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gn1mn·1 TJYMiSMISSION OF SOUE]) 

!he· p.l"'P'bl• ot trana,mi ttlJJg sound ·�7 means ot an electric current 
resolvea itself tnto t.ind.iJJg some:meana of causing an electric current to vary 
in response to sound waves. We all know that sound. consists ot vibrations or 
waves travelling .outward in all directions f'rom the source. If, then, we can 
find some device which will r espond to these soulld waves which can be linked to 
a source ot electricity in such a� as to vary the flow of electrical current 
in response to these sound waves, we have mastered. the tund.amental scheme tor 
transmitting sound by electricity. 

Fig. l and 2 a.re diagrams which illustrate the diaturbanae which takes 
place in the air when a diaphr8.f11D·. vibrates. The circles in thue tigurea represent 
the molecules which compose the air. As the surfac e of the diaphragm moves toward 
the air molecules, they are pushed away, and as the surface moves away from the 

molecules thfG' are drawn back toward it . The vibrat.ion of the diaphragm thus 
. causes the molecules to m ove back and. forth following the motion of the surface of 

the diaphragm. This motion or the molecules is passed on to the adjacent molecules 
which in turn pass it on to their adjacent molecules with the result that the 
disturbance travels radially a� from its source. When the vibration occurs within 
a range or from about 30 to about 10000 times a second this motion of th e molecules 
is .called a sound wave. 

0 0 0 +() 
I 0 0 0-.. 0.. 

+.() +<><) ·. ". 0 0 0 +() i 
0 0 

0 0 0 +() +() +()to()  0 0 

0 0 0 +() +()� 0 0 

0 0 0 +() 
0 0 O+ 

0 0 0 +() 
0 0 ().+ C>+ 

RP-S'U ' 
RP-S?.'13 

l!'ig. l .r'ig. 2 

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



/ 

2-

QHAP§R I (Continued) 

When the toregoiJJg procedUl"e is reve rsed, that is, when a sound wave 
enooaters a diaphragm, the diaphragm under ·pr oper circumstances will respond 
to the sound waves and l>e set in motion. Whan the molecules rush up against 
same other sur:race, t hey cert a force which tends to push it S.W1JN, and when they 
retire :f'ram it they tend to draw it with than, and if the surface is free to move, 
it will be caused to vibrate in the same manner as the surface which produced the 
soUDd waYe. ftms, a vibrating body can produce sound waves in the surrounding 
medium 8.nd, coJ1'9'erseI.y, soum waves in the surroUl'lding medium can cause a body to 
vibrate. It is plain that if the vibration ot a body under the illfluence of sound 
waves can be tr�terred. to a distant body, similar sound waves will be generated 
at the distant point and in effect the sound will be transferred from one point ,tc 
another. Thia principle is anployed in the telephone by ca.usiIJg the motion of a 

seneitive diaphragm in the transmitter to be transfer red. by electrical means to a 
diaphragm in a distant receiver. 

In Fig. 3 ,are illustrated the 
uaential parts ot the ordinary trans

mitter� These consist principally o:r a 
diaphragm and two discs, one ot which is 
attached to the diaphragm, the space 
between them bei?Jg filled with a quanti t� 
of carbon granules. An electric current 
is caused� flow from one disc to the 
other t}U-ough the carbon granules by 
cozmecting a battery acros·s the terminals. 

DISC 

In F�g. 4 the operation of the 
tra:aamitter is illustrated.. When the 
diaphragm is net in vibration, a steady 
electric cu rrent Will f'low in the c ircuit 
as indicated by the straight line at "A" 
in the figure. · 

When a soUJJd wave. st rikes the Fig. 3 
diaph ragm it causes i t  to move back, 

DISC 

TERMINALS 

packiDg the carbon gramles together more tightly. The carbon granules being 
more tightly packed together, Offer less resistance to the flow Of elect.l:"iC 
current which co rrespondingly increases as shown at "B". As the sound wave recedes 

the diaphragm moves in t he opposite direction so that the carbon granules are more 
loosely packed, thus O fferi?Jg greater resistance to the flow of electric current 
which correspondiDgly ·decreases as s hown at uc". From the foregoi�, it is apparent 
then that the electric current varies in response to the sound waves and is modeled 
in the l ikeness of the sound waves so that, figuratively speaking, the "electrica.1 

waves" have the same shape as the "sound waves". 
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The actual con
s-tnction ot a trammitter 
ia ahown in Fig. 5. The 

carbon gramiles . re:terred to 
in Fig. 3 are contained in 
a chamber known as a "button" 
which is solidly rastenetl to 

a steel bridge. The two sur
faces of the chamber in th• button are made or highly 
polished carbon, the :trout 
one or which is attached to 
a mica disc in such & •Y 
that 1t is free to move under 

the influence of the dia
phragm which rests against 
the head Of the button. 

Fig. 4 

MICA INSULATOR 

DIAPHRAGM� 

BUTTON 

CROSS SECTION OF TRANSMITTER 

fig. 5 
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We now h&Te a meana for T&ryillg an electric current in reapose to 
sound •Tes and our next problem is to proTide soma dwice tor reproducillg .the 
aou:ad •Tes from the T&17illg electric currant. The methOd by which this i1 
acccmplished with an ordimr.v receiTer will be described. 

DIAPHRAGM 

CARBON BUTTON 
TRANSMITTER 

..___----- I• I--------' 
BATTEllY 

lig. 6 

DIAPHRAGM 

RP- 5587 

In Fig. 6 a transmitter and receiTer are shown connected in series 
with a batte17. In thi s figl1re one of the transmitter discs between which the 
carbon gramlee are located, is connected to a battery and the other side ot 
the battery is connected to two coils known as electro-magnets, from which the 
cira11it is completed. to the other disc of the transmitter. The cul'rmt flowing 
in the coils of the electro-magnet produces a magnetic effect· in each coil 
which serts a pull on the diaphragm of the reoeiTer. This is en.otly the same 

. effect that is produced by the e11rrant flowing in tbe c oils Of a tel egraph 
sounder shown in Fig. 7. 

KEY 

PIVOT""\ 
�RMATURE.,i a 

SPRING ---� 

IRON 
CORE 

.__ __________ �11 1-----------<>---------' AATTF"RV SOUNDER 

Fig. 7 

OB I 

ELECTROMAGNET 

RP-5588 

_ 
When the telegraph key is closed the cira11it is completed, allOWing 

a current to flow in. the coils of the electro-JJ1Sgnet of the sounder which pl'O
duces a magnetic ette.ot, pulling th e armatUl'e Of the sounder from poi nt "B" to 
point "A" in the :fi.gtire. 

• 

.. 
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QBm'P I ( Contlmu!ICl) 

In a receiver the electro-magnet exerts a pull upon the diaphragm 
in t�e same mauner, the amount ot pull varying in proportion tu the amount of 
the current in the circuit. nus. when the currmt is greatest the diaphragm 
"11.l be detleoted tarthest f'rom the normal position an.1., as the current decreases, 
the diaphragm will tend 1:0 come back to its normal position. In this way the 
receiver di aphragm vibrates in raaponse to the f'luctuatioms of the electric current. 

It should be noted that the electro-magnet sxerts a pull upon the dia
phragm at all times al though the amount of this pull varies aa the current in
or•sea and. decreases. In actual practice it is not convenient to connect two 
telephones as shoWD in Fig. 6, an induction coil beixig inaerted between the trans

mltte.r and the receiver, as illustrated. in Fig. a. 
CARBON BUTTON 

TRANSMITTER INDUCTION COIL 

3 

DIAPHRAGM 

PRIMARY 

.__ __ .... , , 1--_2-o 
BATTERY 

SEC ONDARY 

4 

Fig. 8 

DIAPHRAGM 
OF RECEIVER 

RP-5589 

i1his h as the atf'ect of' allowing only the va.ryiDg po rtion Of the 
electric current to reach the receiver, that is, there is no continu.ous pull 
nuted on th e receiver diaphragm by the electro-magnet. The varying current 
!lows in t he Willdi:ng ot the induction coil connected to the transmitter called 
the "prim&.ry" winding and this vari• as praviously deacri bed in connection with 
Fig. 6. So loDg as there is a steady current f'lowi.Dg in the primary witldi.ng, 
there 1a no effect on the ot her or "seoomary" winding. Arq change in the 
current through the primary ·winding, howaver, will produce a current i n  the 
aecoDd&ey willding. If' the current in the primary winding is increasing, the 
current in the secondary wind.i11g will be in one dir ection, am when the primary 
current decreases, the ou.rrent in the seoondary windi� will be in the opposite 
direction. Thil current in the seooma17 winding, which alternately ravers es 
its direction w1 th the increasing and decreasi?Jg of the current in the primary 
winding, is known as "al terns.ting currant••. An. al termti?Jg currmt could be 
illustrated graphically by movi»g the sero line shown in Fig. 4 up to the line 
•hich denotes the amount ot steady current flowing in the circuit as imicated 
at "A". This is illustrated in Fig. 9. 
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gn•rrg I · (Continued) 

RP-5591 

Fig. 9 
Inasmuch as there is n o cttrrant in the electro-magnet co �ls ot the 

receiver, excep t the al.ternati� current, it is necessary to provide some 
means f or exert11\S a pull upon the receiTer diaphragm in order that this pull 
oan be made t o  fluctuate by the al ternati11g current. For. this purpose a per..: 
manent magnet is used. This permanent m agnet is mereJ.y a magnetized piece ot 
steel bent s� that the two ends come clo se together simil ar to a horseshoe 
magnet, &s al.ready illustrated in Fig. 8. 

You are all famili,ar with the taot that a horseshoe magnet will 
attract_ a piece of iron or steel. In exactly the same manner the pel'manent 
magnet of the receiver a ttracts the iron diaphragm or the recei:ver. The ¢oils 
of the electr o-magnet are so connected· that when the al tel'nati:ng current is in 
one direction the pull of the electro-magnet is added to :he pull or the per
manent magnet, thus increasiI\._;- the total pull exerted on the diaphragm. When 
the current r89'erses, the pull of the electr o-magnet is opposing tne pull ot 
the permanent magnet so that less pull is exerted on the reeetver diaphragm. 
Therefore, as the al terna.ti:ng current through the electr o-magnet r89'erses its 
direction, the diaphragm is cau sed to move back and for th. 

The permanent magnet is required due to the fac t that the electro
magnet 'exerts a pull on the diaphragm regardles s ot the dil"ection in which the 
current is flowing: that is,· it does not pu ll the diaphragm when the cu rrent 
is riowi:ng in one direction and push the diaphragm when it is flowing in the 
opposi te direction. This is illustrated. graphit.al.ly in Pig. 10. 

The receiver is shown with 
a si!igle winding e lectro-magn et for 
the sake or simplicity, in one ca se 

.SOP"T COR[ 

with a soft iron core whi ch has no 
magne tic effec t but m_erely increases c uRR[NT -.... C\�V-
the et'fec t or the elec tro-magnet, and 
in the other case with a pennanen t [\ [\ 
magnet. The r esultant sound wave souN<> 

originating in respons e to . the re-
ceiver having the permanent magnet 

�CURR[NT 
.-C\L--4---._- SOUND v 

Fig. 10 

conforms to the alternating current _ 

wave whereas the other does not. Inasmuch as the alternating curren� has the 
same shape as the variations in the di rect current produc8d-by the transmitter, 
the receiver diaphragm will vibrate in· a similar manner. to the vibrations of ·the 
transmitter diaphragm. 
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LESS01� I (eon ti nu ed.) 

In Fig. 11 is a diae;ra.'D show
ing schenatically' the construction of 
a receiver, and in Fig. 12 is shown a 
cross s�tion of a standard instrument 
with the essential parts clearly marked. 

DIAPHRAGM 
HARD RUBBER 
CAPAN7 

..... 

COILS {ELECTRO-M�GNET) 

DIAPHRAGM 

.i:'ig. 11 

PERMANENT MAGNET 

(R P4896) 

CROSS SECTION OF RECEIVER 
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CHAPTr.l\ II - SI SD)®BIBIR'S fltllPJIQll 

In Order that two peo:i;ile 11&7 oar.ey OD a CODYereatiOD OTV the hl9phODe 
it 11, ot oov1e., neo•H&l'7 to tranmaU apeeoh in both 41reoUona. !hi• C&D T9l'J 
••117 be aoccmpl11he4 b)' the proper ccabination ot the tra:aai tting and. receiT1ng 
dwicu we h&Te alr•d.:v oou14ered. SUch an &!'l'angeent 11 shown in .Jig. 13. 

SECONDARY 
PRIMARY 

Fig. l� 
I• 

SECONDARY 
PRIMARY 

RP-5592 

llaoh tl'&Dmlitter h&1in1er1• with U a batte17 and the pri.mal'J ot an 
iDd.uqtioJ:L coil , the seoond&17 win41nga ot which are comieoted in eeriea with the 
line and. th e two recei.Ters. A 1ouZld. wave Taeying the diaphragm ot OJ:Le ot the 
tranamittera variu its res i s tance , thereb7 fluctuating the current, am th•• 
fluctuations cr•te in the aeooDd&.ey ot the iDd.uction 0011, an alternating currct 
which :tlows through the ·home receiTer aDd. the diatant receiver in aeries. !he 
&l tarnating ourrmt tlow1JJg through the hCllle receiver repe&ta the spoken word am 
we recognize thia ae "side tone". The ••• current flows thrOugh the dietant 
receiTer thereby accamplishing aouDd. tr&D811li1eion. Transmission in the opposite 

direction takee place in the aame -.y when a subscriber sp e&k:a · iJ:Lto the transmitter 
at the other end. ot the line. SUoh a ache• is aeldca used in actual practice 
exo91>t in T817 small telephone syst ss or tor rural subscribers. 1'he more coaaon 
arraugement 811ploya a batt917 iooated in the central ottice to supply all sub-
1cribers inst•d of baTiJJg a battery in •oh telephone. 

!he circuit ot a aub1cr1ber's telephone tor use w1 th a bat t 81"7 located. 
in the central ottice, or oomaon batte17, ae it 1a called, is_ somewhat ditterent 
trom the oi rcui t we h&T• Just cona1dved. '?he :tundamental arra?Jgement tor a 
li11gle line is shown ia i91g. 14. 'fhia c1rcu1 t oontaina a new piece ot apparatu1 
that we have not prwiouel7 co:m14ved which is· the coZld.enaer. A cond.euer 1• 
mvel.7 a gap in an otherwis e contlmous circuit,aZld. in telephone practi ce thie 
piece ot apparatus usually comiiate ot two pieces ot tin toil uparated by paper 
inaulation so that there is ?JO direct connection t.rom one piece ·or tin toil to 
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CHAPTER II ( eontimed) 

Q T�ANSMITTER 

\ 

REPEATING 

COIL 

Fig. 14 

INDUCTION 

C OIL 

CONDENSER 

RP-5593 

another. Howwer, When & batter1 is connected to the two sides ot a condenser, aa 

shown in Fig. 15, a momentary cm-rent will· :flow in the ciroui t until the co mens er 

has accumulated as much electricity as the capacity of the two plates will allow. 

When this stage has been reached, the condenser is 1aid to be "charged": the plate 

which is connected to the positive side o:t' the batte.ey has a positive charge, a.Dd 
the plate connected to the negative side of the battery has a negative charge. I:t' 
we now disconnect the condenser trom the battery, the condenaer will be left in a 

charged. condition. 

1 

CONDENSER 
+ 

BATTERY 

Fig. 16 

r 

RP�94 

CONDENSER 

+ 

RESISTANCE 

Whan the two sides. ot th• Fig. 16 
condenser are connected together bf 

RP-5595 

mee.Dll ot a reais ta:noe, as shown in Fig. 16', a tlow ot cm-rent will take plaoe 
t'ram ono plate to another through the resistance, the negative charge on the one 

.� 
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OHAPTti;R II (continued} 

pla't-.e neutralizing the positive charge on the ot her plate, and the condenser will 
be discharged. 

The action which takes pla c e when a condenser is comiected. to a source 

of al terna ting current is or particular interest in tel ephone work because thh 
is the application to which 1 t is usually put in practice. Under this co ndition 
th e condenser receives a charge wh en the curren t is in one direction and discharges 
when the cu.rrant revel"ses. Inasmuch as the charge and. discharge of the condenser 
requires a flow of current alter�tely in reversed direotions, the currtmt flowing 
in the circuit become!i equivalent to an al terna.tiDg c urrant so that in practice 
the al ternatLag currant flows in the circui t much the same as though there we re no 
colldeDSer present in the circuit at all . It should be rananbered that while in 
effect a co ndens er allows the passage of an alternating current, it acts as an 
insul a tor to steady currents as this principle is made use Of' in mmierous waya in 
tel ephon e circuits. A typ,ical conmercial condenser is shown in Fig. 17. 

Before takiDg up a discussion of the circuit 
of the subscriber's telephone , let us discuss briefly 
the repea.tiDg coil. This coil is essentially the same 
as an induction coil which we have already considered. 
The main difference b etween this coil and the induction 
coil is its construction. A repeati:cg coil is wound on 
a continuous iron core like a doughnut, technically 
describ ed as toroidal. A picture of one of the se coils 
with the cover ranoved to show the constructio n is 
shown in Fig. 18. There are actually four windiDgB on 
these coils al though for our purpoa.ea in discussing th e 
theory ot op eration, coils marked 1, 2, am 5, 6, may 
be consid ered as one coil: for uampl e, the primary 
a.Dd coils mal'ked 3, 4 , and 7 ,  8, m� be considered 1.1 
the other coil , or the secondary . We should not, how

evel', consider these two coils as primary and secondary 

in the same way that they were thought of in oonne�tion 

with the induction coil as the action of the coil is 

reVerse with the direction or conversation, the windiIJg 
which forms th e secondary sometimes being the primary, 

and vice versa. 

The action of the circ uit given in Fig. 14 
may now be described. The batter.y shown connected to 

· the WiDdings of the repeating coil supplies a current 

whi.ch flows through one willding of the repeating 001.1, 

transmi ttar, one winding of the imucti on coil, one windiDg ot the repeating coil, 

and back to the batte.ry. 'Mien the subscriber spe&ks into the transmitter a 
fluctuating current is created in this circuit in exactly the same manner as has 
already been described. The arra?Jganent of this circuit , however, is such that a 
second action takes plac e in this case. The in creasing and deorea.si:ag direct 

current alterllately charges and discharges the condenser in th e circuit thr:>Ugh 

the receiver , one willding of induction coil, condenser, back to the transmitter. 

This charging and discharging of the condense!" is in effect an al terns.ting current 

) 
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/ CHAPTER II (continued) 

Fig. 18 

tlowi:ag in windings 3, 4, ot the illduction coil and pro ducing an al ternatitig 
current in w1Dd1%1g8 l, 2, ot the illduction coil which :flows out over the line 
through the windings ot the repeating coil11 the battery, and back t o  the trana
mi tter. This al tern.a.ting ')urrent creates another alternating currant o f  the same 
characteristics in windings 3, 4, ? , a, of the repeating coil which creates an 
al ternati:ng current in windings 3, 4, ot the induction coil in the other subscriber's 
telephone. Inasm12ch as the receiTer 
in the second telephone is in series 
with windings 3, 4, Of the induction 
co il in that telephone, the soUDd is 
rep,roduoed. The reverse ot this 
action takes place when a subscriber 
speks into the transmitter at the 
other subscriber's station. 

