0 Bridged Ringing 
(Second 10 Codes) 

5--- Absorbed 

6--- Absorbed 

r.g, Absorbed or Trunk 

9 Service 

0 Trunk Servioe 

2- *200 Subscriber 
Line Group 
Individual 
Coin Box 
DiVided Ringing 

200 Line Boards 
( code or har21onic} 
Bridged ( b.Srmonio} 

3--- *300 Subscriber 
Line Group 
Indivi dual 
Coin Box 
Divided Ringing 
(code or ~onic) 
Bridged ( hamontc ) 

( Code Only) ~-- o200 Subscriber 
Line Group 
Bridged Ringing 
(First 10 Codes) 

(Code Only} 5--- o200 Subscriber 
Line Gr oup 
Bridged Ringing 
(.Second 10 Codes) 

Second and Third 
Digite {Hundreds -XX- Line Selection 
Tens) All Boards 

Fourth Digit -1 Code Selection 
{Units) to Frequency Selection 
All Boards ---0 Side or Line on 

DiTided Ringing 

*Frequency Ringing Grounded Lines Here 
°Code Ringing Grounded Linea Aesigned Here 
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23. LINE TEHMINAI.S AVAILABLE 

Tbe following Sub-Sections show the line ter­
minals available in the three sizes of switch­
boards. 

23.1 60-Line Switchboard 

51 61 71 81 91 01 
52 62 72 82 92 02 

§~ ~~ j~ ~~ ~~ ga 
55 65 75 85 95 05 
56 66 76 86 96 06 
57 67 77 87 97 07 
58 68 78 gg 98 08 
59 69 79 89 99 09 
50 60 70 so 90 00 

23.2 100-Line Switchboard 

ll 21 31 41 51 61 71 81 91 01 
to to to to to to to to to to 
10 20 ;a 40 50 60 70 so 90 00 

23-3 200-Line Switchboard 

211 221 231 241 251 
to to to to to 

210 220 230 24<> 250 
261 271 281 291 201 
to to to to to 

260 Z'(O 280 290 200 

311 321 331 341 351 
to to to to to 

310 320 330 34o 350 
361 371 381 391 301 
to to to to to 

;6o 370 ;so 390 300 

24. TONE E~UIPMENT 

The tone equipment is provided with a special 
startill8 circuit. This ttthump start," as it is 
called, insures the starting or the tone genera­
tors over a voltage range of 42 to 56 volts 
without critical adjustment. These tone genera­
tors have more than ample output, produce few 
harmonics, and generate a low voltage. They are 
consistent in pitch of tone produced and cannot 
be put out of commission by an overload. A 
radio frequency choke coil is provided on each 
tone lead to eliminate radio interference. Dial 
tone and paystation tone are provided from one 
tone circuit, the two tones being identical. 
Busy tone, 60 interruptions per minute, hae its 
indiTidual tone generator. Associated with it 
is the revertive "tick" tone which gets its 120 
ticks per minute from doubling springs on two 
busy- tone relays. •class 0! service" tone has 
a separate generator circuit which gives a rap• 
idly interrupted tone of 4oo interruptions per 
minute. This is similar to· the buey signal but 
more rapidly interrupted. 
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25 • TIMING RELAYS 

Timing relays .operated tram the exchange battery 
deliver time pulses that are used for timing the 
oocupancy of links. They will cause a link to 
be released within two to four minutes under the 
follOWing conditions: 

Callirig party tails to dial 
Call is not answered 
Calling party fails to disconnect 
"Pemanent" line aeizes a link 

After the link has been released, the "perma­
nent 11 line will remain locked-out unt 11 condi­
tions on the line have c~eared, when the lock­
out will automatically release. 

26. CONVERSATION TIMING 

conversation timing may be employed if desired. 
In which case, a conTersation would be timed 
out in six to eight minutes. This tillle may be 
increased to 14 to 16 minutes; however, in­
creasing the time interval tor conversation 
timing also increases the intervals for perma­
nent lines and ineffectual calls. When conver­
sation timing is used, the parties to a con­
nection receive the first warning signal (dial 
tone) approximately one-half lDinute before dis­
connection and the final warning about two sec .. 
onde before the connection is automatically 
released. Toll calls do not haTe timing ot 
conTereat1ons. 

27. TRAFFIC REGISTERS 

A peg count meter 18 arranged to operate each 
time a number bas been dialed. This is con­
trolled from the call allotter. 

An overflow meter registers each time that an 
"all-links-busy" condition exists. From this, 
an operating company can keep informed as to 
traftic conditions in the exchange. 

28. ALARMS 

These automatic switchboards not only proTide 
for an ala~ checking number but also give a 
visual ind1c.at1on in ease of alarm conditions. 
A non-locking key has to be operated to check 
the visual signals for an alarm condition. Vis­
ual signals operate on: 

1. Charging Failure 
2. Blown Fuses 
3·. Generator 1ailure 
4 Blown Heat Coils 
5. Line Equipment in Lockout Condition 

An alarm checking number, usually tt2001," will 
transmit the following signals, when dialed: 
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Class of Alarm Alarm Condit ion Signal 

No Trouble None Ringback 

Major Charging Failure None 
Blown Fuses None 
(Common Equ1JR.ent) 
Generator Failure !rick 

Minor Blown Fuses Busy 
(Link & Trunk) 

Blown Heat Coils Dial 

The alarms are given preference in the order 
of their importance. In addition, an alarm 
sender can be eaployed to send an al81'11 indica­
tion to an attended office. See Section 34. 
'When duplicate ringing equipment is furnished. 
failure of one ringing converter will register 
an alarm condition. If the second ringing con­
verter functions upon automatic transfer, the 

Part 
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alarm condition is removed; however the alarm 
receiving circuit at the distant office has 
operated. When the manual office calls the 
alarm checking number to determine the nature 
of the alarm, ring-back tone will be received 
if the second converter is functioning. 

'l'ra.n8fer tram one ringing converter to the other 
can be effected at a distance by dialing the 
ringing transfer number aesired; these are usu­
ally "2991" and "2901." 
Checking tor a line in the lockout condition 
from a distant office is not standard equip­
ment; however, a second alarm checking ·number 
may be used tor this purpose, determining 
whether or not a line is in tbe loekout . condi­
tion. Dial tone is received when any line is 
in that condition, and ring-back, when no line 
is locked-out. An alarm, major or minor, may 
be sent over an alarm sender to the distant 
office if this feature is desired. 

Ill 

METHOD OF OPERATION 
29. LOCAL C.AU.S 

To make a call, the subscriber first reblOTes the 
handset and listens for "dial tone.R Hearing 
dial tone, the subscriber proceeds to dial the 
desired station number (four digits). 'l'he first 
digit detel'Dline·s the class or service; the second 
and third digits select the line; and the rom-th 
digit, the proper ringing code. The ringing at 
the called telephone is automatic and inter­
mittent. "Ring-back" tone is received by the 
calling party during tbe ringing periods as an 
indication that tbe called station is being 
signaled. The connection is released when the 
calling party disconnects. 

If' the called line tests busy, the calling party 
will receive busy tone, and the connection is 
released by tbe calling party replacing his 
handset on the cradle. On successive calls frCIIl 
the same line, a different link is assigned to 
find the line, providing that another link is 
available. This is acca.mplished by means or a 
distributor circuit. The distributor willaleo 
assign another link if the first assigned link 
fails to make connection with the calling line. 

In order that the availability of the links be 
kept at a max1111WD., all links are supervised to 
free them tree "permanent" lines and ineffective 
calls.. \nlen a link. has found a calliDg line, an 
automatic timing circuit times tbe completion of 
the connection, and the link is released when 

the connection is not completed within a mini­
mum of 1-3/4 minutes or a maximum of 3-1/2 min­
utes. Consequently, when a link is occupied by 
a calling line and no impulses are received 
within the timed interval, or when the called 
station does not answer within the same period, 
the link is made available for another call. A 
link is also released when the calling party 
fails to hang up within the ttmed interval after 
the called party has disconnected. 

