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FIG. 1. A St-iAIL CITY EXCHANGE OF 4-50 UNES AT XOR'roN, ILLINOIS 

FIG. 2. INTERIOR OF THE MORTON EXCHANGE. 



COMMUNITY AUTOMATIC EXCHANGES 

1 . INl'kOOWllON 

In recent years, there has been e definite trend 
too.-ard the replac-nt or ... nual switchboards in 
.... u towns and rural COIIImUDitiu with Strowger 
AutOIII!Ot lc ayatema. One reason tor this Ia tbst 
Autoroatic oqui pment atande ready to oporate at 
tull capacity twonty-rour hours J>Or day. Tho 
oxobange itself rnay be looked up and lett un­
attended. Should. a eubacrlbor desire tho aor­
vtees of an operator, he d ials a number, usually 
"O," and obtalna an operator in the nearest 
attended exchange. This operator is DreJ>Ore<l 
to render the aubaertber any desired service. 

A number of outlying small exchanges aay be 
grouped so as to all be aerve<l by one toll center 
•bore an oporator will al1<eys be In attendance . 
Ordinarily, the subscriber sets up his own local 
connoctioa by operatiag his dial. However, 
should. ~e desire same special s ervice, e . g., 
toll or lntonaation, be my <1141 a d.1g1t, ueually 
•o,• ror the operotor. In addition, this op­
erator is al1<8ys available should an emergency 
arise. ?requently, oporstore ln more than one 
attended exchange can bo roached 1'l'QD the auto­
matic axehange by dtaltne app~priate numb~re. 

Automatic subscribers in o network may dial 
directly fraz one community to another without 
tho intervention or on operator unless a toll 
charge is mdo. Sometimes a method or autoaetlc 
toll ticketing Is adopted so that on a toll 
call, tho charge io autocatically ent ered on a 
ticket together with tho calling and called. 
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FIC. 3, Til& INTERCI!ANGEABLE COMPONENTS OF A 
3TROWGER EXCHANGE. 

l 

FIG. 4 . J ACKINO IN A CONNECTOR SIIITCB. 

oeraon's telephone nuMber. Thus. t he charge 
=ay be lat er billed to tho subscriber . 

2 . PUXIBI LITY OF STROllCER EQ.UIPKENT 

Strowgor automatic eqUipment io tloxlble. An 
automatic excbango in tho StrowgeT Systoa is 
mnde up or standard ""itches which can be jacked 
in or out or standard shelves. Tho ehelYss, 
each containtnc, aay, 10 switches, are bolted 
to unit frames . Tho exchange aay consist or 
one or more frames With only sutricient switches 
mounted to core tor tba traffic in tho exchange . 
Should more tratrl c dsTe lop, more switches(wbich 
are ths mecbsni col •oJ>Orators• or tba aystea) may 
be added at e.nytl.lle . Thu4 an axcbongo may be al­
tered as necessary to meet changed trartic 
conditions. In addi t ion Str owger Automati c 
oqUipoent is econanicsl in oporotion. In teet, 
oporotlon coat is almost negligible . '!'he switch­
oa and relays are rugged , r equiring lit tle 
maintenancs. Doctrlcsl power is used epe.ringly 
and is ueually obtained t'lall <>CIIIIDOrcial source s . 
A hattel"1 el iminator may be employed, or power 
may be stored in batteries tor omargoncy use . 



2 COMMUNITY AUTOMATIC EXCHANGES 

FIG. 5 . A COMMUNITY AUTOHATIC EXCHANGE. 

3. SWITCHES EMPLOYED IN- C-A- X SWITCHBOARDS 

Connections in Strowger Automatic exchanges 
are established by standard types of switches. 
Three general types used are the rotary ( 11, 
16, 25 , 50 points), the two - motion Strowger 
switch ( 100, 200 points), and the plunger line 
switch {10 points ) . In addition a minor switch 
{10 point) is sometimes employed to perform 
certain miscel laneous functi ons . 

4 . SWITCH TRAIN OF A C -A~X 

The simplest poss i ble arrangement is shown in 
Figure 7. Here each subscriber's line term­
inates in a connector . Since a connector switch 
is the mechanical operator of the automatic 
system, each line i s ab le to directly connect 
with every other line in the exchange. Un­
fortunately t his method is expensive, beca use 
it wastes connector switches. At any given 
moment, a majority of t he connector switches 
are idle just as would be the case with operator s 
in a manual exchange if there were one operator 
for every line coming into the exchange. There­
fore it is not economical t o use t his arrange­
ment except in exchanges of only a few lines; 

In a manual exchange, to continue the analogy, 
one operator serves a number of lines . When 
a subscriber removes his handset to make a call, 
a s i gnal lamp lights. The operator finds the 
calling line jack and plugs into it, announcing 
that she is ready t o take t he wanted number by 
saying "Operator . n 

In order that a connector (a mechanical operat or ) 
may serve a number of l ines, it is necessary 
that the connector be able t o find and connect 
with e calling l i ne. To accompl ish this, a 
second switch (Fi gure g) is joined with the 
connector. The second switch is called a 
"finder.s It looks toward the calling lines 

and when a subscriber r emoves his handset, t he 
finder begins rotating its wipers over the bank 
contacts searchi ng for the calling line. When 
the calling line is f ound , the finder returns 
dial 'tone to the ca lling subscriber, indicating 
t hat it is r eady to receive the dialed number. 

