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111s booklet endeavors to explain fully and accu- 
rately, and yet in a simple and understandable 

T a n n e r ,  the operation of the pan* type d ~ a l  
telephone system. I t  has been compiled from informa- 
tion furnished by the American Telephone & Telegraph 
Company and is dedgned for the use of students of 
Telephone Enginerring and Telephone Engineers who 
required a general picture of the apparatus and its 
funrtions rather than a detailed descnpt~on of operation. 

The text follows closely that of lectures which the 
author has delivered to employees of the New York 
Telephone Company and the description has been con- 
fined to the apparatus and circuits used in the larger 
central offices in the City of New York. Most of the 
illustrations are already familiar to Tdcphone Engineers 
but many of them are new and have been especially 
designed to emphasize the basic principles upon which 
the system is founded and to make clear by means of 
simple diagrams the relations between the various pieces 
of apparatus which are sometimrs not easily understood 
from even the most rarefully written descriptions. 

I t  is hoped that tdrplione experts nrill overlook a lack 
of mdiculous accuracy in some of the statenients on the 
ground that simplicity is thc more desirable attribute 
and that those nrho find the explanations too involved 
will be equally lenient when the magnitude of the suh- 
ject is considered. 



General Principles 

l[N A n~an r~a l  telepl~one system the subscriber A spring rotates the disc hack to  its normal 
tells the number he drsires to  an operator position and in doing so simply opms and closes 

wl~o selects t l ~ r  number for him and connects thr  rircnit of the subscriber's linr tile nulnher 
his line to  t l ~ r  line of that number or of times indicatecl by the figure 
who, in larger systems, connects the under the hole into which the 
line to  a trnnk to  a distant office subscriber puts his finger. I t  
ancl r r p r a t s  t h e  numher  he nlrlst bt. reme~nhrretl that that 
desires to  anot l~rr  operator wl~o is all the rlial does-it opens and 
srlt,cts tilt. line f o r  him. I n  closes the rirruit of the mhscri11- 
dial  systvms,  t h e  serlutsnce er's line a r.t.rtain number of 
of o l~ t , r a t i ons  is somewha t  times. A little gox-crnor in the 
similar h r ~ t  the operations are 11ack of the dial controls the 
perfor~nrcl by elrriromerl~anical speerl of the rotating clisc and 
switches. assures t ha t  the opening and 

Sinre an dectron~cchanical closing of the circuit is uniform 
switrh cannot respond to  the 
vairr of thr  subscriber as an 

and regnlar. Ry performing this 
operation the proper numl~er of 

operator can, i t  is necessary to  times, the sul,acriher trlls the 
provide ;t 111eans for t he  suh- switcl~es  t he  rentral  office in 
scriber to  tell the sa.itrhths what rvl~icli the desiretl line is locaterl 
number 11e wants. This mecha- and the nu~nber of that line. I t  
n i s ~ n  is t he  "dial" (Figures should he noted that  rotating 
Nun~brr  1 anrl Numbrr 2). Most the disc wit11 the finger in the 
people :rre now familiar with tlw lrole marked "zero" opens and 
operation of the dial. Th r  suh- rlosrs the circuit ten times, 
scril~er puts his finger in since opening and closing 
t he  hole of t he  dial in i t  zero times would 111ean 
which appears the letter not opening and closing 
or fignrr which he wishes it a t  all. This, then, is the 
to  tell to  the switches, way in which the sub- 
pulls the rotating disc scriher tells the switches 
aro~~orl  until his finger what number he wants. 
strikrstht~stop:tnrIlrtsgo. The simplest form of 
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dial telephone (Figure Kumbet 3) would be switch is, of course, idle. In Figure Number 5 we 
some sort of dectromeehanjcjd"switch electrically see a conlplete telephone system on this principle 
connected to thr  subscrihir's line, the arm of but the number of s\vitchcs has bwn reducecl by 
which woulcl, by means of a magnet, be moved introducing a su-itrh known as a line finder. One 
one stc,p each time the circuit of the subscriber's of these switrhes is pro\~iderl for each five sub- 
line was macle and broken hp the dial. This woulrl scriberd lines and is so arranged that i t  auto- 
enable the su11scribt.r to connect his telephone to matically moves to the terminal of the subscriber's 
any one of several other telephones hy a single line urhose receiver has been taken otf the hook to 
rotation of his clial. make a call. The use of this switch in the system 

shown is based on the idea that out of each five 
subscribers only one will be using his telephone 
a t  any one moment. I t  is possible, of conrae, to 
provide two of these switches lor each five sub- 
scribers or any other number, depending upon the 
number of subscribers which it is found will be 
using their telephones a t  the same moment. 

An additional feature is illustrated in Figure 
Number 5. I t  will be seen that there arc two 
trunks betueen Office "A" and Office "B" and 
that these trunks are multiplied to both the 
selector su~itches shown. Thus, two subscribers 

Nore telepl~ones rould be reached by the huh- may at the 
moment tak Office "*" 

scriber arranging the s,t,itrlles as in to  Office "R" but this requires an additional fea- 

Nulnl,er J ,  Herr the first rotation Of t,,? sllb- 
ture in the selector switrh. It must be so arranged 

scriber9s dial moves tl,r arnl of the first sn.itcl, 
that if it is nlored I)? the subscriber's dial to  a 

tile srrond of tllr elial moves tllr trunk which is already in use. it will automatically 

arm of st,concl To insure that tl,e. n~ove to the nest trunk. This feature is known as 
seconcl is srrond rotation "trunk bunting" anrl is another characteristic fea- 

the cIiaI and the first switch not n~overl, a sIo\v t"'' of telcphoone 'ysterns of type. 

release relay is inc111ded in the circuit. This relay I t  be obsrrved that attempt is made 

is so slow tllat it will not release during tile rapicl to make the action reversible; that is, an entirely 
senarate set of annaratus must be provided for 

pulses produred by thr  dial but does release in thr 
pause whir11 msues when the subscriber reaches 
for the second pull of the dial. This slon rrleasc 
relay is a funrlamental principle of dialing trlv- 
phone systems. 

The arrangement of switches as shown require,% 
that one selector switch be provided dirvdlp ron- 
nected to each subscriber's line. During the time 
that the subscriber is not using his telephone this 
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cails f ron~ Office-"B" to Ofice "A," This is 
the usual arrangement in dial telephone sys- 
tems of this type. A system based on the princi- 
ples rlescribed above urould be quite practical. 
There are other considerations, however, which 
influence the design of the apparatus. 

The system dt~sc~ribeil above operates on the 
"step-by-step" principle and is of the rotary type; 
that is, su.itr11 amms move in a s r r i~s  of steps and 
in the arc of a circle. The making and breaking 
of the subscriber's line circuit causes directly the 
n~ovemmt of the switches which make the con- 
nwtiou to the called line. This may be called 
"direct control." I t  follou~s also that the dialing 
of anv dieit rausrs the sai tcl~ whirl1 b a t  that . ~. 
moment ronnwted to the subscriber's line to make 
a corresponding number of steps; thus if 5 is 
dialed, the switch will make 5 steps, etc. This is 
desrriberl as "numerical selection." 

A system operating upon thew principles is in 
extensive use in many of the smaller cities of the 
United States and has proved to be well adapted 
to the conditions encountered in these cities. 



I OFFICE B 

In t l ~ r  simple a y r t m ~  illustratrtl al~ol-r, two 
t r~~nh-5 are hl~orvn 1,rtwt.m Offir(. "A" anrl OWrr 
"R" ill tllr group ovrr a.hich the helt~,tor switrlr 
GIII h m ~ t  to  find an idlr trunk. I n  sybtrms of 
tl~ih type t11e nomlrrr of trunks in one group ortBr 
1v11irl1 :I sclrctor can hunt is generally lin~itrrl 
to tt.11 I,y t l ~ e  mrc.haniral limitations of t l ~ r  s\vitch. 
\\'here 1110rr t l ~ i ~ n  ten trunks are rcquircd t o  some 
cnrt. pl:~rr. t11r.y must I)? divided into t a u  or morr 
grorlp\. rarh  of which does not escerd t m .  I f  
all nf t h ~  trunks in onr of thrsr  small groups 
la,r.omc. Imsy, a selector hunting in that group ~vill 

not Ilr ablr to complvtt, thr  re]! ;~lt!~ollgh there 
might btill I,? irllr trunks in 0111c~r groups. Could 
all of t h r  trunks br  plar.rrl in onr group ho that 
rarh srlt~rtor roulcl h~rnt n\.rr all of ~IIC~III  it nonld 
always pohhihlr for err ry  hrltvtor to  romplrtr 
a call so long :IS tl~rrt. rrm~ainrcl any t r ~ ~ n k  still 
idlr. One group of twmty t r ~ n ~ k s  will. in this 
r a y ,  handlr morr than twice as ~ n n r h  traffic a* 
two groups of t m  tmnks. IThrrr a Iargr I I I I I I I I I ~ ~  
of trr~nlis is rrquirecl to r a e l ~  offir.?, the. :~(laantap.s 
of apparatus so ronstrnctr~l that  t h r  sc~ltr.tors ran 
hunt orcr largr group.; rlf trrmks arc, :~l)pan.nt. 

Principles of the Panel System 

'I'll? pa11~1 type of apparatus is so ron\trurtv<l 
that tllr selrdor may hunt ovrr a gralrp of trllnk, 
;IS largr ;lr n i n ~ t y  brrt illis grot111 may alw he 
~li\.i<lt.(l into smallrr groups. if tlt.sire~l. so t l ~ a t  
groltp- r,f 5 ,  10, '20, SO. vtc.. trunks may I>r 011- p t:~inrrl n.ithont wast?. 

IYllm this armngrln~nt  is acloptecl. it ir nrrrh- 
s:lry to  al)nntlon rlirrrt rontrol 1,y tlw *uhsrril,rr'r 
clinl, for if wt. xvish a selector to choosr tlir f o ~ ~ r t h  
grorg) of trunks it might he nc.rpssary for it to  
jump t m  t r r~nks at the first step. 00 trunks a t  the 
srron<l qtep and 40 trunks a t  t l ~ p  thin1 strp. This. 
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of rollrsr.. \ r , ,~~l( l  11r a vrry ,liWn~lt matter to  
armngt,. I. '~:rthrrr~~nn. wit11 ;L grollp of ninety 
trunks t l ~ v  timt. tt~kvn for tht. svlrrtor t o  find an 
icllc t r l ~ ~ ~ k  in thih gnlup. \v11irl1 migl~t I I ~  t h r  vrry 
last tronk, prol,:~lrly \r.r,ulrl 1 , ~  Icmgrr th:ln the 
J ~ I I S ~  n.l~iv11 the ~111)srriI)cr TTYIUI<I 111;ikt. 11vtwt.t.n 
the <li:~ling af *nvr,.shivr (ligits a1111 t l ~ ~ n ' f o r t ~  t l ~ r  
9uhhcrils.r might <li:ll tlw srroncl (lipit Is4orr t h r  
ht.lprtor l1;1(1 c~omplrtc~tl tlir selt.rti~~n in<lic.at?d I)? 
tllr first digit. Otlwr r?asnns for tllr :111anrlan- 
m m t  of (lircrt rnntrol will app?;lr ;la thr  hystrn~ is 
ronsi<lrrrcl in more drtail. 



Whrn direct control is ahandonrd, thwe is no 
longer any objrct in having thr  selectors move by 
strps, and since the apparatus, to  work ovrr snch 
largr group- of trunks, is necessarily sornen~lrat 
large anrl heavy, i t  is found morr practicahle to  
move the, sr.lertors by mrans of an electric motor 
which \\,ill provide ample porrer and positive 
motion. 

I n  addition to  the aban<lonmmt of direct con- 
trol it is necessary in surh a large and complicatrd 
installation as that rrquirccl in a largr city to  
abandon also numerical selection, for it often is 

to  the gronps of trunks t o  which the various 
srlwtors more in completing Iris call and that the 
selectors (lo uot 1no1~r in unison rvitlr his dialing. 
Thrrefore i t  \vill be nerrssary t o  providr sonre 
apparatus which lvill receive thr  dialing from the 
snhscriber, rrcorrl it, hold it, change it as nrces- 
sary, and transmit it to  the various selectors so as 
to  control their moremmts and clirrct then1 to  
the proper places. This apparatus is called the 
"sender." 

Figure Kumhrr G shox~s diagrammatically the 
prinriplrs of the panel type dial systmr. This em- 

impracticahlr to  make the group of trunks de- 
sired whm, say, the digit !) is dialed, the ninth 
group of trunk-. I f  it is nrcrssary to  reach thr  
fifth group of trunks when the digit 9 is dialed, 
some means must br provilled to  more the selector 
over five groups although the dialing actually 
makes and brraks the wl~rrrihrr's line circuit nine 
times. I t  will be sren later that there are other 
reasnns for doing away with nun~erical selection. 

Having now abantloned clirrct control and nu- 
merical selection, it will be clrar that the digits 
wlrich thc snl)scrihrr dials hare  no direct rrlation 

bodies the same fundanrental ideas as the previous 
system, having a line finder slvitch and a series of 
selector switches, hut the terminals over which 
the selector switches move have been arranged 
in vertical rows instrad of in arcs and the switchrs 
are moved by motors instearl of by magnets. No 
attempt is made to  have the switches morr  in 
unison with the movements of tht. snhscriber's 
dial. Thr  dialing of the suhsrriber is r rgis t~rrd 
in the sender and from that registration tlre 
movement of the sn-itches is rontrolle(l aftrr the 
snhscrihrr has dialrcl. 



Construction of the Panel Type Selector 
In order to  ondrrhtancl fully the operation of the that  they project on I)otl~ hiclrs of the I)ank and 

pa~ir l  type dial systtw it is nrrrasary to  study the arr  rrpt,atrtl thirty time:, on the front ancl thirty 
nlrrl~anical details of t h r  various pieces of ap- t i n ~ ~ s  011 t h ~  rear of (.ach strip. A set of t11rc.e 
par;dns as actually con*trurtrd. The principal strips con5titntt.s the t r r l~~inals  of one line or 
~) i rce  of i~ppiiratuh which gives the systrrn its trunk and t h y  are r l t+nate<l  "tip," "ring" and 
nallle is the panel type selector. 50 mlle(l because "aleere" terminals as in manual practire. 
the terminals over \vhich the selector passes are ar- 
rnngrrl in a flat rc.rt~lngular bank or is The ter~ninals of the lines or trunks t h m  appmr 

ll.it.cl t~lrorlg~lollt tile in ,.arious fornls, in vertical rows, ear11 row rontaining 100 1int.s or 

rli*t.ring ill in ,lrtnilrtl arrangnllent, in elec- trunks in ear11 bank and there are thirty s r ~ r l ~  rows 

lriral rOllllrrtions, I , ~ ~ ~  all tile same grneral 0" the front ant1 tliirty on thc r tw.  so illat rach 
Illtr,ll;lnic;rl ronstmction. i\.ill I,,, rOn- line or trunk uppears sixty tinirs in rarh I)nnk. 

tllpgcnfral ronhtrrlrtionan(l (lescribelater Conn~rtion* to  fhe  1inc.s or trunks are III:I<~C. l)y 

tllr clrtailp,l cliffrr~.ncP.; \,.~lic~l dihting-uisl, tl,t, wirn  ~ o l ~ l e r n l  t o  111gs at onr or 11r1tl1 rncls of the 

vilrions hdrctors. I)ank. In  itctoal pr;a.ticc., in thosr sc~lcrtor Iramrs 
Figure Sllm,,rr is g,,llrral of 11-l~rre. thrsr  tt.nninal.; rrprrst,nt trunks, only 90 

fr;llnrs in an ofire aml Figllre Sullll,er is a 
of t h ~  100 possil>lt~ t r ~ ~ n k h  in rach Itxnk arc nard 

rloqrr ,.ie\,, (,f a typical sd,,rtl,r frallle, It \,.ill "* trl"'ks' the rem'lining l o  I"'ing rr(~nirt'rl for 

oI~spr\red that  all ;~pparatus is ~noonte(I upon a other l'"rposr' 
strurtnral iron fr:unt,\vork sen~rr ly  I,olte<l t o  the T I I ~  ht*lertors ronsiat of rrrtiral Iwass t111,r.s. one 
floor aacl t o  the rriling. Tn I:ig~~rr SIIIII~)~.~ R there lllountrd ~rppositc rnc.11 vrrtical row of tllrre 
will I),, seen fivc Imnks of tt.ralionl.; nlounted one trrnlinals : I I I ~  arrnngc~d t o  slicle up and ~1on.n. 
nl)orr the othrr. IJigurr SIIIIII)P~ 9 slto~vs one Sinre tllrrc art1 (iO vertical ~OIYS.  60 s ~ l c ~ t o r s  ran 
of tllpsr 1):lnks ~ P I I I O V C ~  fro111 the ~ ~ B I I I P .  I t  he arr~~111111o~~ate~I 011 (xa(.l~ fraln,.. 90 on r a c l ~  sirlr. 
ro~lhist'i of flat strips of hrnss having projt.ding T h r  selector t111)t.s mrry scts of spring fingers or 
l ~ ~ g s .  h,~~)aratc.<l l)y strips of i n d a t i n g  ~natr r ia l  and "brusl~es" in front of ~ a r l ~  I>;mk  whirl^ may be 
cl:i111~)t~~1 t o g ~ t l l c ~  I,?. long I~olts passing t l ~ r o ~ ~ g l ~  lnacle t o  rob on the Icrminz~l* allt~n the srlertor 
holes in a11 of the >trips. 'I'he I I I ~ S  are SO arranged is llriren up or clo\vn. 