In the ease or a network of automatic excbanges, 
it may be desirable to restrict service from 
certain subscribers in one exchange to certain 
other exchanges. The restrictions may be applied 
to indiridual subscriber-lines or to tens-groups 
of subscriber lines. Such restricted service 
prevents ~ubscribers from dialing through tandem 
exchanges into a toll area. Calls to such areas, 
therefore, must be completed through the ·toll 
operator. The use of this arrangement permits 
great flexibility in building up automatic net­
works. 

30• REVERl'DJG CALLS 

To call a party on the same line, the calling 
party removes the handset and listens for dial 
tone. \lh.en dial tone is received, the regular 
tour-digit number of the desired station is 
dialed. Busy tone is received, because tlle 
subscriber has called his own line. He then 
replaces tbe handset on the cradle. This action. 



does not release the connection, as would OCCUl' 

on a line-to-line call, but cauaes the ringing 
code (code system) ot the called station to be 
placed on his line. It both the calling and 
called station ringers are bridged across the 
line or connected to the s~e side of the line 
and ground, both bells will ring. When the 
ringers are connected to opposite sides of t he 
line, . the calling station will receive a short 
ring at the end or each ringing cycle as an 
indicat ion that the called station is being 
s ignaled. When the called station answers, 
the ringing is out ott, and the calling party 
removes the hand~et to start the conT&rsation. 
With harmonic boards, no ringing indication is 
given the calling perty, so he llmst not re111ove 
his handset until sufficient til!le has elapsed 
f or the called party to be rung. Tick tone i s 
placed on the l ine when either party removes 
his b.andaet. This 1a an 1nd1cation to the called 
party that a reverting call is on the line and 
that he s hould wait. Both part ies hear this 
tone !or approximately 3 seconds. When it is 
·remove1, conversation may begin. Even thoUgh 
the calling party illlpat:i.entl.y removes his hand­
set after only one or two ringing cycles, the 
called party lll87 still answer. Tick tone will 
always hold the party who answers first. 

'l'he link cireuit is U8ed only daring the period 
of dialing and ringing., \lhen the called station 
answers, the link is autCIIlaticall)r released; the 
line 1e locked out (to guard against seizure by 
another linlc); and transmission battery is sup­
plied to th8 line from the line relay.. 

Subscribers should be thoroughly instructed in 
reverting call operation., aa !allure to restore 
the bands.t and wait for the ringing period will 
prevent a connection being completed. 

31. PAM4TION PH* 
Coin bo%es ot the poet-payment ty]e may be con­
nected to ~ line terminal. The calling party 
operates the telephone in the aae manner as an 
ordi11ary telephone with the exception that a 
nickel 1a dropped in the slot (on local eall8) 
when the called station answers. No coin is 
requ1red t o ·call the toll operator. 

A three-slot, poet-payment ~oin collector as 
the 'rype. 750 or the single slot, Type 29 lillY 
be uaed successfully. If no charge is to be 
•ade tor local calls, any regular dial tele­
phone may be U8ed in canbination with a separate 
coin box preferably of the multi-slot type. 

P.,-station calls are ordinully identifi ed at 
the toll position by means ot a tone placed on 
the connection by the paystation line. Vhen 
tone condenser equipment is not provided at the 
switchboard, the identification ot paystat1on 
calls will be by line n~ber only. 
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32 • 'lOLL OPKRA1'ION 

The toll operator will very likely be located 
in en attended exchange connected to the c .A.X. 
by toll trunks. Toll operators may be obtained 
by dialing one of the trunk groups ( "0," "9," 
•g, • etc. ) • Usually "9" aDd •g• are assigned t~ 
dialing directly into a neighborin.g exchange 
nth "0" reeened tor the toll operator. Note 
that t he operato.r has control oftr the release 
of trunk calla to her. ~or ~his reason, the 
calling subscriber as well as the called party 
can re-signal the operator at any tille without 
losing the connection. 

32.1 Local to Toll 

'l'he calling party raaovee his halld.set and listens 
for. dial tone. When dial tone is received, he 
dials the toll nwnber, say •o. • which extends 
·the call over a tree trunk to tbe toll Switch­
board. 'When the operator answers, abe aay re­
ceive one o~ several tones whioh giTes Mr in­
formation as to the service which abe may render 
the calling party. Paystation tone announces 
that the call has originated at a coin bo%. 
On other linea "class ot service" tone 1Dd1oatee 
the extent ot the service whi.ch the operator 
:aay render the calling party. She may recall. 
·the tone by mauntarily re.oving her plug trca 
the jack. 

Proa this point, the connection is completed 
according to tbe preTo.il1Dg toll operating prac­
tices; ~owever, certain special services are 
available to the toll operator. Yor example, 

· verification service permlts an operator to 
lllOD1 tor or talk to a busy line by first dialing 
the digit •1• followed by the desi.red subscri­
ber's n\llber. I1' 8be dials o~ the tirst three 
digits ot tbe wbscriber' a nwaber, the operator 
-.111 seize the li.De and aay JllOUitor it 1! it is 
busy. Dialing ot the fourth ~i&1t will start 
·the ringing ot t~ line whether the veritication 
prefix 11fl8 used or not. Verification senice is 
res.tricted t o operators, and it pem1ts th• 
to verity the origin of oalle. 

When t he connection desired by a subscriber 
cannot be COllplsted w1 t h the calling :party re­
'1181ning on the line, the toll operator advisee 
the Cl!lll1ng party that he will be called. When 
the desired connection 1a ready, · the toll opera­
tor dials the preti% •111 and the tour-digit 
nuaber ot the calling party over the toll trt.m.k 
as for a toll to local call. 

'WhJ..le building-up a toll connection, an operator 
11181', 11" she desires, "C8DIP" on the calling par· 
tr a 11ne. This is aeccapliehed by dialing only 
·the tirat three digits at the subscriber's mDt­

ber. Such a ction would busy the line to all 
other calls abd should anyone on tbe line raDOn 

his handset, the operator 110uld receive supeni· 
sian and could talk to the individual. When she 
is rea¢1 to ring the calling party, she will dial 
the last ( ring!Da) digit . 



METHOD OF OPERATION 
32.2 Toll to local 

Incoming {terminating) toll calls to the switch­
board are completed by the operatorts dialing 
the wanted subscriber number. It ~he number 
tests busy, the operator~ by use ot the verifica­
tion service, lllay' monitor the line. To do this, 
she prefixes the digit "1" to the subscriberts 
regular number. She may then talk to the par­
ties or merely wcamp on busy.n In the latter 
case, ringing of the called station will auto­
matically begin when tbe line is treed. Provi­
sion can be made to eliminate the nc8Dlp on busy" 
feature when desired. 

33• TRAFFIC ·REGISTERS 

To provide the telephone company with informa­
tion relative to the operation of the switch­
board, a npeg count" (PC) register of calls 
l!lade and an overflow register are provided and 
are controlled from the call allotter. The peg 
count :register will operate only after a number 
has been dialed in order to avoid counting in­
complete calls. The overflow meter provides a 
check on the number of times all links are busy. 

34. ALAl!f ClOOIUNG 

In addition to ·the visual a.l.arms displayed when 
a non-locking "alarm checldng" key is operated, 
the switchboard is wired so that the alarm con­
dition may be checked from any line or trunk. 