In Figure g, the finder switch is of the r otary 
type having 25 contacts . It may thus search 
over 25 lines. In Figure 9, the finder is of 
the Strowger t wo- motion type of switch which 
normally bunts over 100 lines but may also in­
clude a second one hundred as in Figure l g . 
The 200-point strowger linefinder starts stepping 
vertically immediately upon a subscriber removing 
his handset . At each vertical step, the line­
finder tests two groups of ten lines. In order 
to test 100 lines, the finder need only make f ive 
steps. The finders a re in two groups with re­
versed bank multiples, so each finder ordi narily 
hunts over but f ive levels, one taking lines 2ll 
t o 250 and 111 to 150 ; the other, lines 200 to 
260 and 100 to 160. In case either gr oup of 
f i nders become busy, the opposite gr oup will 
hunt over all 200 lines . 

FIG. 6. A STROWGER CONNECTOR SWITCH . 
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TELEPHONES 

~ 
}:.------T_E_L_EQONES 

FIG. 7. J. CONNECTOR SWITCH PER LINE 

c 

=~ONES 

FIG, 8. A ROTARY LINEFINDER :FER!>TITTING ONE 
COIDlECTOR TO SERVE A NUNEER OF Llli;ES. 

ELE~ ~ONE 

FIG. 9 • STROWGER LTh'EFINDER AND CONh'ECTOR 

TELEPHONES FINDER CONNECTOR TELEPHONE 

0>-----6 , 0 
FIG, 10, ROTARY FINDER AND ROTARY CONNECTOR 

50-LINE SYSTEM. 

TELEPHONES TELEPHONES 

FIG. 11, 1000-LINE SYSTEM. 

FIGS~ 7-11. SWITCH COMBINATIONS. 

The switch train of Figure 8 will find but 25 
lines although it will connect wtth 100. For 
this reason, there will need to be four groups 
of such finder-connector links for a full 100 
lines. In each group able to search over 25 
lines, there may be more than one link. The 
number of finder-connector units determines 
the number of simultaneous conversations which 
may be carried on in the exchange. In practice 
two groups of 50-point rotary switches would 
be used for linefinders under the conditions 
mentioned. 

Figure 10 shows a switch arrangatnent consisting 
of a rotary linefinder and a rotary connector. 
This combination is emplOyed in small exchanges 
having 10 to 19 lines, with up to 3 trunks and 
4 of the finder-connector links shown. Suc­
cessive calls seize the finder-connector links 
in rotation as determined by the distributor. 

Figure 9 shows a 100-line system using Strowger 
two-motion linefinders and connectors. 

Figure 11 illustrates a larger system such as 
the Type 35E97. The capacity of that shown 
is up· to 800 lines. An 800-line exchange would 
require eight groups of connectors, each group 
of connectors handling 100 lines. The line­
finders are of the 200-point type thoUgh under 
normal traffic each linefinder hunts over but 
100 lines. Each linefinder is permanently 
associated with a selector. 

The selector is a two-motion switch y&ry similar 
to a connector but responsive to orily one dialed 
digit, the first, ·rhe first digit of a called 
number usually determines the hundreds group 
in which the called line is located, In the 
analogy, the selector serves as the first or 
"An operator who must select a second "free" 
operator able to reach the called line, 

The selector accordingly steps its wipers up 
to the level on which the desired group of con­
nectors is located, Its wipers then rotate 
automatically over the bank contacts until an 
idle connector in the group is round, The 
second and third digits then cause the idle 
connector to seize the called line as described 
previously. If there is more than one party 
on the called line, it may be necessary on sane 
types to dial additional digits in order to ring 
the wanted party. 

CALLING TENS- UNITS- UNITS- TENS CALLED 
SUB. SUB. FINDER FINDER CONNECTORCONNECTOR 

o----<-;;.-----, CONTROL -,----<->--0 
RELAY ~~------~==~------~~ 

RELAY RELAYS RELAY 

RELAY 

FIG. 12. CONNECTION TBROUGH A ROTOR RELAY FINDER - CONNECTOR LINK, 
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CALLS 
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FIG-. 13. Cot1l'LETE FlllDER - CONl\'ECTOR LI!I.'K OF A ROTOR iOO .. AY SWITCHBOARD, 

5· RElAY S~1ITCHING 

There are other ways in which one calling line 
from a number of lines may be connected to the 
wanted l1ne among another group of lines. One 
of these employs only relays to complete all 
connections, 

Naturally a great number of relays must be em­
ployed in an all-relay exchange, To keep this 
number to a minimum, Automatic Electric has 
developed a special rotor relay which has more 
than sufficient contact springs to silllultaneously 
close connections to ten three-conductor lines. 
In a rotor relay exchange, all conducting paths 
from every station to every other station are 
permanently wired, but they remain open until 
closed by the operation of certain relays. 