A complete subscriber's 
telephone circuit is shown in Fig.19. 
From thie 1'1gure it will be clear 
� the coDdenser which we have pre
viously ref'erred to is required. Th.
bells tor signalling the subscriber 

are connected across the two wind.i.DgS 

TRANSMITTER 

RINGER 

R[((IVF:R 

Fig. 19 

.t 

• 

CONDENSER 

RP-'.\'.\90 
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CHAPT� II ( contimed} 

ot the induction coil, thus providing a path for the current fl'Om the battery to 
tlow through the subsc.i:-iber's telephone if it were not due to the f'aot that the 
circuit is open to steady cu.i:-rents at the condenser when the reoei.Ter is on the 
hook. It this condenser were not used, a cUl'rent Wl)uld flow contimiall.y in the 
subscriber's circu.it which would be a wasteful use of the cent.i:-al of:rice battery 
and, as we shall s ee 'later, would. interte.i:-e with ce.rtain signallillg operations. 

Before tald.J:Jg up a consideration of the sig:aalli?Jg a.rra.nganents, 1 et u 
coll8ide r wby the rep•tiJ:Jg coil w.s used in the circuit. suppose, for uample, 
that the coil had. been c1ni tted ancl a certain amount of resistance added, a1 illus
trated in Fig. 20, we would still have a perfectly good world?Jg arranganent. !he 

RP-M96 

. Fig. 20 

dift'icul t7 with such a sc heme, howwer, is that when two lin• are connected. to
gether, one ot which baa a Teey low resiatance a:ad the other a TV.V high res1stame, 
the one h&TiDg the lower resistance will draw most ot the current while the higher 
resistance liDe will get Tery little. � using rep•ti:ag coils, •oh line ia 
entireJ.T separated, tlms eliminati11g this ditticult7. !he other achsne, howwer, 
i� used to some extent ill certaiD priTate branch uohangee where practicall7 all 
the teJ.ephonea are in the same buil ding and the ditt'erence in the resistance ot the 
SUbacribV'S loop is Dagligible SO that ea.oh telephone transmitter receiTM about 
the same suppl7 of' current. 

We are now ready to consider the arranganent1 mad• for signalli:ng th• 
subscriber. In ol"d.er to uDd.erstaJJd the operation ot the ordin&rJ r inger, w e  llltllt 
consider f'Urther some ot the charaoteriat101 ot p8l'lla:nent magDets and. electro
magnet•· You are all t•iliar w1 th the fact that a comp&aa will po1Dt north. 1'.11• 

- 0peratiJ:Jg 11ecban11m which causes the compaaa to do this is a permanent magnet bal
anced. OIL a Deed.le ao that the two and.a are tree to ni:ag about. OD• end ot the 
magnet points north and the other end south. �· end. which poi».ts north is kDown 
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CHAPTER II (Continued} 

as the north pole and the end which points south, the south pole. All3 permanent 
magnet emibita thh ohal"acteriatio. Eran a horseshoe magnet, in which the two 
ands have been brought cl o a e together, haa this prop arty al though, ·due to the 
tact that it has be8J1 bent into the shape ot a horseshoe, it ia not practical to 
use it as a compass. 

• 

A single coil electro-magnet 

also exhibits these oharacteristioa and, 
f'Urther, it is possible to detel'mine by 
the dil"eotion ot the now ot current in 
the coil which end of the �et is the 
north pole and which is the south pole. 
The rule is illustrated in Pig. 21. !o 
determine the nor th pole, place the 
f'i:cgers ot the right hand around the 
coil in the directio;n in which the cur
rent is tloWi:ag, alld. the end of the mag
net toard which the thumb is pointed. is 
the north pole. When the current is re

versed, the polea are reversed. 

The next property ot a magnet 
which we should bear in milld is that the 
unlike p oles attract ea.ch other and that 
the like poles repel. In other words, 
if we have two p8l'm&nent magnets, the 
north pole ot one will a ttraot the south 
pole of the other, while it two south 
pol es or two north pol es are brought t o-
gether, th� Will repel each other. · 

NORTH POLE 

1 t t 

Fig. 21 

FINGERS 
FOLLOW 
CURRENT 

RP-5597 

We are now ready fo:r an uplanatioii ot the operation ot th• ringer uaed 
to 1ignal a subscriber. In Fig. 22 is shoWJl diagrammatically an ordiD&J"y ringer. 
Here we tind the combination ot a perma
nent and electro-magnet. The permanent 
magnet a� electro-magnet establish two 
south poles {S-S}, and by inductive 
ef'f'ect make the two ellds ot the a.rmature 
north poles (li-1). The center ot the 

al'mature is consequently a south pole. 
In other words, the &l'!ll&ture ia a piece 
of' soft iron with three poles, one in 
the center and one at *1.ch end illduoecl 
by the action ot the permanent magnet. 
The biasi:ag spring holds the armature 
in a tixed position. Now suppose an 
impulse of current flows .through the 
coils in the direction shown by .the 
arrow. The magnetism set up by the 

Jig. 22 

PERMANENT 
MAGNET 

RP-5598 
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CHAPTER II ( contimed) 

RINGER 
J'1g. u 

eleotrio ourren.t will atrengthc th• pol• at the em ot 0011 •L" am will either 
w..itu. the pole at the end ot coil "P or r9"er1e its polariQ-, depending upon 
the strength o� the aergidng G11l'r111t .  _!he armature will, theretore, be attraoted. · 

b7 the pole of 0011 •L"' uid repelled 'b7 the pole ot coil •r with the i-uult that 
the etteot of the b1&a1ng apri11g will be OYeroom• and. the bel.l clapper will •OY• to 
the opposite aide and strike the "r"' go:ag. When the impul•• ot currmt hu stoppei 
tlow111g, the magnetic relations in the r111ger will be reeetabliahed &a th91 were 
betor• th• current tlowed, and the b1&s1I1g spriDg will pull the &l'm&tlll'• baok io 
ita original position thereby oauBi:ng the clapper to strike gong "l". !h'U, a 
1erie1 ot thue impulaee will oont1me to ring the bell it thtV occur in .rapid 
auooeaaion. In actual practice a subscriber's bell is l"tlDg b7 me&D8 ot alternatlDg 
ourrct sent out from the central office. .A.s the al ternat111g currct flows tirat 
in one direction and then in the other, one ot the impula• will be in. the proper 
direct ion to produce the action ot the bell whioh we haT• Juat d .. oribed. !he 
othei'" halt ot th• &ltermting GUl'rent •T•'will produce a magnetic etteot in auoh 
a W&7 that the •p pol• beoomea a stroI1g south pole and the ttL" pole chaig• to & 
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CHAPTER II ( oontimied) 

north pole, thereby helping the biasing spring to hold the armature stationary. 
In this way we see that one half of the &l tvnating currmt wave pull• the arma
ture OYel" while the other one aids the biasi:ag spring in pulling it back again. 

In Fig • .  23 is a picture of the ordinary ringer in which the more 
important elements ha"Ye been clearly marked. This 0C1Dpletes the doeoription of 
the ordiJJ&l"Y single pa.rt7 0C111mon battery subscriber's telephone. 
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CHAPTER III - LINE AND CORD CIBQUI'f 

n We have considerea means tor t.Aansmi tting speech by mea.m Of an electric 

current and are now ready to take up the various a rrangements employed for inter
c onnecting &J\Y two subscribers who . may desire to oarry on conversation. 

On account ot the 
large number ot subsoribera 
whom it is necessary to 
accommodate, means employed 
for swi t chiJ:Jg are consid.•.r
ably more complioattd am 
intricate than the apparatus 
necessary tor transmission 
of speech itself. Before wo 
take up a discussion of the 
switching cirou1 t , however, 

i t is advisable to give some 
oonsidel"& tion to the va rious 
pieces of apparatus employed 
in settillg up connections. 
The most important Of all 
these is the relay. A relay 
is essentially nothing more 
or less than an elect rically . 

operated switch by means of 
whi ch a circui t may be 
opened or closed by the mag
netic aotion ot an electro
magne t on the armature of 
the relay. 

In Fig. 24 is 
shown a ty:p 1 cal relay. The 
action of this relay is 
exactly the same as that Of 
the telegraph soullder al
though this may not be clear 
due to the peculiar con
struction or the relay. The 
armature cons ists of a "U" 
shaped pieee hi:nged at the 
rear, the &rl'angement Of 
which is more cl early shown 
in Fig. 25. When a currant 
of el eotrici ty flows through 
the coil the core becomes an 

electro-magnet and pulls the 
&!'lll&ture over against the 
pole face. The arrows are intended 

5POOL 
HEAO 

F1lONT CONTllCT 5Ple1Ntl 

Fig. 24 

to represent the magneti c force. 'l'he springs 
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CHAPTER III . ( o o nt i l11l ed ) 

. ot the relay to whi oh ar t a. t taoh ed  th e oon
tacts ar e al s o  tas t ened. at the rear .  Tw o  ot 
th e springs on one s i de r es t  agai ns t  the spool 
h•d whil e  .th e other two r es t  aga ins t i nsula
ti ng s tuds fa s t ened to the armature. The t op 
and bo t tom pa i re of spri DgS normally make con
tac t at the c o nta c t  point s , th e Sp.rings b ei ng  
s o  adjust ed  that when the contac t s  are mad e 
the anna tur e .  i s hel d  away from the pol e face 
of the el ec tro-magnet . 

Fig. 26 

HINGE 

ARMATUR E  

C ORE 

Fig. 25 

When the arma tur e is pul l ed aga i ns t  
th e pol e fac e ,  the i nsula t i ng  s tuds 
push one of each of the two pairs 
of springs op eni ng b o th s et s  of 
contac t s . I n  actual prac ti c e  r elays 
ar e made up wi th a large vari ety of 
arrangan ent s of sp ri ngs and contacts , 
a typi cal l" elay hav i ng a gr ea t er 
combi na t i on of spri DgS b ei Dg  shown i n  
Fig. 26.  

We al"e now r eady to con
sider som e  s impl el" pi ec es  Of appara
tus whi ch are involv ed.  i n  s et t ing up 
connec t i o ns  b etween two sub s crib ers . 
I n  Fig. 27 i s  shown an ord i nary plug 
and jack. Th es e  two pi ec es  of appa
ra tus when taken t ogeth el" prov ide a 
conv eni ent means for connec t i ng  two 
ci rcui t s  t ogeth er manual ly . Prov i
s i on is made for connec t i ng  thr e e  
oonduc tors whi ch , i n  t el ephone 
language , ar e known as th e tt t ip ,  
r i :cg  and s l eev e" ,  b ei ng  nam ed  f'o r
the part s  o f  the p lug to whi ch th� 
ar e  connec t ed ,  the t ip wire b ei ng  
co nnect ed to t h e  t ip o f  th e plug , 
the r i ng  t o  th e ring of th e p lug 
and the s l eev e  t o  the s l eev e  of th e 
plug as shown . i n th e figur e. The 
part s of the jack wi th which the 

. p lug makes co ntact b eal" the corr es-

J 
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I 

·ponding des igna tiona . 
In cons idaring our tra ns 
mission ci rcui ts , only 
two wires were nec es sary 
and thas e are no.rmal ly 
connec t ed.  to the tip 
aild ri ng. Th e  third or 
s l eev e  Wire i s  ue ed for 
s ignal l i ng  purpos es 
wi thin the c entral 
offi c e  aild do es no t ex
t end to the subscrib er ' s  
s ta t  ion. 

Th er e i s  also 
ano ther form of swi t ch 
whi ch may b e  manual]Jr 
op erat � known as a "key" 
whi ch iS us ed. v ery ex
t ens iv ely i n  s et ting up 
t el ephone connec t i ons . 
A typi cal e:xzmpl e i s  shown 
in Fig. 28 . Thi s par ti 
cular key may b e  op era t ed  
i n  el ther di r ec t i on. Th e  
p ecul iar shap e  o f  the 
spring agai ns t _whi ch the 
rol l er op erat es when 
moved to the right i s  for 
th e purpos e  of l o cking 
the key in the op erat ed  
posi t i on when i t  ha s  b een 
pushed ov er in that 
dir ec t i on. On the oppo
s i t e  s id e  a s trai ght 
spring i s  us ed so that 
when the key i s  op era t ed. 
i n  tha t di rec t i o n  i t  wil l  

- 3 -

CHAPTER III ( cont imi ed) 

PLU6 
TIP � • RING 

SLE£V£ <0 I o"'-A--o-� -- �� '-- ---co>--- .!SLEEVE 

��: �111= =1=1 

.Fig. 2 7 

immediately r eturn t o  normal as s o on as th e handl e or the key i s  r el eas ed. . I t 
should b e  no t ed  that keys may b e  us ed for openi?Jg contacts as well as closing con
tacts as i s  the cas e i n  thi s enmpl e. 

We are now ready t o  co ns i der wha t happ ens wh en th e  subscri b er rsnov es th e 
rec eiv er from the swi t chhook to call central . Under this coildi tion a lamp is i ight ed. 
in the face of th e swi tchboard in front of an op era t or . The m ea ns  by which thi s  1 1  
acoompl ish ed. i s  shown in the c ircui t i n  F i g .  29 .  A c i rcui t i s  compl et ed from o ne 
side of the ba t t ery t o  o ne wi nd ing of the r elay , ov er o ne s ide of th e  l i ne through· ' 
one winding of the induc t i on co il , transmi t t er ,  back ov er . th e l i ne to the other 
windiDg of the relay to the bat t ery .  Th e r el ay i s  energi z ed  pul l ing up i t s  arma
tur e cl o si ng the co ntac t whi ch l igh t s  th e lamp by comiec t ing i t  acro ss  the bat t ery. 

1 
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CHAPTER II I ( cont i .uu ed. )  

The op era tor , upo n  s eei ng t h e  l i gh t , 
i ns er t s  the plug of a c ord i nto th e jack whi ch i s  
as s oc ia t ed  wi th t he l ight ed lamp . Aft er as c er
ta i ning wha t numb er is des i r ed ,  sh e plugs th e 
oth er eDd of th e cord i nto a jack connect ed. to the 
call ed subs crib er ' s  l i ne ,  and op era t es a key whi ch 
rings the b ell in the call ed sub s cr i b er ' s  t el ephone. 
Fo r the sake of a impl i c i  ty , the s eo olld plug am ja ok 
have b een omi t t ad. I t  s houl d b e  not ed  tha t i n  the 
op era t i o n  ot th e k� th e two i ns i de conta c t s  are 
b.t-oken, thus di s connec t i ng  th e bat t ery a.nd r � ea. t 
i ng  c o l l  f r CJD  t h e  circui t and tha t t h e  out s i de c on
tao t s  oonnec t al t er na t i ng  curr ent dil'eo t ly to th e 
subs orib er ' s  t el epho ne. Wh en th e dnging key i s  
r el ea s ed ,  th e contac t s  r eturn to no rma l  as th eu are 
non- l o oki ng ,  thus agai n  eonnec t ing th e bat t ery t o  
th e cal l ed  sub scrib er ' s  t el ephone i n  o rder to supply 
el ec t r i c  current through th e t ransmi t t er to enabl e  
the sub s crib ers to talk. 

As alr eady s tat ed ,  t h e  plugs and ja cks 
hav e thr ee co nduc t ors i ns t ead ot two . The us e ot 
the third co ndu c tor wi l l  now b e  des crib ed .  L e t  us 
as sume tha t the ca l l i ng  sub s crib er r enov es the 
r ec eiv er from th e swi t chhook and tha t the r elay 
ma.toked " l ine r elay" in Fig. 30 op era t es ,  l i gh ti ng  
th e " l ine l amp "  as previ ous ly d es crib ed. .  In thi s  
eas e th e circu i t  f or op era t i ng  th e l i ne r elay i s  
through th e contacts of the 11 cut-off'11 r elay ; o th er
wi s e  i t  i s  exac t ly the sam e .  

+ "' 
o---__,t 

MJN-L OCKING 

(R.P.4901) 

� ---o 
LOCKING 

The op era tor , upon s eei ng the l ight ed 
l i ne lamp , ins er t s  the plug of a c ord i nto the · 

c orr esp onding jack , known as an ° answeri ng" jack , 
as sh e i s  answeri ng a call . We now hav e a ci r cui t 

Fig. 28 

R I N G E R  

CAL L I NG 
SUBSC R I B E R  

R E LAY 

JA C K  PLUG 

Fig. 29 

R I N G E R 

K E Y  

'--+----_________ ] 

'-yr-/ 
A l  T E R N AT I NG 
C U R R E N T  

CA L L E D  
S U B S C R I E! r n  

R P - �60� 
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CHAPTER I II ( cont i nued) 

A N S. "".l P L U G  

Fig. 30 

'\EY 

� 
A LTER NA T l N G  
C U R R E N T  

R I N G E R  

t · 'TI 
_

_ _  t 
CA LI . E D  

S U B SC R I B E R  

IR P -· 5 & \ '3  

from one s ide o f'  th e  ba t t ery t o  the windi ng o f  the cut-off r elay . t o  the s l e ev e  
o t  th e answeri ng jack, sl eev e o f  the answeri ng  plug , sup erv isory lamp o f'  the cord 
ci rcui t , back to ba t t ery . This op era t es the cut-off r elay whi ch , as  the nam e  
impli es , " cut s off" the l ine r elay from across th e l i ne.  Thi s op era ti on of the 
out-off r el'1 op ens the ci rcu i t  of th e l i ne r elay whi ch r el eas es i ts armatur e ,  
ext i ngui shing the l ine lamp . Under thi s co ndi tion the sup erv i sory lamp i n  the 
cord c ircui t would be l ight ed if i t  w er e  no t for th e op era t ion of' the sup ervi sory 
r elay i n  th e cord circui t whi ch op era t es ov er a pa th from bat t ery ,  o ne winding of' 
the r ep ea t i ng  c o i l , wi ndi ng of the superv i s ory r elay , ring or  plug , ring of jack ,  
one s i d e  of l i ne to transmi t t er i n  th e sub s crib er ' s t el ephone , one wi nding o f'  
i nduct i on co i l , back ov er the l in e ,  t ip of jack, t ip o t  plug , one wi ndi ng  of 
r ep ea t i ng  coi l , to ba t t ery .  

Th e  op eration of thi s r elay plac es a r es i s tanc e acro s s  the sup erv i so ry  
l amp .  Th i s  r es i s tance al l ows enough of th e curr ent t o flow through thi s auxi l iary 
path to dim the lamp s o  tha t i t  is no t v i s ibl e to th e op era tor . The compl et i on of' 
the connec t i o n  to the cal l ed  subscrib er i s  th e sam e as p r ev iously d es cr ib ed .  

W e  ar e now r eady t o  cons ider a mor e compl et e connec t i on such a s  tha t  
shown in Fig. 31.  This circui t  i s  the sam e as t ha t  already shown exc ep t  tha t the 
plug and jacks for the cal l ed  subscrib er hav e b een shown and al so t ha t  mul t ipl e 
jacks a s  w el l  as answering jacks hav e b e en i ntro ducj'd . In ord er tha t aey op erator 
may canpl et e a connec ti on to aJJ.Y sub s cri b er ,  i t i s  nec essary tor her to hav e acc es s  
t o  & I\V  subscrib er ' s  line. I t  i s , therefor e ,  nec es sary to  ext end the subscrib ers • 
l i nes throughout th e swi tchb oard so tha t ev ery sub s crib er ' s  l i ne wi l l  b e  wi thi n 
r each or ev ery op era tor .  Thi s i s  done by m eans of the mul tipl e  jacks whi ch ar e 
us ed exclus iv ely for compl eti ng oo.nnections to cal l ed  subscr�b ers . Th es e  mul t ipl e 

ja cks ar e exac tly the same as answ eriDg jacks u:c ept that they hav e no lamp equip
ment as s o ciat ed wi th th em .  Th e answeri ng ja cks usua lly app ear only onc e i n  the 
swi t chboard and hav e lamp s  as s o c ia t ed  wi th them , wher eas the mul t ipl e  jacks app ear 
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CHAPTER III ( con t i m ed} 

P'ig. 31 

CALLED 
SUBSC R I B ER 

R P- 5605 

throughout the 1wi t chboard wi thin collV' eni ent r each o f  all op era tors but hav e 
no lamps .  · Thw.s ,  an i nc <1ni ng  cal l always app ears i n  the same po int i n th e swi t ch
b oard whereas cal l s may b e  compl et ed to aey sub s crib er frm aey posi tion through
ou t th e swi t chboard . 