a 





111 tile n~iel<llr of tllr fri1111r a t  tllr I>ottoll~  it^. r o l l  \vith t l l ~ i r  gritr 1)oxc.s PPIIIO\~IYI ~ ~ O I I I  the  
long roll!. r~~vc.rc.cl \r.itl~ rork ro11111<1.;ition rvhirl~ : I ~ V  fr:~mr. 'I'hr lo\vcr roll rotntri in snrh :I ~lircrtion 
rollsti~ntly r~volr rc l  1)y ;in 1.lt.r.trir Inotor t l l ro l~pl~ :IS to (Iri\-cl tI1c1 5(~Ic.ct01. 1111\v:lr<I :~II(I t11t. 111)1)rr r ~ l l  
tllr 111c~ilil11n of gr:lrs. 'I'Ilt' l.dls. tllc. r 1 ~ r t r i r  1tlotor ill t h r  ol)l)o.rit(. <lir<~.tioll t o  #Iri\v tl1r SPICC~OT. 
nncl tllr gtb:lr I )c)~r \  r:m Ilr ~~l;iinl?. s w n  in Figtlrr ~ I i ~ ~ v ~ ~ n n ~ ~ ~ l .  I?;lrl~ sclrrtor t l ~ l t t  i, attarhrtl at its 
Su~nl,t,r 10. \vIlile Figllrt' X I I I I I ~ I P ~  11 ~ h o n . ~  tilt. 1cnvt.r +~1111 t o  :I flat hirip of l)rc)nz<. (.:~ll<.<l ;I ''ra(.k,'' 



which normally \tan& just in front of t l ~ r  rwolr-  pan1 n4iich can h r  srrn just ahore  tlir upper roller 
ing rolls hut not toorhing t l i e l ~ ~ .  In  front of each of the rl~ltcll in Figurr Sulnllrr 19 drops into 
rack is :In elertromrrl~aniral <le.vicr rallrcl a n o t c h r ~  punrhecl in the, rack and prevmts the 
"clotcl~." Tlir c l r~tc l~rs  a r r  sho\vn in ~,ositian in selrrtor fro111 falling ~vlirn it has Iwm raised. 
Figure K~u~ol)r.r 19 :~ncl a separate r l r ~ t c l ~  in Figure An arm on the annature of the <lo\~.n drive magnrt 
Nunihrr 13. \Yl~m :In rleetric eurrmt i.i pasreel of the clutch \vitliclra\vs the, pa14 \vhm the se l~ctor  
through rnir of tllr magnrts of tllr r l l~t rh  a roller is rlrivrn <lo~vn\vanl. T l ~ e  rark, hrusl~cs, and 
attael~rtl to its :~rtnntnre prtSssrs the rack against upper ])art of tllr r~lutrhrs are clt.arly slrorvn in 
on? of t l ~ r  n.volring cork c.arc,rerl roll, \\-l~irh. I,? Figure Sunll,rr 14. 
frirtian, tnorrh t h ~ '  sc l~ctor  111) or (Io~vn. .I spring Corresp~n~l ing ter~ni~ials  of tlie fivr b n ~ s l ~ r s  on 





encl~ sc.lretelr tnlrc are c,onnwted togrtl~t,r I I ~  wires 
wl~ieh paw inaillt- tl~r. tulw ancl come out a t  the 
top rvhc.rc\ t111.y art. ronnt,rtc~l to  anotllrr I r n r l ~  

of ilifFt3rmt c.onstn~rtion tnoontr~l at tllr e s t r m ~ r  
top of thv t r ~ l ~ r .  'I'llih l)r11s11 sliclrs on :I "ronl- 
mutntor" \r-llirl~ r.on.iists of I>mss I)ars ~nolclrcl in 
insulating m;ltt.rinl ; I I I ~  srrrc,s to  ronrlnrt rnrrtmt 
x~liirh rntrrs the romnlnt;~tor to tllr ~noving 
srln.tor Irrusl~c~s. T11c> romlnntator an11 t l ~ r  rerln- 
nir~tator hrnsll also co:~trol c,lrrtrirnlly t l ~  morr- 
mtwt of tbt~selretor. as rvill Ire c1escriht.d 1;~trr. 'I'Iw 
roniluntxtor anel rommutator 1)nlhl1 ar t  shoxvn in 
Figrlre S u n ~ b r r  1.5. 

T l ~ c  scleetor brusl~es ~ ~ I l i r l ~  :Ire ~ I I V I V I I  in clrtail 
in Figurr Snmber I(; clo nc~t nonn:~lly tour11 tlw 
tt,rnlinals, their fingrrs bdng Ilelcl apart hy tn.o 
little 11:1nl rrll)brr rollers n l ~ i r l ~  are forrrd b r t w r ~ n  
thnn. \Yht.n the selector rises, no contart is lnacle 
wit11 any of the trnninals unless onr of the 
I)r~~.il:t.* is elosrcl or "tripped" by aitllrlr;~n.ing the 
r111,lrrr rollers xvl~irl~ hold tl~t. I~rnsh cpm. l3r- 
twc~*o rwrl~ ht.lt.rtor t l ~ h r  and its t r r n ~ i ~ ~ : ~ l s  ancl 
~mrirclc<l I,? thr  fingers of the I)ruhl~rs is n sn~nll 
rt.rtir,:~l Irrass roc1 arrnngr~l to hr partiillly n)tstccl 
I>y n lungnet at the. top of the elutrh (sre 1"iglln. 
Xuml)rr 14). 'I'hi.: roc1 mrrirs fire spring rnor~l~trd 
latdl<>s and i\ rallrrl t l ~ r  "trip rod." Ei t l~rr  in the 
norn~;~l  position or xdlm fnlly rotat<a~l, ill(. late11t.s 
of the trip rod ,lo not intrrfvrr wit11 tllr rno\.c.lnrnt 
of t l ~ r  srlc.rtar. I,nt if the selrrtor is r;~isrcl t o  a 
rrrtain point and the trip roll illen n)tatt.fl. onra 
i)f the Iatrl~c.: xvill rntc.11 on n projrrtion of it% 
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:~ssoriate,l br11sl1 anll br helrl t l ~ r r r  while the other : ~ l t l ~ o r ~ g l ~  tilt. tot;tl tra\-cl of tllc* srl<r.lor is only 
1atrl1c.s c,ontinor to  rotate \vitl~ t h r  trill rod. This the l ~ e i a l ~ t  of one 1,;lnlt. 
projrrtinn is nttaclrerl to  the harcl ruhl~rr  rollrrs 
!\-11ir.11 11old tllr 11rohl1 oppn and any frlrthcr up- 

TI. 0.6 

!\.arc1 mort,lnmt of tl~t. selector ~vill no\v ranse t l ~ e  
qru.n Pod " OrRrm, 8 . l O " .  ---- , , , \ ,  

Il:l&l rol~lwr rollrn to  be \vithclrarm :~nd the brusl~ 
to  rlasr and n ~ a k e  contart nit11 the t<anninnls of 
ill<. l~ank.  IYIlen the s ~ l r r t o r  rlrsrends again a 
long trigger attarhrd to  the hard ruhhrr rollers 
strikes the f r :~n~raork ancl restores t l ~ r  brnsl~ to  
its nonnsllg open position jnst as it rearhes the 
lowest point of its travel. T l ~ e  various steps in 
tripping :I l1r11s11 are s l ~ o a n  in Figure Sulhbrr  17. 

The br~lsllra on the> selector tube and the latches 
on the trip rot1 are placed equal distancrs apart 
hut t h r  latches a r r  not the same [listanre apart 
as tllr I~rnshrs. TBere is. tl~ert.fore. a rrrtain 

@ 
of t l ~ r  selt,c.tor in xvhirl~ t l ~ r  first 1atrI1 on 

the tril, rod will. if t l ~ r  roc1 is turned. rate11 tht- 
projection on t l ~ c  first hrusll I I I I ~  in this position 
none of t l ~ r  othcr latclles will catch t h r  projertions 
on t11e other brl~shrs. bring too high. Similarly. 
tl~c.r<. is a rrrtain position in which only t h r  secontl 
Ilrusll   ill h r  caught, the  latch for t h r  first 1,rush 
heinfi too low and the Iatrhrs for the other brnshrs 
11t.ing too I~igh. This is sl~own cliagran~~natirally C in Pigr~re Numl,cr 18.  XIIS IS 1,y moving t l ~ r  n o  rw-* 
s e l ~ r l o r  ill' t o  n rrrtain point hefor? trlrning tlw 
t r  roo, any o n  I ) ~ I I S I I  on t ~ t  s..I.... .,n I .  ; 
tripprcl but not nlorr than one 1,rosh ran br - . * I  

tripped at onrp. Ry this pl;ln any trmminal in : : : k: : 
an? of the fivr banks ran I,r r<>arhe<l by the srlrctor *" 
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CAM DESlGNAT/ONS 

a 

8 

The Sequence Switch 
T l ~ r  rircwits whicl~ control thr  Inovements of 

panel type *elvclors arr necessarily ron~plicate(l 
and their operation requires thr  making an11 
breaking of a large number of connertions. Some 
of these connections are estahlishrd or broken by 
means of rt.l;rys. To reduce the number of relays 
recluired, a spprial form of sn.itr11 calletl a "sequence 
switrl~" has heen dev~loperl which, in general. 
prrfor~ns the funrtions of a group of relays. Figure 
Numbrr I!) shows one of these switches ant1 
Figure Nnmber 20 a number of them mounted 
upon the framenwrk. One of these switrlies is 
asaoriated with ear11 selector anrl the 30 switclies 
a5soriaterl wit11 thc. 30 srlrrtors on thc. front of 
the fmnic. ran I)e seen a t  the right of Figure x ~ ~ m -  
bpr 8. 1'11e 90 switrhrs assoriated with the 30 
selertors on tlir rrar of t l ~ r  framr are mounted in 
a rorrrsponding position at  the right of the selec- 
tors on the opposi t~ side of the frame. Switrhes 
of this type are also nsrd for other purposrs 
tl~roughont the system. 

flntrtl ram with a spring roller a t  the end of the 
shaft serves to  hold the shaft in any one of eighteen 
positions n,liirh are intlicated by a nnnlbered wheel 
a t  the opposite end of the shaft. The n~ r t a l  
plates are cot nritli irreglllar notches so that in 
rrrtain positions of the shaft certain contact 
springs rest on the metal of the plates and others 
on the insulating material. while in other posi- 
tions different springs rest on the metal and the 
insulation. res~ertivelv. 'hrnine the s11;;ft there- . . 
fore serves to  rnake and break the ronnections 
bdn-een contact springs in various comhinations. 
As one of these switrhes will arrommodatr as 
many as 24 rams. rarh of n41irli has fonr contact 
springs, there may be 96 separate wires connerted 
to  the sn.itc11. whir11 by turning the shaft ran be Ci 
connertecl or ~lisronnertrd in 18 clifferent arrange- 
ments and each arrangement is rapaljlr of an 
almost infinite number of variations by cllanging 
the shape and size of the notc.hrs in the metal 
plates. Contacts may be matle or hrokt-n simul- 

The srtjumre s~si t r l l  is somc,w],at silnilar in ~ ~ " F o u s ~ ?  or separated by esart time intervals. 

to the rontn,llrr (,f a car. ~t thing which it is difficult t o  do hy means of 

consists of a numl~rr  of rlisrs or "cams." each 
@ 

composecl of two plates of mdal  rivrted one on The functions of a seqnrnre switch in controlling 
each side of a disr of insulating material an11 all a selector are enu~ii~ratrr l  in F i g u r ~  h'un~ber 21. 
mounted on a souare shaft whirl1 ran be rrvolve~l. Position Numher 1 is the nornlal nosition of the 
Four contart springs rest on each clisr and a switch when the selertor is not in IISP. AS soon as 
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on the fran~r\vork. this (lisc stantla rlose to  I ~ u t  
not tollrl~ing a l~oriaont:~l iron disc on a rertical 
I~rass hl~aft which is constantly rrvolvvd 11y the 
samr Inotor ~ v l ~ i r h  clriws t l ~ r  rork rorrr rd  rollrrs 
for thr  s r l ~ r t o r  rlrivt,. Close to  t l~t .  first (lisr is an 
rlrrtron~a&rnrt. 1Yhc.n rurrvnt i* iq)pli(.cl to  this 
magntbt tht. flrsil~ly n~onntrcl clisr ih clra\vn ~gainht  
the revolving disc anrl thr  srrlrlmre .iwitrl~ allaft 
is (1rivt.n a r o ~ ~ n d  I)? friction. T l ~ r  rorrc.nt on the 
xnagn~~t is maintainecl 1,y a r o n t a d  spril~g on the 
fluted cam nhicli d0t.s not allow t l ~ r  stvitrh to  

D I S T R I C T  S E P U B N C E  S ~ I T C B  

~ o s i t l o n  Corras~ondinp c i r c u i t  Condition 

1 normal. 
2 S.1.Eting M i d l e  sender. 
3 wait ing f o r  sander. 
4 Ssleot i l lg  bmsh. 
6 wait ins  f or  sender. 
6 s e l e c t l o g  gmup. 

I',a,,w .',I 7 wait ing f o r  ralaye.  
n Hunting i dla tru&. 
9 Whiling f o r  sander. 

the svlertor has bee11 rhosen to  be usrd in making lo e e l e c t l c n  o f  brushes. groups. 

a rall. i t  is nrcrssary to srlert an idle sender. 'I'his 
eta .  beyond the d l s t r i c t  sa- 
l e c t o r .  

i.i not clonr hy t l ~ r  srqtwnre sa i t rh  hut i t  serves :: wait ing far Bander. 
Talking Inon-loaded trunk). 

to  make certain r l t~t r i ra l  c,onnrdions for this :: Talking lmedim-loadad t r d ) .  

purl'ose when i t  is turnrcl to  position Sumbrr  2. 15 
wartine f o r  owretor t o  amrer. 
Talking t o  Operator. 

r n t i l  t l ~ r  icllr smcler has been fountl, notl~ing Inore :$ d l 1  trunks busy. 

ran be clone, so t l ~ r  st.qrlenrr ssvitcl~ is turntvl to  Is 
operating message r e g i s t a r .  
Xsturning apparatus t o  normal. 

position Srrn~hrr  5. tvl~rrr the ronnections art- ~ : i e ~ r r  21 

:trrangt5cl to  wait for the svnclrr. In  the sanlr way 
for r;,c,l, nr,,. operation to I,r tllr sr- st011 until it falls into ml inhr~l:~tvd notch in t h r  

rlllpnrr s,\.itcll is tumr,l to a nr,,, poqitil,n in f lo t t~l  cam. I t  is only Ilrrt.ssary, tht,rrfore. to 
tllat Inakrs prol)t,r rlrdrirRl connrr. I X I ~  cllrrrnt on the lnagn(.t ~nc~lllfllt;tril? and the 
tioos for that operation. switch xvill rwolvr to  the nest position at \v l~ir l~  

, there is a notrh in the flutr<l rain. II thrr r  is no 
'I'hr hrqnt.n(.r ~ w i t r l ~  is turnrd by a friction drivr notch in a position the switrh \rill not stop in that  

~ n r r l ~ a n i . ; ~ ~ ~  at t l ~ r  end of its shaft. S e s t  to the position. E a c l ~  time the switr.l~ stops it i, nvrc-.. 
f l ~ ~ t t r l  c;tm is ;In iron disr monnte<l on a flesihlr sary to  apply c u r r e ~ ~ t  ~ ~ ~ o ~ r ~ r n t ~ r i l y  to  tl~t. Insgnt.t 
Iwonn. *piclrr. \\-it11 t h r  st.rluenrr sn.itrl~ nior~ntt~(l to  mahe it turn to  the nvnt pohition. 