Figure 12 is a one-line diagram illustrating 
the basic switching principles underlying relay 
systems. The calling line is found by the finder 
half of a free finder-connector link. A link 
may be compared to a manual operator's cord 
in that it finds the calling line on one end 
and the called party's line on its outgoing 
end and connects the two. 

In Figure 13, only the ten lines in the 20's 
group are shown, Each group of ten lines has 
a· 101 ~ finder rotor relay and a 101 s oonnector 
rotor· re1ay. In practice, the vertical con­
ductors of the Figure would be extended to form 
a multiple to which any 101 s rotor relay could 
connect its group of ten lines. The units re­
lays in the center would then choose the one 
line of the ten to be switched through. 

Consider the following example, Upon any sub­
scl•iber in the 201 s group lifting his handset, 
the F20 lOts-rotor-relay will operate connecting 
all ten lines in the 20's group to their corres­
ponding 11F11 units-relay, Should 112111 be the 
calling line, units-reLay F-1 will operate. Now 
calling subscriber n2111 is connected through 
to the control relays, The finder has now seized 
the calling line, and the control relays will 
return dial tone to the calling party. 

Dial tone indicates to the calling party that 
his line has been found and that the control 
relays are ready to receive the called party's 
number. The subscrib!3r dials "29·" The control 
relays count the impulses end cause the C20 
10's"rotor-relay and the C9 units-relay to oper­
ate. The connector has completed the connection 
between parties tt21" and "29·" 
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6. FEA.'l'IJRES OF C-A-XI S 

6.1 Busy Test 

"Before a connector switches the calling party 
through to the called JErty, 1 t tests the called 
line. If this line is busy, the connector re­
turns busy tone (intermittent buzzing) to the 
calling party wto must then replace his handset 
and try the call later. 

6.2 Ringing The Called Party 

If the called line is free, the connector will 
signal the called party. On a one-party line, 
this me'ans that the connector places interrupted 
generator across the line (or between one side 
of the line and ground) to ring the subscriber• a 
bell, To obtain selective ringing on a two­
party line, one party has his ringers connected 
to ground and the negative side of the line, 
and the other party has his ringer connected 
to ground and the ~ositive side of the line. 
Then to ring the first party, the connector 
places ~nerator on the negative side of the 
line and ground; while it places generator on 
the positive line and ground to ring the second 
party. This principle is that of divided ringing. 

6.21 HAR'IONIC lUNGING 

Where it is desired to have more than two parties 
per line and still give selective ringing, the 
harmonic principle is employed~ Harmonic rilli$­
ers, supplied subscribers, are tuned to ring 
only when current of one given frequency is 
impressed on the line. Using five frequencies, 
full-selective ten-party service may be given 
on all terminals with divided ringing; i.e., 
five harmonic ringers between eaCh side of the 
liQe.and g!ound. 

Semi-selective ringing employing one and two 
rings may be fUrnished in some instances to 
give semi-selective service on ten-party bridged 
ringing lines. Grounded lines must necessarily 
employ this latter service. 

Ringing current at the five frequencies is gen­
erated by means of vibrating converters. A 
harmonic ringing converter unit consists of 
five vibrating reed converters, one for each 
of the five frequencies, A converter consists 
of a suspended armature (reed) with an adjustable 
weight at its free end, By raising or lowering 
the weight, the natural frequency of vibration 
of the armature can be varied, Electrical con­
tacts on the armature make and break so as to 
convert direct current to the desired frequency 
of alternating current. 

The ringing converters produce a continuous 
supply of alternating current. In order that 

station bells will be rung with alternate periods 
of silence, a relay type interrupter is used, 
Ordinarily it merely provides single ringing 
intervals(one ring followed by a silent period); 
however, it may also produce two rings per period 
for the ten-party semi-selective se1-v1ce, 

When the subscriber removes his handset, the 
ringing will either be cut off instantaneously 
or at the end of the first silent period as 
provided, 

6.22 Code Ringing 

Code ringing is commonly used on long rural 
lines. Magneto manual lines have long employed 
code ringing, and automatic switchboards have 
likewise continued this practice where it is 
desired, Simplest code is one long ring; prob­
ably next simplest is two short rings. The code 
rung is determined by the digits dialed, On 
some boards a total of 20 different codes are 
provided for 20-party bridged-ringing service, 
All telephones on the line are rung, but only 
the telephone corresponding to the code rung 
will be answered. 

Divided ringing may be employed on code ringing 
lines so that only half the telephones on the 
line will be rung simultaneously, Thus five 
codes are available to each side of the line 
giving ten-party service. 

6.3 Reverting Calls 

OB party lines, especially rural lines where 
there may be 10 to 20 parties, some means must 
be provided for one party on the line to call 
~mother party on the same line. Since the pe_r­
son ie calling his own line, be would ordinarily 
receive busy tone, and the line would not be 
rung. With reverting call equipment, the sub­
scriber calls either the regular directory num­
ber of the wanted line or a special number. 
Busy tone is then received, Upon the calling 
partyts replacing his handset, the called station 
is signaled. The calling person in same cases 
may be given Warning rings so tha~ he knows 
when the called party answers. 