I t  shoul d b o  no t ed  tha t the sl eeves of th e  answeri ng and mul t ipl e ja cks 
are co nnec t ed. t ogeth er . This i s  for the purpo s e ot op era t i ng  th e cu t-off r elay 
of the call ed subscr ib er ' • l i ne in order to cl ea r  the l ine of the l i ne r elay whi l e 
conv ersa t i on i s  b eing carri ed on. 

· 

We ar e now r eady to cons i der the means by whi ch the op erator i s  abl e 
to carry o n  oonv &•sa t i o n wi th the subscri b er  to as certai n wha t numb er the sub-
1crib td" i s  o&ll i :og. A s impl ifi ed arranga:n ent to illus tra t e  thi s i s  shown i n  
Fig. 32 . 

When a subscrib er o rigina t es a cal l and the op era tor has plugged int o  
t h e  e.nsw11r i ?Jg  jack, ehe op erat es a l i s t eni ng key a s so ciat ed w1 th th e cord. Thil 
connec t s  th e  op era tor ' s  t el epho ne s et acro ss the cord ci.: ·cui t .  Frcrn th e conventi on 
i t  will b e  no ted tha t the l i s t eni ng  k ey i s  ot the l o ckb:ig typ e wh ereas the ri nging 
ke.v is non-looki ng. 

Th e  op era t ion o t  t h e  t el epho ne ci r cuit trom a transmi s s i on s tandpo int i s  
as follows : ba t t ery i s  suppl i ed to the transmit t er through what i s  known a s  a 

. retarda t ion co i l , one windiIJg of th e i nd.� ct i on coi l , back t o ba t t ery .  Thi s r e
tarda t i on coil l s  i ns sr t ed  tor th e pu1pos e o f  pr ev enti ng the al t erna ti ng curr ent 

tr<1n floWing through th e bat t ery  and has th e eff ec t of choki ng  back or .r etarding 
• the al t ernati ng curr ent . Thi s i s  neces sary i n  order to prev ent cros s - talk with 

o ther op erators '  s et s  or sub s crib ers . 

A condens er i s  pr ov i ded which , a s  we hav e already l ea rned , wil l  al l ow the 
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CHAPTER III ( continued ) 

L I ST E N I N G  
KEY 

H E A D  
RECE I V E �-+---

Fig. 32 

I N DUCT I O N  
C O I L 

CAL L E D  
SU B S C R I BER fi"'""" 

C O I L  

T T ERY 

ilP -5606 

al t ernating curr ent to circulate in a path through the transmit t er  and the 
windi ng ot the induction coil . A condens er is ins erted in a eri es wi t h  the 
o ther wi ndi:ag ot the induct io n  coil and rec eiv er in order to prev ent the central 
o:t'f'io• ba tt ery from flowing through this circuit when t he list eni?Jg key i s  
oper&ted. This does no t ,  o f  course, int erfere with the al t ernat i ng  voice cur
r ents from floWing i n  thi s circui t. 

The purpos e of the supeniaory lamps us ed in a subscrib er ' s  cord 
circuit is to indica t e  wh ether or DOt the subscriber ' s  rec eiv er is on the hook• 
am deno t es to the op erator that the subscriber bas compl eted. his colIV eraa tion 
and hung up the r ec eiv er . \Vhen bo th sup erv isory lamps have l ight ed. ,  the operator 
r emoves the cords :from the Jacks . The sup erviso ry lamp l ights when the r eceiver 
i s placed upon the swi tchhook due to the fac t that the ci rcu i t  is op en at the 
contac ts ot the swi tchhook, al loWi :ag  the sup ervisory r elay to r e1 aru1 e  which re
mov es the r es i s tanc e shunt :trom around the lamp , thus allowi ng  it to burn 
bl!'ightly. 
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CHJ\PT&\ IY - THE INTI:liOFFICE CALL 

A s i ngl e  central offic e  can &coCIDDoda t e  only a l imi t ed  numbe� or 
1ubaarlb era , the lal"gee t off i c es  b ei ng  designed to take care of 10 ,500 l ines . 
In a large c i ty th el"e ar e thousand.a of sub s cri b ers and i t  i s  nec es sary to prov ide 
a :a:mnb er of central offi ces wi th facil i ti es  for i nt erconnec t ing each offi c e  in 
.order tha t subs crib ers of one c entral offi ce m� talk wl th subs crib ers of another 
o entl"al offi ce.  �is nec es s i tat es trunking the cal l s from one office t o  th e  o ther 
ov er cab l e  pairs used es peciall7 tor thi s  purpos e. 

I t  i s  the usual practice to t ermina t e  th e sub s cribers ' l i nes in a . s eparate 
swi t chboard from the trunks , th e b oa rd i n  whi ch  the sub s crib ers ' l i nes t ermi nat e 
b ei JJg  known as the 1ub 1 crib ers ' or "A" switchboard, and the board i n  which th e 
t ruru t e.rmim t e  b ei11g known as th e  trunk or " B" swi t chboard . In Fig. 33 i s  shown 
1 ch ema t i cal ly the rout iJJg ot a cal l from an "A" :board to th e "B" board , the "A" 
board b ei ng  l o cated in th·e origi nati ng  and th e "B" board in th e t ermi na t i ?Jg  offi c e. 

I n  addi ti on to the tl'llnk circui ta b etween offi c es , 1 t i s  also nec es sary 
to prov id e  call circui t s to e:nab l e  th e  op erator at th e "A" board to pa s s  the o&l l 
te; the op era tor at the "B" board. �e op·erat ions whi ch take place i n  compl eti ng  a 

cal l b etw een two off i c es a r e  bri efly as fol l ows : 

�e subaori b er  r anoT• th e r eceiv er  from th e swi t chhoolt &nd. the "A" operator 
&?18w er1 the cal l .  Upon r ec eiv ing a requ es t tor a sub s cri b er  in ano ther offi c e ,  the 
."A" opera tor r es tores the l i s t eni ng  key to no rmal , pres s es a cal l cil"cu1 t k ll.V'  and 
talks di r ec tly t o  th e trunk operator at th e comp l e t ing offi c e ,  raqu es t izg th e  con
nec t i on to th e des ired subs crib er. The trunk op era tor i n  turn as s igns an idl e t runk 
whi ch baa th e sam e numb er a t  th e o ri$i na t i ng end as a t  th e conolud i11g end. The ,.A" 
op era tor i ns er ts a cal l i ng  c ord i nt o  ' the outgo i ?Jg  trunk Jack and the " B" op erator 
compl et es the c ircuit by i m er ti I1g  the plug of th e parti eular trunk aasigned i nto 
th e j a ck  ot. the des i r ed  subscrib er. 

I t  shoul d b e  unders t o od that in order to compl et e  cal l s  in e i th er dir ec t ion 
between two otfi c n , it is neoes a&%'7 that bo th offi ces hav e an "A" b oa rd and a " B" 

board. Thi a  i s  i l lus t rat ed by the simpl e diagram i n  Fig. 34. 

In v i ew  Of the fac t that it is neces sary t o  trunk a majori ty of the oal l1 
in ci t i es hav ing a la rge numb er of central offi c es , it has b een found more economical 
to di sp«ia e with th e subs cri b ers ' mul t ipl e i.n th e "A" sWi t ohboards enti r ely and trunk. 
all call s  to th e •B" board. The op el"at i on is th e sam e wheth er th e cal l goes to a 
clla tant of:ti c e  or to the " B  .. board of the sSlll e otti o e. 

In Fig. 35 is shown th e fac e  of an "A" swi t chboa rd wi th the var i ous group• 
ot ciroui�a cl early marked. 

) In Fig. 36 i s  shown th e  fac e  of a " B" boal"d with the subscrib ers ' mul t iple 
shown above and th e plugs of the trunks b el ow  o n  th e key ah elt. 

Befor e  we take up :tur th er th e arrazg snent and layout o f  th e appara tus i n  a 
,c entral offi c e, l et us di s ou s s  one impor tant op erat i ng  f eatur e  which mus t  b e  prov ided 
tor . 'l'hi s  1a the "busy" t-es t .  W e  wil l consider fi rs t th e cas e o r  a n  .. A" op erat or 
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CHAPT ��H. II. ( cont imedl 

compl eting a call wi th a subscrib er ' s  cord 

A --+-��_,.:�- �---�� B 

9 _,..���--..,._...���A 

R P-56 17 
Fig. 34 

circui t ,  and l et us suppos e tha t  th e sub
ecrib er call ed  is already busy , that is , 
there is already a cord circuit plugged i n- , 
t o  a mul tipl e jack ot the l ine at som e o ther 
po si ti on. l! etor e an op era tor i ns erts a cord 
into the jack ot th e cal l ed  subscri b er •  s 
l i ne, sh"' t oachea th e tip ot th e cord to the 
s l en e  of the jack. If the l i ne is busy , a 

click will  b e  he&l'd in the �· eoeiv er to 1 Dd. 1 ca t e  the bu11y co?ldi t ion. 'l'he circuit  

arra�ement by whi ch 'this i s  accmpl1shed i s  shown in Fig. 37 . Here one cord is  
indi cat ed  a e  b ei?Jg plugged into a mul tipl e Jack and 'he tip of another cord i s  

iDd.icat ed a. a  touchiDg the sl ene ot  another mul t ipl e Jack o r  the sam e l ine. A 
circuit may b e  trac ed fran ba t t eey  through the supervi sory lmnp of th e cord circui t  

-.ir-.ay i m  ert dd in the mul tipl e ,  r eds tan.:se ,  s l eev e  o !  cord , s l e8'1 e  o f  jack! 
through the mul t ipl e to g1'0Und through the cu t-off r el �  i n  the answeri ng jack cir- · 

cul t . '1.'his , as we hav e already di scus s ed ,  n cu t s  off" th e l i n e  r elay tram across 

the tip &Dd. ri ng of th e l ine duri ng conY ersa t i on. We ca n  al s o trac e from the sl eev e 

ot th e mul tipl e a circuit to the sl eev e o r  the o ther mul tipl e jack shown i n  the 

figure. When the operator touches th e  tip of fae cord to  the sl eev e  o f'  thi s  jack , 
an el ec tri o currant flows ov er th e pa th already trac ed  trom th e  s l eev e  of th e firs t  
c\>rd through the contac t . of' the sl eev e rel� ,  Wi nding or an induct ion co il t t o 

ground. The s econd wi nd.iDg ot thi s  co il  is connec t ed  to the r ec eiv er ,  and the 
momentary tlow or curr ant in the fi rs t  wi ndi ng pr oduc es a current in the s eco nd  

Whi ch caus es  a cl i ck i n  the receiv er .  

I t  Will b e  no ted tha t th e circuit arrAngan ent o f  this cord i s diff er ent 
from that shown in th e  simpl er o ord circui t whi ch  we had i n  a pr evious l esson. Thill 
subscrib er ' s cord circui t  is  the one conmonly us ed in c entra l  ofti oes where al l calls 
a r e  t l"llnked , tha t  i s , Where 100% t.rankiDg iS us ed ,  and has b een shown her e  on a ccount 
ot i ts  cOI11I1o n  us e. The s l eev e  r elay which co ntrul s the busy t es t opera t es  when tlie 
cord- i s  plugged i nt o  a mult ipl e jack and. transfers th e tip of the cord from the qusy 
t es t  l ead to th e tip side o f  the cord circui t .  A busy t es t ci rcuit s imilar to this . 
i s  us ed in t runk eiruui ts and will th erefor e not b e  discus s ed here. ' 

In cas e the " B" op erator finds a subsorib er ' s  l i �e busy , she plugs the 
cord ot the trunk into a busy jack whi ch places an int errup ted t one on the tl"llllk 
Which the sub s crib er r ecogni zes as a busy tone. rt is nec es sary t o  us e this arrange
ment as the ".l:!" op erator has no dir ec t  comnun1 ea t1on wi th th e cal li ng  subscrib er .  
I n  Fig. 36 , showi ng  th e fao e  o f  a "13" swi t chb oard , a siJJgl e strip o f'  thes e busy jacks 
is shown jus t b el ow  the mul tipl e. 

'l'he arrangan ent ot th e  oabl lng b etween the var ious fl"sm es in a: manual 
c entral. of'ti e e  i s  shown in Fig. 38 . The ou t s i d e  cabl es ai-e brough t  i nto th& c entral 
offi c e and t &rmiD&t e at Wha t is known as the main di s tribu ting fram e ,  marked_ MDF ' on 
the die.gram , bo th th e sub s cri b er ' s  l i ne and tl"llnk cables b ei ng  t ermina t ed  a t th e same 
fram es .  In order to pro t ec t  c entral off' i c tt .  equipm ent fr cm damage i n  �s e a sub 
scrib er ' s l ine o r  t l"llnk cir cui t shoul d  com e  i n  co nt ac t wi th a building l ight i ng  cir
cuit or a high vol tage poYer l i ne, the cabl es are t erm i na t ed  on pro t ec tors mount ed 
on th e  ?irnF.. From th6 pro t ec t o rs  the l i nes or trunks are co nnec t ed  to th e other sid e 
ot th·e d.i s tributing frame by means of' fl exi b l e wi re� 'known as " jumper" wires . 'l'he 

J 
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CH AP TER IV ( c o n t inue d ) 

Fig . 36 

) pa th o f a sub s c r i b e r ' s l ine may b e  tra c e d  as f o l l ows : 
� 

frg m e , c ab l e s  a. re run t o  an i n t e rme d i a t e  d i s tr i but ing 
the s ame t e rm j na.l s t r i p s on whi ch the cab l e s  from the 
te rmina.t e ,  cab l e s  are als o run to the mul t i p l e  in the 

from the ma i n  d i s t r i bu t i ng  
frame d e s i gna t e d  I:DF . From 
ma i n  d i s tri but ing frame 
" B " sw i t chbo ard . 

A c ab l e i s  a l s o  shown t o the sub s c r i b e r s ' mul t i p l e  in th e " A "  b o a rd but 
thi s mul t ip l e  i s  us e d:  only i n  ar e a s where 100% trunking i s  no t e c onomi c al . By mearu: 

l 

r I I 
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CHAPT�R IV ( continued) 

TRVJIX HEY 

Fig. 37 
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CHAPTER . Iv ( continued ) 

ot jumper Wir e ,  the anawering jaok circu1 t ,  or the " l i ne ciroui t" as 1 t i i  cal l ed ,  
i i  oonueot ed aorosa the IDF t o  t erminal s tr ips on whi rih  a r e  t erminat ed cab l es t o  
th e anner111g jaokll and lamps i n  th e '  "A" swi tchboard and t o  the r elq rack on whi oh 
ar e looai ed the l i ne  and cut-ott r el.�s of the answeri ng j aok o ir oui t a .  

I ncomi ng trunks from o ther off i c es t ermi na t e  e t  prot ectors on the mai n 
d.ia trlbut ing fram e and ar e  cr osa-oonneo t ed  to cabl es t ermi na t i ng  a t  th e  tru.nk co i l  
raok containing 
the r ep  ea Ung 
oo ila f.or the 
trunk oiroui t a . 
From the r ep ea t
i ng  ao 111 ca bl ea 
a r e  run to the 
trunk r el8¥ raok 
and thenoe by 
oabl n  t o  the 
t.runk ci rcui ts in 
th e "B" board.. 
1'he outgo i ng  
tl'Unlc: oircui ta 
trom the "A" 
b oard. are usual ly 
oab l ed  direc tly 
to the ma i n  di•
tri bu ting tram• 
exc ep t  for a 
cab l e to the l i ne 
r elay raok on 
whi ch ar e mount ed 
r es is tances us ett 
i n  the s l  HV ee o t  
the outgc ing 
trUDka . The only 
cabl i ng  r equir ed 
tor t he sub
atirib ers ' oord 
0 1roui t1 1e  tha t 
t o  the 00 11 .raok 
wher e  are mount od. 
th e r ep • t ing 
oo ile . 

�· 
m&1n dietri bu ti ng 
tnzne i• ahown in 
Fig• 39 . .on one 
s i 4e are shown 
th e pro t ec tors to 
•h1 oh - the outs ide 
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C!!:APTER. IV ( cont im ed) 

Th e  oir cui t is compl et ed f'rom the cabl e ter
mi nal s  to t_he jump er t erm i nal s through the h • t  co i ls 
pla o ed  b etween the SP.ri ngs . Th es e  hea t c o i l s  are 1 0  
cons truo t ed  tha t wh en a sub s cri b er ' s  l i ne com es i n  
contac t wi th a hlgh vol tage p ow er  l i ne , a solder ed  
j o i nt i ns ide the co il wil l m el t du e to th e hea t pro
duc ed.  by the exc es s iv e  el ec tr i c  cur.r ent and oa:us e 
the h ea t  coil t o  op era t e  as shown o n  the r igh t hand 
aide in th e f igur e. Thi s  pr es s es a spri ng agai ns t  
the r ram e1rork of th e pro t ec tor whi ch i s  grounded , 
thus caus i ng  th e curr ent to b e  carri ed. to ground i n
s t ead Of through the c entral off i c e  equipn ent .  The 
co ns truo t i on of the h ea t  co i l  is shown in Fi g. 4 1 .  
The high ourr ent flowi ng  through the h • t  co il wi nd
i 11g  m el ts th e sol der hol di ng  th e copp er  s l eev e  t o  th e 
h ea t  co i l. pin and th e pr es sur e or the prot ector 
epring o n  .th e head o t  the coil pushes th e wi nd ing &D4 
sl e ev e alo:ng th e p i n  which ,  i n  turn ,  pushes th e spr ing 
age.ins t the grounded fram •ork. 

In addi t i on to pro t ec ting the equipn ent 
agai ns t powel' e i rcui t s ,  th e pr o t ec tor i s  al s o  d es ign
ed to prov id e p ro t ec t i on aga i ns t l ightni ng .  This 1& 
accompl i sh ed  by 'pr ov i d i ng  two pi eces of ca rbo n b e
tween whi ch ls i ns er t ed  a p i ec e  o f  �l ea , a s  shown i n  
Fig . 40 . The l ightning di s chal"ge wil l  jump the v ery 
smal l gap b etw een th e  two carbon blocks and t'ol l ow  
the fram ework o :r  t h e  pr o t ec t ors t o  ground . 

I n  Fig .  42 i s  sho m  a pi oture of an i nter-
medi ate di stribu ti ng frame .  Tb.i s frame does 
no t h ave protectors as the pro tection i s  al 
ways pl aced at the m ai n  di stri buti ng frame 
•hare the cabl e s  enter ' the offi ce, thu s af
fordi ng the maximum uount of p roteoti on to 
the central offi ce equipment .  The main pur
po se ot thi s frame i s  to provide a fl exibl e 
means for oonneoti ng the mul tipl e and answer
ing jaoks by means of jumpers . By thi s ar
raDB ement any ans wering jack oa.n be oonnect
ed to any mul tipl e .  It has been found more 
conveni ent in runni ng  the jump ers to ha.Te 

CO N TAC T P L AT E  

H EAT COI L  PIN 

the termi nal stripe on one side of the frame 
arranged in hori zontal rows ' and thos e  on the HEAT CO I L  WINDI N G  

o ther si de o f  the fr!allle arranged i n  verti cal 

Pitr• 40 
F I B E R  S H E L L  

WITCHBOARD 

COPPER SL E E V E  
SOLDE RED T O  H EAT i 

CO I L  PI N 

rows . 'l'hi s  has l ed to the practi ce of desig
nating one side of the frame �s the hori zon
tal aide and the other as the verti cal ·si de 
and are u sually designated HIDF and VI DR .  