Other Types of Apparatus 
1Jig11rc. SIIIIII?<>~ 2C s l ~ o ~ v s  intt>rri~~~tc*rs n11icI1 arc I~I:II~IIVS ;trv r u t : ~ t < ~ l  I)? III~YIII* of :I I I I X ~ I I ( , ~  1vI1ir11 

I I W I I  for olwri~ting 1i111r mmwr,,%. 11roviiIing :I :tet:~:~tw a r a t ~ ~ l w t  tin<l l);~tvl. 111~ l)r114~(w 111:lkinig 
I I I I S ~  aig11~1I. ctv. .\ gtwr I I I O I I I I ~ ~ Y ~  a t  tlw top o f  ant, \tvp I,? t~i1c.11 opvr;ttio~~ ~ I I I ~ I  r,~Ie:tw of 111,. 
tl~t. S ~ ~ ~ ~ I V I I W  h~ritrli driving \l::tft revolrrs a ~ ~ I I I I  I I I : ~ ~ I I C ~ .  'I'II,. : I ~ I I I : I ~ I I P ~  01 tl1t1 lllil~llrf ;~l\<, OIIPI' 

tv l~ir l~  nlovvr I)nck xn(l forth n lol~g Imr, st1111a on : I ~ P \  :I \rt o f  ro~l tar l \  i111r1 jvitll t l1o~1~ C O I I I I ~ ~ ~ ~ O , ~  

nllicl~ ~ ~ W I I  ::nd rlo\ta ;I I I I I I I I ~ I C , ~  of ront;~r.t.i. TIII in \<,rich wit11 t 1 1 ~  Illiign(-t \ \ . i ~ ~ , l i ~ ~ g .  1I:t. 1tlitg11~t 
1c11vt.1. i~:tc.rr~~l,trr in Fig~lrp S u m l ~ c r  P.2 lias a w l ~ m  it oprratc,.i ol)(.n\ it.; o1vr.n rirvl~it ;~n, l  clrivrs 

p ~10111)1(' n ' f l i~( ' t io~~ gt.ar I I I I ~ ~ < . ~  t l ~ ?  n1et11l rorrr .  so tl:c I ~ r n . ; l ~ ~ ~ s  : ~ n n ~ n < l  rontinllol~hly in a s<,ri<,s of 
that it move\ vvry hlo~vly. r:111i,I s t q ~ s  $0 I ~ I I ~  81s ct~rrvnt is h111)plit.cl. 'I'his 

.inothrr typr  of :~pl)?lratll* i14r1l in this s,vstl*n~ .;!!-itr.ll n-ithot~t t11(. alxlrr ronlarts is I I ~ P I I  for 
ih tlw rotary h~vitol~ s11o\v11 in Fig~~rt .  Sl1n1l1c.r 2:s. v:~r io~~.r  p11r1)osrs \vl~c.rr it i'i rt.q~~ir<.<l to  n~nk(> onr 
'I'l~is switrl~ I ~ a s  six rows of P.2 terniinals rar.l1, 5tt.p r a r l ~  t i m ~  t h ~  r i r r ~ ~ i t  is IIIWIV and I ~ r o k ~ n .  
n r r : i ~ ~ g ~ # I  in an arc., an(l :I ~ r t  of dollhlt, ar111t.11 s11rl1 as r w ~ n l i ~ ~ g  the IIIIISPS from t l ~ ~  s ~ ~ l ~ ~ r r i h ~ r ' s  
l ~ r ~ ~ h l ~ t . ~ i  n- l~ir l~  tvipr o v ~ r  the trr~ninala. 'l'l~e dial or as :I t i n ~ r  mrasurr, ~ v h m  it is opwatrrl by 
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an intvrr~ll,ft.r xvl~icli r rp~~l ;~r l? .  upt,li\ an<l r,low\ If 41;nllcl I r t .  OI,\,.I.\YYI f11;if  in ;,I1 111,. :tl,o\.t. 
t11e r i r r ~ ~ i t .  \\'it11 tllr c.r)nt;~c.ts ronnrrtrrl. it is i#[q,aratr~\ tlac. cont;~<.th arc 111;1clr on \.rrtir;~l sur- 
llsrcl i lk  it I i ~ n ~ t i n g  ht'lector. tile c u r r n ~ t  I~r ing f ;~crs  : ~ n d  ar r  rvipinp. 511rh ront;lrts f r w  t l~rnl -  
applinl ro~~t inuour ly  anrl bring rut off Iry t l ~ r  hrlvrs fro111 (Inst \ ~ - l ~ i r l ~  \vo111,1 a(~.1111111latr un 
srvitr.11 itsplf w l ~ r n  t l ~ r  br~xsl~rs  colnv in r o n t a d  I~orizontal hnrfitres i ~ n d  Iby ~ I I P  wiping ixctio~l k r r p  
wit11 the trrminal for wliirl~ s\vifc.l~ is hnntinp. thrmsrlrr* rlran anrl hripht .in tha t  c l ~ ~ s t  vortsrs 
I.'igurr Numlx,r 94 sllow* a nllrnl)cr of t l i t ~ ~  or rlr~rt-tight r ;~srs  ;ire nnt nt~rss:try. 
switc,hc,s n ~ o ~ ~ n t r d  on ;t fmmrwork. 



Method of' Operation 

Figort. N l l l n l ~ ~ ~ r  25 sho\vs tllr general plan of a srvitd~. Svnc1c.r srlrctork arc. ahown in Figure 
c,all from one dial subscrilxv t o  another. The Sumber  54. .is soon ;IS a linr finller starts to  
rrrtt1ng1r.s represent tlie ternnnal banks of panel llunt for a calling linr.. t l ~ r  ;tttarhr<l scn<lt*r selector 
type wlrc.tor frames ancl the vertical lines with hunts for an irllr st,ncler. IVl~rn I,otl~ t l ~ r  line 
nrrorvheads represent selectors. W11m the sub- and the idle sw(lur ]lave brm fonn(1, a tone ralled 
brribrr rrlriorrs his rrrriver from the l~ook 11e "dial tone" is s ~ n t  t o  the *r~l,\r,ril,rr ;I.; an indica- 
prnnits rnrrrnt from tllt3 central office to  flow tion t l ~ a t  tllc :ilq~aratns is rr;~ily for 11in1 to  clinl. 
througl~ his line, operating a linr rrlay, onc of Tlir hul~.srriI~vr illen clials an11 i l ~ r  1n11st.s of clirr<>nt 
n l ~ i c l ~  is prori,lr<l in r a c l ~  hnl)srribrr'.; linr. T l ~ r  f r o n ~  11is dial ar r  rt,corclrtl ill 111,. st.1111~r. \r~liieli 
< ~ l ~ r r a t i o ~ i  of illis n.li~y c.ansrs a linv finclrr \r,lertor Ihrn rontrols t h r  movrlnrnts of thc athvr hvlrctors 
to  start and to  Inore u~,~!anl r~ntil it find\ tile in a mnnnc,r ~vl i i r l~  will h r  1lrsrri1,trl I;~tvr. 
calling linr. 'I'l~is connects the (1i.rtric.t st4rrtnr 
assoriatc,l ,,.itll tile lill,, to tllr calling 1"1'1""c of tllr srllclrr st.lr<.tor i\. of crlursr, 

,lictrirt s,*leetor is tile pdll by ,vlliell tll(. ('all to  (.01111t.c.t an idle sc.1111t.r to  t l ~ e  s ~ ~ I ~ s r r i l ~ ( ~ r ' s  line 

Illllrt I,ass out,,.anl and it lllay be likmrd tile wlir~i 11e wisl~eh t o  ~ n a k r  81 call and to  rlisnx~nect 

calling eonl of a ,~.llile tllc t11c. sf2nrlrr as soon n.i i t  11na co~nl)lrted its functions 

line fin(ler performs tllp funrtions of ans,,.ering so t l ~ a t  it may I,r used I)? ;~not l~vr  s111~srril)rr. T l ~ e  

rord. s n ~ d e r  selrctor sn.itc11, having 25 sets of ttvninals, 
may be user1 to  srlrct a n  idle hentler from a group 

Earh linr finder srlertor'is cablecl pern~anrntly of 55 srnders. T l ~ r  panrl typr  s~d,srril,rrs' links 
to  n district srlrctor. -1 third Irg of the  circuit shown in Figurr Numl)rr 00, perform the same 
rstm(lh t o  the smclrr srlector, nhich is a rotary fnnctions but  enable the sender to be chosm from 





a group of 100 senders. This type of rquipmrnt 
h. CIS . S I I ~ I P ~ S P I ~ P I ~  . the srncler srlrrtor sinre onr group 
of 100 senclefs can handle more calls than 5 groups 
of 50 smdrrs (or, as a mattrr of fact, 5 gronps of 
02 ssmdrrs) for the samr reasons that, as pr~vicnlsly 
esplained. one group of 90 trunks will carry more 
calls than 0 groups of 10 trunks, so that fewer 
s~nrlers arr  rrquirrd in an office using panel type 
links than in a similar officr using srncirr srlectors. 

1Si1ct1 panel type subscribers' link consists of 0 
pancl type selectors, a long "distrirt finder" a t  thr  
right in Figure Nuntber PG and a short "sm~ler 
srlrrtor" in a corresponding position a t  the left. 
Tltr clistrirt f i n k  and thr  sender selector each 
hnrr  two I~rnrhrs, those on the district f i n k  work- 
ing on the tol~most bank and those on the scntlcr 
sclrrtor on t l ~ r  t v o  lowrr banks. These brnshes 
are :~lrv;~ys tripped and are all used a t  thr  same 
t i n ~ r  sin~ply serving to  make double the number 
of contacts that coul(1 be made by single brushes. 
The district findrr finds the district selector t o  
which the nrs t  subscriber that calls will be con- 
nected by the line finder, while the sender selector 
srlects an idle sendcr when the call is received. 
Th r  two, being connectr,d togrthrr, srrvr as a link 
to  connect the anbscribrr to  the idle sender. 
N ~ i t h r r  of tlrrsr srlc.ctors returns to  nonnal. At 
the completion of a connection, t l ~ r  district finder 
1novc.s immr~liatrly t o  the terminals connectecl to  
t l ~ r  nest idle district selector to  be rra~ly for 
another call. Since it cannot be determined in 
:~dv;~nce \!,hat senders will be idle \r.hen the nrxt 
r;dl rolnrs in, thr  smdrr  srlrctor rrmains whrrc 
it ib, nnlrss it is rrsting on one of the upper 20 
trrntinals of the bank. In  this (,asp, it rrtnrns to  
normal, for thc probability is too great that, start- 
ing fro~n so high in thr  hank, i t  might not find an 
idlr smrler on its upward travel and would, there- 
fort,, rausc a delay by returning to  normal during 
thr  1111nting prriod. 

l'he (listrid selector may connect the snh- 
hrri1)t.r'~ line to  a trnnk to  the distant office that 
Ilr. is r.alling. Thr  450 trunks whirlr ran he reachrd 
11y ;I clistrirt srlector are, liorvrrrr. not cnongh in 
Iargr districts to  prorirle sr~ffiricnt tronks to all 
t11r offires which a snbscriber may call. In  this 
caw, thr  rlistrirt srlrctor connrrts thr  subsrrihrr's 
linr to  a trunk leading to  an office selector 1vhicl1 
can r r a r l~  trunks to  t l ~ r  office calle(l. Earh group 
of officr srlrctors ran rrarh 450 trnnks, so that  
by providing a numbrr of groups of offirr sr l~r tors ,  
trnnks can hr  provirld to  any numhrr of officw. 
Th r  trunk to  the distant office terminates there 
on an incoming selector. I f  the inconling selrrtor 
selected the terminals of thr  subscribrr called, 
only 500 subscribers could be reached, as only 500 
linrs ran be connect~rl to  a panel type selertor 

framr. Ear11 offirr is arrangrrl for 10,000 stations, 
so that 00 srlrctor framrs or groups of selectors 
are rrquin.11 to  n.ar11 all thc stations, varh srlpctor 
frame or group of sc,lectors reaching a certain 500 
stations. Tlle inconring srlrrtor, thm, is arranged 
to  select a trunk to  a final selector on one of these 
00 frames anrl the final selector selccts the station 
desired. 

Not all calls will be for suhsrribrrs in distant 
offices. a station in the ralling subscriber's 
own offi:is called. the district srlector lnav route 
thr  call dirrrtly to  an incoming srlrctor in the 
rt~lling subsrribrr's own crntral officc. On certain 
c;~lls. such as toll calls. ant1 calls for information. 
or if the subscriber wishes assihtance, it will be 
nwrssary for him to be connected to  an oprrator. 
'r11is is accomplisl~rrl bg the clistrirt srlrctor, wl~ich 
instead of choosing a trunk t o  an office selector 
srlrcts a trunk Irading to  a jack in a switchboard 
~vhrrr  thr  call is answrrecl I)v an onerator. Calls . . 
of this character, calls for subscrihrrs in manual 
rrntral offices, and calls coming into thr  office 
from rnan11;11 rvntral officrs will be <lrscrihecl later. 

Each of the variot~s srlrctors mmtionetl abovr 
has certain peculiarities which adapt it to  its 
 articular functions. Ficure Number 27 shows 
a frantr of line finders. I t  will be s rm  that 
the line finder is a panel type st.lector but rliffrrs 
from the cmrral tanr  in havinr! 15 small hank,. .. . .  
each 20 srts of t r r~r~inals  high, thus arrommoclating 
300 snbst.ribers' linrs. (A latrr cI<.sign has 10 banks. 
each 40 sets of tprlninals high, taking rarr of 400 
suhscribrrs' linrs.) In  these banks f o ~ ~ r  tcnuinals 
:lrt. provicle(l for each line instead of three as in 
other panel selectors. 'I'hr ohjrct of the small 
hanks is to  reduce the travel of the selrrtor and 
therefore to  reduce the time requirrcl for thr  
selector to  reach the terminals of the calling line. 
This time is further reduced by divkling the bank 
in half and revrrsing thr  orrler of the terminals in 
half of the hank so that a linr whoye trrnminals 
;Lppmr near t l ~ c  top in the Idt-l~ancl half of the 
hank appears near thv bottom in the. right-hand 
half. To find t l ~ r  ralling linr a selector is nsc.d 
whirh has thr  shortrr (1i.itancr to  travel nnlv.is all 
such selectors arr  busy. whm one of the. ot11er 
srlrctors will b r  osetl. Instrad of a vcrtical trip 
rod for each sclrdor, the line finder has a hori- 
zontal trip rod for rach hank. The trip rod associ- 
ated with the hank in which the calling sub- 
scribrr's linr appears will trip the corrrsponding 
brush of any srlcdor which risk. whrn the suh- 
srriher removes his rrre'vrr. 'rhr tri" rods and 
the magnets which operate them can br  swn a t  
the right of Figure Nnrnht.r 08 The circuits 
are arranged to  prevent two or more lines ralling 
a t  thr  cam? moment from interfrring with each 
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ot l~pr  and yet to  inrurr tl1;it r:~ch line ralling i.; 
attentle(I to  promptly. 

I)i\trict st~lrctors art. tyl,iv;il 11anrl typr  st4rrtors 
sinlili~r t c ~  tllosr ahonn in I.'igr~rc Xr~lnlx-r 8. In  
I'igun. Snoibrr  2!l the I;~rgc rrrtsnglvr rt.pr<3ht.nt 
t l ~ r  f i r r  I,;u~lis of t r r n ~ i n a l  and thr  h~nallrr rrc- 
tilnglrn rrpn.hvnt t m  trunks mrh. rxrc.pt a t  t h r  
top of r;u.h I ~ a n k  l ~ l ~ e r r  t l ~ e r ~  art, t r r ~ ~  g r o ~ p s  of 
fin. trunks c~arh. I':T.PT~ t ~ l ~ v r n t l ~  trrtninal and 
an a,l,litionnl onr br%t\rcen the two groups of fire 
trunk> at tl~t. to11 of the \lank is arranged as an 
orrrflorr. tc.rniin;~l for use when t h r  tcw trunks 
l,rlow it art* all bnsy. l'hr trunks ran he l~setl in 
g r o t q ~  of any size fro111 10 to  90 in ninltiplrs of 
I 0  ;~n,l IIV 115inc t l ~ r  P~OIIDS a t  t l ~ c  top of the banks . . . .  

@ 
t r l ~ l ~ k  ~ T O C I ~ ~  of only 5 trunks can he ol~taint.cl. 
\\'Itvn a trunk group larger t l ~ a n  10 iq nsrd the 
intrrn~r(li:ltr orcrflorv tcrn~inals arc made I~usr.. so 
tllttt the sc~lrdor passes right o r r r  tlien~. The 
sizr o f  tht. group to  br ~ ~ s t r l  for any partirnlar 
IlUTpOSC clepmtls, of course. on thc r o l u n ~ r  of 
tmffir t o  I,? I~an<llr<l. F i g ~ ~ r r  S ~ ~ m l , c r  29 sl101vs 
that  trnnks may I>r prorided from the distrirt 
selector frame to  other offices, t o  groop* of office @ sdrctor<. to  toll boards. to  oprrators, rtc. 'rhe 
clistrirt selector cirruit is providrd xvitl~ a repeating 
coil throucli nd~irli is snvnlierl tllr talkine current 
for the calling sobscrilrcr. 

t 'l'ht. offirr splrrtor i* m<rl~nnicnlly simiLr to  t l ~ r  
clistrirt scltrtor ancl oprratrs in t h r  same mannrr. 

70 OPERATOR A7 
JPFC/AL %'BOARD 

70 /NFDRYA7/0N D E S  

BANK 4 
ro fRANKL/N ca 

70 Mf7RO#OL/TAN 
TANDCM TOLL OrF/CE 

BANK 3 
TO 5PR/N6 L 0. 

70 WORTH C 0. 

LOCAL TRUNK5 
70 /'COM/h'G 5fLL<70RS 

/A' 7flJ.5 O/F/C.E 



The rircuit. howvrer. is simplrr an11 ~loes not /KMhl/NG 
contain a rt%l,o.ating ~r,il. From it* t r r ~ ~ ~ i n a l  I>:~nkh 
run trnnlis to  disti~nt ct,ntrnl officrs. 