The called party may be given a tone upon his 
answering to hold him on the line until the 
calling party again removes his handset to find 
if his call bas been answered, 

6.~ Conversation Timing 

In small exchanges and especially on party lines, 
it may be desired to time conversations and re­
lease the connection at the conclusion of the 
timing interval. A 'warning signal is usually 
given to the parties on the line shortly before 
disconnection. 
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FIG. 1q. . TYPE 36Al C- A- X INCLOSED IN A l-1ETAL 
CABINET. 

FIG. 16. TYFE 32Alt4 C- A- X SEOWIKG 'IRE CONN]X;TOR 
SIDE, INDIVIDUAL DUST COVG"....RS liD-lOVED . 
CAPACITY IS 50 LINES WHICH MAY BE 
INCREASED BY ADDITION OF A SECOND UliTT 
TO 90 LINFS. 

FIG. 15 . TYPE 36A1 C- A- X SHOWING INTERIOR. 
ROTARY CONNECTORS AND FINDERS ARE 
AT LOWER LEFT. 

FIG. 17. TYPE 32A~ C- A- X SllOWING LINEFINDER 
SIDE, SOi'lE DUST COVXRS ARE IN PLACE. 
ROTARY SlflTCHES VISIBLE, UPPER lEFT. 
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6.5 Link Timing Relays 

In addition to conversation timing described 
above, the finder-connector link may be timed 
under certain conditions which tend to tie up 
the exchange equipment . A link will be released 
within a given time on some C-A- Xts if the call­
ing party fails to dial, if the call is not 
answered, if the calling party fails to dis­
connect, or if a "pennanent" line seizes a link. 

6.6 INTERCEPI'ING SERVICE 

Calls made to lines recently disconnected will 
be intercepted by an operator or be given an 
intercept tone. 

6.7 Restricted Service 

Frequently in a network of C- A- Xts, it is de­
sirable to restrict all subscribers or a group 
of subscribers from connecting with certain 
trunks such as toll lines which ~re accessible 
only to the operator. 

6, g Paystations 

Generally paystations of the post-payment type 
are employed on small exchanges. These coin 
collectors require reverse battery when the 
called party answers. Reverse battery places 
a shunt on the transmitter so t hat a conversation 
cannot be carried on until a nickel has been 
deposited . No coin is required to talk to the 
operator who receives paystation tone when she 

FIG. 18, TYPE 35E97 C-A-X WITH 200-POINT LINEFINDERS. 
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FIG. 19. TYPE 36A2l+ ROTOR RELAY SllTCHBOARD E~UIPPED FOR 60 LINES. 
answers the call. Other types of paystations 
and paystation services are also employed. 

6.9 Group Hunting 

Where there are business houses having more 
than one telephone line, consecutive number 
or P- B- X service is provided . When the first 
number in a consecutive number group is busy, 
the connector will automatically switch sub­
sequent calls to the next non-bu~y number in 
the particular group . 

6 . 10 Alarms 

Unattended Exchanges have an alarm checking 
number which the nearest toll operator may dial 
to check the condition of the exchange . Also 
if desired, alarms showing non-standard con­
ditions within an exchange may be transmitted 
to the attended exchange. Visual signals a r e 
given on the switchboard indicating the con­
d i tion as, for example , a charging failure, 
blown fuses, generator failure, blown heat co.:.ls, 
locked out line equipment, finder-start failure, 
or switch- release failure . 

Shoulc the operator at the attended exchange 
call t~e test number of the C-A- X, she will 
receive a tone such as ring back if there is 
no trouble ; no tone for a major alarm, and busy 

tone for a minor alann. A major alarm is usual­
ly considered as a fuse, charge, ringing machine, 
or finder- start alarm. The particular alarm 
canbination varies from one type of switchboa.rd 
~s to another. 

6.11 Traffic Registers 

Meters are frequently provided to record the 
number of times all links are busy or to record 
the number of calls passing through an exchange. 

6.12 Tones 

There are three rather fundamental tones in use 
today . These are dial tone to indicate that a 
finder- connector link is ready to receive dial 
impulses, ring- back tone to indicate t hat the 
called party is being rung, and busy tone to 
indicate that the called line is busy. Special 
tones such as "tick" and "all- trl·\ka- busy" are 
also employed at times . The tones above are 
especially for the subscriber. 

When the operator at an attended exchange answers 
a call, she may receive certain tones such as 
paystation or class- of-serv i ce which tones in­
form her of the extent of service to be ren­
dered . 
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6.13 Verification and Camp-On-Busy 

A toll operator may monitor or talk on a busy 
line if desired. This arrangement when pro­
~ided permits an operator to verify the calling 
station• a number on requests for toll service as 
well as to check reported •~busies. 11 

The camp-on-busy feature is sometimes furnished 
the toll operator so that she may 11 Camp'' on a 
subscriber• a line and delay ringing his bell 
t\ntil she has completed a toll connection. The 
line on which the operator is camping will test 
busy to other calls. If a p~rty on the line 
lifts his receiver, the operator will receive 
answer supervision and be able to talk to the 
party. 

7 • SUBSCRIBER.'3t UNES 

C-A-X's are normally wired for common battery 
and local battery lines using automatic tele­
phones. Converted magneto telephones should 
not receive reverse battery; therefore provision 
must be made on the switchboard when such tale­
phones are used. 