SWITC H BOARD CABLE 

Fig . 41 
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CHAP TER IV ( c ontinue d ) 

Fig . 4 2 · 

(R. P. 4937) 
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QHAPTfil IV ( oonti nued} 

.f i �. 4..J 
In Fig . 43 i e shown a t.ypt eu terminal et rip u s ed. on the HIDf. 

oabl e i s  oonn ected to the bo ttom ot the strip IU'ld 1;he jump er wi re to the top . 
terminal s are merely short met�i.l pi eoes ol amp ed between s·trip s of fibre . 

In Fig . 44 i s  shown the rear of a. line rel .'l.y rack on lfhi ch are l o c ated 
the l i9e and ou t-off rel ays of the an s weri ng j ack ci rcui t s . 

In Fig . 45 i s  shown the front of a trunk rel ay rack on whi ch are l o cated 
·the rel ays of- the trunk ci rcui t s . 

In Fig . 46 i s  sho wn the rear of a.n "A" boa.rd , rl th the outgo ing trunk 
mul tip l e ,  'lll Sweri ng j acks , co rd oi rcu i  t rel ays , and op erSJ.tor ' s tel ephone ci roui t 
cl early marked . The rear o f  a "B" bo ard has not b een sho wn as th ere i s  very 
Ut.tl e  equipment i n one of these bo ards ,  mo s t  of the app aratu s for the trunk cir
oui ts being l o cated i n  the termintl room on fr�es �d r �ck s . 

In Fig . 47 are shown a coi l rack and fu se p'l.Ilel . The coi l s  are p l aced 
on horizontal shel ves and the cabl es oonnected to them supported on the shel vee 
in tront of th e  eoil e .  A f'u se i s  p rovi ded i n  ea.ch ci rcu i t to p rotect the app a.
r&tue and ci rcui ts from d6111a& e  from exces s i ve cu rrent . These f'uees are moun ted 
on a. p anel whi ch i e  ueually l o c�ted adj aeent to the oo i l  rack a.e thi s m ak e s  th e 
most conveni ent c&blin& �rr!lllgemen t .  

In order that & central offi o e  mainten 9.Ilc e m an  ma.y know when a fu s e  
has blo wn ,  '.Ill alarm h provided . For thh :purv o e e  a ep eoi ..U f'u e e ,  oommonly oal l ed 
& "gra.sehopp er" f'u s e ,  eho wn i n  Fig . 48 ,  i s  generally u s ed . The tu e e wi r e  i s  
&ttaobed. at one end to a small coil epr108 and �t the other end to a l eaf spring ,  
as shown i n  th e  'tigure .  Wh en  the fu s e  blows ,  the acti on that tuee pl �oe i s  eho m 
in Fig . 49 .  The l ea.t spring underneath p resses 11g d n e t  � al arm  bar olosing the 
oi roui t troa the battery 'be.r to an al arm ci roui t •hi ch i mmed.h .t9ly etllrts the 
al�, no ti fying the ma.in tenB.Dce man by the ringing of a b ell that !. fu s e  has blown . 

Lampe looa.ted on the t'use panel in l ine wi th each e trip of fusee indi cate 

th• strip in whi oh the blown fu ee i e  located . ·I'o taoi l i  tate the lo cati on of th e 
pa.rti oul a.r  tn s e  i n  the strip , a &l a.e s  bead i s  pl aced on the end of th e  oo i l  epr�g ,  

whi ch, when rel e ased by the bl owi ng o f  the fu s e ,  p roje cts ou t b eyond th e  l i n e  ·of 
the o ther tu eee i n  su oh � way as to be readi ly l ocated . 
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CHAP TER IV ( c ontinued ) 

Fig.  44 

l 
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CHAPTER IV ( c ont inue d )  

u 

Fig.  45 
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CHAP TER IV ( continue d )  
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CHAPTBR' IV ( oont�ecl) 

GL/155 NAD 

BA TTE:RY 
SA� 

Pig. 48 

GL ,qs5 8£40 

Bll TTEHY 
�A R 

,qL.AlfM 
BAR 

Fig. 49 

F'U�E Wilt£ 

MOUNTIN6 
P05 T  
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CHAPT�f\ V - PAlfblL MA.CHI NE SWITCHIUG IDUI IME!NT 

The panel machi ne swi t chi ng  sys t an  i s  a sys t ErD  f or . c omp l et ing t el �hone 
c o nnec t i ons au t anat i cal ly in r espo ns e  t o  dial pul s es or igina t ed  by the subscri b er . 
Th e dial whi ch i s  i llus tra t ed in F�g. 50 i s  l oca t ed  at the subs crib er ' s s ta t i o n. 
In t he cas e o f  a d esk s tand , i t  i s  mount ed on t he bas e, and i n  th e cas e of a wa l l  
s et ,  o n  th e fa o e  Of t h e  s et i t s el f . I t  i s  s o  d es i gned that by manipulating a 
f i ng er wh e el el ec t r i cal im-
pul s es ar e s ent out ov er the 
l i ne corr esp o nd ing wi th th e 
numb er s o r  l et t ers app ear i ng  
i n  th e hol es . Wh en us ed i n  
th e larg er oi ti es , th e 
d es ign b ee.r s  c erta i n  l et t ers 
o f  t h e  alphab et i n  addi t ion 
t o  the numb ers . The l et t ers 
are us ed for dial i ng  th e 
f i r s t thr ee l e t t ers o f  th e 
off i c e  nam e. 

The ci r cu i t of & 
sub s crib er ' s  s et wi t h  a dial 
is shown in F ig .  5 1 . Spring 
"A" op ens th e ci r cui t to th e 
r ec eiv er and cl o s es a pa th 
around th e t ransm i t t er ,  and 
i s  s o  a rranged tha t i t  r e
mai ns  c l o s ed. durl ng th e t im e  
t ha t  ea ch s er i es o f  impul s es 
i s  

·
b ei ng  s ent . Spri ng ttB" 

i s  th e pul s ing spri ng whi ch 
op ens a nd  clos es as th e dial 
r eturns to nonnal , produci ng  
the actua l pul s es .  Th e  
pul s i ng  c ircui t may b e  trac ed 
tram th e ring s id e  of the 
l i ne through one wi nd i ng  of 
th e i niuc t i on c o i l , co ntac ts 
o f  swi t chho ok ,  spring "A" ot 
dial , spring " B" of dial , 
ba ok on the t ip I!! ide of the 
l i ne. 

In Fig. 52 is shown 
a typi cal s el ec to r fram e with 
the var i ous p i ec es of appara

tus des i gna t ed .  Th er e  ar e 5 
pa nel type mul t ipl e banks and 
60 . s el ec t o r  oi rcui ta  on a 
fram e ,  30 s el ec tors on each 
s i de. 

Fig. 50 

NVMBER PL A TE / 

G'OVER#OR 
7'C>VV�T/N(l 
'3Clf'£W 

�GOV£;f'NOR ADVV.ST//V(l 
ARM 
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CH AF T 8R y R I N G E R  

D i  AL 

.... ---.... / ' 

A mul t ipl e banlc i s  shoWn i n  Fig. 
5 3 .  Thi s co ns i s t s  of fla t punchi ngs about 3-� f e e� l ong and l inch wide ov era l l . lil!. ch  
o f  th as e s tr ips has lugs on ea ch s ide wi th 
wh i ch th e s el ec t o rs can make contac t .  In 
this parti cuJ.ar bank 300 of th es e  s t r ips 
ar e p i l ed o ne abov a the o t h er ,  s epara t ed 

,/ A__r:::Q�. ,-, -------+----> 

by i llSUla t i on and s ecurely b ol t ed  t ogether , 
forming a pan el a.b out 15 i nches high .  'l'his 
bank prov i des a mul t ipl e cons i s t i ng  of t ip , 
ring and s l eev e  connect i on for· 100 l i nes , 
appearing 60 t im es , that i s , 30 o n  ea ch 
s i de. I t  i s  thi s pa nel whi ch ha s  giv en th� 
nam e  to th e sys t sn . 

I I \ B J 
', / 

.... .. _ - ,, 

In Fig. 54 a s ec t i o n  of' the mul tipl e Fig .  51 
bank i s  shown i n  m or e  deta i l  wi th th e s el ec to r  

R E C E I Vt: R 

R P-5626 

brushes making co nta c t  Wi th th e lugs or t ermina l s . 'l'he s el ec t ors ar e mov ed up and 
down by m ea ns  o t  a fri c ti o n  clut ch and cont inuous ly ro tati ng c ork rol l s  at the 
bo t tom or th e fram e. A p i c tur e o :r  the par t ial ly a s 1 um bl ed :rram e  showi ng th e  mul t i 
pl e banks and t h e  cork rol l  i s s hown i n  F i g .  55 , and the cork ro l l  al one i s  shown 
i n  Fi g. 5 6 .  Th er e  are ·two rol l s  o n  ea ch s ide whi ch  rota t e  i n  oppo s i t e  d i r ec t ion ,  
one o f  than b ei ng  us ed to mov e t h e  s el ec tor up and the o ther one t o  mov e i t  down. 
Th e  fri c t i o n  clu t ch u s ed  for co ntrol l i ng  the mov en ent of the s el ec tor i s  shown i n  
Fig. 5 7 .  The op era t i o n  o f  the clu t ch can b e  b es t  under s t o od from th e diagram i n  
Fig. 58 . Wh en th e up -driv e magnet i s  energi z ed ,  the rol l er on th e l ow er rol l ·er 
arm pr es s es th e rack aga ins t th e cork rol l wh i ch cua s es the rack to wh i ch the 1 e
l ee t or rod i s  a t ta ch ed  to mov e  upward � s  l ong as the magnet i s  energi z ed .  

Th e  ra ck as shown i n  the p i c tur e i n  Fig. 57 is no tched and a pawl , al s o  
s hown i n  thi s  figur e , holds the .t"ack by th es e  no tches a t wha t ev er po i nt i t  i s  
s t opp ed . To .r es t o r e  a s el ec t o.t" rod to normal , th e down- driv e magnet i s  energi z ed  
and th e rol l er o n  the down- dr iv e r ol l er arm pr es s es th e rack agai ns t  th e o th er  c ork 
rol l whi ch pul l s  the s el ec t or down. 

� 
I n  Fig. 59 i s shown the ae s anbly of the s el ec tor to the rack. As sho� 

i n  Fig. 60 , . the s el ee to r  cons i s t s  of a m etal tub e suppor t ed  i n  b eari ngs , al lowi ng"'
v er t i eal mo t i o n  and cal"rying 5 s et s  ot bru1h es . :Each one of tb e 5 s ets of brush e1 
i s  arranged to mak e co nnec t i o n  to the tip , ri ng and s l eev e  t enn i na l s  of th e panel 
banks b efo r e  whi ;;h i t  norma lly s tands , and th e t ip , ri ng and s l eev e  co ntac t m anb ers 
of all 5 ot th es e b rush es ar e mul t ip l ed together. �hey ar e nonnal ly tr ee f rom con
tac t wi th th e t erm i nal s  but aey s et may b e  tripp ed me chani cal ly , s o  tha t  that s et 
wil l co ntac t  succ es s iv ely ov er t ermi nal s as th e s el ee t or ri s es .  

A magnet i s  prov i ded i n  the clu t ch f or t r ipp i ng , by means of a ro ta t i ng  
r o d  o r  trip rod ,  aey one o f  t h e  5 s et s  of brush es i nto mechani cal engag E!!l ent wi th 
th e t ermi nal s . In cho os i ng a trunk Ol" l i ne , tha t  one of the 5 s ets of brush es whi ch 
has a c c es s  to the panel i n  whi oh  th e des i r ed trunk or l ine app ears i s  tr ipp ed s o  
tha t i t  makes co nta c t  wi th th e ba nk t enn i nal l  b efo re i t .  The s el ec t or th en mov es 
upward under th e prop er control unt i l  the tripp ed brush engages th e d es ir ed l i ne 
o r  trunk. The s el ec tor i s  then held i n  thi s pos i t i on by th e  pawl i n  the c lu t ch. 
When the connec t i on is to b e  tak en down, the pawl is wi thdrawn and the s el ec t or i s  
carr i ed back t o  normal und er control of the elu t ch .  Wh en th e s el ec t or r ea ches i t s  
normal pos i t ion ,  th e tripp ed brush i s  r es et .  
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Fig. 56 

The tripp i ng  o f  th e d es i r ed  brush i s  accompl i s h ed  by m eans ot th e trip 
rod and i t s  a s s o cint ad trip f i nger s . Th e trip ro d is a smal l metal �od mount ed 
v erti cal ly ,  d ir ec t ly b ehind th e s el ector rod and a.rranged so tha t i t  can b e ro tat eid ,  
'bu t h eld ri gid a s  r ega rds up a nd.  down mov ement . 'l'h e  trip rod ha s  a trip f inger 
asso ciat ed wi th ea ch mul t ipl e brush but �eh trip f i nger is s et a t  a d iff er ent h eight 
r ela t i v e  to i t s  a s s o c ia t ed.  brush. 

In s el ec t i ng  a par t i cul&.r brush , th e up- driv e magnet op era t es , mov i ng the 
el eva tor upward a mnnb er of s t eps ,  corr esponding to th e brush d es i r ed ,  th� t i s , one 
s t ep  :r or th e f i rs t  brush and two s t eps for th e s econd brush , et c .  Th e  clutch magnet 
then r el e1t. s es , s toppi ng  th e upward mov en ent of th e el evatoi- .  Tho trip l 8V' er o f  th e 
des i r ed  brush i !  direc t ly oppo s i t e  i t s  trip .fi ng er whi l e the trip l ev ers ot th e o t h er 
brush es are ei thar abov e  or b el ow thei r  r esp eat iv e trip f ingers . Th e various pos i 
tions of th e tr ip fi ngers and. bru sh es a.re shown in Fig. 60 . 

'.l'h e trip magnet Whi ch ls l o ca t ed o n  th e elu.tch :t:rame immediat ely aboT e  the 
<1own-ciriv e magnet , now op erat es and caus es the trip rod t o  rotat e .,  and the t r ip l eY er  
O f  th e des ired brush t o  b e  eag&ged by i t s  trip fi nger whi ch i s  di r ectly oppos i t e i t .  
Th e  trip fi ngers ar e equipp ed wi th smal l c oi l  sp ri ngs , thus pr ev ent i ng  mor e than one 
trip f i nger from engagi ng wi th its  trip l fW er a t  one t ime. '?he trip finger s o  
engaged i s s t opp ed hAl f way through i t s  no nnal arc o f  trav el , th e co i l  spri ng al l ow
i ng  th e trip f111ger to r sna in s ta t i onary whil e the trip rod cont inu&s to ro tat e 
through i t s  compl et e arc of t rav el ,  carrying th e o ther trip fi ngers around w i th i t .  
Th e  el eva t or now co nt i nu es  i t s  upward mov an ent aud the brush wllo s o  trip l ev er has 

engaged i t s  trip finger wi l l  b e  tripp ed .  

--- ·---
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At the t o p  o f  
the frame , jus t ab ove the 
5 b anks are lo c a t e d  c om
muta t o r s  as shown in Fig . 
6 1 , one f o r  e a ch s e l e c t or .  
The mul tiple w i r i ng o f  the 
brush e s  on the s e l e c t o r  
le ads t o  o th e r brushe s 
whi ch move over s t r i p s  o n  
the s e  c ommuta tors and 
the reby c ompl e t e s  the c on
ne c t i on from the movabl e  
s e l e c t o r  t o  th e r e s t o f  
t h e  c i rcui t , thus avo i di ng 
fl ex i ble w i r e  c o nne c t i ons 
wi th the i r  a t tendant 
troub l e s . Th i s  c ommuta t o r  
al s o  p e r f o rms the more 
i mp o r tant s e rv i c e  o f  c on
troll i ng th e travel of the 
s � l e c t o r .  Brus h e s  mov i ng 
ov e r  c onduc t ing s e gmen t s  
s e p a r a t e d  b y  insul a t i on 
pro duc e impul s e s  whi ch 
c ontrol the s e l e c tor trave l .  

Ano the r d ev i c e  o f  
gre a t  i mp o r tan c e  i s  the s e 
que n c e  sw i t ch s h own i n  F i g . 
6 2 . I t  i s  o p e ra t e d  thr ough 
an e l e c tromagne t i c  sw i t ch 
from the s ame mo t o r  tha t 
dri v e s  the s e l e c t o r s . The 
way in whi ch thi s  op e ra t e s  
i s  m o r e  c l e arly i l lus tra t e d  
b y  t h e  d i agram in F i g . 6 3 . 
The s e quenc e sw i t ch i s  
turne d  on i t s shaft b y  en
e rg i z i ng the magne t " R "  
wh i ch pul l s th e fl exi b l y  
moun t e d  d i s c  on the s e quen c e  
swi t c h  shaft aga i n s t  the e dge 
o f  the ro ta t ing � r i v e  d i s c  o n  
t h e  v e r t i cal shaft . The s e 
quen c e  swi t ch may b e  d e 
s c r i b e d  a s  a c i rcui t c on
troll e r  who s e  func t i on i t  i s  
to e s tabl i sh i n  a de f i n i t e  
s e quen c e  such c i r cui t c ondi 
t i on s  a s  a r e  re qui r e d  i n  the 
o p e ra t i on of the s ys tem . I t  
i s  made up o f  c i rcular d i s c s  � call e d  cams , moun ted r i g i dl y  
on a s ha f t . The p l a t e s  o f  

- 7 -
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the ca.ms ar e  cu t  s o that brushes 
c om e  i n  conta c t  wit h th e plat es 
only wh en the o i r cui t i s  to b e  
clos ed .  Th e  s equ enc e  swi t ch can 
b& s topp ed at aey one or th e 18 
diff er ent po� i t i o ns as r equir ed ,  
by t he s impl e op eni ng  of th e 
el ectromagnet i c  c lut ch .  Th er e  

- .· 8 -

GHAF T�.d\ V 

are m any of th ese s equ ence s �i t ch e s  
u s ed i n  thi s  sys tem and the cu tti ng s  
o f  the cams vary , dependi ng upon the 
p arti cu l .�r ci rcu i t combi nati on whi ch 
it i s  desi red to e s t �bli sh .  

Ano th er s el e c tor fram e 
of a s l ight ly diff el' ent typ e i s  
th e. l i ne  f i nd er fram e i l lus t ra t ed  
i n  Fig. 64. I t  i s  o n  th e banks 
of thi s fram e tha t th e subs crib ers ' 
l i nes t ermi ll!. t e, corr esponding t o  

SELECT O R --"i l  

RAC K 

DOWW 8' � D R I V E W M A G N E T  
. O 

o .........._ C O R K  ROLLER_ ARM / ROL L S  

�=:-QP�Q. 

F ig .  58 
th e answeri ng ja� i n  an "A" switch
board. I t i s  th e\l i ne fi nder s al ec t or s  whi ch s el ec t  or f i nd  th e l i ne of a sub scr ib er 
who ha s o rigi na t ed' a cal l • .  Thert't ar e 10 mul t ipl e banks ee.oh hav i ng  a oapa ci ty of 40 
l l nes , making a t o tal of 400 l i nes e>n a ·rram e .  The l i ne f i nd er i t s el f  i s  a p ower 
dr iv en  s el ec t o.r v ery  s imi l ar to th e kind us ed on s el ec tor fram es , axc � t  tha t i t  has 
10 brush es i ns t ead of 5. The m ethod of driv i ng  the s el ec t ol' i s  th e sam e bu t th e 
d ev i c e  for t l' ippi ng  th e  brushes i s  diff erent. 