Tllr t r ~ ~ r ~ l i s  to  t l ~ v  (li<tant rvntritl offi~.t,s trr- 
' 

min:ttr in t l l o ~ ~  ofFio.es on in(.on~ing wlrrtor?i. 
'I'ho..;c arc, typir.:~l p;tnt,l type s~It,ctors I)n1 eao41 
Imnk is <liri,lcvl into fon~r gmllps at 94 tronks. 3 
I.:acl~ of tl~o,st gronps girt,.; nrress to  r.rrtain 500 
i~~l)ser i l~t~rs '  tt.rn~inals in the ofFicc, ac sho\\.n ill 
17ig11rt. Nnnllrc.r 90. On all incoming framc~s, 
trunkh ill ~ I I P  \:IIIIC rclntivr location lratl to  t l ~ r  r 
hitn~t. gro1111 of 300 s ~ ~ b s r r i l ~ ~ r s ~  tt.rnlin:~ls and tl1~5 

, 

n111111,o.ring pl:tn i4 tllt. saIno1 in all offirrs. 
1 '11~ ringing n l r r m t  for ringing tlw callc,rl sul)- 

h~ril3o.r i+ iel~l)liwl a t  t l ~ r  inro~ning srlt.ctor. In ' 
1~11rt.l 1ylw of iws m c l ~  party, r\-l~rtIwr on a 
'?-p:~rty lin(. or on n 4-11nrty linr, l ~ n s  hi.; <,\I-n 
n11n111t.r :~n, l  hi.; o1r.11 set of t~~rrnin;~ls  in tho, final 
fr;t~r~r. for e:~ll, going ont tcr that pnrty, a l t l ~ o ~ ~ g h  * 
for r,iiIlh c ~ n ~ i i n g  in fro111 t l~i t i  lint, tl~c,rt, i\ cnlly 
one, 5c.t of ttwni~~:$ls in l l ~ c  linr finclt.r fr:lnlt. for 
:)I1 the* ~,artic,k OII t l ~ r  linr. In offir.o..i haring 
(lirrct linvh and '?-party lines only, t l ~ c  ringing 
rurro,nt is i~lt,.nr:~ti~~g rurrrnt wit11 thv gvnrralor 
nn tllr ring sirlr of ill(. rirrnit an11 ground on ~ I I V  F8gnn. :XI 

tip hid<*. On '?-pt~riy lint,< i 1 1 ~  I~cll* of tlw t1vo lint- art, r~\-,,rstvl, 50 t l ~ t  \ v l ~ r ~  ILV i< t ~ i ~ l l t ~ l  tl~ts 
lNlrtirs ;Irr c o n l l ~ ~ l ~ t t * ~  frolll 111~ ring :ln<l tllc. till grll,~r;llor r r l r rn~t  is writ cnlt on t l ~ r  tip siclr of 1I1t. 
ciglc.s of the line. rc,hpr#.ti\.t.ly. 10 gn,lrn<l tilt. lints :III<I grcn111<1 011 ill? ring hill?. 111 ofIi(.cs I~i~\ . i r~g 
t.c~nnc~rtions of tl~o. final trnnin;tl.; for t h i ~ t  party 4-llnrty lines vitll .;rl<.rtirc. ringing, ~ I I ~ B ~ . ~ ~ I I I ~ > O S ~ ~ ~ I  
!\11o.;t. 1n.11 is r(~nnrt.trrl fn)m t l ~ r  ti11 siclv of t l ~ c  ringing eurnsnt is ~,roviclr,l. Tllc gmrrator nlr- 
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rrnt is a l \~ays on the ring sidt* of the circuit of furthrr relation to  ~ a c h  other. Fignrr Xl11r111rr 51 
the inromiog selector and grountl on thc tip side. shows this systc3tn of ringing. 
I~n t  t11t.re is ;I bar on the ron~mntator \vl~ir l~ rausrs , . 
tll,, sllll,~rimllosed clired cllrrmt to  I,,. nrgatirc 

l hr  inroming st.lt~.tor riwuit, likr the. clihtrirt 
,vllt.n tl,p Sc,IPctor is htopI,P,I on Of trr- selector rircllif. rontains a r r~l t~at ina coil illrow11 

minal., of tile first groups of trllnks ill 
!!.liic,l~ is fod t l ~ r  talking rorrt,nt for the callcll a ,,:1~,11 tile selrrtor fralllt, and s~~l>scr i l~er  anrl thr  current lor thr  trunk 11etwt.m 

~ lo~ i t i v r  \!'hen the srlrdor is stopped on any of the two 

the t r rn~in;~ls  of the second ;~nrl fourth gronps. The i n ~ n k s  from the incon~ing selwtor f r nn~ r  
l'lir 11rlls of two of the parties on the line arr tcwninate on final srlt,ctors. Tl~rse (liffcr very 
(.onnt.rterl from the ring aid? to  pound ancl biased littlr f r on~  tht. typir:~l panel type selvctors hut 
to  rrsponcl t o  positive an#[ nt~gative superimposrcl each set of trrmin;rls in tllrir banks rrprt3sents not 
current respectively. 1'11e hells of the other two a trunk llut a sul,srril,rr'a station an11 :IS no orrr- 
partirs are ronnrcted from the tip sirlr of the linr florx. ttrrrninals art. rrq~~irrcl, 500 sr111.irril1rrs' sta- 

a t o  ponntl and biased also. Party Xumhrr 1 is tions can he rt.ar11c.cl hp eat41 ht4t.rtor. I)istrict, 
rung Ily negative superimposed current on the office and incoming srlrrtors arr rlirrrtr~l to  the 
ring side of the line and party Nun~her  3 by posi- brginning of n group of trunkb and t h n ~  auto- 
t i re  sl~periniposrd current on the ring side of the matirally hunt t h ro~~gh  that group for an idle 
linr. I'arties numbered Y and 4 require negative trunk. Final selrrtors are dirt-ct~d t o  a certain 
.;uprriniposrrl current on the tip side and positive gronp of 10 sobsrrihrrs' stations an11 then must 
soperinlposc~l current on the tip side, respedively. be ~lirrrted t o  the partirnlar station rnlltd. As 
For tlirst. latter parties the ronnections of the the sets of terminals are only 1 ,'X of an inrh apart, 
final trr~nin:~ls t o  the line are reversed. I t  will be the final selector mnat mo\rr slorvly when I~eing 
necessary. t11t.n. that partit..; Sumhrr  1 and Snm- direderl t o  the par t in~lar  station. R I ~  this reason. 
her ? l1118~' n~~tnhers  whir11 can 11e rearhed by the final selector frames are provirled with a third cork 
t r r~nks in the first and thin1 gronps in any hank coverer1 roll which turns a t  a l~ont  114 t l ~ r  sprt.(l 
of the inroming frame, while parties Suml,rr 3 ancl of the other rolls and clrives the srlertor during 
Pinmber 4 must hare  nn~nl~prs  that ran hr  rrar1ic.d thr  selertion of the set of trr~ninals represmting 
by thr  seronrl or fourth gronps. 'I'hat is to  hay. t h ~  ralle(l buhscribrr's station. The final srlertor 
any telel~l~ont. whir11 is party S u ~ n h r r  1 or S n n -  twts  t11e line on whir11 it stops an11 if it finch tht. 
her L? on a 4-party line ~ n r ~ s t  ha\.? a n ~ ~ r n l ~ r r  rhospn linr busy it returns t o  nornlal :1nr1 srnrls bark 
from 0000-04!)!). 1000-1499. 9000-54!)!). rtr.. 1~1iilr a bnsy signal. If a subbcrilwr 11ns a priratr switrll- 
any tt.lep11onr whir11 is party Sumht.r 3 or party I~oanl wit11 se\.eral ronht.cntivr lines. the final 
S r ~ n ~ h r r  4   nu st harp a nnrnl~rr rliosm from 0 5 0 0  selector will stop on thr  terminals of the line the 
0!)!)9. 1500-1!)99. ?500-"?$19. r t r .  The no~iihprs nnmber of \vhirh was di:~lecl, but if it finds that 
of tlir fonr partirs on onr linr. l~o\\~\-rver. hear no line hnsy, instead of returning the husg signal it 





will continue t o  t h r  next line and not givr a busy betwern the two offices. This causes the opera- 
signal nnless it finds all the  consecutive lines of tion of relay "CS' which, hring polarized, would 
that  subscriber busy. As soon as tlie selections not operate until the cnrrent was rrvrrsrd. Relay 
on the final frame have been complrte<l, the sender "I" is no\\, operaterl when the interrnptrr rnakrs 
whicb has b r m  rontrolline the movement of the  its rieht-hancl contad. ltelav "CH" is o ~ r r a t e d  
selectors is relmsecl so that  it may he nsecl hy when the  intwruptrr makes its Irft-hand contact, 

L 
another snI>scril>er and if the  line wanted is founcl provided that  rt.lay "I" is still operatecl. whir11 
icllr, ringing current is applied a t  the  incoming i t  can be only if the calle(l subscril~rr still han his 
scl(.ctor, ;LS previously drscrilierl. \Then t h r  called rrreivrr off the hook. As the intrrroptrr ~ n a k r s  
party nnswen, the eirc.nits a r r  r u t  throng11 for its left-hand contact approsi~uately two srronrls 
talking. (in New York) after its rieht-11:~ncl contact, the 

T l ~ r  relt-ase of the connection is ondrr the control 
of the calling snl,serihrr. \\'hm h r  hangs up his 
rreriver, all of the apparatus involvecl in the call. 
with the rxcrption of the final selector, returns to  

L normal. .After a predrtrrtninrcl intrrval the  final 
selector also returns t o  normal. Should the called 
snhscriber hnng up his receiver, but the calling 
snbscrihrr fail to  do so, the apparatus will not 
he releasrd hut  aftrr a given interval the Maink-  
nance Force will he adviser1 of this condition hy 
an alann. 

Mrssage rate service is given with the  panel 
type system ancl the tnrssage registers are operatr(l 
automatirally by tht. apparatus. The srhrme of 
oorration is sllown in Pieure Sumber  30. The 

called party niust answer for a t  lrast two scconcls 
for tlie call to  be rrcor(leel. l'hr " C H  relay 
heing operated, the cam of the  distrirt srlrctor 
seqnmrr switrh when i t  passes tlrroogh position 
Nnmlier 16. which i t  will do after the eotnplotion 
of the conversation and the release of the ap- 
paratus, oprratrs the  message rrgistrr. 

T h r  telephone of party N u n ~ b r r  2 on a 2-party 
line is arranged to  put  ground on the line whenerrr 
his receiver is off t h r  hook. This groond will cause 
the "SL" relay to  h r  rvlrant.d. allowing the "CO" 
relay t o  release also and ronntrting the second 
message. rrrgist~r to  t l ~ r  "CH" rc~l:~y when the call 
is nia~le by this party. 3lrssagts rate sprvicr is 
not e ivm on 4-riartv linrs. . . 

anhwrr of thr  rallrtl party causes the operation T h r  rrgistrrs are n~onntrrl in a rahinrt hrhincl 
of relay "CS-I." wl~icl~ causes the  relay "CS-0" to  lorkrd glass cloors. Earh mont l~ t1)c.y are photo- 
opt.ratltr, relay "A" heing, of course, oprratrcl ar g r a p l ~ r ~ l  with a .rprc,ial c;lmtSra. as shown in 
long as the ronnection is made. 'I'lie operation Figr~rr Srnnber 9.7, anrl from this photograpllir 
of r t h y  "CS-2" rrvc.rsvr the rnrrmt  in t h r  trnnk rvcord thr  cl~argrs to  the sr~l,srril,rr ;trv rotnpr~tt.d. 

The Sender 
In  rlrscribing the mrtho~l  of m;tking ;I conncc- 

tion a clmrription of the operation of t l ~ e  mo.;t 
important fe:ltnrr of t h r  p;tnc,l typr s y - t ~ ~ n  11a.i 
so far purposrly heen omitted so that illis feature 
may h r  csprrinlly rmpl~asinrtl. I t  \rill he relnenl- 
hprrcl that  it was s t :~tnl  that in t l ~ r  ~iilnrl type 
systrm, rlirrct control of the srlrctors 11y tlie 5111)- . srrilirr's ilia1 and nn~nrric.al arlrrtion 11;1ve h o t l ~  
h r n ~  ab:m,lonrrl so th ;~t  it is nrr<,s\;n.v to  nroridr 

Figurr Snnll,t,r 34 shows a fra~nt. of hnlt\cril~rrh' 
sen(lrrs. Tht. rcjuil)mn~t for 5 scsnclrrh i.; tnonntc~cl 
on this f ra~nr .  IS;trl~ srn(lrr corn]>rises t l ~ r  rrlayr 
and other apparatus n~ountril in one of t h r  ~nptal  
c;~binrt< ant1 the 11 rotary ~ w i t c h ~ s  i ~ n d  6 < C C ~ I I < ~ ~ C C  

sn.itrhrs niountecl to  the. right and lrft of the 
cahinet. .\ sender therefore is not a ~ n a r l ~ i n r  hut 
an elretrical rircuit containing rotc~ry s\vitrhrs. 
w a n m r r  s\vitchrs. resistaners. eonilmsc~rs. an<l . . 

somt o~tr.l~nnism ~vl1ic.11 $hall reconl the nnn~her  
as ~lialrcl hy the. calling s o l ~ ~ r r i h r r .  holrl it. inter- 
pr,lt it into ~<TIIIS of I,rusl~ ;tnd Xrorlp srlrction. ant1 
control the srlrctors in arrortlanrr with it. 'l'his 
n~rrhnnisn~ a\ 1)rovidc.d in the pnnrl type cyhtnn 
is known ;IS thr  smrlr,r. ancl it ancl its ;~ssoriatrcl 
a!,paratus ron5titntr t l ~ r  lnost s:~lirnt snil dis- 
t ~ n r t i r t  featnrr, of thi, \yste~n. The senclrr \vitli 
it5 assoriz~tr~l I I I C ~ ~ . ~ I : I ~ ~ ~ I I I  of tra11-4li1tor and pulsv 
tnachinc. (or clrro~lrr) is t l ~ r  "hrains" of thr  panel 
systrnl and a thorougl~ nnd~.rstancli~~g of its fnnc- 
lions and oprrntion ir essmti:~l. 

r ~ l i ~ y s .  
The description of t h r  ol>rration o f  t h r  hc.nclc-r 

!rill I)e divillrd into two parts: t l ~ a t  ,lnr to  t11,. 
di;~ling of t h r  offirr rodr, :111d that  whirl^ rrsnlta 
f r o n ~  t h r  (li:~ling of tlie c a l l ~ ~ ~ l  party's ~nnnl,,~r. 
For the time lreing we n-ill ronsi~lcr 1l1;lt the calling 
suhsrrilirr has cli:tlrd the  offirr rode> and t l ~ : ~ t  it 
haa served to  obtain for hinl :I ronnrrtion to  an 
inrollling srlvrtor a t  the (listant offire. in whir11 is 
loratril t h r  line of the suhscribrr with \vho~n l~t. 
~leairrs to  spt.ak. The ralling snI)srriher is now 
ahout t o  ~l ia l  the nn~nhrr .  I.:ael~ 1)anrl type 
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office is arranged for a maxin~nni of 10,000 sub- pulses has bc.en sent back by tlie selector it is 
scribers' stations so that each station mill he given arrested. The nuniber of polses to he sent before 
a number of 4 digits. I t  is always necessary to the selector is stopped is deterniinerl by the num- 
dial a t  least 4 digits. If the subscriber desired ber of counting relays included in the circuit and 
numb~r  0953 but dialed 353 the sender would be this is determined by the setting of the registers. 
unable to detrrn~ine whether or not he iutencled A complete clrscription of the operation of the - to  dial another digit. T l ~ e  digits dialed by the circuits of the panel type systnn is beyond the 
subscriber are recorded by rotary switches which scope of this paper. No attempt will I,? nlade to 
make one step for each contact of the dial. Four trare any of t l ~ c  actltnl eircnits and it must be 
of these register switrht.s are used to record the understood that v-l~rre a circuit is ~11ou.11 i t  is 
number, oni. for tlie tl~ousanils digit, one for the ~Iiagramnmntic and contains only surh portions as 
hundreds, one for the trns, and one for the units. arc necessary to ~lemonstmte its olnzr:~tion when 
The transfer of the calling snbscriber's line fro111 performing one partir111;~r fonrtion. Figure NUN- 
on* regiater to another is rtfected by a slo\v release ber 35 is a simplific~l rircnit sl~o\ving out arc of one 
relay, as previously mmtionerl, this relay, 1ion~- of the rotary rrgi~trr  bn.itr11t.s. some of the rt.lays 

L ever, etfeding the transfer by means of another in the senclrr, and parts of the srlc,rtor which is 
rotary su,itrli dpsignate(1 "register rontrol." lYhm heing rontrolle(1 by the semlt,r. Tlir sender is 
the four rrgisters 11ar.e been set by the subscriber's sho\vn eontrt~lling an i~iroming qelertor for the 
dialing, t11t.y detrrminp the movement of the selrrtion of the I,rush to hu trippril. The (1:tshed 
incoming and final st.lrrtors to  find tlie terminals line separatrs tht. apparatos in tllr inro~ning selec- 
of the caller1 party. tor from that in the smdrr. I t  s11011111 be noted 