Ground return lines may be employed on many 
boards, Battery is not reversed on these lines, 
and hence, pay stations cannot be assigned to 
such lines. 

8, LINE CONDITIONS 

Automatic exchanges are usually of the common 
battery type; i.e*, electric~! current for the 
tFansmitter as well as for signaling and dial 
pulsing is furnished from the central office 
current supply. 

LINE 

NVv j HIGH 

00 IJ SERIES 

L 
RESIS. 

vV'I/v 

LINE 

There are certain limitations which must be 
imposed on the subscribers' lines for success­
ful operation of the automatic equipment. 

The two line conditions which should be con­
sidered when it is desired to operate common­
battery dial equipment are tiline leakage" and 
"line loop resistance." Line leakage refers 
to the resistance existing through the insul­
ation between the two wires of a line. In the 
case of drop wire, cracked insulation plus 
moisture will greatly lower this resistance 
and permit large currents to "leak" across the 
line, on the other hand, line loop resistance 
is the metallic resistance of the line wire 
{exclusive of the telephone instrument) from 
the exchange to the subscriber and back, 

With dial speed between 8 and 12 impulses per 
second, a line may have a maximum non-inductive 
loop resistance of 1000 ohms and no leak, or 
15,000 {sometimes 7,500) ohms leak resistance 
and no loop resistance. These two values repre­
sent extreme conditions. Intermixture of the 
two result in better operating conditions. 

To understand, bow the operating range of a 
two-motion switch is determined, refer to Fig­
ure 20. The subscriber• s line in the Figure 
has no leak resistance. 

If there were no line resistance, pulsing relay 
A would operate alJnost instantly when the sub­
scriber's dial springs closed, and relay A would 
release almost instantly when the dial springs 
open on an impulse. When A closes, it sends 
current to the slow relay B, and when_ A release­
as, it sends a pulse of current to the motor 
magnet. If there is too_ much resistance in the 
line, relay A will be slow to get up and will 
fall away too quickly on a dial tmpulse because 

A B 
MOTOR 
MAGNET 

I ;0{rH•· --tH· 
~ 

I 
·I 

A B 
MOTOR 

MAGNET 

: * t~~~~T o;J{rH', - --tH•· 
'-- Q 00 

·•' ' 

FIGS. 20 & 21. EFFECT ON DIAL PULSES OF {TOF) HIGH SERIES RES. AND (BJT) LOW SHUNT RES. 
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of the low magnetic saturation and lack of a 
shunt. This situation gives relay B too little 
current to hold it up and gives the motor mag­
netic t~ long a pulse, sometimes called a 
llheavy" pulse·. 

If as in Figure 21, there should be no line 
loop resistance and low insulation resistance, 
the leakage current flowing across the line 
will hold A partially magnetised even when 
a dial impulse has opened the line circuit. 
A will thus operate too fast at the conclusion 
of a dial impulse and release too slowly at the 
beginning of a dial pulse. The shunt will tend 
to maintain A o-perated at break because of Lenz• s 
Law which states that a self-induced current is 
in the same direction as the current which has 
been flowing. B wUl now get too much current 
at the expense of the motor magnet which will get 
too short a pulse, sometimes called too "lightn 
a pulse. 

In order that a switch may operate through as 
wide a range as possible, it is tested (varied) 
and adjusted first with a series resistance 
and then with a shunt resistance. 

9· POWER SUPPLIES FOR 0-A-XfS 

The types of power supplies for 0-A-X's is fully 
discussed in Bulletin g12 ttpower and Supervisory 
Equipment. n Generally power is obtained from a 

· storage battery ana a charging unit operating 
at 48 volts direct current. Soma emhanges in 
districts having extremely reliable power supplies 
employ battery eliminators. However, the majority 
of larger exchanges have storage batteries which 
insure a constant supply of current, free from 
interruptions or large voltage variations. 

MANUAL EXCHANGE 

9.1 Methods of Charging 

The full float, constant voltage, method main­
tains a constant voltage across each cell of 
the battery. The charger normally supplies 
all the current required by the load, at the 
same time, furnishing the battery with a trickle 
charge, The battery "floats" in parallel with 
the charger. Should the battery became dis­
charged during an emergency, the charger will 
bring it up to normal. When the battery voltage 
is up to normal, there is little or no current 
flow from the charger and, hence, no danger of 
overcharging the battery. 

A second method of charging the exchange battery 
is the constant current system. With a charger 
of the constant current type, charging proceeds 
at a high fixed value until the battery is up 
to capacity. The rise in voltage which occurs 
when the battery reaches full charge causes a 
voltage sensitive relay to stop the charger. 
There are two methods of restarting the charger: 
( 1) When the voltage of the cells falls from 
2.05- (open circuit) to 1.75, a voltage sensitive 
relay releases, starting the charger or (2) the 
first call after the charger has been stopped 
restarts the charger. If the voltage is still 
high, indicating a fully charged battery, the 
charger is again stopped. 