· on a l i ne f i nd er fram e th e trip rods ar e hoi" i zontal i ns t ead or v er t i ca l . 
As s o c i at ed.  wi th ea ch bank i s  a pa i r  of trip rods , one on th e fr ont and o ne on th e r ear .  
The trip rods ar e r o ta t ed in ph. irs by the trip magnet s .  Fi rmly a t tached t o  ea. ch t r ip 
rod ar e  a numb er o f  trip f i ng ers , one for ee. ch l i ne f inder i n  the group on th e sam e 
s i de of t he fram e. Thes e trip ti nge.r s  ar e smal l metal to:cgues wi th a r ec tangular s l o t 
in ea ch.. The r ela t i o n  of the trip ro ds and trip f i ng ers to th e mul t ipl e banks a m ;  
b rushes i s  uhown i n  F i g .  65 . 

Th e  op erat i o n of the- s el ect o .rs i s  c o ntroll ed by ano th er ci r cui t known as the 
tt s end ern . I t i s  i n  eff ec t the brai ns of th e sys t em ,  d eal i ng  wi th th e subs crib er and 
cont ro l l i ng  the s el ec t i on unt il th e  d es ti na t io n i s  r ea ch ed. , as an op era t or deal s wi th 
th e  sub s cr i b er and co ntrol s the s el ec t i on . in a manual sys t an .  The numb er dial ed c o n- ,-v eys th e sam e i nf orma t i on to th e s end er in a mach i ne swi t chi � sys t mi  as the numb er 
spoken by the subs oriper doe:s t o  an op erator i n  a manual sys t mi .  Th e  s end er i s  an 
arrangen ent of r el ays , s equ enc e  swi t ch es and s el ec t or s  s o  wo�k ed out ·as t o  p erform th e  
fo l i owi Dg mo .r e  impor tant fu�c t i o ns :  

1 .  I t  r ec eiv es a succ es s i on of el ec tri cal impul s es from the subs cri b er ' s  dial 
whi ch are o n  a dec imal bas i s , s t o r es thEl!l and t rans la t es th Elll t o  a non-decimal 
bas i s , c orr espond ing to th e par t i cular group of l i nes and trunks tha t  i a  in
volv ed i n  th e pa th o t  th e cal l .  

2 .  I t  co ntro l s  s el ec t i ng mechani sms wh i ch bui l d up the connec tion t o  th e ca l l  al 
party i n  such a manuer tha t  ea:ch m e chani sm i s  giv en th e exact time r equi� ed. t o  
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Fig. 62 

pertorm i t s  !unct i ons wi thout aey was t e  of t im e ,  i ndep end ently o f  .�h e ra t e  

·r eceiv ed from the dial .  

I t makes th e c entral otfi ce d es i gna t i o ns ent i r ely i nd ep end en t  of the arrange
m ent ot the t ru nk  gl"oups on th e s el ec t or trames . Thi s i s  a v ery impor tant 
ma t t er ,  i nasmuch a s  i t  al lows th e s el ec t or s  to b e  us ed to ful l eff i ci ency. 
I t  pr ov i des the des i r ed fl exibi l i ty for growth and p ermi t s  a:rzy d es i rabl e r e
arra ng sn ent of th e trunks on th e s e-
l ec t o r  fram es tha t th e t el epho ne com
paey may fi nd d es irabl e at a:ey time. 

The s ender i s  capabl e of di s t ingui sh
i ng  th e clas s o r  o ff i c e  at whi ch th e 
co nnec t i on t erm i na t es .  Tha t i s . if th e 
ca l l  i s  to t erm i na t e  a t  a m echani cal 
otfi c e ,  th e s end er w i l l  arrange to 
gov ern the s el ec t ion a ccord ingly . If 
th e cal l i s  to t erm i na t e  a t  a manual 
o ff i c e .  th e s end er r ecogni z es thi s and 
arranges to s end out impu1 s es t o  the 
cal l i ndi ca tor equipm ent in th e manual 
off i c e. 

VERTICAL DRIV I NG SHAFT 
"--... 

DR IV ING  D I SC� 

rc>i 

MAG NET 

� 
SEQ UE NCE SWITCH SHAFT 

A s end. er f ram e  i s  p i c tur ed i n  Fig. 66 . 
Th er e  ar e 5 s end er c i r cu i t s  mount ed i n  uni t s  o n  
a fram e. Th e  r elays ar e encl o s ed  in a cab i net , 
and a c l o s e-up of t he cab i net wi th th e doors 
op en i s  shown in Fig. 67 . 

R P-5627 
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.Ano th e r  p i e c e o f  

appara tus tha t i s  us e d  ex
tens i v e l y  for vari ous pur
p o s e s  in the panel machine 
swi tch ing sys tem is the r o 
tary sw i t ch o r  200 type s e 
l e c t o r . Thi s  i s  i l lus tra ted 
in Fig . 6 8 , and in Fig . 6 9  
i s  shown a d iagram i l lus tra
t ing the princ i p l e  up on wh i ch 
i t  o p e ra t e s . A doub l e  end e d  
se t o f  b rushe s i s  caus e d  t o  
p a s s  over t h e  c onta c t s  on a 
s emi - c i rcul a r  bank by o p ening 
and cl o s i ng the c i rcui t of 
t h e  magne t .  The c i rcui t t o  
t h e  magne t i s  c arr i e d  through 
a s e t  o f  c on tac t s  wh i ch are 
o p e ne d  and c l o s e d  b y  the o p er
a t i on of the arma ture . When 
the magne t is ene rgi z e d , the 
re sul t ing mo t i on of the a rma 
tur e o p e ns the c i rcui t a t the 
c onta c t s  and r e l e a s e s  the 
arma ture wh i c h , up on re turn-
ing to no rmal , pushe s the 
ra t che t whe e l  and b rush a s s em
bly one step from one t e rminal 
t o  the n ex t . When the arma 
ture i s  r e turne d to n o rmal , 
the c on ta c ts a r e  aga in c l o s e d  
s o  tha t the magne t aga in ene rgi z e s  and r e p e a ts the op erat i on .  
In this way the swi t ch c ont inue s 
t o  s t ep from one t e rminal t o  the 
next so l ong as the current i s  
app l i ed .  A s im i l a r  a c t i on can 
b e  made t o  t ake pla c e  b y  i n t e r 
rup t ing t h e  ci r cui t from a n  out 
s i de s ourc e .  A c ommon us e fo r 
the s e  swi t c he s  i s  fo r s t or ing 
the d ial pul s e s  in the sende r 
c ir cui t .  

Ano the r  imp o r t an t  
e lement in the pan e l  ma chine 
swi t c h ing sys tem is the trans
lator frame sh own in F i g . 70 , 
and i t s a s s o c ia t e d  pul s e  ma chine 
shown in Fig . 7 1 . The purp o s e  
o f  the t rans l a t o r  and pul s e 
ma c hine i s  to t rans l a t e  the 
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F i g . 6 7  

numb e r  d i a l e d  i nt o  the p r o p e r  s e l e c t i on s  r e �u i r e d  f o r  c on tr o l l ing the o p e ra t i on 
o f  the s e l e c t o r s . The re a r e  10 mul t i p l e  b ank s o f  40 c i r cui t s  e a c h  t o  whi ch 6 0  
s e l e c t o r s , 3 0  on e a ch s i de , h�v e a c c e s s . 

The pul s e  m � c h ine i s  a m o t o r  dr i v en i n t e r rup t e r  o f  4 d rum s , f o r  sup p l y
i ng i n t e r rup t e d  curre n t in t h e  p r o p e r  s e �uen c e  and i s  w i r e d  t o  t he mul t i p l e  banks 
o f  the trans l a t o r  through a d i s t r i but ing frame s o  a. rr<lnged a s  to p ro v i d e  maximum 
fl ex i b i l i ty o f  c onne c t i ons . 
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CHAFT\<.� YI PANEL MAC1IINE SWITCHING CALL§ 

Th er e  i s  a fa irly c l o s e anai ogy b etwe en the func t i o ni ng  o f  th e ma ch i n e  
swi t chl ng and manual c i rcui t s . R ef err i ng  t o  F i g .  72 , l et us tra c e  a cal l  and 
no t e  thi s  similari ty . The pair o f  wii- es fr an a sub s crib e.r ' s  t el ephone i s  at tach ed  
t o  one o f  the s et s  of fixed t erminal s  i n  a panel bank o f  a l i ne finder fram e :  th e 
t ermi nal s  cori- espond to the answer i ng  jacks a nd  t h e  s el ec t or s  to th e "A" op era tor ' s  
anawel" il:lg cords o f  the manua. l  sys t flll. Wh en  the sub s cri b er r snoves hi s r ec eiv er he 
cl o s es the c i rcu i t  of hi s · l i ne ,  oaus i ng  a r elay at the c entral otfi o e  in s er i es wi th 
his l i ne t o  op era t e. Thi s r elay �us es an i dl e  l i ne f inder , havi ng  a c c es s  t o  his 
l ine , t o· tl' ip the pl"op er  brush and then mov e upward t o  hi s l i ne. A t  the sam e t ime ,  
a s ender s el ec t or a t ta ch ed  t o  tha t l i ne fi nd er i s  choo s ing , int of a oomnon group , 
an idl e s ender . A l"o tary s el ec t ol" or 200 typ e s el ec t o r  i s ·  us ed a s  thi s  s end er  
s el ec tor . Th e  s ender hav i ng  b een a t tached i n  thi s manner t o  t h e  ca l l ing l i ne ,  a 
l ow hummi ng  s ound , known a s  " dial t one" i s h eard by th e sub s cri b er ,  adv i s i ng  h im 
that t h e  m echa ni sm i s  r ea.dy for him to d ia l .  The ent i r e s equemce of ev ent s jus t 
describ ed takes plac e in a trac t i o n  of a s eco nd ,  s o  tha t ordinar ily th e sub scr ib er 
f i nds th e di al t one wh en th e r ec e iv er r e& ch es his ear . The sub s cr i b er now d ia l s  
the r equi r ed  l et t ers of a n  off i c e  nam e  and t h e  num era l s  of t h e  ca l l ed numb er . Th e  
pul s es f r om  the dial trav el ov er the sub s c ri b er ' s  l i ne through th e l i ne fi nd er a ad  
s end er s el ec t or t o  th e s ender whi ch rec ords or tra ns la t es th em t o  control the 
s et t i ng  up of a c onnec t ion. As s o on a s  the connec t i on has b een es tabl i shed , the 
s ender i s l" el eas ed and i s  r eady t o  b e  us ed for a new cal l ,  b ei ng  kep t i n  us e only 
a f £JW s econds tor ea ch cal l .  

Th e  f i rs t  s t ep  i n compl et i ng  the co nnec t i o n  1 &  t o  choos e .11n idl e trunk 
to the d �s ired c entral off i c e .  Di r ec t ly a s s o c i a t ed  w i th ea. ch l i ne f i nd. ar is ano t h er 
pa nel s el ec t or known as a d i s t r i c t s el ec t or .  Thi s  d i s t r i ct s el ec t or has capac i ty 
for 450 worki ng  ou tgo i ng  trunks , t h e  o ther 50 trunks b ei ng  us Sd for c o nt ro l  pu rpo s es .  

I n  a smal l c i ty ,  450 t runks woul d  b e  su ff i c i ent to r ea ch a l l  po i nt s , bu t 
i n  th e case or large c i t i es ,  450 outgo i ng  trunks ar e no t suffi ci ent . Accordingly , 
o nly a f ew  <>f the trunk group s ou tgo i ng  fr om thes A  off i c es l eav e  dir ec tly from the 
di s tr i c t  s el ec tors . Tc o b ta i n  access to t h e  r ena i ni ng  trunks , th er e  ar e ,  on f!l'f eey 
di s tr i c t  s el ec t or fram e ,  group s ot t�unks l ee.di ng to off i c e  s el ec t ors . Th es e  o ffi c e  
s el ec tor s are s el ectors o f  the panel typ e and each has a capac i  t,y o r  450 outgo i ng  
tru nks . Fo r th e sake o f  s impl i c i ty w e  wi l l  omi t th e off i c e  tram e i n  trac i ng  th e 
ca l l . The di s tr i c t  s el ec t o.r s  s tar t upward und er th a co ntro l. o f  th e s ender .  As th e 
di s tr i ct s el ec t or mov es upward , i t  pro duc es pul s es by m eans o f  the brush es whi ch 
s l i d e  ov er th e  oomnu ta t or a t  th e t op o r  th e s el ec t or . Th es e pul s as  ar e transmi t t ed  
back to th e s ender and ar e ther e count ed .  Wh en  th e s ender ha s  count ed a m:unb er ot 
pul s es whi ch indi ca te to i t  tha t th e di s tr i ct s el ec t or has proc eeded to th e prop er 
p o s i ti o n ,  th e  s ender op ens the fundam ental ci rcui t t o  th e s el ec t or and caua ea i t  
to s top . Thi s m ethod of contro l l i ng  the mov em ent of th e  s el ec t or i s  t erm ed  th e 'j " r ev er s e  control m ethod" . 

Th e  firs t s el ec t i o n  mad e cho o s es th e s et of brush es to b e  tl" ipp ed int o  
engagErnent w1 th t h e  t erm i nal s .  Assum e ,  as shown. ip F i g .  71 , tha t th e d es i l" ed  trunk 
app ears o n  the 4th panel fr om the bo t t om ;  th er ef or e .  t he d i s t l" i o t  s el 90t or i s  
al l ow ed  t o  make 4 pul s es and i s  th en s topp ed by th e  s ender .  'l'h e  brush- tripping 

--- --- · 

I 
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CHAPTER � Vt 

devi c e  1 B  thus s et in p o l i  t i o n  to tr ip the 4th bnsh , and the s el ec t or i s  s tar t ed  
aga in by a. s igml trom th e s end er , whi ch op era ti on comp l e t es th e pr o ces s o t  t r ip
pi?Jg the bnsh. • 

Th e  s el ec t or now cont inues upward , making a pul s e for w ery  group of 
trunks whi ch i t  pass es ov er unt i l , hav i ng  r ea ch ed  the d es ir ed  gr012p , a11 i ndi oa t ed 
by th e Dlltlb er  or pub es count ed. by th e s e?lder , 1 t i s  aga i n  s t opped. by the s end er 
at the b egi nni ng  or thh group . Th e  s el ec t or i s  now s t&rt ed. again, and thi s  t im e  
under i t s ow?I. control hunt s t or an i dl e trunk i n  th e group . Busy t!'U1*8 ar e 
grounded on th e third or 3 l eev e  t ermi nal s , wher eas i d l e trunks ar e op en. A t es t
ing r elay , asso ciat ed wi th the s el ec t or ,  ke8ps th e s el ec t or movi ng upward unt i l a 
trunk wi th an op en s l e ev e  wir e is round , wh er eupon th e s el ec t or s tops , makes con
nect ion wi th thi s trunk , and renders i t  busy to oth er  s el ec tors by _ grolllldi ng  the 
s ignal l i ng  s trip . The connec t i on i s  now ext ended. t o  an outgoing trunk. The s end er  
s t i l l  r anains 4 t ta oh ed  to th& connec t ion s i noo i t  mu s t s t i l l  contr ol t h e  rurther 
a ett 1ng up ot th e oo nne

.
ction • .  

· The sizes o t  th e worki ng trunk groups on di s tr i c t and office s e� ectors 
can va.ey t:ran 5 to 90 , d ep endi ng upon the tratr io t o  b e  band.l ed. 

Th e  incoming trunk to the machi ne swi t oili ng ot t i o e  t ermi m t es on an 
"'incoming s el ea t or" , whi ch is ot th e typ e alr ea4 d es cr ib ed. A ma chine swi t chi ng 
ott! c e  baa a capacity tor 10 ,000 numb ers , but th e i nc om i ng  s el ec t or  bas capa ci ty 
ot only 500 trunks , s o  tha.t th e · sam e arra?Jg snent i s  employ ed  as on th e di s t r i c t  
s el ect ol'a ; tr.a t  is � the i ncoming s el ec t or choo s es one o t  a wmb er o f  o th er  s el 6c
tors ,  call ed " f i nal s el ec t ors " , whi ch hav e acc es s  to the l!:ub s er ibers ' l i nes . S i nc e  
ea.oh tinal tr&me has a capac i ty o t  500 sub s crib ers , 2 0  fram es wi l l  b e  r equir ed t o  
car e f'or th e tul.l 10 ,000 mmib ers . O n  t h e  incomii:g s el ec t ol' frames , therefor e, 
app ear 20 groups ot trunks , ea ch group l esding t o  a di ff er ent fram e  ot ti hal s e
l ect ors . 

1'h e  method ot s el ection i s  the sam e as des cr�b� tor th e di s tr.i ct &nd 
otttna s el ec t ors ; tbll t is , firs t the incoming s el ae t or , under control or th e s end.er 
in the or igi na t i Dg  offi c e ,  ti·i

-
ps th e prop er  i>rush , choos as th e proper group , and 

tins.l l:y choo s es an i dl e trunk l et.di?Jg to a fi nal s el ec tor. The f i nal s el ec t or then 
goas through the procsas ot crush , group , and sub s cri � er ' s  t enn i nal s el ect ion. The 
t erminal s el ec t i on i s  under the control of th e  s ender whi ch c ounts l i ne by l ine in 
the group o f  t en, unt i l  the des ir ed one is r each ed .  It the cal l ed l i ne i s  i dl e ,  1 t 
is rwig , &nd. th e call i ng  riubs crib er 16 adv i s ed  or that tac t  by hearing th e audibl e 
.l"ingi ng s ignal . I t  the cal l ed l ine i s  busy ., i t  i s  not co nnec t ed but an i nt ermi t t ent 
buzz , r ecogni z ed  as the busy s igml , i s  s ent back t o  th e cal l ing subs crib er .  It th e 
oall ed number i s  tha t or a P. B. Z. having s ev eral trunks , th3 final s el ec t or au to
ma t i cal ly hunt e f or ._n i cU e  c.ne. If th_e ti.Dal s el ec t or ,  af t er  t es t i?Jg a],l th e  .P. B. 1' .. 

trunks , finds th an all busy , i t  s ends ba ck the 'busy s ignal . 

As so on a s  th e cal l ed  l i ne i s  l' each ed ,  the s end.or i s  dropp ed rroui tb '9 cil'
cui t to be avail�bl e for ano t h er  connec t i on. I t  i s no t · h el d  <?-uri ng  th e p eri od ot 
ringing , duri ng  the time tha t the busy s ig:na l is b ei ?Jg  giv en, it th e l i ne le bu17 , 
or during AI\Y' pa.rt or th e p erlod of coll9' ersa t i on. 

I t  wil l  b e  n�t ed tha t th e m ethod of s el ec t ion i s  no t  on a dee 1.m2.l bas i s .  
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CHAPTER Il 

The tirs t s el ec t i on choo s es one o f  fiv e  br�shes o n  the i ncoming s el ec tor a s  
already �lai ned; that i s , we cho o s e  tha t par t icular fifth of th e t erminals i n  
whi oh the cal l ed  l i ne happens t o  b e  and , s i noe 1/5 o f  10 ,000 i s  2 ,000 , "A'e choos e  
th e 2 , 000 group des ir ed .  Th e  next s el ec t ion i s  by groups o f  500 , whi ch is age. i n  
non-d ecimal . Thi s " trans la t i o n" ,  as i t  i s  ca l l ed ,  ot the numb er from the dec imal 
no ta t ion, as dial ed by the sub s crib er ,  into th e no ta tion as needed by the s el ec tors , 
i s  taken car e or v ery  s imply i n  the s end er s .  

I n  rig. 73 i s  shown haw th e l et t ers a nd  numb ers dial ed ar e  trans la t ed  
i nt o  th e  val'i ous s el ec t ions .  I t  will b e  not ed  tha t th e  thr ee l et t ers det ermi ne 
th o di s tr i c t  brush and di s t ri ct gr oup s el ec t i on ,  and in ca s e  offi ce frames ar e  
us ed ,  th e,y al s o  det el'mi ne th e offi c e  brush and off i c e  group s el ec ti on. 