The movement of thr  sc~lrrtors is determined that the sender is in t l ~ r  offire of the calling sub- 
by what might lw temied "reverse rontrol." T l ~ e  srr ib~r,  wliile the inroming st.lector is in the office 
selector, instead of being made to more a crrtain of the rallecl sobsrriher. lY11t.n the contacts 
distance by the smilrr. is driven rontinuonsly marked "R" are closed hy the sequence switch 
upwarcl and sends back pulses of current to  the the "I," relay is in an opemte(1 position (having 
seniler. These pulses are sent hp tlie commutator been previously opemterl) ant1 is 11~111 operated 
of the selector and are r o n n t ~ l  hy t l ~ e  counting by the path through the stcpping relay. The 
relays of the st.nder. \Then a snffieient number of upward drive rlutcl~ of the selector also rrreires 



rurrrnt through the contact of the "L" relay and 
therefore drives up the sdertor. I t  will be seen 
that cSvrry time the commutator hrush passrs 
over a metal srgnlc,nt in the commntator snothrr 
path is fonnrrl for t l ~ r  cllrrt,nt througl~ the "L" 
relay, whir11 shunts out  111~ stt*pl)ing rrlay. l'hr 
"1," n4alr is I~t.l<l rontinuonslr~ o~~t.rate(l. t,ither . . 
by the pat11 thn)ugI~ t h r  strpping r t h y  or by that  
t l ~ r o ~ ~ g l ~  thc. ronlmutatnr. rvhilr thc s t ~ p p i n g  rc*lay 
is oprr:ittvl n l r n ~ e r t ~ r  tht. commntator I~rusll rests 
on insulation ancl rc.lt.ast.<l whmrrt.r the  com- 
m ~ ~ t n t o r  h m s l ~  rrhts on metal. T h r  first oprration 
of the stepping rrlay operated rolmting rrlay 
Numhrr 2. 1Ylit.n the htepping relay r(~lc.:~st~rl dne 
to  bring s lmntr~l  out 11). t l ~ r  eon~rnr~t:~tor. it re- 
~novrrl tllr s l~unt  :~ror~n(l r v l a ~  SIIIII~)~.~ Y .  n.11irl1 
oprmte,l : I I I ~  tr;$nhfc,rn,,l tht. ronnt,rtion to  ronnt- 
ing relay N111n1)rr 1. 'I'hih opvratt~s \vl~t.n t h r  
strpping rrl;ry comes ulr again and rrlay S r ~ n ~ l w r  1' 
o p r r i ~ t ~ s  wI1t.11 t h r  strpping rt,lay rrlpahes again. 
7'11~ proc,t,ss is rty,r;ttr<l ri~rll time the rommrltatar 
h r r ~ s l ~  p:tssc.s ovrr a rnet:ll st.golmt an11 finally 
relays PO :tnd l30 nrr opc,ratr~l. r ~ ~ t t i n g  off thr  

ill,. st,quc.net. s\vitc.l~) to  tllrn :t11(1 ~ C ~ P ~ S C  th(' colmt- 
ing rr1;~ys whicll a.,.rr held ol,rratc>d. l'llr "L" 
rday i.i still Ilc,l<l n p t ~ i ~ t ~ < I  lllrollg!~ the e011111111~a~or 
hut \vl~rn thr  ~ O I I I I I I I I ~ ; ~ ~ ~ ~  I , r ~ ~ s h  passrs off tl~c. 
metal sc,gmrnt. thc "1;' rvli~y is n.lt~ns<~il. rutting 
off the clrivr r l r ~ t c l ~  and slor~r~inrr t h r  srlt~ctnr. . .  . 
l'his also c,ausrs t h r  scclllc.nce swit r l~  of thc, in- 
coming srl<v.tor t c ~  t r~rn,  cl~:tnging the connrrtions 
of tht. st~lvrtor for the. nrxt cmcratio~~. 'I'l~is ih 

sc,lr*rtors :tub r.r,ntrollt.<l for t l~( .  st.l~rtion of the 
hrusl~ to  131. trilq)rct, for ill+, grorrp of t r u n k  trr hc. 
usrcl, :incl, in the, fins11 st.lwtor. for t h r  sclrrtion 
also of t h l  trrmin;~ls of tht. rnllc~rl party. 'I'he 
stvpping rc,lay is shown in Figure Nnml)t.r 36 and 
a cor~nting relay in Figure Sumhrr  37. 

I\'<, will s1111pose that tile st~I)srril~vr dialc~l 
numhrr 457!). 'I'his m<,ans t l ~ : ~ t  llr11hl1 SIIIII~)C~ L? 
must 1)~. tripperl on the, inrollling fr;ln~r. *in<.? only 

this brnsl~ 11a5 accrss to  s t n t i o ~ ~ s  \vl~osp numbers 
hegin rvith 4 (her Figurr Sumhrr  30). 'I'o trip 
h r ~ ~ s h  S ~ ~ n ~ l ) t . r  2 tht. sc~lrctor mr~.it riw until the 
rommutator hrr~sh has p;~ssrcl orcr  t l ~ e  third 
mrtal srgnimt of tht. ".I" cr,llllnlltator h i ~ r  (we 
Figure S n m l ~ t ~ r  38). 'I'liis is arcomplisl~ed as 
just <lrst.rihril. T l ~ c  sclrc,tor Ilcing stopprcl, t h r  
.;eq~~rncv sxvitrl~ of the in<.o~ning srlrrtor rausrs 
ill? trin rod to  rotate imrl t h r  srlrctor to  start 
aqain. The up\vanl o ~ o l ~ t . ~ n r ~ ~ t  of t h r  splrrtor 
trips t l ~ r  hmsh. (;n~ul) Sun111t.r 1 of trunks rnr~st 
lrr st.l~ctt.~l. since only this grnlzp learls to stations 
~ v l ~ o s e  number5 begin 45. l'hr srtting of t h r  
thor~sancls and I~un, l r t~ls  rc,gistrrs t o g c t h ~ r  clrtrr- 
111inr this. for l~atl thr  n11n11)t.r ~ P ~ I I I I  53 it rvould 

of t h r  "R" rom~r~utator  hnr anll tllr h r ~ r s l ~  will 
thro  bc a t  t h r  hrginning rrf tllc serond grorlp of 
trunks. I t  will h r  s6v.n t l ~ : ~ t  in thehe st,lrctions 
thr  funrtion of the, rrgisturs ih to  ronnrrt tllr prolwr 
nun11)rr of eoonting n,lays into t l ~ c  r i r c ~ ~ i t .  

J I t ~ ~ t i o n  has 1,t.m n~acle :~l~ovcs of tl~c. "A" ; ~ n d  
"R" 1,;lrs of t l ~ r  comn~utator. I+'ie~~rc. N ~ ~ n ~ h t ' r  :1X 
\rill makc rlrar t h r  ~ ~ r r a n g c . ~ n o ~ t \  of tlw ~1ri011s 
hars of tlw ronini~~t i~tvrs  and 1111. fn~~c,tions  whirl^ 
thev ~ ~ e r f o r n ~ .  I t  will 11r wen t l ~ ; ~ t  tht. colnnltl- . . 
tators art. cliff~r('nt for ~ l i f f c r ~ n t  typc.8 of s ~ l t ~ . t o r s  
llul rert;~in ft*ntr~rch arc cornlllnn to  all typcss. T h r  
wliitt. r):~rts rvl)rt,st.nt I I I P ~ : I ~  : I I I<~  the black  orti ti on 

It>ttrr oppo\itv its tt,rr~~in;~l rvitl~ the c.xrq)tirn~ of 
t h r  bars marked ".\" \vl~ir.h are in nnc. ~~i t .ce  witl~ 
t h r  "7," hai-s. I.::tr.l~ af t h r  long 11ar.; nn tht. 
"fee(ler" aide is ro11tinnou.t h ~ ~ t  only t l ~ r  portions 
shoxvn in \vl~itr apprnr on t h r  fare of ~ I I P  rolnmrl- 
tator: rvl~t.re interrul,tr(l hy I,l:~rk. t l ~ e  bar is h m t  
belorv tllr s11rf;lrc of the iinslll;ltion ill n,l~ich it is 
nnhe~l<lr~l .  I n  t h r  <li;~erams I)elo\r. the romnro- 
tators, the short vt.rtir:~l'linrs reprevnt spring (.on- 
tar ts  of the romn~lltator II~IIPII w11icl1 slidr I I ~  2nd 
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down on the bars whose letters appear opposite the 
vertical lines. These contacts are narrow enough 
not to touch the side portions of the A, R. C, and 
Z bars. Each commutator has a set of bars 
marked T,  R, and S and the contacts of the com- 
mutator brush which slide on these bars are con- 
nected through wires inside the selrctor tube to 
contacts of thp selector brnshes which rub on the 
terminals of the selector banks. Each commu- 
tator also has a (; bar which is connected to ground 
and simply serves to fwrl ground to other ron- 
tacts of the commutator brush. The bars with 
m.hich we are principally concernecl a t  the present 
moment are the A, R and C bars. The portion 

group of trunks it automatically hunts through 
that group, and through the succeeding groups, 
if the intermediate overflow terminals are made 
busy, for an idle trunk. The connections for this 
performance are arranged as shown in FigureNum- 
ber 39. The "Z" relay is operated and the up- 
drive clutch is receiving current through the con- 
tact of the "L" relay so that the selector is going 
up. The sleeve terminals of busy trunks will have 
ground on them. So long, then, as the sleeve con- 
tact of the selector brush is touching the sleeve 
terminnl of a huq? trunk, the "L" relay mill be held 
operatrcl I)? tht. grouml on the sleeve terminal. As 
soon, howercr, as thr  selprtor brush passes off 

I 

marked "A" controls the sdection which cl~oosrs 
a brush to be tripped, ear11 of the 3 mrtal segments 
being placed a t  the correct height to bring the 
selector in position for tripping one of the 5 
selector brushes. Thr segments of the "R" bar 
are spaced apart the lrngth of a group of trunks 
in the terminal bank. I t  will be notirecl that they 
are different for the distrir,t and office sdedors 
from thoye for the incoming selectors, for the 
trunks in the district antl ofice srlrdors are 
divided into groups of 10 antl in the incoming 
selectors into groups of 44 as previon.sly described. 
The "C" bar is used for centering the brushes 
when trunk hunting ancl will be rclerrecl to later. 

The selector now being a t  the bpginning of a 
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the terminals of the last busy trunk t l~ere rvill be 
no grountl there to hold operated the "L" relay. 
But should the "L" relay rvlease a t  this nlolne~~t  
the current woulrl he cut off from the clutch and 
the selector would drop bark onto the trrnminals 
of the last busy trunk. l'hia is prevented by the 
fact that the "L" relay is obtaining groon~l 
through the commutator b r t~s l~  xvhic11 is touching 
one of the metal seglnents of the "C" comnlut;~tor 
bar. Not until thc ro ln~n~~ ta to r  1)rushrs pass off 
the metal segment does the " L  relay r<.Iease, 
cutting off the clutch and stoppiug thc selector. 
Ry this time, however, the selt.rtor is opposite 
the terminal of the idle trunk and the pawl in 
the dntch has fa1lt.n into a notch in the mck so 
that the selector is prevented from dropping 



down. Thus it will be seen that in trunk hunting rack and the selector be held on the idle trunk 
the condition of the sleeve terminal of the trun; and not be allowed to slip back onto the trunk 
deternlines whether or not the sdector will stop below. Should the selector find all the trunks in 
on that trunk and the metal segments of the the eroun busy i t  will nass over them all and onto , . .  . 
commutator merely serve to assure that the selec- the overflow terminals and the " Z  segment of 
tor will be raised high mough so that the pawl the commutator. This will give a busy signal to 
in the clutch will surely fall into the notch in the the calling subscriber. 

The Office Code 
Let us now ronsider the office code. The sub- I t  will be observed that no letters appear in 

scriber is instructed to dial the first letters of the the hole with the figure 1, so that the digit 1 never 
name of the office. In some cities this will be the forms a part of the of6ce eodc. There are two 
first two letters. in others the first three letters, reasons for this. This figure is used for the second 
and in still others, the first two letters and a num- and third digits of certain official codes, such as 
ber. I t  will he seen that dialing letters is the same codes for Long Distance, Repair Clerk and Com- 
as dialing three figures, for the letters appear in mercial Office. Furthermore, if 1 formed the 
the samr holes as the figures, anrl, of course, the first digit of some office cocles an accidental jog 
dial cannot transmit a letter but rner~ly makes and of the switchhook before the suhseriber starts to 
breaks the circuit a certain number of times. Thus, dial n.ould have the same effect as dialing this 
dialing "PJ':Nm for Pennsylvania Central Office is 
the same thing as dialing 736 (see Figure Xumber 
40). The first letters of a name are used. since it is 
easier to remember the name and four figures than 
to keep in mind the seven figures that othrrwise 
would be required. With this arrangement we 
cannot have two offices in the same area whose 
names begin with the same three letters in the 
same onler, nor can we have two offices whose 
names begin, not even with the same thrre letters, 
but with three letters whirh correspond to the 
same thrce numbers in the same order. Thus if 
we have an office named Canal, the number code 
for that office is 996, and we cannot have offices 
named Cambridge, Rampton, Banks, Abner, 
Aborn, Acmr, or Acorn, for all these would have 
the samr number code and would be the same 
thinr when dialed. 

digit. In any code, the first digit dialed isnever 
a 1 and the sendrr is so arranged that the dialing 
of 1, or, what amounts to the same thing, jogging 
the switchhook before beginning to dial, does not 
interfere with the operation of the apparatus. I t  
is hardly possible that the subscriber could, by 
jogging the switchhook, dial any other number, 
since he could not imitate in that way the rapid 
and uniform pulses of the dial. Jogging the switch- 
hook three times would therefort. be received by 
the sender as a series of three 1's rather than as 
a 3 and would not affect the subsequent klialing. 

The digit 0 is reserved for dialing the operator 
so that 8 holes are left into which to put letters. 
This makes it necessary to eliminate two letters 
from the alphabet and "Q" and "Z" have been 
omittrtl. Since all of the three letters in the same 
hnlp will he the same dieit. the number of different . . . . - - - - ,  
combinations available is 519 where three letters 
are used for the offire code. Not all of these 
combinations are actually available, however, 
where the offices are eiven names, since for some 
of the combinations such as WWW, WWX, WWY, 
m x m ,  WXX, WXY, TWW, WYX, WYY,XWW, 
SIT'S, XTW, XXW, XXX, XXY. XYW, XYX, 
XYY, YIYW, YTT'X, YWY, YXW, YXX, YXY, 
YYTTl, YYX, anrl YYY whirh represent all thr 
nosslble arraneemmts of the code 999, it is hard 
to find a suitable name, in the Engbsh language 
at  least. 

Only in the larger cities is the number of offices 
to be dialed by the subscriber* so great as to re- 
quire the use of 3 digit codes. Ry dialing the first 
two letters of the office name3 64 codes may be 
obtained. 

On the o t h ~ r  hand. in a verv laree Metrooolitan - - --- --- , " < .  . 
I : I ~ I I T ~ .  40 Area such as New York, a sufficient number of 
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suitable names cannot be found for the large num- 
ber of offirrs incluiled in the dialing area. This 
difficulty is ovrrcolnr by instructing t h r  subscriber 
t o  dial the first two Iettera of the  office name fol- 
lowed by a single digit number. Seveml offices 
may then he given the same narnr with distinctive 
nun~bprs, surh as: Caual-2. Canal-3. Canal-4. etc.. 
the eo~lrs  for which woulcl be C.42. C.4:3, C.14, etc. 