The alal'lll checking circuit is connected to a 
subscriber's line terminal enabling a supervi­
sor such as a toll operator at a distant ex­
change to determine whether any alarm condition 
exists at the switchboard. Usually the number 
"2001," is assigned for this purpose. Line 
lock-out requires a separate checking number 
though a visual signal is given on the switch­
board itself. 
When the alarm-checking number is dialed, the 
condition ot the office may be determined by 
the tone heard as follows: 
Class of Al~ Ala~ Condition Signal 

No Trouble None Ringback 
Tone 

Minor Alarm Blown Fuses 
{ Links & Trunks) Busy Tone 
Blown Heat Coils Dial Tone 

Major Alam Charging Failure No Tone 
Blown l!'uses 
(Com~~~.on Equi];lllent) No Tone 
Generator Failure Tick Tone 
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Should more than one alam be operating simul­
taneously, the above alam.s are given preference 
according to their importance as follows: 

1. Charging Failure 
Blown Fuses ( CODIII'lon Equipm&nt) 

2. Generator Failure 
3.· Blown FUses (Line & Link). 
4 Blown Heat Coile 

In addition to the provision tor alarm cbe~ 
the Switchboard is arranged tor an ala~ sender 
to send major and minor alarms to the toll oper­
ator over loop dialing or simplex dialing trunks. 
A relay at the manual office is normally held 
operated over the trunk when the trunk is tree. 
When an alarm condition exists, this relay in 
the manual office is released by the alarm 
sender. Alarms are sent only when the trunk 
circuit is tree. The operator, noting the aJ.al.'m. 
then dials the alarm checldng number to discover 
the ld.Dd of alarm. 

A "pemanentn checking number may be provided in 
addition to the alarm checking one. This number 
is usually 2091. It any line is in tbe "1ock­
outn position, dial tone wil trae lock-; it no 
line is locked-out ring-back will be heard. The 
alarm, however, dOes not distinguish ~­
out from reverting call lock-out. ShoUld a 
major alarm occur after a minor al8l'lll bas been 
received but not cleared, or vice versa, it will 
again signal the operator. 

When duplicate· ringing machines are provided, 
operation may be transferred from one to the 
other by dialing 2901 tor one and 2991 tor the 
other. Busy tone is heard if the converter 18 
operating. Failure or one ringing converter 
will register en alam condition. If the second 
ringing converter functions on automatic trana­
ter, the alarm condition is removed; however, 
the alarm receiving circuit at the distant of­
fice has operated. When the manual ottice calla 
the general alarm checking number to determine 
the nature of the ala~ it will receive ring• 
back tone if the second rtng1ng·converter has 
started and tick-tone, if it has failed to start. 
When a transfer is made from one ringing conver­
ter to the other manually, an alal'Jil condition is 
not registered in the alarm checking equipment. 
It the manual transfer is conducted by dialing 
one or the ringing converter transfer numbers, 
busy tone will be heard indicating that the 
transfer has been made to the ringing machine 
associated with the nuaber dialed. 
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INSTALLATION 

35. PLA.CmG SWITCHBOA.RD INTO POSITION 
The cable· trom the main . distributing trame 
enters the switchboard unit through its top 
panel at the terminal block end. Viewing the 
60- and 100-line switchboards trom the tront, 
this opening is to the right. Therefore, it 
is desirable that this terminal end be close 
to the main distributing tre:Jff.e. Also the eoll­
mon equipment cabinet is usually placed to· the 
right or the switchboard unit. 
Sutticieut wall clearance should be provided so 
that the h1D8ed door panels on both sides may be 
swung open. Figs. 32 and 33 in Bulletin 325, 
•Floor Plans and Building Design tor Small Un­
attended Exchanges,• 1939, show lOO·line boards, 
their cabinets being 5'-2-lj4ft x 2•. D~ensions 
tor the 60-llne board. are 3'-8-1/4"% 2•, and · 
tor the common equipnent cabinet, 2' -0.-1/2" x 2'. 
The plans mentioned will serve equally well for 
the 60-line board. Reference to Fig. 34, op. 
cit., or the appropriate •ordering" drawing 
will indicate the placing or 200-line boards. 
The 200-line boards consist ot four small line 
and link tral!l8s ( 3' -8-1/16" % 2' ) plus one com­
mon equi:r;ment trsoe ( 2' x 2' } ; two line and link 
trames are usually butted together and placed 
racing the similar pair. The common equipment 
tram& and battery cabinet are then conveniently 
loca~d. The dtmensions or the tloor drillings 
are shown on the proper "method or assembly 
drawings• included with the· board. 
36. COVER ASSEMBLY 
The cover assembly tor 100-line boards is shown 
on H-659g4; common equipment cover and 200-liDe 
cov,rs on H-65926. The method ot assembling 
the 100-line switchboard covers will be outlined 
below as an e%ample. The assembly or other 
equipment covers is so stmilar that no specific 
information on them will be given. The appro­
priate drawings shipped with each job shows 
quite clearly how the asseably is made. 

The switchboard is preferably unpacked near 
its permanent location. Then the frame is placed 
in its permanent location over the floor drill­
lngs. A sub-base may or may not be used. The 
tloor angles at each end or the trame should 
now be leveled not only in the direction or 
their own length; but also with each other. 
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Metal or wooden shims taay be used to accomplish 
this. Before bolting the tramework to the 
floor, it is desirable to put the covere in 
place in order that the base rails will not be 
arreoted by any irregularity in the floor. 
The end covers ere mounted first. Each is 
fastened at the bottom. to the floor angle or 
the framework by two end-cover-adjusting nuts 
which are part or the frame assembly. The 
holes drilled through the end covers are for 
joining additional units such as the common 
equipment cabinet it this is to be done. 
The top cover .1~now placed in position and 
fastened by 1/4"-20 % 3/i~n .. R~.H-:t~lf.s. at the 
tour corners. These pass through tbe top COYer, 
the end cover, and the top angle ot the frame­
work. A 1/4" washer is used on top, and a 
packing washer of the appropriate type, it 
needed, is placed under the end cover. The 
two covers for the cable hole are held by machine 
screws as indicated on tbe drawing and are shaped 
and placed so as to cover the opening around the 
cable. 

The two bottom sills, floor rails, are put in 
place on the front and rear sides or the sw1 tch­
board and fastened to the end covers by 10-32rl/2" 
R.H.I.M.s. two at each eorner. Loekwashers are 
used at these locations. Should there be any 
bulge 1n the floor, the sills may be forced out 
ot line 1118k1Dg it necessary to shim up the tloor 
angles of the framework to correct the situation. 
The framework m.ay now be permanently bolted to 
the noor with lag screws. Check that the end 
covers are properly aligned at right angles to 
the top cover and to the front and rear base 
rails in order that the door panels may swing 
freely without bind when they are mounted. It 
may be necessary to loosen the screws and es­
pecially, the adjusting bolts on the tloor 
angles; the~ the end covers can be shifted into 
proper alignment. Tighten all: screws. After 
the cabling bas been completed, mount the front 
and rear door panels by aligning the hinges and 
insertillg the binge pins. Adjust the panels to 
swing t'reely without bind. Adjustments lll8Y' be 
made readily by loosening the screws which 
attach the hinge pieces to the door panels, then 
shifting the panels, and once more tightening 
the screws. 
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Weather-strip gasket is supplied for making the 
door panels dust-tight at their tope, bottoms, 
and sidea. The appUeation of the weather-strip 
is shown on the approp.ri.ate drawing. The metal 
is thorougbl.J eleaned, and tbe strip is cut into 
lengths corresponding to the door openings at 
the top, bottom., and sides of the coTers. 'l'he 
strip is placed between hinged sections. The 
protective tape is removed e:z;posing the adhesive 
side. This side is now placed toward the frail&, 
non- llliOvable or least 1110vable part in every case, 
as shown in sectional drawings on the appropri­
ate print. 

TWo adjacent boards or cabinets may be bolted 
together by the uae of four 1 '2•x2~ R.H.I.St. 
bolt.s. Two bolts pass through the floo.r angles 
ot one frsme, tbe metal covers, and the floor 
angle of the adjoining board. Likewise t~ 
bolts are used t hrough the top angles or the 
boards. 

J7 . RAD1 0 SUPPRESS I Oll 

Radio suppression is provided in the r inging 
8lld tone ciroui ts, but equipaent for subscribers 
lines, t I'U.Jlks, and coanereial pm:er leads' is not 
supplied as standard, and therefore, if 1 t 1 s 
order.ed, the job speo.ification will include any 
necessary infor.mation. 

38· BA'l'TERY CABDm' 

The exchange battery is usually placed in a 

battery cabinet. This is best located alongside 

and but; ted against the •caaon equi}llent cabinet• 

which contain8 the powe.r panel. The possibility 

of radio interference is, thereby, minimized . 