Th e  thousands digi t d et ermi nes th e  i ncoming brush s el ect ion and the thou
sands and hundr ed.a digi ts t og eth er det erm i n e  the i nce1n i ng  group s el ec t i on. F i na l  
brush s el ec t ion is det erm i ned by the hundr eds digi t .  Th e  t ens  and uni ts r ma i n  
unchanged .  

• 

A 
B Di s tr i c t  Brush , Dis tri c t  Group , Offi c o  Brush , Offic e Group . 
c 

Thousallds 
Hundr eds 
Tens 
Uni t s  

Incaning Brush 
Final Br'lfBh 
Final Tens 
Final Uni t s  

Fig. ?3 

I ncoming Group . 

I n  Fig. 74 i s  s hown a typ i cal arrangem ent of the d i s trict mul t ipl e. 
In this exampl e  fiv e di s tr i c t  fl"am es ar e shown and the various groups of trunke 
ar e _ mul t ipl ed from o ne fram e te> t he o ther .  I t  wi l l  be not ed  that in s om e  oas es 
th e t'runkf:i &N i no t  mul t ipl ed. thl'ough all fiv e fram es . Thi s is do ne where the 
traffi c i s  s o heavy that a s i ngl e  �roup of trunks wi l l  no t  sutfio e to take oare 
or All the calls . Thia i s  the ca s e ,  tor e2arnpl e,  wi th t h e trunks to main offi c e  
wher e th er e a r e  three gr�ups or 40 t runks , maki ng  a t o tal of 120 i n  a l l . 

The C4bl ing arrangsnent b etween th e incom i ng  frames and the fi nal framea 
is a fai rly f i x ed  r el&t !o:n i n  vi ew of th e fa c t  that in ord er to acconmodat e the 
10 ,000 sub s crib er1 1 t is nec es sary to 'hav e 20 frames and that the s el ec t ors on 
th es e f'ram es mus't t ermt?Ji. t e  in a pal't i oula.r group on the i ncaning fram M . 'rhh 
?- elat i o n  is shown in Fig. 75 . A diagram i l lus tra t i ng  thi s arrangem ent i s  shown 
�n FiP:. 76 . lt wi_ll b e_  no t ed the.t No . l final fram e accommoda t es l ines fl"CJD 0 
to 499 and that the fin al  s el e c to r s. fo r "thi s fr1Jlle ar e conn ected to thR zero 
group in the z ero b�k on the incoming fram e .  Simi l arl y ,  the second final 
frame takes numbers from 500 to 999 and the ee}ecto r s  from thi s fram e  termi n-
ate in group No . l of i n coming bank zero , a.nd so on, .fC\r the rest o f  th e 
frames . 

1n or<1er tnat tn e ma cn1 ne swi i cn1ng sys t sn  may r end er univ er sa..l s erv i c e ,  
i t  i s , o f  cours e ,  nec es sary t o  co nnec t subs cr ib �rs i n  machi ne swi t chi ng offi c es 
with snb s crib era in manual off i c es . 
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CHAPTER V'I 

Cal l s  . from ma chi ne swi tching t o  ma !Illal offi c es ar e handl ed at the 
ma!Illa l  off i c e  on cal l  i ndi ca t or " B" po s i t ions . Fig. 77 shows a diagram ot th e 
equ ipm ent us ed t o co nnec t  such a cal l t o  a sub s cri b er i n  the mallll&l office.  

i.INI! l"'/NDE/I. Fii.. DIST� J C T  Fii.. 

Fig.
, 77 

Tll.llNK W/!LAYS 

r?i e  cal l progr 9$ s ee through th e di s tr i ct s el ec tor i n  th e sam e manner 
as des Qr ib ed for th e machi ne swi t ching cal l ,  bu t th e trunk whi ch i t  takes up l eads 
to a otll i ndi ca tor " B" po s i t i on in th e manua l  off i c e s el ec t ed .  The op era t or is 
no tifi ed that a oall has r eached h er po s i t ion by the l i ghting o f  a lamp a s s o c ia t ed.  
wi th ' the cord i1'. whi ch the i ncoming trunk t ermina t es .  Upon p er c eiv ing thi s  s ignal , 
sh e pr es s es a display key aa so oia t ed wi th tha t trunk , and th ereupon the cal l ed  
subs c ri b er ' s  Il'QJDb er is di splay ed. on a ba2lk �f mmib ered lamps l oca t ed on thi s 
op erat or ' s  keyb oard. The op erat or p i cks up the plug , t es t s th e cal l ed  l i ne and , 
i t i t  i s  tound i dl e ,  plugs in,  o r , i f  i t i s  tound busy , she plugs i nto a sjecial 
jack whi cb is arranged t o  s elld the int ermi t t ent busy t one baok t o  th e  call i ng  sub
s cr ib er .  

· The ca l l ed. subs crib er ' s numb er i s  displayed in the fol l owing manner. 
Asso cie t ed  wi th the operator ' s  pos i ti on, and wi th h er  cal l i nd icator , is a group 
ot r elays , When the displ� key is depr es s ed ,  thi s group ot r elays i s  a t tached t o  

. the tru�. Th e  s end..,r whi ch ha s  m eanwhi l e  b een wa i ti ng  on the connec t i on, is  
ther eby giv en a signal , a.nd s ends the numb er cal l ed  'b y  means ot co de pul s �s whi ch 
ar e r ec eiv ed by t h e  group of relays . Th es e  relays , i n  turn, l i ght th e s et ot 
l�s on the call i ndi ca t or o o�r esponding to t'h e  digi t s  of th e  cal l ed numb er ,  as 
ahown in Fig. 78 tpr " 13660.. . The code pul s u  employ ed  for s endi ng th i s call ed  

rmmb er ar e pos i t 1v e  and neg& tiv e ,  a trong alld wee.k, and ar e transla t ed  by the s ender 
tran the decimal d ia l  pul s es to thi s typ e  ot pul s e  t o  reduce th e t im e  requir ed and 

to s impl ify the reo�v ing apparatus . 
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Similarly , i t  i s al s o  n ec es sary to be abl e to c ompl et a cal l s  fr om th e 
manual c entral off i c es t o  th e machine swi t chi ng c entral offi c es . cal l s  fr om 
manual otfi ces u e  handl ed a t  th e machine swi t ch i ng  of'fioe on cordl es s  "B" p o s i 
t i ons . Fig. 7 9  shows a diagram of the equipm ent us ed to connect a call or igins.-

-) t i ng  i n  a ma:zma l offi c e  des ti ned for a sub s crib er i n a ma chi ne swi t chiilg o ff i c e. 

ro .svs . .scr 

TA.UNI'( .TAt:X �--� 
�,_ l ( 

AN'S. "" . I J I '  
!.!=-..-:? 'i.�ISTE'.NINt; 

- i:;" I ,,.,, ys 
- - - 1 \ 
I I /  
I .I/ I / j./�• BOAR D 

CALL ClllCVIT 

TRV/lllf .lfEY 

�--___,�1'£/IATOJtS 
r-- TEL • .TACK 

I I r 
I 1 /  
LI JI' CO/IDL£SS - - - '8" BOARD 

Fig. 79  

INCOMING FR. FINAL /:"ll. 

R1'-�61/ 

ro .sua.s£r 

SUOh a o&l l i s  answer ed by t h e  •A11 op erator in tb e malJU& l off i c e  i n  the usual 
manner . Sh e  takes up the ca l l  oircui t by d ep r es s  i llg  her ca l l  circui t  key to the 
mach i ne sw,. t ching ott i c e  des ir ed ,  pas a es th e cal l ed s ub s cr ib er ' s  IlUlllb er ,  a nd  
r ec eiv es a trunk as siganent i n  exa c t ly t h e  sam e manner as if th e oal l wer e  go i ng 
to anoth er ma:zmal off i c e .  The cordl es s .. B" op era t or ,  upon a11 igni ng  a �runk, 

pr es s es the ass ignn ent ketV ot tha t trunk whi ch t emporar ily at taches h er  keyb oard 
to a s endor and. s 1mul taneous ly to the i ncCJDing t runk whi ch she ball aBB igned. As 
shown in Fig. !79 , the incomi llg  tl'Unk t ermina t es on 11on i no omi ng  s el ec tol' whi ch has 
accesa to timl s el ec tors o n  whi ch  the call ed mmib er appears , in the 1 am e  manner 
as d.ea crib ed b etor e. 

'l'h.e opera t or now s et. up ·on· ner numb ered kqe the numb er 4ett il\ed , 2'nd 
thi e intorma t i o n  is transmit t ed  inlDediateJ.1 to the s eiicler . :ti n e  k�s , Whi ch 
look m ecb�ni cal ly , u e  �el eas ed att ar a trac tion or a s eoo'Qd. bf fl magnot control l ed  
by the s el14 er  �Ad are r eady for th e next call . Th e . "B" op erator ' s  s end er  now oon
�rolls th e incoming am tinal s el ectors in the aam e  manner a a  the �ubs crib ers ' 
s eilders , ea.ullng the i ncomi Dg s el. eo tol' t o  choo1 e a n  i dl e  trunk to a final i;i el ect or 
having access to th._ des ir ed g.t-oup or 500 numb er s . The t i na l  s el ector r eaeh'es i t s  
des tination i n  the manner prMi ously des cr ib ed and , as soon a s  the l i ne i s  tound , · 

the s end er i s  r el eas ed .  
· 

In Fig. 80 ar e shown a f flll p o s i t ions ot a cordl ess "B" board , and i n  
Fig. 8 1  i s  shown r. "B" is ender frame. This is "?Jd er , as, alr eady iiidioat ed ,  p ertorms 
exactly the same functi on ae th e s ender tor tul l m echani ca l ·  or Olill iiidio&tor 
cal l s , exc ep t  tha t  1 t i s  no t neces s-ry to make an otfi oe s el ec t i on, th e only 
s el ect i o ns  r equir ed b eing thos e o f  the i nconiing �nd final tram ea . 

As a sumnary , a ccmpl et e diagram or the thr ee cla s s es of mach i ne swi t ch
ing cal l s  ha s  b een shown i n  F ig .  82 . Her e  we hav e i l lu s tra t ed a call tr cn one 
ma chi ne swi t chi_llg sub s crib er to a no th er , 8' oe.11 trom e. machi n e  swi t ching sub s cri b er  
to a ma:zma l  sub s crib er ,  a nd  a call trom_ a manual suba c�tb er t o  a machi ne swi t chi?Jg 
sub s crib er .  
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CHAPl'ER VI I - STEP BY STEP SYSTBM 

The step by step sys tem f or ant oma.t i es.l ly e s t ab l ishing t elephone 
conne ct ions i s  a dir ect . impuls e  sys t em. By thi s i s  meant that the s e le ct ing 
me chanism is operat ed dir ectly under the contro l o f  the dial impuls e s  ins tead 
of indirect ly by means of a s e nder. 

The mos t  important p ie ce of apparatus in the syst em is the s e lect ing 
swit ch i l lustrated in Fig. 83. The ba.re ske let on of such a sw i t ch ,  suff i c i ent 
only t o , i l lustr&t e  sal i ent point s  in it s mode or operat i on i s  shown in Fig. 84. 
The es s ential element s ot thi s type of swi t ch ar e a ver t i cal shaft capable of 
both ver t i cal and ro t&17 mot i on ;  a pawl &nd ratchet me chanism actuat ed by a 
magne t  f or mov ing the shaf t vert i cally a s t e p  at a t ime ;  another paw l and ratchet 
me chs.ni sm actuat ed by another magne t f or r o t at ing t he shaft a s t ep at a t ime ; 
an a.rm c a.r 17 ing w i pe r  c ont act s , arranged on the inner surfac e of a s e ct ion of a 

·e7linder adapt ed t o  be engaged b;r the w iper c o nt ac t s  o n  thi s mov ab le arm. 

In the upper left -hand c orner of thi s f igure , the vert i c al  magnet shown 
w ill , if e nergiz ed by impul s e s  of curr ent , at tract and re leas e it s armatur e ,  and 
in do ing s o ,  caus e  the paw l c ontr o l led by thi s  inagnet t o  mov e t he s haf t  of the 
swit ch up a s t ep at a t ime , as many s t ep s  a s  th ere a.re impuls e s  of curr ent . The 
ver t i cal mov ement of this shaf t  w i ll c arry t he w ipe r arm , at t ached t o  t he lower 
end of t he shaf t , up t he s ame number of s t ep s , and in do ine s o , w i l l br ing the 
contact s of thi s  w i pe r  arm oppo s i t e ,  but not engaging the c or r e spond ing r ow of 
s t at ionary cont act s in the s emi-cy lindr i cal bank . Likew i s e , through the rat chet 
cyl inder on t he int ermed i ate port i on of the shaf t , t he rot ary magnet shown in t he 
r ight -hand port i on of thi s f igur e  w ill , whe n energized by a s ucces s i on of electri 
cal impuls es , ro t at e  the shaft a step at a t ime ,  as many s t ep s  as t her e ar e  
impuls e s .  Thi s  w il l  caus e the c o nt act s o f  t he w iper a.rm t o  move over the suc
ce s s iv e  c ont act s in the r ow oppo s it e  t o wh ich the w ipe r  had been carr ied in it s 
v ertical mot ion. 

· 

In the lower lef t-ha.nd corner of thi s figure , there i s  shown a pair ot 

keys , e it her one of whi ch when o perat ed. ,  w ill c omple t e  the circuit of the magnet 
t o  whi ch it i s  conne c t ed , thi s c ir cuit in cluding a common bat t e?7• Thi s  pait ot 

keys rzay be t a.ken as r epr e s ent ing t he call-tr ansmit � ing apparatus at the sub s cr i
ber • a .  s t at ion ,  and the tw o w ir e s  e xt end ing therefrom ma.y be ta.ken as repr e s ent i ng  
t h e  l ine w ires c onne ct ing t hat subs cr iber ' s  stat i o• t o the c entral off i ce ; but 
the s e  two w ir e s  mu.st not be t hought of as the actual represent at i on of t he sub s cr i
ber ' s  s ta t i o n  c alling apparatus or the sub s cr iber ' s line , s ince t he il' count erpar t s  
are not f ound in t he sys t em as i t  real ly exi s t s .  Accur acy has b een sacr if i ced f o r  
eas e in s et t ing f orth a f eature of operat i on. 

Ref erring agai n t o  F ig .  84 , i t  w i l l  b e  s e e n  that t he bank c ont acts con

s is t  of ten row s or leve l s , each having ten pair s of cont act s .  

For t he s ake of s imp l � c ity , l e t  u s  as swne t hat t he exchange under c on
s iderat i o n  has - one hundred sub s cr iber s , and that e a.ch pa ir of b ank cont ac t s  repre

s ent s  t he t erminals of o ne sub s cr iber ' s  l ine .  The s implest kind of automat i c  
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SHAFT 

Flg. 84 

R P-5632 

exchange i s  o ne where e ach sibs cribe r • s  l i ne t erminat e s  in a s e le ct ing sw it ch ,  
a.nd where every sw i t ch has ac ce s s  t o  a mult iple o f  ev ery line t hr ough the s emi
cy l i ndr i cal banks . 

Fig. 85 shows a bank of c o n tac t s  as it woulu appear if t he b ank  were 
bent back so that all c ont ac t s  wer e in the same pla.ne . The leve l s  a.re numbered 
from l t o  10 f rom the bot t om up , and t he c ont act s  ar e  numbered f rom l ef t  t o  r i ght . 
Number 1 0  i s  i nd icated by "0".  The t ens d igit of a number called indicat e s  t he 
leve l o n  t he bank where the mult i ple of t hat nurnb er a.ppe a.rs . The unit s d igit of 
t he number i nd i cat e s  the c ontact t o  which that number is mu.lt ipled. Thus , number 

57 i s co nne c t ed  to c ont act 7 of l eve l 5 ,  or in t he order of d i al ing up f i ve and 
ar ound s eve n. 

The upper b ank  in thi s d i agram i s  f or t he 3rd w ire or s leeve c o nne ct i o n. 

Thi s  was omit t ed  in t he skelet o n  d i agr am  of t he sw it c h  f o r  the s a.k e  of s impl i c it1 

but in actual prac t i ce each swi t ch always has 2 s e t s  o f  w iper s , one f or the t ip 

and r ing and t he o ther f or the s leeve connect i on. The s e  a.re mount ed on t he s ame 

shaf t  and move up and a.round together . 
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�ig. 85 

Referring again t o  Fig. 84 , l et us as s ume that the sub s cr ibe r operat es 
t he keys at the lower left-hand corner in p lace of a calling d ial. Let us further 
suppo s e  that the sub s cr iber wi shes to call number 74 . It. m!\Y' b e  s e en that two 
wires fr om the sub s cr iber ' s  s t at ion are co�.nect ed to c ontact No . 1 of the f ourth 
leve l .  This ind icat es that the number of t he call ing s t at ion i s  4 1 .  Als o ,  the 
swit ch shown is f or t he exclus ive use of No . 41 , each of the other s tat i ons hav ing 
a switch· f or their i nd iv idual use .  

I n  calling No . 74 , the key i n  the vert i cal magnet c ir cuit i s  pressed 
s even t imes .  This send s  s even impils e s  t o  the magnet , a.ncl st eps the s haft up so 
that the wipe� will st o p oppo s ite t he 7th level .  The key in the r o tary magnet 
c ir cuit i s  now , pre s s ed  f our t imes , and . t he wip�r is s t e pped a.round t o  the 4th pair 
of c ont act s of the 7th level .  Thi s  pair. of cont act s is c onnected to stat ion No . 
74 .  In the s ame manner , nurnber 74 may be called from acy other swi t ch in this 
100-line exchange . Each pair of contact s in one bank is mult ipled t o the corres
pol¥l ing c ont act s throughout all t he swi t che s .  

Th i s  type o f  s e l e ct ing switch, who se banks c ont ain the mult iple s o f  the 
sub s cr �ber • s  line s , i s  call Ed the conne ct or swit ch. In actual pract i ce , e ach 
connect or i s  c onnect ed t o  a trunk from the s ele ct or b anks instead Qf t o  an ind i
tidual sub scr iber ' s  l ine .  The assemb led connect or swit ch may b e  seen i n  F ig. 8 6 .  

The s e le c t or , l ike t he c onnect or , i s  of t he "up and ar ound " type or 
sw it ch ,  a.nd t he two are very much a.like in appear ance and operat ion. Howeve� , one 
of the greatest out standing d ifferences between them i s  that wh ile both requir e 
d ial impuls es f or the vert i c al movement of the shaft s ,  the shaft of the se lect o r  
rotat es aut omat ically. 
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All the contact s o f  se le ct or banks are c onnect ed  t o  trunk l ine s t o  
other groups of nitchee ; the ten trunks of t he first leve l will go t o  one 
gr oup of switche s , tho se ot the second leve l t o  the second group of sw it che s , 
and s o  on. At the end of the vert ical mot ion, the w ipers will pas s to t he 
f ir s t  c ontact s of the leve l oppos ite , automat i cally. If the fi rs t  trunk is 
bus7, the wipe r s  will pas s over it s contact s , and so on, wit i l  it reaches an 
idle trunk ; where it  st ops . Se lector s  are divided int o  several c las s e s ae 
f irst , s econd , third or fourth s elect o r s , but al l of the s e  are pr act i cal ly 
al ike. The ditf erent c las s e s  are used according t o  the number of l ine s  in a 
sys tem. A frame of s e le ct or sw it ches i s  shown in F ig .  87. 

I f  H'ery subscr iber ' s  line t erminated in a n  "up and 'a.round "  t ype  o f  
nit ch, not only the co st or an off ice w ould be increased very mu.ch , but als o 
a nm.ch great er space would be required. For this r eas on , ea.ch sub s cr iber ' s  
l ine t erminates indiv idually on what i s  known as the plunger type non-numer i cal 
line n i t ch s hown moWit ed on the true in Fig. 88 . These sw i t ches a.re arr&nged 
in upr ight s ect ions ot two hundred nit ches - one hundred on e ac h s i de . The 
n i t ches or each upr ight sect ion a.re divided into gr oups ot d itt erent s iz e s , 
and t en outgo ing trunk line• a.re provided t or each group. The groups in d iffer
ent cas e s  cons ist of 25 , 50 , 75 or 100 , according to the . amount of traff i c t hey 
are required t o  handle . 