The s ~ ~ b x r i l ) c r  thtw clials t h t  first three lrtters 
of the name of the office \vl~icl~ he desirrs (or two 
1ettt.r~ and a I I I I I I ~ ~ P ~ )  ancl these st$ tllree register 
switchvs known as "A:" "R," nntl "C" rrgistrrs 
to  nositions corrrhr)oncl~na to  the nru111)t.r of ~ u l s e s  . ., 
prorlucr~l bp the dial for rach Irtter. The com- 
bination of thrse positions n n ~ s t  deterniine a n11111- 
ber of questions in rrgarcl to  the rall which the 

The TI 
I t  is the function of the translator to  settle 

these qnestions. Each smdcr is connected per- 
manently to its own translator srlrrtors. The 
translator for :3 digit codes whirh is s11on.n in 
Figure NIIII I~C.~ 41 consists of a panel type 
selectine n ~ r r l ~ a n i s ~ n  havine 10 banks of 40 ter- 
n1in:ils vac41 and a hunting I ~ a n k  of 57 ternmi- 
nalb. In t h r  hunting 11:lnk thr  tern~inals are in 
a sinclca vc.rtir;il row I)cfore mcl! st,lrrtor in- 
stcarl of in tl~ret, PII\VS :IS in th(* othrr 1)itnks. 
Forthrrmorr. ear11 rc,rtir,:tl row in t l ~ r  hunting 
hank is \virtvl st.naratt.lr a1111 not conner t~(I  t o  tht. . . 
arljarrnt n)\v. .-i<li:u.<.nt I)n~sl~c-r of the. trans- 
I;~tor :1rr ronnrt~ir(l togctl~rr : I I I I~ t l ~ r y  trip in 
n:iirs so illat tl~t.rt. an, six I P : I ~ S  (.onnt.rttvl Irv 
the. l,rnsl~es. rvl~rn,~vc~r t111, t r;inslatur splrrtor rwts 
upon :I 5c.t of t(-nninals. 'I'l~c l ~ ~ n ~ t i n g  II:III~ ser\.t,s 
to  locatr 1111. tr;~nslat<)r hc,lc.rtor I I I I O ~  thv I)ror)cr . . .  
set ol twn~inals ;ln,l its trrminal\ are connrdrd 
to  t h r  rvgistt.rs r r l  tlit. sc-nrlvr. .is \>.ill 111, s r m  fro111 
Fignrr N111nlrer42. tl~eh,.t ol tvr~nin;lls on \r.l~irh tile 
tmnsl;~tor will stop is clc.tennint.d I,? thv r o n ~ l ~ i n a -  
tion of t l ~ e  srtting of fht. rt.gihtc,r.; wliicl~ rrcord 
t l ~ v  Ivti<~rs ~ I I ~ ( . I I  111,. s ~ ~ l > s c r i l ~ t ~ r  clial*. Tht, first 

(.otlc. has it5 o\vn p:~rtirul:~r s ~ t  of t<.r~nini~ls. 
Ii'hrn tllc tr;~nal;ttor seltr.tor Irrusl~rs n-51 on any 
ht.1 of hix t t ~ r n ~ i ~ ~ ~ l s  in thv l r i ~ n ~ I : ~ t o r  1>a11k, ~ I I C ~ P  
nrc. six l ~ a ( l ~  (.~)nn('rt<'(l t11r(111g11 the. tr:~n\lator 
.;r4c.rtor I)ru\ltc%s to  vix wt- of tran5li1tor rt,gistt.r 
rrlavs in the. svnclt.r. cv1rl1 sr t  ronsistine of his 
or less rt4ays. 

snbscriber is making. Thrsr are as follows: 
1. Th. rlnrs of the otll: alwthrr it ir to renrh a .lid line. a line i h  a 

mnnail office. or an oppmtor. 
2. \YLrthrr tl!e c:xll ir r~\erpcl bv t h ~  ~e~t~lar  tel~phone cllnrges or 

"hc,~ml<t I, ...I 1" ..,,,,".,,I,,; ,,, ,,,,I<., It,., :, toll ,.I,.,, ma, 
Ile l l l i l r l ~  

3. IYLal ,listrlrl Ivrudl r l ~ o ~ d d  hp lnppwI. 
I. \Yhat p,,apnl trllnksos lllr <li*trirt frilme ir to I,? 7elpc.t?d 
5. \\~llclLer or not an ufficc *clrtlt,r i. rrrll~irrcl onlrr tcl rmc.11 

Ill? !>"per tr,,st. 
(i. \\.hi#l ~ , f f i ~  I,nxrl, i. to be t.ll,l,r,l l i f  a n  offire srlrr,t~,n i s  to he "..., I-/ . . .. . . . , . 
7. !vll.lt P"",'"f t.ll"l. on Ill" <,ffi<.e fn,,nc I. 11, I,r "elcrlnl Irf nn 

,,Hire sdcvtala I. tt, he m;tclrl. 
H. \\Llt <.o,.pensntis~ rc.,\trsre "l,oebl Ile rnlrcxlacrtl illl,, tile 

cln.lcil tlllrlnp th? cr!stn,l of tltr selw,t~,r. 11, cr,snpm+itlr for the 
~ ~ . ~ ~ t ~ ~ ~ ~ ~  tllc r r r ra l t  o\rr a ~ l i c . ~ l  t l l r  ~ c t ~ y ~ l c l s  i. tl, I,? I,,~,IC. 

9. \\~ltrtl~er l lw  call .110tt1~1 I ~ P  r n ~ t w l  tat $2 ~ ~ , ~ ~ . ~ ~ ~ l  ,,p~r,tlt,r .!t, h 2,. 

Ihsg <11rti,,se or tcl l l  
Ill \\I,~tller .I <letz,y sl,n,,hl I,? inlrollar~<I f,r llle m.,nlinp .f n 

tn~l~n,l~"r al,<,~e 9llllll or r<,r a ]x,rty letter <,f $1 ,,~,!,,%,l ,,art> l,,,e 
11. \ \ I I ~ I ~  type .r cr,nnw.tioa is srrpr.:tr! c ~ a r i n g  

,anslator 
These relays by the fart of their being operate11 

or not operated in varions colubinations ckter- 
niine the number of counting relays that  will he 
introduce~l into each selection performed by the  
district and office selectors on this call and also 
set t o  rertain positions sequence switchtas whir11 
ni;~ke the proper rirct~it connertions for the clitfer- 
rnt classes of calls, insert tht. proper ron~prnsating 

I I < \ , ? < ,  il 

rrsist:inrrs. rtc. E:sr.h tvrn~innl in thp tr;unslator 
I>anks is ronstantly f t ~ l  \,-it11 :I sc,rira of ~,ul\rs 
frolll the 1)111he 111arhin(. :lnd 110 two S P ~ S  of six 
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trrt~iinals in the translator have the same rom- usrs is clrter~ninrtl l1y thc first lettrr of tile office 
I,inatirn~ of pulses. Tllus earl1 working office code code \vhirh the subsrribrr clials. Sincr. therr are 
1s rrl~rcn.ntr<l by six terniinals in tliv translator 51'2 1)ossible c~odcs and translators arc provi~lrd 
wit11 its own peculiar combination of pulses. -1 for only 400. therr are :I nnml~rr  of sptr of terminals 
tranhlator fran~t. will care for '200 offirr r.o,lm. In  in the translator fra~nes w l ~ i r l ~  are assignecl t o  two 
e:~rh ofFirr two sets of translator f r ;~~n r s  arr pro- or Inore roc1c.s each. only onr. of t l ~ r  co<lcs in  earl^ 
riclt.~I and each sender is connectecl to  t ~ v o  tmns- rase Ileing u w l  I,y tllc .;ulrscrihrr. IJigure NIIIII- 
lator 4elertors. mrh  caring for a different 200 lrrr 43 sl~o~v\.s the ilrrnngrm~nt 111 Il1(' codes on 
<.o<lv.;. 1Vliirl1 of tht*se two tran.;l:itori t l ~ c  sc.n(lt,r thr  translator tc,rrninals. 

The Pulse Machine 

The pulses are furnished by thc pulse niac,l~inc. 
shown in Figure Number 44. I t  consists of a srrirs 
of drums which are constantly rerolrecl by a motor. 
ICach of thesr clru~ns is (liridrtl into sis segments 
whir11 may be connrcterl either to  hatter? or to  
ground. 11 complete set consists of 40 "smrling" 
drums, each of Tvhich has a rliffermt armngemmt 
of battery and gmund on its scgmmts as s l i o n ~  in 
Figure Number 45; sis "receiving" drums, ear11 of 
wliicli has battery on only one segment; and one 
"timing" drum which has battery on all segmmts. 
From tlie 40 sending drums are chosen sir which 
are connected to  the six terminals in the translator 

franic ~vhicli represent an office code. l'he same 
standing drum will be connected to  many trrminals 
in thr  tr:tnslntor, hut no s i ~ t  of six trrminals 
representing an office code will be connected to  
thr  same drums as another s d  reprrsenting another 
officr rotlr nnlrss all the conditions of a call marlr 
wit11 tlie forn~rr  rode are tilt. same as those for 
the latter corle. The six recpiving drums are con- 
nrcted directly to  the srnrlers and are used for all 
office codes. The timing drum is connected to  
rounting relay Nnmbrr 6 in r a c l~  srndrr and when 
in use operates a pair of counting relays a t  each 
contact. When it has made seven rontacts the 





r(111nrrtions of the, I I I I I S ~  niarl~int. (Irums tllro~lgll 
the I r : ~ n ~ l ; ~ l o r  10 tllv rvgistt.r rrl;~ys of the- s n ~ , l r r  
~vill I I ~  111.11krn. 'I'11116 (lr~ring one. rr\.olr~tion of tlir 
~ I I I S V  ni:trl~int~ <I~III I IS re,rt;~in of ~II(,III ~vill he. roll- 
~ic.ctc.<l t n  the n,gistrr rcl:~y.; of the ac.nclrr. Srrcw 
ront:~rts 111 t l ~ r  tinling <lr11111 ilrv r ~ q ~ l i r r d  to  insrlre 
:I r n ~ ~ i p l t ~ t c ~  r~~vo111tinn. 

1)11ri1ig tlli.; one n . rol~~t ion earl1 of t h r  six 
wn,ling ~lrntn* n.l~ir.ll ;Ire rannc.rtrd t l l n n ~ g l ~  t h r  
transl:ltor I~rnhl~r.: ( . I o L ~ c ~  the Ic'i~<ls 111 it5 asw(. i i~t~<I  
regist?r r ~ I : ~ y s  :IS I I ~ : I I I ~  tin~tbh :IS it ha- live wg- 
nirnt.. 1)rlring tllr 5:ullr l i l i ~ r  c.ac41 nf tllr hil: 
r(wiving ( I ~ I I I I I . ~  rn:~kvs rtmt:~r.t onrr. sinrp tllc.y 
1.:1r11 I ~ a v c  only onr lire w*gmt.nt. If t l ~ r  live ~ y -  
m(.nts of :I n,r<.iring rlrom :111cl t h o r  nf :I srn<ling 
llr11111 I I I ~ I ~  ronii~(.t a t  t l ~ r  hanlt. nlc,lnrnt. l l ~ r  
~~:trtirl~l;lv rvpihtcr rvlay a- l~ir l~  i.; ronnertc,<l t o  t h r  
rvoci\.ing <ll.llnl. in t l ~ r  p:~l.tirnlnr set which i* ron- 
nvrtrcl thv ~r t i i l i~ig  , I ~ I I I I I ,  \\-ill IIV nper:~t<~d ancl 
lnrk<vl. ('1'11,. Iovl<i~~g virvl~it+ arc not S I I ~ \ \ - I I  in 
Figur,. Sl1111l)rr 4G.) 'I'llur r r r t ;~in  rrgi-tcr r r l n p  
\\ill 11r Iorkr~l 1111 ill :I c ~ ~ i t ~ l ~ i ~ ~ i ~ t i o ~ i  11errllii1r to  t l ~ r  
*,fliw co,l,, ~Iii~lvcI. 'I'IIV oI>jvvt < ~ f  t11k ~ I I ~ . I I I ~  i, 
111vrvIy to n~akt, it I I ~ ~ ~ I ~ I ~  t , ~  pra~111cv va'ily i~ Ittrgt, 
nnl~!l,r,l. o r  r.o~~ll,i~~:~lion.; :~ncl 10 r l ~ i ~ ~ ~ g t .  ~ I I V I I I  ~ ~ i t l l  
f;~(.ility. 'I'lir ro~i~i~r . t ior~. i  I I~S~\ \ -~Y.II  t l ~ r  tr;i114;1tor 
tc,r~~~in;ll+ ;III<I 1111. ( I ~ I I I I I *  of t11,' p i ~ l w  III:I~II~II<J ill.(, 
111:rclv on :I cro.i\ r o n ~ ~ r c t i o ~ ~  I ~ ; I I I I ~  *,I I,, to  I,<. 
rc,:~<lily r.h:lngvcl. 'I'ltc. ; n r ; ~ n g t ~ r n ~ ~ r ~ t  of 111,. il.;lnh- 

lator, pulw ~n;~r.hinr. an<l rt.gi4tt.r relay> is shown 
cliagm~nmatirnlly in I'ignrr Si~niI~c.r 56. 

l'1111s tht- rliilling of tlrr of7ic.r rode heth tllr 
nfirr rnclc nsgi5tt.n: tIlt.ir srtting clircvts t h r  
tr;lnslatr,r to  thr  proper set of trrnminnl,; t h t . ~ ~  
terminals are so connrctr~l to  tlir p l~lsr  marhine 
(ln1111+ that a rc.rt:lin combination of rrgistrr 
relays will br oprmtrrl, and it i.i that rnn~l,in:~tion 
rvliirli rlrtvnni11t.s t l ~ r  ronrsr t h ~ .  rall \\.ill lake. 

\Yllrrc, 9 digit r(nlt.s arcs usr<l, rotary hwitrl~ps 
are proriclrcl in each srnrlrr whir11 act as tmns- 
lators and will r a n  for 45 rodrs. Wit11 this 
siniplw form of translator, no prllsp machinr i? 
required. 
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The Decoder 
. s o  s t n  f : i c o ~ i i l i i n g  I I I TIIC, ofIirr code. ~ v h i r l ~  is r ~ ( . o r ( I ~ d  ~ I I  reli~ys in 

tht. ttr:un.lator and pulw marhint. has h r m  clrri\rcl the stmclrr, is t l l w  transferrt,rl t o  hinlilar relays in 
that c4ferts an wononly in ';p;trcb anll cost. I n  tllis the rlrroglrr. n.hirh I,? thcir o p c r i ~ t i i , ~ ~  stsl~ct :ind 
a y h l t . ~ ~ ~ ,  the svntlcr is ~ r , n ~ ~ ~ n . l ~ : ~ t  hilnl)lifitvl. the, o p t ~ a t e  a single "rol~tt." rvli~y. on<, of 1vhic11 is pro- 
rot;try switrhrs hrina o ~ n i t t e ~ l  and r r ~ ~ l a c r d  In. vidrtl for t,ach ~ , a t l ~  \v l~ir l~  a rsll originatinp in this . . 
rrli1y.i whicl~ rrcorcl the notnl~rrs (lialvd 1)y t l ~ r  
subhrril)ers. St,nclers of t11i.i type art. sl~orvn in 
Fignrt. Snm1,t.r -17. 

To rt,rarrl on rrlnys the nu~nl)c,rs ili;~lr<l, a srt of 
rountinp rrl;lys is ?rn~~loyrrl to  c.ollnt 1111. nulllllrr 
or 1)11lsrh fro111 t.a(.l~ rot;ition of the ilial. Ear11 
nr~n~l ,cr  :LS rountcd is rrconlc.cl on n,rorcling relays 
whirl1 arcs operatpd in comhin:~tion~ reprt.s~nting 
thr  numlwr of pu1st.s rt,rrivrcl and tlit- roonting 
rrlayh tlwn r~lrasr , l  to  rount tllr ~ I I I S P S  f r o n ~  ~ I I P  
next rotation of tl~c* dial. 

lV11c.n the t l ~ r r r  nombers rrprtw.nting t h ~  rrn- 
tral oftire rallral I I ~ V P  l)~(ln r ~ r o r d r d  in tht. srnilt,~., 
t l ~ c  st,nclrr rirrnit is ronn,*rtc.cl to  an idlr rlrrodc,r 
by n~ul t i - r~mtar t  rdays in t h r  <ltu.orler-connrr?or 
whicl~ i.; shnwn : ~ t  t h r  right ilr F i g ~ ~ n  Snn11a.r 47. 
Figr~rr Nlrn~l,vr JX hllol\-. ;I ~ t~~~l t i - r .nntnct  rrlay. 
TIIP ~ l c ~ c ~ ~ ~ ~ l < ~ ~ ~ - ( ~ o n ~ ~ ~ ~ ~ t < ) r .  t11rc~. of whic41 :ti-(- 111on11t- 
PII OII :I fratn('. hvrv(.s 10 hi.n<lvr* ilncl c:ln connrrt 

~<.11<1t'l' ti1 illly 011<. 0f (i Or IPS? <~'<'o<~cPs. 
?I 

offirr may t i ~ k ~ .  The rontr r,al:~y (.nntroIs trans- 
n~i t t ing r<.lays \l.hirl~ in tllrn rontn)l t l ~ r  hrtting ~d 
the  smrlt.r rrgistt.ring rrlays in a cmnl,ination 
prcnliar to  t h r  pnrtici~lnr nnltt. r~lziy rl~ohrn. 'l'l~is 
latter opt.ration is \ i~oi l i~r  to  tl~t. r<,gihtration of 
~ I I ~ S P . ~  from a p ~ ~ l s c  ~ n : ~ r h i n r  anrl is for 1111. *alnt, 
pnrpose. Tllr ofire rorle ~vhicl~ is rli:~lr<l 11y the  
~ n h w r i h r r  ~lc ter~nint .~  the mutt. rrlay ~ v l ~ i r l ~  ~vill Iw 
opmatrrl; the  route n.14ay o]>rr:itecl ~ l d ~ r ~ n i n r s  t h ~  
combination of rrgistrring r ~ l a y s  \1.11ir11 lvill Ilr 
operate<l; the  rrgirtering rrl:~ys ol)rrntt.,l (1rtt.r- 
mine the I)rushr* rvhirl~ \vill he tril,l)rd on the 
\*ariolls srlcdors han,lling t11i.i rnll ancl t l ~ r  groups 
of tc.rn~inals to  n-liirl~ they ~vill I)(. rlirertnl and 
tl~t.rt,fo~e the  ~ O I I T Y C  whirl1 t 1 1 ~  rnll \ ~ i \ \  ht. nia,lc to  
takc. 

The ~lern,lt.r is rapa1)Ic of rwei\.ing : I I I ~  tr:~nh- 
lnting in tllh manntbr 800 clifft,rt-nt :%-digit ror1t.s 
nod ~lirerting rall.; 01-rr 98.5 ~liffrn.nt r o ~ ~ t r * .  By 
thv n(lclition of on? SII~~,I,.IIIC,II~;II I)ny to the ,It,- 

< 



Figure 47 
Sslsrrtber's Snder Frame (Daxoder Type) and 1)sc~lrr ('orltlrr.lr,r Fri~tne 

Jn 



codrr framr, the  n ~ ~ r n b e r  of routes may he in- 
crrascd t o  385 and by using 9 s ~ ~ p p l ~ ~ n e n t a l  hays, 
t o  88.5. 