A third method of charging the exchange battery 
is the trickle charge method, Under this system, 
the charging rate is. so adjusted that in a 24-
hour period, the current used will just be 
replaced and the battery brought up to normal, 
During heavy loads. the battery must carry a 
considerable \)Srt of' the load under this system. 
Under the nfull-float" method, the battery 
carried no load ordinarily, 

AUTOMATIC EXCHANGE 
"01AL11 0FFICE 

I ST SELECTOR 2ND SELECTOR CONNECTOR CALLED 
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MANUAL "A" OFERATOR DIALS INTO AUTOMATIC EXCHANGE FOR THE MANUAL 
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MANUAL EXCHANGE 

DIAL 

AUTOMATIC EXCHANGE 
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''B''OPERATOR 
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CALLING 
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s)----' 
"A" OPERATOR 
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OFFICE 
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FIG. 23. MANUAL TO AUTOMATIC: CORDLESS "B" OPERATOR IN AUTOMATIC EXCHANGE SETS UP AUTOMATIC 
CONNECTION FOR THE MANUAL SUBSCRIBER. 

g. 2 Chargers 

These may be of the dry-disc type, the bulb 
type, the motor generator type, or commercial 
direct current through a resistance. 

10. INTERCONNECTIQN' ·BETWEEN AUTOMATIC 
ANJ) MANUAL 

Interconnection between automatic and manual 
telephones is easily accomplished in several 
ways, Generally speaking it may be said that 
an operator is ~laced between the two systems 
so that she may dial into the automatic excb.a.nge 
for the manual subscribers and plug up connections 
to the manual exchan~e for the automatic sub­
scribers. In areas of highly concentrated service 
the above duties are divided between two groups 

CALLING 
PARTY 

F 

.AUTOMATIC E:XCHANGE 

I ST SELECTOR 

of operators, one handling all calls aut·omatic 
to manual and the other all calls in the direc­
tion manual to automatic. 

10.1 Manual to Automatic (Figures 22, 23) 

There are two ways of handling calls from manual 
subscribers to automatic subscribers, In the 
first method (Figure 22)1 the regular "A" manual 
operator is equipped with a dial. When a call 
lamp from a manual subscriber lights, the IIAII 

operator plugs into the calling jack with her 
nanswerll cord. Ascertaining that the subscriber 
wants a number in an automatic exchange, she 
plugs the trcallingn end of the cord into a free 
trunk to the automatic office and operates her 
Rdial" key. She then dials the wanted numbeJ;" 
into the automatic exChange, 

I 

I 

MANUAL EXCHANGE 

"B" OPERATOR 

CALLED 
PARTY S 

SA 4366 

FIG, 24, AUTOMATIC TO MANUAL: DIAL SERVICE IIAII OPERATOR IN AUTOI'IA.TIC EXCHANGE PASSES WANTED NUMBER 
TO MANUAL OPERATOR, 
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C.-\LLiNG 
PARTY F 

AUTOMATIC EXCHANGE 

5:::7 A=2 

MANUAL EXCHANGE 

SAMPSON 
OFFICE 

00000 
00000 
00000 

•• 
4 

3 

.I 

DISPLAY 
PANEL 

CALL INDICATOR 
OPERATOR 

SA 4366 S 

CALLED 
PARTY 

FIG. 25. AUTOMATIC TO MANUAL: CAILmG PARTY DIALS WANTED NUMBER WHICH APPEARS ON A DISPLAY FANEL 
BEFORE !"JOOJAL OPERATOR WHO PLUGS UF 'IHE CONNEDTION. 

A second method (Figure 23) is used where operators 
are stationed at the automatic e:;J:ehanges. The 
IIAIT operator at the manual exchange upon receiving 
a request for a number in the automatic office 
plugs the "calling" co.n! into a free jack to the 
automatic of'f'ice. A llzip zip" tone is l'eturned 
to heY. when a IIB 11 o-perator is seized, and the 
manual A operator then passes the wanted m.nnber 
to the "B" operator at the automatic office. 
This latter operator has a cordless board equipH 
pad with either dial or a push key sender, 
She receives all her instructions from IIAtt oper­
ators in manual exchanges and l'dthout~ replying 
sets up the automatic connections. The original 
nAn operator receives answer supervision when 
the called party answers. The trunk to the 
automatic office and the equipment therein are 
released when the "A" operator withdraws the 
calling plug from the jack. 

10.2 Automatic to Manual {Figures 2~, 25) 

As in the previous Section, there are also two 
ways of handling calls from automatic exchanges 
to manual exchanges. In city networks, both 
methods are used. The first method {Figure 2~) 
involves Dial Service nAn operators in the auto­
matic exchange, These are usually reached by 
dialing no,n The dial service I!All operators 
pass the calls to UBI! operators in manual ex­
changes who plug up the connections, Normally 
the D.s. ''Au operators handle short toll calls. 

The second general method {Figure 25) requires 
call indicator boards each with an operator, 
The call indicator boards are located in the 
manual offices. Subscribers dial the listed 

nw.Jber, just as if they were calling a number 
in an automatic exchange. Thus, tne call indicator 
makes for uniform service, 

The operator sitting before a call indicator 
sees the call number anuear on a display p!::lnel 
before her, She uicks up the trunk plug desig­
nated to her by a glowing of the associated 
trunk assigrunent lamp, The one:rator bas a ccon­
plete multiple of all subscribers in the manual 
exchange before her and may, therefore, plug up 
the connec~ion after testing for a possible busy 
line condition. 