A8 ma.y be seen from Fig. 89 , each l ine nit ch i s  equipped. with a 
p�unger arm , the plunger of. which i s  in pos it ion over the bank c ont ac t s  of ten 
trwiks . The plungers are kept in alignment o ver t he conta.Ct s of a.n idle trunk 
by a sha.tt

'
whi ch is in turn operated by a mast er swit ch. When the rece iver of 

a subscr iber ' s  l ine in &DJ group is removed from t he hoo k ,  t he swit ch of that 
line will operat e , and i ts plunger will plunge int o t he b a.nk ,  and extend the 
conne ct i on t o  the next s1r i t ch. The moment the l ine nitch p lunge s , the mas t er 
nit ch w i ll o perate and move the pllinge r s  of all t he idle l ine switches so that 
they will stop over the nen idle t runk .  The operated nit ch ,  however , wi l l  
remain plunged i n  the bank , and w ill b e  picked up after it has b een r e le ased 
when the shaft pas ses over that trunk again. The deta ils of a l ine sw it ch are 
shown in F ig. 9 0 , 8lld a · ma.1ter n it ch in F ig. 9 1 .  

In F ig. 92 is illustrat ed a t runking s cheme tor an off ice hav ing only 
100 l ines. Each tele phone i s  conne cted direct ly t o  a conne ctor and the capac ity 
ot such a sys�em is l imited t o  100 l ine s , or the capac ity of one bank. Each 
t e lephone number haa two digit s .  It w ill be obs erved that ll is the f irst con• 
tact of the f irst row , a.nd that 10 is the t enth contact of the first row .  The 

reason f or thi s i s  that when the d ial i s  turned f'rom "0" , 10 impuls e s  a.r e  s ent 
out , ther_ef ore , d ialing t he d igit l would step the c onne ct or wipers oppo S i te 
the fl rst " row of cont act s ,  and the dialing the "O" would cause them t o  ·trave l 
10 c ontact s in a hor iz ontal d ire ct ion , thus coming t o  rest on ths 10th s e t  of 
cont act s i n  the f ir s t  leve l or on the. term.inalfl of t elephone number 10 . 

In F ig. 93 i s  shown a trunking s cheme t o  pr ovide for 1000 l ines . By 
t he enlargement of the sys tem from 100 t o  1000 line s , it i s  obv ious that s ome 

___) means of trunking l!lls t  be pr ov ided t o  sele ct a connect or i n  the proper 100 group. 
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CHAPTER VI I 

Ins t ead o f  each t e l e phone be ing c onn e c ted  t o  a c onne c t o r  sw i tch a s  in 

the 100 l ine sys tem ,  the t e l ephone s are n ow c onne c t e d  t o  se l e c t o r  sw i t ches . The 
s e l e c t o r  se l e c t s a conne c t o r  · in the proper 
hunclreds group ancl the c onne c to r  the tens 
and uni t s  as b e fore . Th i s  mak e s  p o s s ible 

Fig . 88 

the e nlargeme n t  o f  t h e  sys t em from 100 t o  
1 0 0 0  l ine s .  

In a 1000 l ine sys t em o f thi s k ind , 
the re w ould b e  1000 f i r s t s e l e c t o rs . The ' bank 
c ontac t s  o f  t h e s e  s e l e c t o rs would b e  mul t i pled 
toge the r , and from e a c h  row o r  l evel o f  c on.:. 
t a c t s , the r e  would be trunks t o  the c onne c to r s  
o f  e a c h  1 0 0  group o f  sub s c r i b e  rs ' l ine s . · 

F o r  conveni enc e  w e  will cons ider 
th e s e  trunks t o  b e  on a stra ight 10 :p e r c en t  
ba s i s , tha t i s , 10 trunks from each l evel o f  
conta c t s o f  the f i rs t  s e l e c to r  banks t o  10. 
c o nne c t o r s  i n  e � ch 100 l ine group . 

Ea ch telephone numb e r  o f  a 1 00 0  l ine 
sys t em has 3 digi t s . I t  w ill b e  o b s e rve d that 
t o  c hange a 100 into a 1000 l ine s ys tem it i s  
only ne c e s sary t o  t e rmina t e  the l ine s o n  s e 
le c tors  ins t e ad o f  c onne c to r s  and t o  :p rov i de 
the add i t i onal conne c t o r  groups . 

TRUNKS TO 
S E L ECTORS & 
CONN E CTO R S  

MASTE R  
SW I TC H  

Fig . 89 

NORMAL· 
L I N E SWITCH 

O P ERATED 
LINE SW I T H  

RP-5636 
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Fig. 92 

RP.S63+ 

-

CONN. BANK S 
A S  S HOWN 

B E LOW 

- - - -;--- - - - - - -
- - - - - - _ _ _ _ TO 

T ELEPHONES 
= = = = = =

= = = =  
- - - - - - - -- -- - - - - - - - - -

= = = = = = = = =
-

- - - - - -- - - - - � = = = = = = = = = = = = = =  
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= = = = = = = = = =  
= = = = = = = = = = 
= = = = = = = = = -

CONN.  BANK 
RP-5656 

Fig . 9 �  
'-----------------·· I 

When t elephone nwnb er 125 
J s  d ialed , the c o nne c t ion i s  complet ed 
as f ol lows : D ialing the d igit ' "l" 
e levat e s  the wipe r s  of the calling 
sub s cr iber ' s  f ir s t  s e le ct or up to the 

f ir s t  leve l .  The s e l e ct or then aut o

ma.t ically r o t at e s  i t s  w ipe rs over the 
cont act s of that leve l unt i l  a trunk 

t o  an idle c onne ct or of the 100 group 

i s  f ound .  D ial ing the d. igit " 2 "  

e levat es the w i pe r s  of the conne ct or 
to the s e cond. leve l .  The d igit 5 i s  
now d i aled. Thi s  e xt end s  t he c o nne c
tor w i per s t o  the fif th s e t  of con
t act s of the s e c o nd  r ow ( or No . 25 ) .  
Thi s  c o nn e c t s  .t he cal l ing p ar ty ' s  
t e lephone w it h  the called party ' s  

t e l ephone No . i25 •  
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CHAPrER VII 

To incre&se the number of telephones fr om 1000 t o  10 , 000 it i s  only 
nece ssary to introduce 2nd s e lect o rs between the l st selectors and c onne� t or s .  
A d iagram o r  the trunking &rr&ngement o f  a ·  10 , 000 l ine system 1 8  shown in F ig. 94. 

In a syst em or this s ize the f i rs t  s e lect or s e le ct s the des ired t housand , 

1:e0::::n:0;:;:c��= :::i�=�
i

��e h���:: 
and the c onnect or the tens and unit s ,  or , 

. Instead or the trunks from the lev� l s  of the f irst s e lect o r s  b e ing 
cQllnected d irect t o  connecto r s  as ·w&s the cas e in t he 1000 line sys tem, they &re , 
in t he 10 , 000 line syst em, c onne ct ed  t o  second selectors . r.t'he bank c o nt act s or 
the s e cond sele ctors are conne ct ed to t he conne ctors . Ea.ch leve l of the f i rst 
s e le ctors repr e s ent s a c&pac ity of 1000 line s , In the 1000 l ine syst em each first 
s e lect or l eve l repr es ent s  a c aps.c ity ot 100 line s .  I n  o t her w ords , fo r  e ach group 
ot s elect ors ( f ir s� s ,  se.co:nd s ,  et c . ) ;  added ,  the c apacity: of the exchange ( in line s ) 
18 Dllllt ipl a!.  by ten. :Each tft lephone number in a 10 , 000 l ine sys t em ha s  4 d igi t s .  

Each exchange i s  prov ided with spec ial service s , such as Long D i s tance , 
Intormat i o n ,  Complaint , Wire Chiet , e t c . , where an oper&t or i s  in a.t t endan�e , Me&ns 
�or for c onnect ing t o  t he s e  is shown in F ig. 94. D ial ing "0" connect s t o  L ong 
Dista.nce ; 9 12 ,  Inf'ormat ion ; 9 13 ,  Complaint , e t c. 

In order t o  redu.ce the number of s electo rs , the l ine nit ch was introduced. 
The l ine sw it ch i s a non-numer ical 8'F it ch attached t o  each sub s cr iber ' s  l ine , e.nd 
serves t o  conne ct the l ine t o  a. trunk le ading t o  a.n idle c onnect or in a 100 l ine 
97s t em or a.n id le f irst se lector in & l&rger system. 

'l'he line .. itch c ons i s t s  of a l ine relay and a cut -off rel&y ,  such as i s  
used in common b&t t ery manual pr act ice , and e. plunger which c a.n  b e  d. r awn  into a 
1et or bank c ont &ct s ,  operat ing t hem and thus c onne ct ing the subs criber ' s  l ine t o 
a trunk le&ding t o  a s elector swit ch.  In other word s ,  it makes pos s ible the use 
or a small group of trunks by & larger ·group of subs.crlberi ' l ines . 

In P ig. 9 5  is shown the trunking arr&ngement or a 10 , 000 line qs tem 
us ing a linesw it ch f or each t elephone . 'l'his lineswitch mere ly ext end.a the sub- ; 
s cr iber ' s  line t o  the first sele ctor and it will be obs erved t h&t the first digit 
from the di&l operat e s  t he f irst s elect or jus t a1 it did b �fore the l ineswit ch was 
introduced in the system. The norm8.l wires are a mult iple of the s ub s cr ibers ' 
l ines fr om the l ine switche s t o  the c onne ct or banks anl are comp&r&ble with the 
Dlllltiple b etween the &nswering j acks and sub s cr ib er s ' mu.lt iple o n  manual 1111lt iple 
ni tchboard. 

In F ig. 9 6  i s  shown e. d iagram compar ing s t e p  by step with ma.nu.al and 
pane l equipment s .  Each sub scr iber ' s  l ine is c onnect ed t o  a l ineswit ch whi ch ,  &I 
already ment ioned , p lunges in, making c ontact with a.n idle trunk when the sub
s cr iber r emove s the rece iver from the swi tcbhook. Thi s  extends the l ine t o  a 
s e l&et or .  The fi rst d igit di aled moves this select o r  � o  the level corre spo nd !� 

.with the numb er of impu.ls e s  t r&nsmit t ed  by the d ial . r.t'he sw i tch then au.t omat ical ly 
steps around un t i l  i t s elects the first idle t runk .  A s  the next d ig i t  i s  d ialed 
th is perf ormance is repeat ed in the s ame manne r  and so on , unt i l  the c onne c t or 
i s  reached. The tens and unit s s e lect ions are made at t he c onnector , the t ens 
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CALL ING SUBSCRIBER 

L INE FINDER fR. 

C,A a lNG SUBSCRIBER. 

t!I 5EL . 

0 
0 CAI.LING SUBSCRIBER o /./NE 

0
0

° SWITCH 

- 15 
CHAPT::::R VI I 

TRUNK 

r 
I 
I 
I 

I I 
;II' BOARD CA L I.  CIRCUIT : L---- ·- ----- -- - - - - - - - - - - - - - - - - _ _ _  J 

DISTRICT F"R. /NCOMIN<i Fil. . FINAL Fil . 

2'!ESEL. 3�SEL. CONN£CTf)Jl 

F ig. 9 6  

CALLC.D .SUBSCRIBER 

CAU£0 51/BSCRIBER, 

CALLED SUBSCRIBER. 
R.P·56.:JT 

digit select ing the 'proper l eve l and t he uni t s  the prope r l ine . There i s  not the 
close s imi lar ity of funct ions b etween step by s t e p  and manual e Quipment s that there 
i s  between pane l and manual equipment s ,  although the l ineswit ch dupl i cat e s roughly 
the operat ion of t he "A" board in e xt end ine" the l ine t o  a t runk. Fr om that po int 
on, the operat ion s imulat e s the work of t he "B " operat or exce pt that i t  i s  ne ce s 
sary t o  make several s e lect i ons , in o rder t o  arr ive at t he part i cular group i n  
whi ch t h e  sub s cr iber ' s  l ine i s  l o c ated . The t runking arrangement us ed in t h i s  
sys t em 'b e i ng o n  a de c imal b as i s , requi r e s a s e le c t or f or e ach d ig it in t he numb er 
except f or the conne ct or where t,he t e n s  and unit s s e le c t ions are made . 
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, CHAP TgR VIII - LOIG DIS'l'ANQE TEL.E:PBOiiE IOC!UIPMENT 

,..., In order t o  !"end.er t el ephone s erv i oe b etween dis tant point s , i t  1 a  
nec es sary t o  prov i d e ·  sp ecial equipm ent . Servi c e  of' thi a ki nd  i s  known as toll 
s erv i o e  b ecaus e an extra charge is mad e b eyond the r egular l o cal s erv i c e  � t ea .  
C er ta in clas s es o r  toll call s may b e  ma d e  frcn an •A" board t o  a "B" board ,  s ini i lar -
t o  an ordinary int er-of f i c e  l o ca l  call , in whi ch ea s e i t  i s  ca l l ed an "A- B" toll call • 

. Cal h b etwe en s epa ra t e  c i t i es or l o cal i t i es ar e known a s  " l ozig di s tanc e" t o l l  ca l l s .  

I t  i s  the equipm ent r equ i r ed  for taki zig car e o f  the l o JJg  dis tanc e cal l s  
that we ar e par t i oul&l"ly int er es t ed  i n. The swi t chb oal"ds :ror thi s s erv i c e  ar e usual ly 
in a s epara t a  c entral off i c e  lmown as a toll off' i o e ,  but ar e  s imi l ar t o  thos e us ed 
tor l o cal s erv i o e  and ar e d es i gnat ed aocordi:ng to the us e to whi ch th ey ar e put in 
establi shing l ong dis tanc e connec t i o ns .  Th e  fi rs t op era t ion that takee place when a 
subs crib er asks for l ong d i s tanc e  i s t o  connec t th e sub s cr ib er t o  a r ecording board 
in the toll ott'i c e  wher e  an op erator r eco rds all the infonna t ion nec es sary in order 
to enab l e  o ther opera tors t o  compl et e th e  connec t i on. Thi s  oonnec t ion i s  i l lus tra t ed  
in Fig. 9 7 .  

R ECOR.DING TR UNK 

CAL L /HG SUBSCR l�£R ··�," BOA R D  TOL L RECORDING SOARD 

F i g .  9 7  

Aft er thi s r ec ord has b een c ompl eted th e sub s c ri b er i s  advi s ed  tha t h e 
wil l  b e  cal l ed back wh en the connec t i o n  i s  r eady. Th e  t i cket i s  th en s ant t o  an 
outward t ol l  b oa rd wh er e  the op era tor pr o c e eds to get in touch wi th th e tol l off i c e  
in th e town wh er e  t h e  cal l ed  party i s  l o ca t ed .  Th e  ca l l  from th e op erator at the 
outward b oard i s  r ec eiv ed a t  an inward b oa.rd in t h e  di s tant t ol l  off ic e wh er e the 
op era t or obta i ns  th e nec essary i nformat i-0 n  wi th r egard t o th e party des i r ed.  and th en  
es tabl i sh ea th e co nnec t ion to th e  cal l ed pa r ty ov er a to l l  swi t chi ng trunk whi ch i s  
s imilar t o  a n  i ncomi ng  t runk exc ept t ha t  i t  i s  arranged t o  fUnc t i o n wi th a t o l l  cord 
inst ead of wi th an "A" cord . When th e par ty has b een l o ca t ed ,  she not ifi es th e ou t
ward op era t or at t h e  d i s ta nt t o l l  o ff i c e who i n  turn cal l s  back th e par ty who or igi
na t ed the ca l l , ov er a tol l swi t chi ng t runk in a s im i l ar mann er to the way i n whi ch  
the co nnect ion t o  th e call ed party wa s  es tabl i sh ed. .  

I n  Fi g. 9 8  i s  shown th e compl et e equipm ent for es tab l i shi ng a cal l ,  and 
in Fig. 9 9  th e cir cui t over whi ch conv ersa t ion takes pl a c e .  In oa s es wh ere th er e  
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ar e no dir ec t  t ol l l ines to the t own i n  whi ch th e des i red party i s  l oca t ed ,  i t  i s 
nec es sa ry to es tabl i sh a co nnec t i o n  through som e o t her town. Th e  nonneo t i o n  a t  
th e  i nt erm edia t e po int 1 1  s et up a t  v.ha t 1 B  known a s a " through" · pos i tion. Th e  
equ ipm ent tor - thi s  p osi tlo n i s  eu ent ial lJ the smn e as tha t us ed in an outward 
or an i nward po s i t i on. 

A r eoordiDg board i s shown in Fig. 100 and an ou tward board in �ig. lCl . 

!h e  o ona truc ti o n and maint enanc e ot t o l l  l ines i s  nec es sarily a much 
mor e exp ens iv e  propos i t i o n  than that or l o oal l ines .  1'hi s i s  du e to the ta ct that 
l onger di s tanc es are cov er � o t t en through country whi ch  i s spars ely popula t ed am 
no t ea s i ly r oach ed bl' c onstruct ion and me.int enance crews . I t  i s , th er efor e ,  impera
t iv e  tha t  a ll t ol l  lines b e  op erat ed at the ma::dl'lum o&paci ty and. effi c i ency . A 
numb er of methods are in us e wh i ch  i ncr ea s e  th e numb er ot messages per pa ir o t  
wi r es tha t may b e  s ent ov er a t •l epho ne line. 

One or th e earl i es t  m ethods ot provi d ing  ad.di t i o nal  t el ephone circuits on 
exi s t i ng l i nes is known as th e "phant cn" circui t .  By this m eana 3 t el ephone cir
cui t s  ar e prov ided ov er two pa irs or wir es .  In order to 1Ul4eratand the op era ti on of 
thes e c i rcui ts we mus t umeratand the p rincipl e ot the divis ion ot U!ll'r ent in para
ll el oi r��i ts. In Fig. 102 is shown a s impl e_ ill�c tratio� o� a paral l el atroui t .  
I t  wi l l  be no ted that the curr ent di vides, part going· tlµ'ot.rgh each of the two wires 
of the p ar al l el ci rcu i t .  I f  the reel: etance of these two wires is  equ al ,  the amount 
of curren t flowing through e ach of the two wi r ee wi l l  b e  equ al . 

Th e  next s t ep  i n  bui lding up this s � n e  i s  shoo in Fig . 103 whi ch y  trom 
e. c ircui t '  s tandpo i nt ,  i s  aactly l ikfl Fi g. 102 , exc ep t  that two co il s hav e been 
ins ert ed i n  ea ch end ot th e  ci rcui t .  By making thes e c oi l s  one pa ir o t  th e  wind-
i ngs o r  a r ep ea  t i Dg  co il , we hav e es tab l i shed th e tundam ental ci r oui t of the pha.nt cn .  ' 
Thi s  i s  shown i n  Fig. 104 , . th e  o thor two wi ndings ot the r ep ea ting co i l s  hav ing b e en  
added. A v o i c o  curr ent · 

in o ne o f  t h e  .r ep ea ting co il wi ndings w i l l  b e  i nduc ed in th e 
wi nding co nnect ed t o th e l i ne and r epro duc ed.  i n  th e l o cal cir cu i t  by th e  o th er  
r ep ea t i ?Jg 00 11 .  