I f  a senclcr is c~onnt.rtrcl t o  a clc,ro<lrr for the  
transli~tion of 1111 otfir? rod? hilt chlr t o  .iomts truul,le 
tlie s r n d ~ r  fails t o  rrcri\rv tlic n('r(.hsar\- i ~ ~ f o r n ~ i l -  
tion rvithin a ftw s r ~ ~ o n ~ l s ,  it a.ill he autonl:~tirnlly 
connretwl to  anothrr <lrcorlrr. Sholllcl a second 
failurr ocrur. tltr sr~l~>c,ribrr \\ill bt> ronnt,rtrd t o  
t h r  s n ~ ~ l r r  monitor as clrsrril~rrl latrr. 

Sinrr the  ol)rr:~tion of tlir ~ l r r o ~ l r r  orc~lpit>s only 
about 1 9 of a s r t o n ~ l  on earh wll. its m o r n n m t s  
cannot hr  rlosrly ol)st.rrr<l an,l since it c.ont;iins 
only rrl;~ys tht.rt> is no mechanism tlie position or  
artion of n.l~icl~ 1niz11t indirntt. t l ~ r  cit11sr of a fault. 
Our ~~n;ti,lnl s m w s  of bight. htxring anrl tonch are 
rllritc uhrlc~ss in the clc.t.trdio~~ of tronhle in rclnip- 
mmt of this rhar:a.trr. ;2 "tronhle indicator" as 
shown io Fignrt. S ~ l n ~ l ) r r  .iO is thrrrforr proritlrcl. 
I\ d?corl?r 1vhir11  IS fnilrrl t o  fundion w l ~ m  con- 

~ ~ r c t e ~ l  t o  a srntler. \\-dl be automatically eonnrrted 
t o  tlir trouhlr indicator ml~crt. it ail1 rrcortl its 
nrlmhrr, t l ~ r  nr11111xr of the sentlcr t o  \vl~icli it was 
ronnrctrd. the  nnmber of the  rlerodcr-connector, 
m~rl  the  point a t  \vllich its oprration fniltvl. Ry 
I n r a n  of I;IIII~~S. this rrrorcl is maclv \.isil)lr t o  the  
~ n a i n t m a n r r  forres. 

.issoriatrrl ~vi th  the  t r o ~ ~ h l r  inrlirator is n ~ l r -  
coclrr tr5t frame hy mrans of ~vl~ich t h ~  operation 
of on? dt~co#ler Inay Ilr colllllar(.~l \vitl~ t h r  opcLra- 
tion of anothrr. If hut11 <lc~ro,lers up,.r:itr in the  
samr rnanntbr, t11t.y ~ n ~ ~ . i t  I)otl~ I)? o p ~ m t i n g  ror- 
r t ~ t l y  or tllry I I I I I ~ ~  h11111 rolltain ~ x a r t l y  ill<. same 
fi~ult. l'hr ~)rol~:~l,ility of t h r  Is t t r r  ucc.llrrt-nre is '@, 
vstrnnrly r ~ o l o t r .  If. I~o\vvrrr, tliry rlitfer on? of 
t l ~ e ~ n  1nu.t I)? faolty. 14:;irli may tlirn Ilr tt.*tr<l in- 
~ l i \ ~ i ~ l i ~ ; ~ l l y .  if ntacr<snry. t o  ~ l ~ t r r n i i n r  t h e  rallsr of 
the  trou1)lr.. .\ clrco(lrr t r r t  fr:~mt. i.i shown in 
Figure Snmber  50. 





The Call Indicator 
Figun N11n1bt.r 31 is :& portion of :I S r r v  York S u m h r r  59 and a r l o r  ricw of ;I cnll inclirator in 

City t r l r l ~ l ~ o n ~ ~  dirc.rtor?. I t  vill hr sctm that no Fignrt. N111n0vr 53. I t  conhiats of a pl;~ss platr 1)"- 
(li>tinrtion is ~ n e d c  I~r t~veen linr. in rnanllal rmtr :~l  11c~at11 rvllirl~ I : I I I I~>~ i111,l t<*llril\ :\TC : I ~ ~ : I I I ~ ( V ~  SO as 
r~lfirrs :~nd t l~osr  ill <li:~l rtsntral ~)fli(.tlh. for a t  t l ~ r  to  disl)li~y a ~ ~ r i c .  of n11n11~sr~ I\-111-11 t l ~ r  I:IIII~* :IT,. 
t i ~ a r  t l ~ i s  clirc*.tr~ry n.as i l s ~ ~ t l ~ l  . \ ( . : I c ~ ~ . I I I ~  \\.a* a 1lii11 ligl~ttvl, eliftere~~t n ~ ~ n ~ l ~ ( ' r \  I>c.i~~g d i ~ ~ ) l i ~ y ~ ~ I  11y ligl~t- 
rvntral ~~fFirv :IIICI V : ~ ~ ~ c I ~ ~ r l ~ i l t  :I I I I ~ I I I I I : ~ ~  ~ffict.. So ing the ~)ro1)~r. I : I I I I ~ ~ .  'l-111, plan of oprr ;~t iol~ for 
far :I- 1 1 1 ~  h111~hr.ril11.r ih ~ o n r ( ~ r n ~ ~ 1 1 .  t11f.ri. i* 110 t11v vi~ll ir1,lirntor i. hhon.11 ill lJipulp SIIIIII>I.P .;J. 
clific~r,.r~rr. in t l ~ v  t ~ v o  t y l ~ r s  (11 (.:11l. If tltr oflirt.co<lr Tllt.tn~nk.i alq,,.ar ;I.: 5in:rlc. < .~~<lr , l  rclrtls ~r . i t l~  I:IIII~)\ 
~vl~iclt 1111. s ~ ~ l ~ s r r i l r ~ r  ~l i :~l*  i.; tllat of n r1lan11:11 :mcl krys a.; on a n , p ~ ~ l ; ~ r  I ~ I ~ L I ~ I I I I ~  ''13" hox1~~1 .  
wnllxl offirr. 1111. .;cnrlt.r ~vill n*.vivc fn)m tlw I)III \C 11-11en 011~ of t l ~ r  t n l ~ ~ l i .  011 it rnll i~~,lir:~tol. I ) ~ \ i -  
~ n n c l ~ i ~ i c ~ .  I>III>I,~ ~vI1ir11 %!-ill ~ : I I I W  it in  svlcvt :I tin11 11a- 11et.11 w-lt~c~t~vl I>? tl~,, I I I ~ C I I : I I ~ ~ ~ I I  : I I I I>;I~~III .  
trllnli 1~1 tll:lt office ill tllr 11~11i11 II1:111111~r Illlt tn in :I #li:~l rrllfral o f f i ~ r ~  it ih in<liente~l I)?- 111,. ligltiing 
f n n e t i o ~ ~  I,t.y(~nd t11ai 11oint in n <liffvn.~rt III:IIIII(.~ of t l ~ r  i14cip11111rllt I:IIII~) :~\\o(.i:~t~l,l  il ill^ t11(1 ir11111i. 
frnn~ it* prorv( l~~rr  in IIII, I.;I.V c ~ l '  r:~ll\ to  cli:~l 'rhr oprmlor the-n I,n.b\c,. ill<, rli+l,l:~y 1ct.y r\.hicl~ 
ck,ntlnl ofli~~rs. serve\ to  :~s\orial(, tl~c, eitll i1111ir:1ior wit11 illat ' 

'I'Itv tr11nL 11) 111~. r l l ~ ~ l l l l ~ ~ ~  rc.nlr;tl of f i r r ,  tvrnli- trunk nncl to  viitlsr 111~. hc,ll,lc~r ill tllr cli:;l r ~ . ~ l r : ~ l  
nntvs t l ~ r r r  at :I ~~o*ition of 1111. "n" I~c,:!rtl w l ~ i r l ~  i.; offirr to  \end O I I ~  n srrir.: of 1,ulsrs \\.hirll ligllt\ 
f i t tc~l  wit11 :L ~l~,vi~.c, k n c ~ n . ~ ~  :ir a "?all indirnior." .L r r r ta i l~  l;~n~l). in t l ~ r  rnll in,li<.:ttor :~ncl sg, <li\l,l;ly 
"I%" I)o:~nl n.iil~ call in~liri~tors ih sl~<~\\-n in Figurt. tllr n ~ ~ n ~ l , r r  rl<.sirril. 1 ' 1 1 ~  n p r r a t o ~  t11t.n I I I : I~( . .~  ~011- 

I? 
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Figure 54 

nertion t o  that  lint. I)? inserting the  plug of the  party 1cttt.r. For officrs l ~ a r i n g  lir~es xv'tl~ num- 
con1 into thc jack ,of t l ~ r  line in t l ~ r  u n n l  \yay. This 1)vrs abovr !Innn. t h r  clelay \r.ill I,c i n t m ~ l ~ ~ r e c l  only 
causes tIit~(~a11 incliratvr to  I)? rlibronnt~ted and t l ~ r  if tl~t. first try(, digits clialwl are 1 ;~n<l 0. since tllr 
lan111s c~stinguishrrl ready for another <.all. l'ht* only nutnhers of fivr digits :Irta 1)rtrvet.n 10.000 
prr-snre 'of tllc "llolnr" diaplag kvy causes the a1v1 10.449. 

, , l l t l  
l'hr pulses front tllr sender to  the rall inclirator 

lntty I,r l)ro\.idpd \,.itll ..tPallllyOrli.. ,lisl,lay 
art- sent out a st.r~tlenre switch in the. renrlrr. 

krgs \,.llirll. \v~lt.ll I)r(,sh(,,~, (.a114C t[lP lllll,l~,er to  
m a k s  One rerolrltion in tilt, rollrst of 

a,,l,r:lr on t,lr r;lll in(lic,ntor of tile posi- ~vltirh it transmits a series of positk-r and n<*gativv 

tiOll. m;ll)lillg tllr ol,,.rators to  as,i\t (,nt. anotllrr 
l"~!"" OVrr tll? trunk to  tll? nlanll;ll rt.ntr;tl 

in 1111. Ii;~n<lli~~g ol t h r  ralls. offic-r. Four pr~lses arr  ;~llo\vr<l fvr r a r l ~  (ligit 
tu l>c, rlispl:~ycd in tht, call incliratvr. Tl~c, s~n, lvr  

>fanllal c.f.ntral offi(.(.s will arro~nt~l,xlatt. 1(l.5llO ranre]% of tilr l,ositiv(. l,u]s,~s s t r~ .n~l l , .ns  
1inr.s :lnrl fnllr p:lrty .it;~ti~)ns in I I I ; I I I I I ~ ~  officrs are s o ~ l ~ e  ,,f tile nrg;ltil-t. I,lll.irs ,lt.ttsrlIlinr,[ I,,. tllr 
rlc\ign;lt~vl by tll? 1rttt.r.i "d." "31." "1<." ;unrl I.t.gihtn.s <,f thr hmclc.r lvllir.I1 n.ronlt.cl till. \.ari,,l,r 
"TY." k'or rr.rt:li~~ . ta t iu~~s,  tl~t.rt.fort.. it ih nt l r~+-  ,ligit.( fllat for t.ilcll ,liait I,ilrti(.lllilr (.,,,I<. <)f 
s:,ry to  (lial fi1.c. digitr or four digit, and a Irttw. 
An t.str;l n.gi5tt.r i.i provi<lr,l in t l ~ r  wodrr for 
tliis ] ) I I ~ I > O W  Z I I I ~  VII r;~llh to  o f l i r ~  t~11ere. ther? are 
s t ~ ~ t i o n s  rrql~iring fir<> cligil, 01. four clipit, nnel a 
1):Irty Ivttvr. >I 1lr4;ty xi11 IIC* intro#l~~rf,<l to  allo~\- 
t l ~ c  fifth cligit or 1111. party Irttrr to 111. rlialt~l. 
Tll;tt i*. if t l ~ r r r  ;Ir<> fo111- l,arly I~IICI in thv ofhc 
c:III<YI. ill,. st*~~(lk,r \\-ill rwt.ivt- 1)1:Iws fro111 tlw 
~ I I I W  111;t1,11int> \~11i(.h \\.ill cauw it to  x ; ~ i t  for ~ O I I I .  

\c.roi~ils nftt,r t h r  clialin~ of t l ~ r  fo~lrtll digit to  
rrrt,ivv the party 1vtt1.r. If nn party Ivttrr is 
(lialt.d at tl~t. rspir;~tion of that t i ~ ~ ~ c , ,  the st.ndt.r 
\\,ill prorctvl. it Iwit~g asqunlr,l that  t l ~ r r e  is no 



pnlst.s is smt .  Figure N u n ~ b t ~ r  55 shor\.s this rorlr. 
' 

l'lrese pulses are rcceirrd 11y rt.lays at tlrr call indi- 
cator porition :~nd these rcli~ys control otlicr relays. 
four of \\.lrirlr. dt~signatecl A, B, C, a n ~ l  D, are 
providrcl for rarlr digit to  11u clisplayt~~l. T11e 
oprr:rtion of t l ~ f s r  lnttrr relays rletenninrs \\-hirlr 
la~rrpq will I)i. liglrtp,l i~ird tlrrrrfore wlrirt n11iri1)t~r 
will appear in the rnll indicator as indiraterl in 
Figtlrti ~ I I I I I I I ~ , ~  5.5, 

'I'l~t, tlrrct. rvlnys ~vl~ir l i  rrceirr tlre pulses fronr 
111~. sc.nclrr arc slron.n in I?ignrr Sr~mht.r 6(i. l'llr 
SN ant1 S S - l  rcl;~ys nrr ~~ol;~rizerl so that  t l i ~  S S  
rt.?ilxnr(ls only to  positive pr~lht.~ ibattrry on the 
ring siclc of the trunk) ancl t l ~ r  S S - l  to  negatirr 
1~1lsrs  (Inttery on tlrp tip sidr of tlre t r ~ ~ n k ) .  Tlrr 
Al(: relay is marginal atid rrspontls only to  hc:rry 
~nilst.s. Nt.~ati\.r prrlsrs operate the S N  relay 
xvlrirh rontrols tlrr 11- ancl Z relays which intro- o p ~  urc. 
r l ~ ~ c r  tllv 4, l3. C, and D relays surrrssirely, nhile A latrr dr.;ign of "nntornatir ~lis~~I:ry" call in- 
Irravy negatim, prilsrs also operat? t h r  3IG relay dicator oprratrs in n similar Illturner but i t  is not 
whir11 controls the R and D relays. Positive necessary for t h r  oprrator t o  p r ~ s s  a kry in crnlrr 
1~1l.;rs oprrutta tlrr SN-1 relay nlrirh controls the to  have tlrr c,allt,cl number appr;tr. l ' l~v nornl~ers 
A and C relays. Tlrr S T  and ST-1 rdays  a r t  as appear auto~natically as fast as tlre calls come in 
counting relays to  introllurc n n m  sr t  of A, R. C or as fast as tlrc. ol~erirtor can make tllr conner- 
and I) relays for (lisplaying the  nest digit. The tions. 



The Panel Type "B" Switchboard 

'L'IIv r rvrrw of the  c:tll ju\t ~lcarrilxvl i+ r(lu:~lly 
s i ~ n p l t  fn,m t11e .t:ln,llx,int of 1 1 1 ~  al~l,hcril,rr. 
.\ rl~l>\rril)rr in ;I III:IIIII:I~ r < v ~ i r i ~ l  o f f i ( ~  gires 10 
ltis oper;rtor the  1tr1111l~rr 11,. rvquirr..; \ \ - i t l ~ o ~ ~ t  
knolvit~g \vIB<~II ,T iltc~ lint wlticl~ IIC. i, c ; ~ l l i ~ ~ g  i\ 
or  ih 1101 in cliiil <~,ntfiiI o f f i ~ ~ ~ ~ .  'I'll,. ulwtxtor ill t~ 

III:IIIII:I~ rc.nt rill offir,' i l lh~ n~itkcs 110 di>l inrtio~l I)(.- 
tn.t.t.11 r;tII\ t o  n ~ : l n ~ ~ a l  r.mtr:~l ~ ~ f f i c v s  :~n,l V ; ~ I I \  t o  
~ l i :~ l  c,rntr;ll ottirrs. 111 vnvll <.:IS(* cllv 111~rcly s c I ( ~ t s  
;I trunk t o  tllr "B" I ~ o a n l  o l  the  r r~<oir r<l  rc,ntrnl 
offivr a ~ ~ d  upon I w a r i ~ ~ g  ;L ton1 n.l~ir.ll incliratrs 
th:lt tllr ''n" o1wrntor II:IS ~ ( . s ~ ) o n ~ l ~ ~ I ,  ~):tssv\ tllv 
nl~lnl),.r t o  Ilcr vrrl)ally, 'I'l~r. pl;~n of opc,cition 
for 11 p;lnv1 type  offir(% ir \Ilon.n ill I:igtlrt, 
P i l ~ ~ ~ l l w r  37. '1'11(. "R',' olwr:ltor i\ st.:111~1 att ;I 

y~(~ci:ll forln 111 "W sn.~trl~lro:~nl. ~ I I O \ Y I I  in Figl~rr  
NIII I I~IIT 58. 011 t l l~ '  111)rigllt part of tlw I)oilr,I i\ it 

<lot~l,lr row of I:t~nl,\ : m l  kyys ~.(.pn,srntil~g IiO 
t r l~nks .  anll on t11e lowrr part 4 rcn-s of key I)utt,,ns 
~ n i ~ r k t r l  with t l ~ e  n ~ ~ r n h r m  O t o  !1. Enell trunk has 
an :~.>ign~nmt kt.?. :I disronnrrt key. n gunnl lamp. 
ancl :I 11114,~ I ~ I I I I ~ I .  ilncl is ronnectrcl rlircactly t o  :In 
incr,~~ling st~lrc~tor in tl~t. offirr. 1Tl1m tltt. "R" 
oprrntor prc5st.s the  ns5ignmmt kry  of tllr trunk. 