Local conditions lll&Y, however, warrant a differ­

ent arrangement . The smpere- hour capacity and 

number of cell s is det ermined tor each i nstal­

lation. 

The storage battery cells are installed in the 

'b{ltte:ry cabinet, according to the llaD.ufacturers 

directions. A 16 B.R.C. wire is required fro111 

the negatiTe 1 - 1 terminal of the battery to the 

negative bus bar on tbe power penal. A 16 B. R.C. 

wire is aleo run from tbe positive 1 +" tenDine.l 

or tbe battery to the C~~~~Bte.r on the poweT panel . 

4<>. CHARGING EQ.UIFI'mNT 

This e quipment may be aounte d in the battery 
cabinet though it i s fre quently wall mounte d 

espeeial.ly in the larger sizes which giv-e off 
considerable heat . Since t his is a variable 
i~ the job specification should be consulted. 
The following section .t'urther describes the 
chargi ng e quipllent. 

~ l. BAT'I'BRY CHARGER 

The chargitlg capacity and type or Q}1arger needed 
JIUSt be determined ror each i nstal lation. Row­
ever, it may be noted here that power circuit, 
H-35786, requires a self- regulatins type charger. 
When a constant voltage type r ect ifier is ueed, 
the charge al..am relays shown in Fig . 4 of the 
aboTe draWing are empl.oyed. One or these relays 
gives the charge alann upon failure or the com­
mereiel power supply. A pair gives the alslm 1t 
the batt~ry voltage falls to or belmr 46. 5. 
When a rectifier other than a constut voltage 
type is employed, the relays above are elillin­
ated, and a charge control u:ni t is added. This 
charges the battery only for t he length of tillle 
needed to br ing up the voltage. 

On the constant-voltage full-float method of 
operat ion, the storage battery is const antly 
maintained at a voltage sutfieiently above i t s 
nol"lll8l. voltage to prevent 1 ts discharge. The 
charger., ooppor oxide t ype, being connected and 
in operation at all tilDes, will normally carry 
the exchange load up to the limit or its rated 
capacity . The storage battery will be used only 
to carry the load in excess of the capacity of 
tbe charger. \lhen the exchange l oad fa.l.ls below 
the capacity of the charger, the battery will 
begin to receive a snall charge. 

Should the battery beeol!le diaeharged, it would 

be necessary to maintain a voltage or appron­

Jiately 53 on a 23- eell battery (normal condi­

tion: 2 . 15 volts per cell or 49 .~ volts tor 

the exchange } until the battery became tully 

charged . Provision i s made on the charger for 

obtaini ng this higher vol tage . Normally, it 

will not be necessary to give the battery equal­

izing overcharges. However, variations B!llong 

the cells may arise under conditions of dis­

charge such as those mentioned above. 

'l'he telephone ~ should prortde a pe:nunent 

low- resistance, central-office ground. It is 

reoomnended that this ground be installed and 

~ested in accordance wit h Bulletin ~. !!Central 

Office Grounds.• A #6 B. & s. gauge B.R.c. · 
strande d copper wire is run freD. the central-



office ground to the .,,.in d1stribut1Jl8 t'"ra::e, 
and then to the ground, • - .• bus bar on tbe 
p01<e r panel , 

1!3. I'IAIII DISTRI!!U'l'TUG l"RAMX 

1/all ~ype lla1n d1su1but1Dg trees are gece.rally 
used by exchanges or the sizes included berein. 
The traaes are appro:d.aat.e1y 1 1 -6• rlde e.Jld 
l' - 3• deep per 100 lines. It should be located 
so as to keep the cable run to the cable bole 
in the top panel or the switchboard to a Qini-
t:u:o . 

114. CABLING MID CABLE RmllllJS 

On this ""ries or sw1 tcbboarde, the cabling 1s 
carr1~ on run• aya in order that tbara aay be 
great nerlbility. '!'he s=>aller boa.r<ia such as 
tbe 100- Hne use quite e si.J:Iple arranga:unt . 
A run..ay extends rrao ~he K.D.7. ~o the ~n 
e<tUiJDent tra::e . '!'hen a sacood run'fllY joins the 
first a~ right angles b;~ the uee or •corner 
brae~eta•, D-7g4}0. This runs across the top 
ot the eo~n equlpcent cabinet ~ the cable 
ope!ilng on the top cover of the line and linl< 
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r-r~. Straight Metiros or runway are joined 
together by •et~eight brackets,• D-7g1!31 and 
the appro;>rhte bolts , The end of the l'Ul111aY 
n"r the M.D.?. S!Y be taetened to the waJJ. by 
ll'Ul!J<ay ~eat, • E- 114197- 15. Tll8 runway, itaelt' , 
is o ften spolren or es cable rack, 8!ld consists 
ot t'fO parallel l-1'20x3~" aide barantbcros!>­
tias nlded D:l to support tbe ceblt> , The ~ 
is supported at a conveni~t he~t above equip­
ant . Prints H- 114229 and H- 114229- Acontein 
infon:stion ror assa::bling runways while H-611513 
giTes intor--ation on connecting tie cables. 

The 200- line board requires coDaiderably cora 
extens1Te cebllng and hence ;<>rt! brencbes to the 
1'\lDWeys. 'f:his ti.ole tbere ere tour line and link 
trmes plus a = aqui;z::ent :"ra:::e. Again the 
runway starts r-rcs. the M.D. ? . being fastened to 
the wall b;• runtray tee t, H- 114197- 15 and lag 
screws. It crosses to the co::=nn equij&allt tra::a; 
a 'second and possibly " third runwa.y joins 
at right angles . 'i'hs seco:l!i end ~bird runways 
carry the subscribers' lines to their appropri­
ate line eqUi!l""nt on tbe line and link !"ra::ea. 
Runways along the top ot the line and link 
cabinets carry tha line cables, tie cables, 
and signal ceblas to ~be appropriate rra=e . 
ln!ol'iiation on cabl1Jl8 the 200-line boards can 
be !'cund 03 the appropr1at.a drawi~ ::entioned 
ln the job spectrtcation. 

Switcbbo~d cable is supplied ror connecting 
the ll . D. F. to the tennine.l strip!! . Reference 
should b e ~de to tho job specification and 
the drawings listed therein tor the quantity 
ot cable supplied, tho nuaber o f cable runs, 
and otbe7 details . Apparatus uoita and tel'!li­
nel st r ips ere ~ta=ped with designations or 
nUIIIbers so that equ1Pll1Snt 8"0Upa and 'firing 
csy be identified . Lika•ise, 1nt'orcation r~ 
gerd ing t.runking beyond that in S<Jct ion 17 
auet be round in the job spacitication. 

115. COK!roll ~U'Il'MKN'l' CABL D IG 

One run of 13 conductor cable takas care or 
alan> checking and trans1'er cir cuits betwe en 
the eo:=on equip;oent and the line and Unk 
trru:.e.s in the case of tbe 100-lino board . Gen­
e rator tone , ringing interrupter, tiJDing, and 
miscellaneous leeds are carried in e t welv e 
and/ or 22 conductor cable as required . Trunk 
cireuhs are in s·e puo.te cables and require 
!ive conductors pe r circuit . 

115 .1 .us,., Checking Cirenit 

The +N , -ll, Cll tel"'l1ne.ls associated witb tbe 
elan:! equ1J10ent. on the co:::oon equ1:p10ent tra::e 
te ro!.nal block should be ju:opered to a trunk 
or a subscriber's line terminal assigned ror 
this purpose. Line te~inal •oo• ( •200• on 
200- line board) is =st frequently us~. The 
checking n~eber dialed would be 2001. SUb­
scriber line equip;,ent. 1s disconnected r r = 
this nu:.ba r . 
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--------------------------------------------~ 4?.2 Permanent Checking Circuit 

Like the above, "peDaanent" checking termi­
nals ( "•· n "-, • and non) on the ooaaou equ1JIII8nt 
teDilinal block are jumpered to a trunk or sub­
scriber's line teminaJ.. "09" {or •209•) being 
commonly used. Line equi~nt is also discon­
nected. 