We ar e now r eady to co ns id..ZO a compl et e phant om o ircu i t aa a:hown i n  Fig. 
105 . The two pai rs of wi r es us ed f'or th e  r egula.r linea ar e  th t.. "phys i cal" circui ts , 
"L-1" and " L-2n. The do t t ed  a.t rows i ndi cat e the pa th at � ·  C'l:l"r ent i n  th e phantom 
c ir cui t  and the so l id a rrows th� pa th of the current in tht Ii�• o1rou1 t. Voice cu rrents 
i n  the si de or phys i cal t; el ephone circuit flow in oppo s i t e di r ec t i ons in th e two 

·· · 

l i nti wir es whil e the vo ic e Cll l"r ent s dU e  t o  the phantom c i r cu i t  fl ow in th e sam e 
dir ec t ion in th es e  wiree . Sinoe th e t.,o wir n ot the phant om circu i t s  &r e co n-

. neo t ed. t o  th e cent ers ot th e  li ne windings ot tho r epeat i ng  co il s , the ourrm.t 
divides .,_h&lf going ov er .one s ide of the l i ne and th e o th er  half ov er the oth er ,  so 

' tha t th e
" ou rr ent floWi Dg  in one Wi nding ts n au t ral i z ed. by the o'l4l"r ent tlowi ng in 

th e  othv Wi nding , co113 equ ent ly th ere i s  no curr ent i ndu c ed  in th e wi ndi ng  ot th e  
r epea t i ng  co i l s co nnect ed.  to the t el epho ne s et o t  the phys i cal o i r cu i  t .  

) In addi t i on to thi s  phantom arra ng em ent of two t el epho ne l ines , i t  i s  
al s o pos s ibl e to u t il i z e  th e sam fl wi r es for t el egraphi c  c ircui t s . Th e  mos t  conmon 
s oha:n e  is wha t is known as the "compos it e" cir cui t whi ch  ut i l i z es condena er s and. 
r etardat ion _co i l s  tor a epara t i ng  th e high fr equ ency vo i ce curr ant s from th e lo .. 
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TO T ELEPHONE 

CONDENSER-

CHAPTFJl VIII (page 7} 

RETARDAT I O N  

CO I L · 

KEY 

Fig. 10 6 

TO T ELE PHO N E  

� RP-5645 

trequ aney t el egraph\'� curr ents . SUoh a s cheme is i l lustrat ed in Fig. 106 . Th e  
high tl'equency v o i c e  curr ent s from th e t el ephone pa1 1 through the comens er v ery 
ea s ily but do no t go to gr ound through th e t el egraph r el� dU e  to the ins er t i on ot 
the r etardat ion co i l  i n  thi s oi rcui t .  Wi th this comb i nat i on, one t el �one com er
s& t ion and two t 91 egraph mes sages can b e  s ent over a pai r or wires wi thout i nt er-
f arenoe. 

PHY S I CA L  

TELEP H O N E  CCT. 

PHA NTOM T E L .  CCT. / 

Pig. 107 
�-

P H Y S ICAL 

TELEPHONE CC1 

PHA NTOM TEL. CCT." 

R P-5646 

In .r '  � · i O  t . 111 sh own th e compo s i t e  cir cuit to wh i ch  ba1 ll e en  added th e  
.r ep ee t lxig co il s r equir ed for sup er1mpo s 1 Dg  a phantom c ircui t o n  th e  l ine. !he 
nmnb er o t  t el egraph circui t s  whi ch � be provided can b e  doubl ed by ao arr&l2girg 
th e cir cui t s that a t el egraph m es sage ci.a b e  s ent in eaoh direction 1 1nml taneausl7 
ov er each Wir e. This s ch ane i s  wha t ·  is known a s  a "dupl ex" t el egraph circuit but 
will not b e  t ak en up in deta il here. 
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I n  Fig . 108 we hav e t h an  a compl et e phant an and composi t e c i rcui t  

dupl exed , providing 3 t el ephone circu i t s  and 8 t el egraph c ircui t s o n  4 wir es . 

We ar e now r ea dy  t o cons ider anoth er s ch an e whi ch ha s  b een d ev elop ed in 

r ec ent y ears for maki ng ev en gr ea t er 11 s e  of t el ephone l i nes t han wa s  pos s ibl e ,  using 

th e  phant 91n and canpos i te arrangem ent. Thi s is th e carri er curr ent s chane. In 
thi s s ah an e v o i c e  curr ents are superimpos ed upo n  a high frequency ourr ent and th e 

whol e  transmi t t ed  ov er t he t el ephone wir es . At the di s te.nt end the high rrequ � 
curr ent i s  taken out ,  l ee.v i Dg  the or i ginal vo. i c e curr ent . I t  i s  poss ibl e t o t rans

mi t a numb er of co nv ersa t i o ns s imul taneous ly i n  thi s way by sup erimpo s ing ea ch 

vo ioe curr ent on a diff er ent fr equency , a s  the various fr equ enc i es can b e s epara t ecl  

a t  th e r ec eivi ng actl .  Thi s s ch sn e  i s  not ma t erial ly diff er ent from the ordi na ry  

s chana of radi o broadoas t ing. 

You are al l famq. iar w1 th th e tac t  t ha t  vari ous s ta t i o ns  broad ca s t a t  

diff erent fr equ enci es a nd  that a� s ta t i.on can b e  s el ect ed by tuning t h e  radi o  

r ec e ivi ng s et t o  tha t parti cular tr 0qu eney .  This i s  the s ch an e  tha t is u s ed i n  

carri er current t el ephone sy s t EIDs aeap t  tha t th e f'r equ enei es  ar e v ery much l ower 

and the amount o f  power transm i t t ed  is v eey small . The hi� fr equency curr ent 
us ed  to s up erimpo s e  th e vo i c e  curr ent on is oall ed carr i er curr ent a s  i t  carr i es 

the vo i ce fr eau encY . h enc e the nam e  " carri er sys t em" . 

TELEPHONE [ .SIDE 
CIRCllJT.S(li) CJllCVIT 

{ PHANTOM 
CJRCLJJT 

.SJD� CIRCUIT 

CA/llll£R. 
TE.LE.PHONE T£RMINAL APPANATtlS 

���c:;�:;i� {�========�-1-1 --- - _ _  .,. 

CAJUlJl:"R TELEC.,RAP/"I 

l. 

1"ERMINAL APPARATUS 

---------< 

c..-.. : COMPOSITE S£7"' 

Fig. 109 

CARR/£/l 
TC.LE PHONE TERMINAL 
APPARATUS 

CAIUlt£R. 
TEL EGflhPH Tl:->::/1111/VAL 
APPARATUS 

S/0£ 
CIRCVIT 

} TEL£PHON£ 
CJRCUIT.S(C) 

�--

SID� 
CIRCUIT 

1------ i 
------=-· --J 

RP·fG-f-8 

TELEPHONE. CIRCUITS(/+) 

I t  i s  al s o  p o s s ib l e to us e thi s  s am e  s ch em e  tor t el egraph m es sages . and 
in P i g .  1 0 9  a.re sh own two pa i r o f  wi r es wi th th e 3 r d  t el epho ne c i r cu i t  pr ov i d ed  by 
m ea ns  of th e phant om , 1 0 ca rr i er t el egraph chann el s  in addi ti on to 4 t el ee;raph 
chann el s  prov ided by m ea ns  of compos i t e  c ir cu i t s , maki ng  a t o t a l of 1 4  t el egraph 
c i r cui t s . I n  addi t ion,  3 ca rr i er t el epho ne cir cu i t s  ar e prov ided whi ch ,  added t o  
the phys i cal and o n e  pha nt om circui t ,  makes a. t o ta l  o f  6.  

Th e  fr equ enci es us ed f o r  car r i er t el egraph and t el epho ne c i r cu i t s  �r e 
of i nt er es t and a r e  shown i n  Fig.  1 10 .  I t  wi l l  b e  no t ed tha t a fa i rly wide  band 
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ot t"r equ eney is  allo t t ed  each carri er t el e

pho ne ci rcuit as i t is nec ess&17 in ord er 

to p r ev ent int el"f er enc e to provide a ba nd 
whi oh wi l l  cov er prac t i cal ly th e who l e range 
of v o i c e  fr equ enc i es from th e l ow no t es io 
th e high no t es .  In contras t ,  the t el egraph 

channel s  ar e oon.r i ned to a V &J.:Y  narrow band 
of fr equ enc i es .  A - F(} Tli!. /t11 SION IN 0 1'£ DI CTI 

a - " " OT. 'ER 

10,000 20,()()(J 

Fig. 110 

In F i g. 111 i s  shown wha t might be 0 

call ed th e evolutl o n  of a carr i er t el egraph 

sys t em .  I t  i s  i nt ended t o  show by s impl e 
exampl es i n  Figs . 1 1 1 -a , b ,  c ,  and d ,  th e 
func t i ons of th e par t s  of a s imp l e ca rr i ru

sys t ooi  • .  I n  ea ch sys t E!ll th e s ignal b eing transmi t t ed  i s  th e  l et t er "a" ( dot dash) 

and th i s s ignal is shown i n  var i ous s t ep s  of the transmi s s i o n  i n  ea ch sys t 911 . A 

© k1 STEft.M ! 
B O I L E R  D ' 

© J;; 

@ 
VALVE ?W H ISTLE -CJ-O-f®'V C O R D  

BATTERYT�----
-...-<> �
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:]?JJ@ 
S E N D I NG 
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� 4�-------..-.----
CENERATOR £JJ@ 

S E  NO ING 
KEY 

��"JJID� -J@ Q-, S E N D I N G  �� R E L AY 

@ ;ENOINCT R:P-5'2.c;.9 K E Y  

F ig.. 1 1 1  

L I N E 
a 

L I N E  

L I N E  

- ·  \ 

c 

® . 
W H I ST L E  g.:i.. 

® 
R E CE I V I NG 

.�----�·-�-s
�
o�r::-

® 
R ECEIVING 

R E L AY 

___,��I= 

© C A R R I E R  GENE RATOR 

@ S I G N A L I N G  DEVICE @ M O D U LATOR @ D E MO D U LATO R 

REC E I V I N G  
SO U N D E R  

ca r r i er t el egraph sys t em  is fa i rly s impl e as th e  si gnal s are t ransm i t t ed  by com-

�DOO 
RP-�6t!J 

vl et ?. i n t errup t i ons of the c i r cu i t  form i ng  th e do t s and da shes of the vari ous l et t ers . 
T el epho n e c onv ersa t i o n, h ow ev er ,  produ c es a var i a t i on in th e s i gn1..l curr ent and nd't 
a compl � t o  i nt err up t i on. �Vha t we need i s  a d 9'1 i c e  tha t w i l l  vary th,e fl ow of carri er 
cur r en t  i n  a o oo rdanc e wi th th e  vo i c e s ignal . We all und er s tand how th e r es i s tanc e 
o f  th e carbon bu t t on i n  a transmi t t er var i es w i th th e voic e wav es . and thus var i es 
th e fl ow of di r ec t  cu rr en t i n . th e  c ir cui t . 
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The .volutioli ot th e  carri er t el ephone sya t em  trom thi s t\lndam ent&l 

principl e to th e oarr i er sys t em i s  shown in Fig. 1 12 .  Th e  f\tndamental t el aphone 

BA�ER��------� 
·�-----

��[¥1J 
TRANSMITTER 

� $ .... · ______ '""' .------
GENERATOR 

��c;LJ 
TRANSMITTER 

R $.__-'----------. .-----GENERATOR 
@ � @ � �  

TRAN S M ITTER 

L I N E  @ 
__ l_"c_, --���-� +Y+ 

a 

L I N E  

________ ----� � 
b 

L I N E  

c / 

··�·009@Qm[ 
_ _

_ -•-:· -�-:=J�l 

--r-----\ c:jj)::::::!_.: © CAR RI  ER G E N E RATOR 

T R ANSMITTER 
@ S IGNALING DEVICE 

@ M O D U L AT O R  

@ D E M O D U L ATOR 

.ng. 112 

circui t 1a shown in "a" . In " b" an al t ernatiDg 012rr ent genera tor baa b een i ns ert ed 
in pla c e  o t  th e ba t te.ey so tha t  we h&Y e a vi.ryi� al t el'll8 ting curr ent ins t ead ot a 
varyi IJg direct curr ent . In Fig. " c" we hav e a cirau.it tor aooomplhhing the same 
r esul t by a l i t t l e ditt er ent arrang an ent , us i ng  l o cal bat t el7  in a er i es with the 
transmi t t er  and r ec eiv er .  Fig. " d" aooompl i sh es the .sam e thi ng uoept that the 
al t erna t ing au.rr ent g enera to r has b een r 41> laoecl by a vacuum tub e 01 0111ator whi ch 
1 s  merely ano th er m eans for genera t i ng  a high fr equency al t ernat ing curr ent . Ano ther 
vacuum tub e 1a us ed as a mo dul& tC1 r which is m erely a mor e  ett i c i ent m eans tor caus ing 
the high rr equency al t ern&tiJlB curr ent to vary in t espons e to th e To ioe ourrente .  
Th e  danodulator a t  th e r eceiving end op erat es i n  th e sam e nanner as a det ec tor tube 
i n  a radio r ec eivi ng  s et tor taki?Jg out the high rrequenoy carr i er  curr ent , l eav i12g 
the vo i c e  t.r equenoy curr ent . 

· 

In Pig. 1 1 3  i s  shown som e  oarr i er equipntmt mount ed on raob t� actual 
u s e i n  the t el ephone otf'i o e. 

In aey long di s tance t el ephone l i ne a considerabl e •out ot eera i• 
di s s ipa t ed i n  th e l i ne i ts el f  du e t o  line r ee i s tanc e am l •lmge ,  therebf l imiti ng 
the di S tanc e oTer whi ch i t  i s  pos s i ble to oar17 on i nt ell igent conv ersation. In 
order t o ext end th e rang e OY er whi ch t el ephone conv ersati on is prtlC t i cal , dnicee 
known a s  t el epho ne r ep ea t ers are ins er t ed  a t  c ertai n  po i nts i n  a l i ne·• thus i n-

. I 
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creas i ng  the ra?Jge ot t el aphoni c  tranami s si on i m efini t ely .  Th a  es s ent ial pe. r t  ot 
th e mod ern l" ep ea t er i s  th e vacuum tub e and it s op erati o n  as a r ep ea t er is exa c tl7 
s im i lar to th e aud i o  ampl i fyi ?Jg s tages o f  th e ordi nary radio r ec eivi ng s et .  

In Fig. 1 1 4  i s  shown a s impl e  diagram Of th e cirou i t us ed wi th a r ep eat e!' 
bulb . Th e  fi lament when h ea t ed  by the curr ent from th e bat t ery  marked "A" anits 
el ec trons wh i ch ,  sc cordi:ng to th e th eory , tu· e  nega tiv e oharges ot al eotr1c1 ty .  The 
"pla t e" is co nnec t ed t o  the p os i t iv e  s i d e  o f  th e ba t t ery marked "B" and th e nega tive 
el ec trons a r e  a t trac t ed  to thi s  pos i tiv e p lat e. Thi s ac ti on co ns t i tut es an el·ectri c 

I N  -

- •A 
� BATT ERY -

·s· 
BATTERY · 

......__----'----------11� 1 1 • 1 • 1 • 1 • 1 • 

OUT 

RP-5647 

curr ent fl owi ?Jg in t h e  pla t e  c ircu i t back te> the f i lament. l t  •s fur ther toum that 
by plac i :cg a third el an ent b e tw een th e  filam ent · and th e  plat e knoWJl &• tht "grid" , 
and by vary i ng  th e  nega tiv e charge on thi s  al an ent , th e llUmb er - ot el eotrona tlOWiJW 
b etween th e f i l am ent am the pla t e  coul d b e  oau1 ed t o  vary . Thi s s ees the m. tunl 
thi ?Jg to exp ec t  i n  v i ew o f  the tact tha t ,a s  we hav e al r eady l ear�ecl , magnets ot unl ike 

polari ty a t trac t and t ho s e  of l ike polari ty repel . Thus , th e nega t iv ely aJl•rged grid 
r ap  el s  the el eet rons whi ch are nega tiv e charges of el ectrici ty. I t  was soon found that 
by varyi ng  th e nega tiT e charge on the grid , th e  n ow of el ectrons and the resulti. 
el ectri c currant i n  th e plat e c ircuit would vary i n aactly the sam e •Y· 1 t  was then 
a v ery s impl e  ma t t er to impr ess upon th e  gri d by m eans ot a r ep ea t i ng  coll as shown i n  
the l ett-hand side o f  the cir cui t ,  a vo i c e  curr ent . As the vo ic e current Y&l'i ed ,  the 
negat iv e  charge on the gr id var i ed whi ch p roduc ed a oo.rr eeponding change in th t  plate 
current . 'l'he plat e circui t having a !" ep eating co il i n  i t , · produc ed a current in the 
output aide ot thia otrcutt .  I t  was found tha t a v ery sm&l l change i n th e charge on 
th e grid would produce a cons id erabl e oha?Jge in the pla t e curr ent so that a v e17 weak 
voio e curr ent woul d  produae a lli'ge fluc tuation i n  the curr ent ot the plat e circui t .  
Thi s i ncrea.• ed fluc tuat i on ot the vo ic e currents ii equival ent to adding � • t er  
a tr eagth t o  th e voice curr ents o r  amp l i tyiDg the. One tub e wil l ampl1tJ th e  vo ice 
curr ent s equival ent to the 1011 in about 18 or 20 mi l es  of •tol l cab l e  and their lJ• • 

downloaded from: TCI Library - http://www.telephonecollectors.info - Source: Connections Museum, Seattle, WA



- 14 -
C:H "J 'l' " Ji VI I I  

o n  t o l l  l ines has mad e  pos s ibl e �_he pr es ent l o ng  di s ta nc e  trans c o nt i n ental
- l i nes . 

I n  F i g .  115 i s  shown d iaerama t i -
cal ly th e ampl i fi ca t i o n  of e t el epho n e  
curr ent by m eans of r ep ea t er s  fr om Bo s to n  
t o San Fra nc i s c o .  I t  wi l l  b e  no t ed tha t 
i n  th i s  ci r cu i t t h e  vo i ce cur r ents hav e 
b een ampl i f i ed  13  t im es a t  var i ous po i nt s  
al o ng  th e way. I t  is  ha. rd t o  co nc eiv e the 
eno nn ous l os s  i n  p ower wh i ch t ak es p l a �e 
a l o ng a t el epho ne H ne. ·Th e  do t t ed  l i ne 
ex t end i ng  upward b etw e en Sacr mi ent o and 
san Fra nc i s co wi l l  gi v e  s om e . i d ea  o f  the 
p ow er that will hav e  to be put i nt o  the · 

l i n e a t  Bo s to n t o  giv e the sam e amount o f  
pow er a. t sun FNmo h o o  1f no r ep en t ers were 
us ed i n  th e c i r cu 1  t .  Th e  pow er nec es sary 
woul d b e  i nd i ca t ed  at the p o i nt wh ere thi s 
do t t ed  l i ne int ers ec t s  th e v er t i cal axi s .  
A c tua l ly , thi s  Wi l l  b e  s ev eral m i l l i on ki llo

i l ; i l l l 
i , I 
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I ___ i__ ,000 
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I I J ' 
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\ r\ j 11 cs: _\ \li l\ �\ 
· Z.000 3000 . 3GOO 0 � 2 

" il: ' � � "" � � -� 
" .. � 6 ' � � & V) 

Fig. 115 

wa t t s  - mor e than i s  d el i v er ed t o  t he ent ir e ea r th by th e sun. By th e us e of 
r ep ea  t ars w e g et th e d es il' ed amount of powel' at San Franc i s co .,  wi thout th e p ower 
at any p o i nt in th e c ir cu i t exc eed i ng  a smal l frac t i o n  of a wa t t .  

Jli/e.s 
RP.si'.51 

I n  Fig. 1 1 6 i s  sh own a typ i cal i ns tal la t i on of t el epho ne r ep ea t ers . ( S e e  
pag e 1 5 . ) 
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