511~ V L I I I ~ ~  txvo %III:III ~ : I I ICI  typt, st,lector\ I I I < ~ I ~ ~ V ~  

OII :I \inglt, fr:1111v i o  riw. OIIP wlc~ctor fi1111s t11t. 
trunk \r.llose nr.ig11111mt kry  II:I* I,PI,II ~ l r t ~ t ~ l .  t l ~ r  
r,thvr tinil.: an  i(llr wncl~.r of sl)rri:tl typr  ~)n>vidt,,l 
<.sltt,ri;tlly for t11c. urc. of tltr "R" ol,c.v:~tor\ n11,1 ;ISSO- 

ci:ttv* it a11d 111~ ~ l l ~ n ~ ( % r i r n l  litlyh on tllc lo\,-rr k ~ y -  
lw:~r<l in fro11t of !It<* np<sr:lt<~r wit11 i11c i r l~nk.  'L'11v 

4 
oprr;ltor wror~l.; tltv I I I I ~ I ~ I ~ ~  clrsirt~cl on tl~c, 1111111- 
I,t.rr<l kc:\.\ ~\-llicl~ lork clop-n. 'I'l~i* wt. rc.rt:tin 
rrlays in tllr s<an,lrr \x-hivll control ill? n l o r v n ~ r ~ ~ t  
of tllr inroming *t,lretor, !r.ltic.ll is ~ ) < . r ~ n : ~ l l r ~ ~ t l y  
ronnrct~<I  t o  tlw trunk n11,l of :I tini~l ~< ' IP( .~oT,  : I I I ~  
50 I I I : I ~ ( ~ <  c o ~ ~ n ~ r t i o l ~  ~ C J  t l t ~  linr ( l r , i r ~ ~ l .  'L'llr kvy, 
r<.lr:~.;c. as soon ;IS t l ~ r  n l ~ n ~ l ~ t . r  II;IS I)c.,.n rr(rlr<l<vl 
ancl nrv rrc~cly t o  Ilt* II-~YI for :uncrtl~rr rnll. '1'11~ 
srnrlrr is rt.lrnrr.,l :I.; soon :IS it II;I.; rw~l~lllc,tt.cl its 
functions. I.:;trl~ "B" operator 11:1r 5 s r ~ ~ < l t . r  
hplrrtor ; I I I ~  trl111k f i ~ l ~ l ~ r  c.irc11it5 (~)rovihio~~ is 
nlaclr for ( i  if ~ . t . (~ l t i r (~l ) ,  s o  tlli~t YIIP ( .~ I I I  li:~ntllr 
ralls in rapid aorrc,.hion, : ~ n ~ l  any sc.nrlvr rrf  a l n r g ~  
group common to tlrr oflier llray Irr o\ccl. .\ fr;l~i~t. 
on rvk~irl~ Inn? Iw 11ln11ntc.1l tllv trunk lin~lrrh 1111~1 
smtlrr st.lrrtor.; for :1 "B"  ohit it ions xn(l ( i  o f  t l ~ r  
sprt.i:~l hrnrlrrs is .;l~o~vn in Figl~rr  Sttlnlrrr 3!1. 





At the "kry-listening" type of "R" sr~itchhoar(l 
just ~lescrihed, ~ n c h  operator serves certain 
definite trunks. l 'hrrr may h r  moments nhcn the 
trunks srrvrrl by one oper:~tor are very 1111sy while 
those of anothrr oprrator are not. \Yith the. "call 
clistrihuting" typt. shown in Fign~,c> S u m b r r  ($0 
the loacl is alrvays r r m l y  rlistril~r~ted sinre the calls 
as they r.nmrs ~ I I  a r r  ronnrctrrl to  irllr operators in 
rotation. Furthern~orr. it is not nrcess:try for the 
operator to  Ilrrss krys to  conned I ~ r r  c.quipmmt 
to the trunks and to ~lisconnect t h r  trr~rlks a t  the 
ter~nin;~tion of the ronrrrsations, thr*r functions 
bring p~tiormr,L ;~utornatically in thr  call dis- 

tributing type. T h r  operator has only, therefore, 
to  reconl the n ~ ~ n i l x r s  girrn t o  her on the rvconl- 
ing keyset. in this casr consisting of only 10 krya 
r ~ h i r l ~  are pres*rd in s~~rcrss ion ;lnrl a h i r l ~  do not 
lock rlorrn. 

If all olwrators are I>r~.iy, incon~ing calls \%.ill wait 
uatil operators Iwcomr rlismgagc<l. The nwnber 
of surh rvaitiog call? is in<lirated hy thr. "calls- 
waiting-metrr" a t  tllr I~racl of thr  switr~hboarrl :~nrl 

a 
an a larn~ will call x t t~nt ion t o  t l i ~  fact that  4 or 
morr calls are xaiting. Ry opt,rating the calls 
waiting rhange kry, the a l ; ~ r ~ n  mny he ~nar l r  to  
function only if 7 or more calls are waiting. 





The Panel Type "A" Switrhboilrtl 



ronl.i .I,on~n st llle rigllt in Figure S~rlnl,er 63. n,nls. .\ fre~oe with link rirrttit. imd se%~<lers 
'1'1~. ~ ~ I I P P  ~ n d  of thi% cord t r r ~ ~ ~ i n i t t c s  in n dis- i.; rl~ow\.n in I l ig~~re  N~rnll,er 64. l'lw oprrtrtor 
trirt s ~ I ~ r t r , r  011 ;I sprri;~l oper:~tor's district r ~ r o n l \  the ~ttllnl,rr ~lesired on the ;J,nve keys, 
ir;n~nr. .\ link rircuit ron<i.ting of :i con1 finrlrr prt.a.it~g first ;I "route" kry. \vhirl~ tliredq the  
iulcl it *P~CICI -elector. nllicll in tlli- r:tw are 01wr;ttor'~ ,Ii-trict wlc*ctor 10 :t xrot~p ni tr1111ks 
n,t;tr) s\\.itrhe.;, ro l~nr r t s  to  tllr conl a sl,criul le:tding to :$nother of i re  n'llrre tile 111~~vClll?lltli 
<,1>c~ttor's sender itlld tlw I I I I I I I ~ ) P I C ~  keys of se le r to r~  itre eontrollnl ia the  ~l.iual \yay. or 
s l , ~ \ - n  in liigurr St~mhrr  03 in front of the  to  ;L t;tndrm 11o;tnl nlnert- tltr ofirc rock nncl Ilte 





nu~nbrr are displayed on a call indicator. 
I"ipre Number 65 is a plan of the operation of 
such n cnll to another panel type central office. 

3. Vacant C ~ l e  Call3. 
If a sul,srriher dials hy mistake an office code 
wl~icll is not assigned to any working office in 
his area, the sender will receive pulses fro111 the 
pulse nlachine nllirll ,\.ill cause it to direct the 
district selector to ;I special group of trunks 
an shic l~ it tone sill iudicate to the srrhscriher 
that Ile has made an error. 

4. Intercepted Calls. 
All subscribers' line terminals not in use are 
connected together in groups and each group 
connecterl to a jack and lamp at the ".I" 
hoard. Lines temporarily out of service or on 
which service is denied are also connected to 
si~nilar jacks. Anyone calling one of these 
lines sill therefore be answered hy an operator 
n.110 will use one of the double ended cord 
circuit. shown at the left of Figure Sunher  63. 
With these cords the operator may complete 
calls to other lines in the central office by n.ay 
of the "B" hoard. 

\\lren handling a toll call the operator writes a 
ticket ilncl tile s~rbscriber is c l ~ a r g d  for the call in 
accordance with tlri.; ticket. As all subscril~ers 
in the offirr t a r  the hame jacks when calling t l ~ e  
operator, it is nrrwsary for tllc operator to  ask 
the subscriber his nunrhrr in ortlrr t o  know to  
xvhom t o  rlrarge the c:rll. T o  @rar<l again5t t h r  
possibility of the subscriber giving the wrong 

,Ca11'"9SI'I"" 
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number and so c.ansing tlrr call to br  c11arge:c.d to  
sonlrone elsr, eaclr sul~scriher's linr is connccterl 
to  a 1)ras.t pin in a "cherking multiple" installeel 
in tlre face of the. hoartl abovr thr  ansmrring jac,ks. 
I f  n-lrilr tlrr oorrator is ti~lkine to  tlw sol~srril,t~r 
shr toucl~e.i tllr pin connccterl to  his linr with the 
tip of n plng on a aprchl rlrt.cking rorcl, one of 
wllirlr is installer1 in rach operator's position, s l ~ e  
n-ill hrar a distinctive tone. nnrl ~ I l r  will not l ~ e a r  
this ton<* whm she toorhrs any other pin in tlre 
rlrecking multiplr. The oprrator may thus verify 
the corrertnrss of tire nun11,er givc-n by tlre sub- 
hcriber. 

The cord rirruits of t l ~ e  "A" bo;lnl ;Ire so 
arranged that  the answer of tlre ol~rra tor  cloc.s not 
operate the snbscriher's mcsqnge rt.gistrr. 

If the offices to  which calls from tht. pant4 typt. 
A sn-itchboard go are not ~~roviile(l wit11 mechim- 
ical equipment or call iudirators, it m i ~ y  be rnore 
rconon~icnl and ~fvsi ra l~lr  to  lrancfle toll ralls 
manually. I n  this case, au A switcl~l~oartl is pro- 
ricled in tire dial offire rsartly simil;~r t o  tlrnt wed 
in manual offires esrept t l ~ a t  each position is 
equippr~l with a clial so that  the  oprrators may use 
the diirl equipment t o  complete local calls, if 
nrressary, ant1 rhecking ~nnltiple is provkle<l. 
Surh a snitrlll)oar~l is allown in Figure Num1)rrGfi. 

Figure Sumher  ti7 is a view of an operating 
room s110~1,ing hot11 A an11 R switchbnarcls. 







111111, i,. 

The Sender Slonitor 
In manual tdrpl~onr  systems any i r r t~~ular i ty  ronnwiion or nlilkr it I I L I S ~  if it i' viillsing the 

in t11r progress of a call is a t  once ~nadc  apparent trouhlc. ho that it map 11t. kept out of ust. until it 
t o  the operator by the condition of the supervisory ran I,,. repairrd. Shoulri a subscriber remove his 
lamps. On dial  call^ there is no operator to  keep receiver fro111 the hook and fail to  dial, or sl~onld 
watch or "monitor" so that other means murt be the receiver be accidentally removed or any of 
provi~lrrl to  take care of tht. subscribrr should those conditions be present whicl~ in a manual 
trolll~lr arise in the course of t h r  operation. offire woulcl cause a prrlnanent line sign$, the 

~~~l~ sendrr circuit is proviclrd a tinle wnder connected t o  tlle line will. after a certain 
,neasrlre ,,.hiclI consists of a rotary switcll oper- interval, automatically rausr a call to  be marle t o  
ated I,y an interrupter. As soon as the sencler has a special line known as  a "permanmt signal hold- 
been ronnrcted to a sul)scril,er's line, this time ing line" which terminates in jarks and lamps a t  

measurr starts to tinle and if at the end the smder monitor's position. In  this way t h ~  

of a crrt.Tin (33 seconds to ",inUte in xea operator is advised of the conrlition and can take 

York- suhscriher has not dialrrl, a lamp, one the necessary steps to  Ilave it corrrcted n-hilr the 

or n,llicll is mn-tNi to eFh smdn, is liglltell, 
n is a so t a t  it m a  e u s  o r  

This lamp appears a t  a s~vitrhhoar~l in front of an snl'srrihers' 

c,alled tllr ..smrler monitor,M a 
.I11 vital parts of the appnrnt~lh. SIICII :IS rlriring 

switrl,l,oar,l is sllrr,vn in Figurr Sumher FR, ,rile motors, fuses, etr.. arc p ro~ i< ln l  \\-it11 ;\lanns so 

two girls st,aterl at left arr tllp monitors. 
that any failure which woul~l t~ffrrt opc*mtion is 

TIle tilne messurc. continurs to  oprmtr ,Illring all of at Onre annollnrrtl to tllr mailltmallrt~ forr's' 
d 

Thrsr alarms arc grouprd on panels known as 
the time that t l ~ c  hmder is in lists. S l~o~~ l r l  the sol)- "floor l,oanls.- ollp of is l)rovillPd on 
arribcr fail to  dial all of the numhpr, or shonlcl the eacll floor. pilots at the smllrr Inonitor's Ilosition 
s end~r  fail to  conlplrte its proper functions in a also ,.all tIlr of tllc. spnllpr Inonitors to  thr  
given time, tlle lamp n4l  light. Acsociatetl rvitll failllre, I)ilots. lorntt~ll np;lr tllP rt.iling a t  
ear11 ht.n~lcr lamp arc jarks. 117 mmns of \vllirh tllP mrl of hetnem thr rolvs of fmmrs of 
the s~n(1t.r monitor can t.nttbr the talking circuit n ~ e c l ~ a ~ i ~ a l  appamtu*, inclicate the lorntioll of the 
and talk to  the suhscri1)rr. She may also, hy fault, so that it may be rlr~irkly fonncl by the 
means of tbew jacks, releaw the rmrler from the maintenanrr men. 

(i 
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Testing 
The right-I~ancl part of t h ~  sr~.itrhboarcl in orrur in artual IISP, but in each office equipnwnt 

Fignre Kun~ber  fiH is the outgoing trunk test is provided for rolltine testing of the apparatus 
board. IIrre appears a multiple of all trunks at  stated intervals. even though no faults have 
going out of the offirr. A co~nplete rquipn~ent appn~retl in srrvirr. A trst frame is proridetl for 

' of keys for n~aking ralls, a dial, a voltmeter, etc.. each type of selector and ml,h type of smder in 

I ! 
arr  provi~lr(1 so that the testmen are ahlc to  make thr  offirr. Figllrr N ~ m ~ b e r  70 sho\vs a frame for 
complrtr tpsts on :%I1 of these trunks and cl~erk tcstinx incoming srlt.rtnrs and Figurp S u n ~ b r r  71 

f not only t l~ r i r  rendition but the operation of the porta1,lt. anll l~rrnl;~nt.nt typps of equipment for 
apparatus tn whir11 t11q are r.onnerted in distant trhting subscril~ers' se~~drrs .  The trst frames are 
central offices. nuto~natir in oprration. When in use a test frame 

Equipnlc,nt hilnilar to llse<l in connwt\ itself to  rnrh of t11~ sc~lrrtors or sen(1rrs 

ofires is llro,,i<lccl for t(>stinx sllhscrihers, 
wl~irli it i, ,lesignrtl to  test and sim~datrr calls 

, , in ;l~lclition, an arltomatic apparatus to :::s p:~sbinp thr011g11 Illat hrlector or b n ~ d ~ r  rmtlrr the 

rt,p;lirlll,,n in adjusting thr hprrd of SubSrril,~rS. 
lilllitillx ro11(litio11~ for I ) ~ O I I ~ ~  ~prr : l f i~l l .  If the 

i ( <lials, <,<, nsists :, pen~llllulll llrx.ice n lo l l I l t~~l  
s e 1 ( ~ ~ ~ t ~ ~ r  clr *enllrr r t ~ ~ ~ > o l l ( l ~  ~>ro~>t , r l~.  tilt, n ~ ~ ~ ~ ~ ~ ~ ~ r  

on tll(, of rmtral zi rel,airlllan at 
of tc.sts is rc.gistrrrrl :un(l tht. nest arlrrtor or 

a sllllSrriller,S station, \vishing to adjrlst tllr clial, 
sender t;~kt,n in turn. S1111ul~l a st.lt,rtor or sender 

dials a sllc,rinl c,ocle, wl,irl, ronnerts tll,, sllll- 
fail. l~o\r-r\.(.r. t l ~ r  operation is arrestrtl while the 

I srril,rr,s instrllmt,nt to tllp dinl  trstrr, Ht. 
t ed  frmmr <onoil.i an :11:1rnm an11 inclicatt>s hy 

dials zt,ro tllr ,lial in[lirateS to llim 
n~cv~ns of liglltecl lamp* at !v11:1t point in the oprra- 

I 
mc.ans of ,vllrthrr <lial is to; 

tion t11<, f;~ilnrr o r r~~ r r rd .  T l ~ r  tr,st frarnrs rvl~en 

fa-t or too slorv. 
making routine trsts will not, of mllrsr, interfere 
wit11 srlvrtors or sen(lrrs whir11 are in use b r  su11- 

To givr t l ~ r  1,rst type of service to  the ~u l~s r r i l~e r s  scrilwrs. 
and to  maintain t l ~ r  equipment a t  its l ~ r s t  effi- For making tests on ~~ ;~ r t i r u ln r  selectors while 
riency it is not c.rmsi,lt.rrcl snffirient to  care for observing t11t.ir oprration a portable test set such 
troul~lrs in thr  mrrl~aniral apparatus ah thry as is sllox~n in Figure Numhrr 09 is used. 





Figure 71 
Permnnent and Portable Subscriber's Sender Routine Test Sets 
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