4;.3 Ringing Converter Remote Tran~er 

Two subscribers' line terminals must be used 
~or the ringing machine trans~er, i.e., when 
two ringing converters are provided. The ter­
minals CNl and CN2 on the common equip~~ent ter­
minal block are each jumpered to a "CN" lead 
associated with a line. Line relays are dis­
connected trom such lines. Satisfactory lines 
to assign would be the last two o~ a trunk level 
as 99 and 90 (dial 2991 and 2901). Circuits tor 
the ringing converter single or duplicate, oode 
or harmonic, with automatic and manual transfer 
are shown on H-35778. The appropriate wiring 
diagrams for the board should also be consulted. 

46. SUBSCRIBER'S LINE CABLING 

The line cabling !rom the M.D.F. should be ter­
lllinated at the switchboard tel'lllinal strip and 
connected to the "-" and "+" terminals ot the 
line circuits. Line terminals, on the switch­
board terminal strip, which are connected to 
trunk circuits are not; to be otherwise connected. 

47 • WIRING OF GRO'IlNI>-lml'UBN LINES 

This wiring will be done at tile factory 1!' speci­
fied. Line equipment for these lines is the 
same as for mtallic lines except that the posi­
tive side of the line 1s grounded at the teminal 
block, and connections to the line relay are 
changed according to the figure on the appro­
priate linefinder and line equipment drawing. 
Ground-return lines m.ey be assigned ohly in the 
200 group ot' the 200-line switchboard and are 
assigned 20-party bridged-ringing numbers. See 
"Number Assignmant, n Section 22. The Universal 
connector does not reverse battery on ground-
return lines. ·' 

qg. LOCAL BATTERY TELEPHONES 

The board is normally wired ~or common battery 
and local battery lines using automatic tele­
phones. Local bat te.ry and CCIII!IlOn battery tele­
phones may be Msigned numbers on the ~e level 
( tens group). 

Both loeal battery lines with converted magneto 
telephones and with standard automatic magneto 
telephones Jlay be used. But in the oaae ot' the 
romer, on which it is not desirable to reverse 
battery on the lines, certain wirillS should be 
arltted as per the a ppropriate linefinder draw­
ins. This_ removes reverse battery supen1s1on 
from all lines except the trunks theaeelTee. 

Under these conditions, post-pay coin stations, 
in which a coin 1s to be collected on local 

calls, will have to be assigned nunbers 1n one 
or tbe trunk levels--(2}00, (2)90, (2)go, etc., 
because 1n these series, battery reversal can be 
separately provided tor the subscriber group on 
each level. 'l'be trunks always receive reverse 
battery answer superrlsion. local battery tele­
phones of t he type j ust 111ent ioned may also be 
placed on trunk levels proTided that reverse 
battery is not desired on other subscriber lin~ 
in the leTel. Thus, pay stations of the "750" 
type, requiring reverse battery, J1aY not be used 
on a lenl with converted local battery phones. 
See npay Stations,• Section 19. 

q9• P.B.X. TRUNKS 

In the 60 and 100-line boards, there is provision 
for two P.B.X. trunk groups. The 200-line boards 
provide ~or three groups. While. these may appear 
on any except the ngo,n "90," and woon levels~ 
only one group {maximum of 10 lines) may be on a 
level. Numbers must start frcm terminal 1 in 
the level. A connection on the tens relay must 
be changed and trunk selecting relays provided 
tQ offer tbis P.B.X. service. Usually tbe "50" 
and •6ow groups are used. A:Ay number in the 
group may be used as a night number except the 
first. Subscribers' lines _may be connected to 
other numbers in the level tamediately follow­
ing the P.B.X. trunk groups. 

50. TRUNKS TO O'l'HKR omcES 

Trunks to and tro!ll other offices are terminated 
on convertible line equipment, available tor 
subscribe%'8' lines or trunks. Thus the capacity 
for subscribers• lines is reduced by one for 
each trunk equipped. No provision has, there­
.tore, been made tor incoming connectors since 
calls on trunks are handled by the regul!!.r tinder­
connector links. 

The link circuits may be arranged to sene three 
groups of trunks (four on the 200-line board} 
having one-digit call numbers (no," "9, tt ng," 
and "7tt ( 200-line only) respectively). The trunk 
groups are assigned to the "00," "90," ngon and 
"70" levels or tens-relay-s. A rotating arrange­
ment is used to prevent tbe use ot any trunk a 
second time until after the other t~ in the 
group have bean used. 

A 1I8X1llraJl o1' 10 trunks 1n any group may be pro­
Tided; howeTer, the total number o·r trunks 1n 
the tbree groups is limited by the mounting space 
provided for trunk repeaters. This space pro­
vides for a total or 10 tranlcs on the 60-line; 
10, on the 100-line; ~. on the 200-line board. 
These may be diT1ded as necessary among tbe 
levels• 

Trunks are assigned to the first teminals ot a 
line group so that subscribers' lines may be 
connected to any unused teminals in the group. 
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;t. Job apeetf!e&tio=s. 

52. TRtliX ~ 

Repeaters tor ; he 6o Gd l GO liLa boerda are 
l..iurtalle~ "" tbe lower section, front lUI&! rear 
or t he oo:mon equip::ent rra=e . In contra8t U!o 
200-llne board p:-ortdas space tor a l:r tr=ks on 
tbe top rear of the co"-'!!n equipaent rr..,e and 
tllroe on each ot the tour line and l1nk trues, 
girlllll apoee for lg trunks 1n ell. The tnmlc 
repeater ~1;s are connected aa abown In the 
appropriate draw"inge . '!'runlca llOWite4 on tbe 
coo:::10n equip&ent. rra::e aust be erose ea:>nacted 
to the apsrro;>rlate l ice te.-..inala on the llna 
lllld llnlc ~ra::es . 

52. 1 Autcwu~ ic: to Malloal Re;:>eetera 

For ""rlci:lg into a .....,usl e~e, a repeater 
ta .. plore~. :'he •J.oo;:• dialS.,. type 1• a.."-o''o 

ROTOR RELAY C.A.X . 

on ii-~7 . Oil OU4:Dl..ag calls, such a repeat-er 
is Mi:z.eli t:'ra:> t bot llne equi pll3ll t t e:z Ulal S 0 f 
t;t:3 =<>tor-rel47 axe~. :'b9 rapeatar aoc.de e 
spl.esb or g«le,.,.t.o:" to 1$1~ ~l:a=uelopa.-ato:. 
;.. ::::<l!M:ltarr ell"rt .s <he:> ~u a<>=Daa :he tru:a 
t.o c.e:;t.rUiz.e &:.J charge !t:e t.c t..-c:::U. eapac1-
te;a.ee. pre•~t.1:.c t.~ p-:-e=a-:.\: :-e o;e.~t.to:1 ot 
=<lla;ra and t:e oc~cee at ~cl:3 to the eall­
i:.g ;w:s..,..~y. 

V"=.e:= :.=-e o;:erator a:swe.:-s., r1ce;~u ~. w!d.c!! 
ne c~:i.c<; ;oe.~7 hes bee ::-aee.i~ is re:>oTed, 
:r -:.::e ca!: 1• ~ a ;'!.Te:t~:iou, paJ'ata~io!l 
~o-~e ..-111 ba forwar4e.1 to :.he o,arat.or . '!be 
o;;e=-stor ~T rec:•ll psytte.t.lO!l t.o:e by a=e::­
t;"-1'1ly rc:on n;r liar pl"" ~ t.!:e jack bar ore 
be:-. 

1.:o iaportant .,ro.,1aton which =.es bee~ 1:1ad:e ta 
tblt or roui '"Dallnlr the o;>oretor l>y tl:la oelllnll 
party. 'l'lle caU1QF party aay, without lo&lllll 
the auto:at ic: c on.oect..ton ... recall t.he operator. 
by altern~tely depreaaing •nd ralaseing tbe 
cradle plunft&r . 