When the connection has been established, the 
d1splay panel is darkened as is the trunk assign­
ment lamp, When the conversation on a connection 
bas terminated and the calling party bas re­
placed his handset, the call indicator operator 
is advised of this fact by the glowing of the 
disconnect lamp associated with the plug ended 
trunk circuit, The call indicator operator does 
not talk to the calling party at any time. 

11, NE.'NORKS OF SMALL AUTOMATIC EXCHANGES 

Figure 26 shows a number of rural communities 
grouped about towns E and F. E is a manual 
e~change furnishing toll service to the small 
magneto manual system at Gand to a 22 line auto­
matic system at A, 

F is an attended main automatic exchange of 
10,000 line capacity. F furnishes toll service 
.directly to subscribers at B, C and D, as well 
as the operator at E. 
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B is an automatic exchange of 1,000 lines ulti­
mate capacity. C is a still smaller exchange 
having fewer than 50 lines but capable of ex­
pansion to 90 lines. Exchange D has a capacity 
of 60 lines. 

Subscribers in exchanges B, F and C may dial 
freely among themselves. Likewise subscribers 
tn D may dial with free service among F, C and D. 
Service B to D and vice versa must pass through 
the toll operator at F. SUbscribers at exchanges 
A, E and G have free service among themselves but 
are assessed toll charges by the operator on 
calls to B, c, D or F, 

Figure 32 shows the switch trains at the various 
exchanges and the trunk connections between them. 
Exchange A has an automatic switchboard similar 
to the Tyne '36-A-1 wit.h rotary linefinders and 
rotary connector switch!'15. Figure 1'5 shows the 
switchboard, The rotary switches are of the 
25-point type providing facilities for 19 sub­
scribers• lines and 3 trunks to other offices 
such as E. The board is equipped with four 
links, one pair of which is shown in Figure 32. 
Thus, on the complete board, four conversations 
may take place simultaneously. To get the 
operator at E, a subscriber in A will dial noo. n 
The operator at E, which is a common-battery 
manual exchange, will be signaled and will 
assist the subscriber as required, The operator 
at E may manually complete the connection in her 
area or extend the call to the magneto operator 
at G who will complete the connection, E may 

COMMON 
BAT. 

E 
MANUAL 

MAIN 
F 

AUTOMATIC 
EXCHANGE 

TOLL 
LINES 

also dial directly into B, thus setting up a 
connection in that exchange, or she may signal 
the operator at F for serviee.in F, c, D, or 
the to.lls lines beyond. 

A subscriber in the magneto-manual exchange G 
will give his magneto a few turns to signal the 
G operator. The G operator will either com­
plete the connection locally {Bul. 820 liManual 
Exchanges") or signal the E operator who will 
complete the connection as she would for a sub­
scriber in the E area. This operator may extend 
the call to A by dialing directly into the 
exchange. 

B is a C-A-X of the 35-E-97 Type with 1st se­
lectors, It, therefore, bas a capacity of 1,000 
lines of which 500 are actually used for sub­
scribers. Of the ten selector levels, the non 
level handles trunk calls to the operator at F. 
The "9" level nermits direct dialing into F. 
The ug" level handles trunk calls to the operator 
at E. Since each level could normally have 
carried connectors for 100 subscribers' lines, 
the capacity of the dwitchboard has been re­
duced by 300 lines, Figure 18 illustrates a 
35-E-97· 

A subscriber in B dials three digits to seize 
the desired line plus a fourth digit to select 
the ringing code of the wanted party on the line. 
The ringing code is automatically sent over the 
called line until "the called party answers or thtt 
calling party abandons the call. 

MAGNETO 
G 

----------------~MANUAL 

C-A-X 

FIG. 26., NETWORK OF COmJNITY EXCliANGE, MANUAL AS WELL AS AUTOMATIC~ 
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Should a subscriber in B dasire to call a"sub­
scriber in F, the calling party in B removes his 
handset, listens for dial tone, and dials 9. 
The wipers of the local selector rise to the 
ninth level connecting him to an incoming first 
selector in F. He now dials the regular direc­
tory number of the wanted party in F. 

Should a subscriber in B desire to call a sub­
scriber in C to which free service is also 
available, he first dials 9 as before which 
takes him to an incoming (1st) selector in F; 
then he dials g which takes him from the 8th 
level of the "Fn incoming selector to the nTwo­
way repeater" on the trunk line to c. The 
ntwo-way repeater" places an unbalance on the 
trunk to C which causes the incoming connector 
to restrict B from calling into D. But B wanted 
a party in C; so he now dials the directory 
number of the wanted party at C. The connection 
to the wanted party is set up on an incoming 
connector. 

If a party in F had dialed an "8" to seize the 
ntwo-way repeater" to c, the repeater would not 
have placed an unbalance on the trunk to C, 
because the repeater would have been Seized 
from a local 1st selector instead or from the 
incoming selector which causes the repeater to 
apply the restrictive unbalance to the trunk 
line. 