Disconnect wpe"lelon ls ginn by the cnllln& 
party upon replacing bts b.nl!set . 't'"nta revar .. a 
bst~ry o~r tha trunk to tl:a o;erntor. Tbe con­
nect1<m. honTer. Is beld until the o~ntor di ... 
con.nec:ta.. fTOT1a1oo b.ea tta.en ~de tor aupet'Y1-
s1o.:; O!l calls l>et-11 two llalluel o;>e..-ators tb.roui';b 
~he n-1 tc:t!>oard . 

:ocoa!ng csU. r..- the -,~ ... el exchange ca~u 
e.te lt.oeri~er to locate the c:.."'ill1J:& er~ ex­
ae-.:y u 1 t loceu. a local ca:..;. ::0 : iL<J , ort..c 
: l:e li:>k aei:::ea t::.O cel~lng •=-=><. t!:.e tt'Wil< 
w1:.2.- be ....-!t.e::.e! throu,g!:. to t:te lt::a aci t=.e 
o~ra. tor Will :ec e1 Ye :!1 al ecce .. .i! &.ll. l.1.c.ks 
ar-e ~"57· ~t.e orerator nl: ::o~ :-ece1Ta dlel 
:.o=e. 1~ Ceai:ed, t!:& l1.:c.e: ~ul;.=e::.t. c:u be 
e.r=e.=.ged to ~l.ace a:2 •a.ll - li:ks ~· tc:.e OQ 

t:O& lir.e . a1al :1.11;nlsu ~ ~=- c~notor are 
-rep& at-d. c.o tte liJU: . 

~""' -:.=.. c:alle4 nauon !!.:!S11'1!rs, -:.he lmk =-•­
ve.~ses bat.t-ery to t.!:e :--epeat..er .-'!l!c:!; iil t.u:ru 
::-eTerses b8twr)' em the t:-a>k ~o t.U opars1.0r. 

':'t:a celle!l )>an7 '18.7 resig!lal the operator by 
alt.ernat.el7 deJII'8U1~ a!ld rsl~sing tba cntdle 
pllm.ger . \/hen tha called party discc:mecta, tba 
operator rec:e!Tea wperrla1<>::!, and upon bar re­
leaslru>, the llnt Ia treed . 

It a trunk fro& • aanuel oft'! ce beco=ea •par­
:~tDent, • It will sahe a link. After 8 period 
or t.i:>e. the link wtll loolc-out tbe faulty truri<. 
Lllrewtse It a eubacrlbar eslls the operator. and 
she faUe to ......,..r; the Un!c. the repeat-er, cd 
the entL-e connect too will be I"'stored to oor:el 
&her 8 ginn laten-al. Fuse a.1ar.a is p:rortdad 
ro= tbo r epeater . 

Am=atlc: to :anual repaata:-e !"or two ,..y, a1A­
ple:r o: cao;pc>Bite tn=lcs ~ be o: the t:r;. allo<c 
o: li-~L '!hew rar....,~e= are esae:.t1all7 
a=ile:- 1» ""Ices to t!:e loo;> dleltng t7P8 
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described abO'Ie,. Sim.pla dialing may be employed 
where advantageous as on long lines. On the 
other hand, the use of phantom circuits will 
necessitate this repeater. 

52.2 Automatic to Automatic Repeaters 

In c~se it is desired to provide two-way dial_. 
ing between two automatic offices, an automatic 
to automatic repeater must be. used. As in the 
case of automatic to manual repeaters, there are 
three types ot circuits. Loop dialing is shown 
on H-35900; simplex and composite, on H-35g54. 
In case it is desired to connect two rotor relay 
exchanges by simplex or composite circuits, the 
latter drawing is used. Both offices have the 
seme type repeaters. One of the offices, say 
the second, is connected to a manual exchange 
by use ot the auto to manual repeaters mentioned 
previously. On outgoing calls tram the first 
ottice, the switch is seized after the calling 
party bas dialed the appropriate trunk number 
as "9n, additional digits dialed are repeated 
into the second automatic office. Thus a local 
subscriber in the second office may be dialed 
directly from the first. Should the dialing 
subscriber disconnect first, the local equipment 
disconnects. However, the trunk ranains busy 
until the equipment at the distant office re­
leases. 

If the dialed party disconnects first, battery 
is reversed to the calling station but entire 
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connection is held until the dialing party dis­
connects. See ~etworks" Section 1g. 
In a call to a manual office made through the 
second or distant automatic office, the digits 
dialed by the calling subscriber will consist 
ot the trunk number, as "9", to seize this first 
repeater plus the trunk number, say 110•• required 
to seize the auto to manual repeater in the 
second office. The manual office will now be 
signaled unless it is busy; in which case, the 
busy tone will be returned to the calling party. 

It the trunk ts not busy and the operator answers, 
she will receive pay station tone if the call is 
from a paystation. Reveree battery is not re­
quired on a call to an operator, and since pay­
station c~ls to operators are usually tree, it 
is necessary to prevent reverse battery in order 
that the tranSIIlitter on post-pay type coin boxes 
will not be shunted. 

Connections on calls through the tandem automatic 
office to the manual office are under the control 
ot the calling party (H-35g54). !he calling 
party may not, therefore, flash the operator 
without losing the connection. 

I1" the operator calls the first automatic office 
through the tandem automatic exchange, she will 
receive answer supervision -when the called party· 
answers. Refer to Section 13 for additional 
WNetworkft information. 

v 
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53• INSTALLATION NOTES 

Installation rout 1ne tests should be made at the 
completion of the installation and preparatory 
to placing the equipment in service. The test­
ing equipment should include two telephones (to 
be provided by the Telephone Company). These 
two telephones should be standard dial-type 
central-battery instruments equipped with normal 
speed dials, such as are supplied for subscriber 
service. One telephone should be assigned a 
pemanent line termiDal number, in order that it 
may later be used as an office telephone. The 
second telephone may be eliminated after the 
testing has been completed. Ringers should be 
connected as described in the appropriate Sub­
Section of 57· It may be desirable to haTe 
these telephones terminate in a cord with clips. 

luse wire should be used on the ruse panels dur­
ing the initial testing period, instead of the 
regular fuses. It any unatandard condition, 

such as relays buzzing, develops when the cir­
cuits are fused, the fault should be cleared 
before the tests are started. 

54. CALL-THROUGH TEST 

Make all links busy except #l by oPerating the 
associated link busy keys. Connect the two 
test telephones to two line terminals, and dial 
the number ot the second telephone frCIIl the 
tirst telephone. Check tor dial tone, ringing, 
ring-back tone, and transmission. Repeat the 
test by dialing the first telephone from the 
second telephone. 

Next, move the telephone connections to two 
other line terminals, and repeat the tests out­
lined in the preceding paragraph. Perform this 
operation on all lines so that calls will be 
made from and to each line. 

These tests insure correct operation from link 
#l to each line relay circuit. The complete 
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call through test should be made with each link 
to insure pert'eet continuity throughout the 
switchboard. 

55 • LINK FAILS TO. FIND CALLING LINE TEST 

'!'be links should be further tested by restor1n.g 
all busy keys and maki~ successive calls rrom 
one telephone. The call distributing feature 
ot the distributor circuit causes all links to 
be used successively. 

The allotter circuit is so arranged that when 
a link fails to connect with the calling line 
immediately, the call is assigned to the next 
available link circuit. 

Each link circuit should be tested tor this 
operation. Hold relay C-1 (drawing H-35S03, 
H-357SO, H-35g79, or H-35g53l or the nornally 
assigned link circuit in the operated position, 
and then originate a call. The assigned link 
should not connect with the calling ltne, and 
the allotter oirou1t should immediately as­
sign the next link which should coimect with the 
calling line. Restore relay C-1 and release 
the calling line. 

56. BUSY TONE TEST 

Each link should be teated !or busy tone by 
remortng the handset at one telephone and then 
(Haling that telephone fl'Olil the other telephone. 
The busy tone test need be made only once with 
each link. 

57 • RINGING TESTS 

Follow Sub-Sect ion 57.1 tor code ringing ex­
changes and Sub-section 57.2 ror hamonie ring­
ing. 

57.1 Code Ringing Tests 

To test that ell o~ the ringing codes are ex­
tended through all o! the links !rom the code 
ringing interrupter, it is desirable to ring 
all codes through each link circuit. 

Tiro ringers should be assooiated w1 th the office 
tol~phone: one ringer connected to the nega­
tive side o'f the line and ground, and the other 
ringer to the positive side of the line and 
ground, :Each ringer should be designated with 
the line terminal number assigned to the office 
telephone, and also with the aide of the line to 
Which the ringer is connected. Assuming that 
the assigned terminal is #g3, the ringer con­
nected to the negative side of the line should 
be designated ng3-NEG"; and the ringer con­
nected to the positive side should be desig­
nated "83-POS". It may also be desirable to 
equip the two ringers with distinctive gongs 
so tbat either ringer may be readily identified 
by sound. 

The second telephone { ror temporary testing use) 
should be equipped with a ringer bridged aoroas 
the line. This test telephone should be ter­
minated in cords fitted with spring clips so 

that it may be easily connected to 8IIY line ter­
minal for testi.Dg. 

Connect the office telephone to, say, line ter­
minal ~3. and the test telephone to any other 
teminal. Operate the busy keys or all links 
except circuit 11. This restricts the testing 
to link circuit #1. 
Dial the office telephone trom the test tele­
phone, prefixing the digit "3" before the line 
terminal number and adding the digit "1" to the 
line teminal number. In other words, the com­
plete number consists ot tour digits --- 3831. 
'l'he office telephone ringer connected to the 
negative side o'f the line should sound ringing 
code #1 (one long ring). Release the connection 
and dial the office telephone again, but 1n this 
instance, substitute the sut'fix2, giving "3832. • 
The second ringing code (two shorts} should be 
s~ded at tbe o'ft'iee telephone. Continue call­
ing the ottice telephone progressively until 
the .sut!ixes "1" to non inclusive have been 
dialed and the first ten ringing codes tested. 
See the table or ringing codes in Section 20; 
also see table in Sub-Section 22.3. 
The second ten ringing codes should be tested in 
a similar manner, with the general exception 
that tbe prefix "4" should be used instead of 
the prefix "31 • 

The first tive ringing codes associated with 
divided-line ringing sbould be tested b.y dialing 
the o'ftiee telephone, using the prefix digit 
•2•, plue the two digits of the line terminal 
{83), plus the ringing suffixes "1" to "5" -in­
clusi ve in rotation. Thus "2S31" would be the 
first nUIIlber of the series. The telephone ringer 
connected to the negative side or the line should 
sound codes "1" to "5" in accordance with the 
numbers dialed. 

The second five ringing codes associated with 
divided-line ringing should be tested in the 
same manner as outlined in the preced.ing para­
graph with the e:xeeption that ringing sut:t'i:ms 
•6• to •on inclusive should be dialed. ~he 
office telephone ringer connected to the post­
tiTS side or the line should eound codes "6" to •o• inclusive in accordance with the digits 
dialed. · 

'The test.s outlined in the preceding paragraphs 
o'f this sub-section complete the ri·D8ing code 
tests through link circuit #1. Operate the busy 
key or link circuit lh, end restore the busy key 
ot circuit #2. Repeat the tests. In thie manner, 
all ringing oodee may be tested through each 
link circuit. 

57.2 Harmonic Ringing Test 

To determine that all ringing trequeneies are 
extended through all or the 11nlcs, it is desir­
able to ring the various test ringers through 
each link. Two sete ot hanaonic ringers con­
nected tor diTided ringing should be associated 
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with the office telephone while a third set 
bridged across tbe line should sene the tempor­
ary test telephone. Eech set consists of t'ive 
ringers corre~Sponding to the five frequencies of 
the switchboard equipment. Ot the two sets 
associated with the office telephone, one is 
connected to the negative •-• line aDd ground 
and the other to the positive •+• line and 
ground. Each set or ringers should be desig­
nated with the line-termi~ number aseigped to 
the office telephone e.nd also with the side ot 
the line to which tbe set is connected. 

Busy all links except #l and dial the offiee 
phone (line SJ} f1"0111 tbe test telephone, pretixo­
ing digit 112 11 and adding the digit "l" as a su.t­
tix. 'l'be office bell corresponding to harmonic 
11 should ri.ng. Continue this through digit 
•o•. SUffices ~· to -5* will rillS the set of 
bell8 on the •-• line wblle 116• to 11()1 will ring 
corresponding bella on the "+" line. Bridged 
ringing should then be tested by dialing the 
temporary phone fran the office phone using the 
suffixes 1111 to "51 • If provision is ude for 
10-party sem-seleetive bridged ringing by one 
and two-ri.tl8 oombinatiODa this 8hould be tested 
as well. In other -..ords, all possible ringing 
COl'llbtnations e.re dialed on each link. When the 
test is eompleted on the tiTst link, busy it, 
and restore the busy key ot link #2; repeat the 
test. When duplicate ringing sets are provid~ 
both sets shoUld be u"d to~ testing tbe ~ 
codes, using one tor halt the links and the 
second ringing set ~or the remaining links. 

"!'be t"requency ot the ringing converters is easily 
checked by •eans ot a vibrating-reed tester 
which indicate~ tbe t'.requeney of the current 
under teat .• 

5g • REVERTmG CALL TEST 

To test that the l.1nk circnits will provide the 
proper eode oaabinations on Tevertill8 calls, 
two reverting calls should be aade over each 
link as follows: Connect the office telephone 
to line teminal "g3n .as in Sub-Section of 57. 
Operate the busy keys of all link circuits ex­
cept circuit #l. This restircts the testing to 
link circuit #1. · 
On harmonic boards, no revertive ring will be 
heard and the -..ord "frequency" should replace 
1 code" in the tests below. In addition, the 
revertiTe t~ck tone, which is received upon 
either the called or the calling partyts re­
moving his handset on a revertive call, ahould 
be timed on each link. 

Dial •2g31n on the ottice telephone, and then 
Hstore the handset. 'lhe "negative• ringer of 
the office telephone should sound code #J. (one 
long rt'ng}; and the npos1ti ve• ringer ot the 
office telephone, the reverti'" . ring (one short 
ring). Litt the handset to stop the ringing, 
and check that the link circuit is treed troa 

the line and that the line tests busy. Restore 
the he.ndset to release the connection. · 

Die.l 11 2S36" on tbe office telephone, and then 
restore the handset. The "positive" r1~er of 
the office telephone should sound oode 16 (two 
aborts, !long, 1 short riDes); and the "negative• 
ringer or the office telephone, the revertive 
ring ( one short ring) • Lift the handset to stop 
the ringing, alld then restore the handset to re­
lease the connect ion. 

Operate the bus:r key of link e1reu1 t #1, and 
restON the busy key ot circuit f2. Repeat the. 
tests. In this ll8I1D8r, each link c1Tcu1t 1l8Y 
be .tested for reverting call operation. On 200-
line boards, these same tests should be run 
using the prefix "3" in addition to "2"• This 
is necessary to test tbe 3(>0-line groups. 

59· ?Il1ING RELAY TBS'l'S 

Operate the busy keys ot all link circuits ex­
cept circuit 11. This restricts the testing 
to link circuit #1. · 
Originate a call trolll one telephone but do not 
dial a number. '!'he link should be · released at 
the conclusion ot the timing period, and the 
line should be locked out until the handset is 
restored. 

Dial a call troll one telephone but do not an­
swer the call at the second telephone. 'l'he 
link should be released at the conclusion ot the 
timing period, and the calling line locked out. 

Dial a call from one telephone; ·answer at tbe 
second telephone, restore the receiver at tb.e 
answ~ring telephone, but do not restore the 
handset at the calling telephone. i'he link 
should be released at the conclusion ot the 
timing period, and the calling line loclced out. 

It conversation timing is employed, call one 
phone tram the other; answer call, but do not 
replace ·either handset. In e,pprorlllately eight 
minutes, a tone will be heard, and the connector 
will release. 

Operate the busy key of link c1.reu1t #1, and 
restoN the busy kay of circuit If;.. Repeat the 
tests. In this manner, the ti.l!lillg relays -a:v 
be tested with each link circuit. 

60. LINE LOCKOUT RKLAY TEST 

Check that the busy keys of all link circUits 
are in the normal, or non-busy position, and 
th«t none of the links are engaged. The tilte 
cut-ott relays should not be used tor other 
connections while this test is being made. 

Short the "•" and "-" te:rminals ot a line cir­
cuit. A link ahould seize the line. 'With ground 
c~ lllOIIentarily ground TP-1. The link should. 
release and the lockout relay ( RC} at the shorted 
line should loCk. The subsequent non-operat~on 
ot another link is an indicaticn that the line 
loe~ut relay baa locJte4-up and 1a holding the 



start common circuit open. Remove the short 
circuit. The lockout relay should release and 
switch the line back into service. Again short 
the "•" aDd "-• tem1nals. A link should seize 
the shorted line. RemOTe t he abort circuit. 
The test should be applied successively to ell 
o~ the line circuits. 

61. P.B.X. TRUNK TEST 

All P.B.:x:. t~ks should be tested by making 
call.8 to and f:rom each one over ee.ch link. Busy 
all links except the first. Fram the office 
telephone, dial the directory-listed number. 
The first trunk should be seized; busy the ·tirst 
trunk and again eall the directol"1 nWilber. The 
second trunk should be seized. Busy each suc­
cessive trunk until all trunks 1n tbe group are 
busy and e~eh trunk tested. With all trunks 
busy, again dial the directory number; busy tone 
should be received. Now busy the aeocnd trunk; 
dial the directory number. The t i rst trunk 
_should be eel zed. Repeat the tests over each 
line. 

62. l'lANUAL TRUNK cmCUIT TEsr 

Connect the office telephone to line terminal, 
say ng3•" Operate the busy keys or all link 
circuits except the first. This restricts the 
testing to link circuit 111. n Dial the trunk 
code, as "0," and note that the first trunk 
circuit is selected. Again dial the trtmk code, 
and note that the second trunk is selected. 
Continue until all trunks have been selected 
once, in rotation and tbe tirat trtmk has again 
been seized. Check each trunk for ringing, 
ring-back tone, transmission, and disconnect 
superv1.s1on. Operate the busy key of link •1, • 
and restore the busy key of circuit •2. • Repeat 
the tests. In this manner. the trunk circuits 
may be tested through each link. 

Have the manual operator dial the office tele­
}>hone over each trunk circuit from the manual 
exchange, checking for ringing, ring-back tone, 
answering supervision, transmission and dis­
connect supervision. Operate the busy keys ot 
all link circuits. Test for busy-tone indic­
ation at the manual Office, it the tone is to 
be given. 

Instruct the operator to call the ofticetele­
phone using her verification service. The 
handset of the telephone is left oft the ~dle, 
and the operator dials 1-2g31 over another 
trunk. She 11hould be able to talk over this 
trunk to the busy office phone. Re}>lace the 
handaet on the cradle. 'l'he bel1 on 2g31 should 
ring. Thus both the verification and the C8Jll>­
on-busy service• (Sub-sections 17.1 and 17.2) 
are teeted. This test should be run-through 
each link, busying the links as before. 
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When a second group ot manual office circuits 
is installed, test the second trunk: group in a 
manner similar to that previously outlined in 
this section for the fil'st trunk group. 

63. AUT<I1ATIC TRUNK CIRCUIT ~ 

Trunks to an autcaatic otttee should be tested 
in a aanner siJUilar to that oot1ined 1n the pre­
ceding Section 62, with the general exception 
that a test number in the distant automatic 
office should be dialed. 

Have someone at the distant test number dial 
into the r otor relay office. Busy-tone in­
dication will not be r~eelved at the distant 
automatic o~fioe when all link circuits i.n the 
switchboard are busy • . Absence or dial -tone is 
the all-links-busy indication. 

64. PAYSTATION AND CLASS OF SERVICE TONE 

When paystation lines are provided, and tone 
condenser equipment is installed on the associ­
ated line circuits, eheck: outgoing calls from 
the paystation linea to determine that the toll 
operator identifies such calls by means of the 
tone. 

Outgoing calls f rom lines equipped with •class 
of Service" tone should be checked to determine 
that the operator will receive the tone. 

65. INTKRCEPI'ING SERVICJ! 

Unused or recently disconnected lines should be 
dialed and checked to see if the intercept tone 
18 received. 

66. RESTRICTIID SERVICE 

Check that the service is actually restricted 
on those lines to be so equipped. Atte~~~pt to 
make calls to the restricted numbers or groups. 
{see section 17.6). 

67 • GROUND-RE'I\lRN LINE TEST 

Check: that ground return lines have been pro­
perly assigned and that each such circuit is 
connected to ground on the positive side. Line­
finder drawings detail the changes in line-relay 
connections. 

68. ALAlt1 cmCUITS TESTS 

DiiU the altU"'Il checking code ( usU&lly 2001) and 
note that ring-back tone is received as an in­
dication that the switchboard is in normal oper­
ating condition. Release the connection. 

Cause an urgent alarm condition to exist by 
connecting the fuse alara bus bar to negative 
battery, and then dial the alara checking code. 
Busy tone should be received. Release the con­
nection. 

Cause a non-urgent alarm condition to exist by 
removing a heat coil at the M.D.F., and then 
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dial the alarm checking code. Dial tone should 
be received. Release the connection. 

Open circuit to the charger causing a major 
alarm to exist. Then dial .the alarm checking 
code. No tone should be received. 

Have the operator at the supervising office dial 
the alam checking code, and instruct her in the 
proper interpretation of the tone signals. If 
an alarm sender is supplied check that it sends 
an alarm when the above alarm conditions were 
caused to exist. 

Part 
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If a llpe:m.anentn checking nwnber (usually 2091) 
is provided, cause a line to be locked-out by 
removing the handset on a telephone. Instruct 
the operator to dial the ttpermanent 11 checking 
number after four minutes. The line should, by 
then, become "locked-out" (Section 34). The 
operator should receive dial tone. If no. line 
is locked-out, she should hear ring-back. · 

Duplicate ringing machine transfer should be 
checked by dialing the transfer numbers usually 
2901 and 2991. Busy tone should be heard 11' the 
converter is operating or has started. {See end 
of Section 34. ) 

VI 
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69. MAINTENANCE RC>UriNES 

Regular routine inspections of the switchboard 
equipment are not considered necessary. When­
eve~ a maintenance man visits the office, it is 
suggested that test calls be made from the of­
fice telephone or with a hand test set. The 
installation tests outlined in Part V may also 
be used by the maintenance man when searching 
for the cause of service interruptions. 

70. ALAR't CIRCUIT TESTS 

The alarms can be checked from the connecting 
exchange by dialing the alarm checking code 
(usually 2001). With the switchboard in normal 
operation condition, ring-back tone will be 
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beard. It an urgent alarm condition exists, 
busy tone will be received; and if a non-urgent 
alarm condition exists. dial tone will be re­
ceived. The alarm circuit tone signals should 
be checked occasionally by causing the alarm 
conditions to exist. See section 6g for tests 
and Section 34 for tone indications and their 
significance. It permanent line checking is 
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provided, "209111 may be dialed as the test nUlll-. 
bero Duplicate ringing transfer. if provided, 
can be effected by dialing two special numbers, 
usually "2901" and "2991". 
71. TRAFFIC REGISTER TEST 

The operation of the traffic registers should 
be observed and recorded at intervals. The 
operation of ell-links-busy register can best 
be checked by busying the link or trunk circuits 
with the busy keys. This should be done during 
light traffic periods. 

72. CALL-DISTRIBUTOR TEST 

The call-distributing feature ot the allotter 
circuit can be advantageously used to make test 
calls from the connecting office over a toll 
trunk. If such ealls are made during the evening 
or night hourst when traffic is light. a number 
or successive calls will consecutively test all 
links. Although there is no definite check 
that all links are tested, the completion of a 
number of calls gives a reasonable assurance 
that all links are operating correctly. 
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