A _party 1n F may, thererore, dlal 89 to reach 
the rotor relay exchange at D. The rotor relay 
exchange will thereupon return dial tone to the 
calling party; trunk calls being handled by the 
regular finders. The calling party at F now 
dials the regular directory number or the wanted 
party in o. 

Subscribers in Ji' may dial directly into C with 
prefix 8; into D with the prefix 89; and into B, 
prefix 9. Dialing of nou makes connection with 
the operator. The operator at F may dial 7 to 
reach the operatoP at E as the toll switch train 
is shown, The toll switch train includes switch­
es under the operator's control. These switches 
provide her with special facilities such as 
lldelayed ringing,n The operator may also dial 
"0" for backward service over the B-F toll trunk. 
By dialing OB, the operator at F can reach E by 
a second route, A truly Automatic Toll Board is 
shown in Figure 27. 

Subscribers at F are connected to the regular 
switch train by lineswitches. A lineswitch is 
individual to a line, and when a party on the 
line removes his handset to make a call, the 
lineswitch hunts for an idle 1st selector in 
the regular group of first selectors. 

C represents an automatic exchange on the order 
of a Type 32-A-32 with rotary linefinders and 
two-motion connectors. The exchange has an 
ultimate capacity of 90 lines but at the mom.ent 
is loaded somewhat under 50 lines; however, 
should additional line terminals be required, 
an additional 40-line unit can be added. The 
linefinder at C is of the 50-point rotary type. 
Should there be more than 50 lines, a second 
group of l!nefindera would be employed. A 
connector switch is permanently associated with 
each finder. Subscribers dial three digits for 
local service; the first two select the line; the 
third one determines the ringing code and side 
of line. Photograph of a 32-A-44 similar to 
a 32-A-32 is shown in Figure 16. 

A subscriber in C may dial q for free service 
to D; 0 for free serVice to F, 00 for the oper­
ator at F, og for free service to B. The reg­
ularly listed directory number of the wanted 
party follows the above prefixes. Note that 
only one trunk group was provided from C to F 
while two trunk groups were employed frarn B to F, 
This latter arrangement permitted a single uou 
at B to reach the operator. 

D represents a rotor relay exchange along the 
lines of a Type 36-A-24. All connections are 
established by the opening and closing of relay 
contacts as described in Section 5. The ex­
change has a capacity for 60 lines including 
trunks and has seven finder-connector links, so 
that seven simultaneous conversations may take 
place. A Type 36-A-24 is illustrated in Fig­
ure 19. 

SUbscribers in D must dial 1100011 for the operator 
at F unless there are special trunking arrange­
ments around c. The first non seizes the trunk 
to C. The second non causes an incaming connec­
tor at C to seize the trunk to F. The third 11011 
causes the incoming selector at F to connect 
with the operator. For calls within the D ex­
change area, four digits are dialed. The first 
and fourth digits determine the ringing code or 
harmonic frequency while the second and third 
select the line. 

Subscribers in D may not dial beyond F into B. 
When the "tw"o-way" repeater at C, connecting to 
the C-Ftrunk, is seized trw. :) inconing connector, 
an unbalanc-e is placed on the C-F trunk which 
acts at F to prevent the incoming selector from 
connecting with its ninth level leading to B. 
The unbalance placed on the C-F trunk is in the 
form of a direct current potential on one side 
of the line. 
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FIG. 27. AN AUTOYATIC TOLL :OOARD. NOTE 'IRE ABSENCE OF CORDS AND PLUGS. 

12. SUB-OFFICES See "Swi tchi 
Repeateru Bul. 

Sometimes a canpe.ratively small office is located 
on the outskirts of an exchange area to secure a 
more economical outside plant layout than could 
be secured by connecting the local lines directly 
to the nearest central office. This small unit 
will operate as a satellite or suboffice with 
trunks to the one associated exchange . The sub­
office first selectors will be located in the 
central exchange so that trunks to other offices 
can be selected from the suboffice by dialing 
the first digit . 

Should the called subscriber be located in the 
suboffice, a switching selector repeater (des­
cribed in Bulletin 817) can be employed so that 
the trunk and selector in the central office will 
be automatically released. 

13. UNIVERSAL NtlmERING AND 
DIGIT ABSQRPTION 

In same networks, a universal numbering scheme 
is desired so that subscribers in all exchanges 
dial directory numbers to reach any subscriber 
whether in the calling oartyts exchange or in 
some other. Universal schemes are sometimes 
objectionable for they may require the user to 
dial more digits on a local call than are ne-

cessary for local service. Thus the first digit 
on a five-exchange network would select the 
exchange to which a call is to be routed. 

When there are only two exchanges involved, it 
would ordinarily be wasteful of facilities to 
devote a selector rank to the selection of ex­
changes unless several selector levels were 
used for special services . Such a selector 
rank may be replaced by digit absorbing springs 
on the second selectors, if sufficient vacant 
selector levels are available on the second 
selectors to care for trunks to connecting ex­
changes and for special services. The second 
selector s would then serve as both first and 
second selectors but would be called first 
selector. 

A digit absorbing selector operates like any 
selector except when a digit to be absorbed 
is dialed . The selector raises its shaft to 
the dialed level, but at that point a cam oper­
ates causing the selector to release. Subse­
quent digi ts dialed including the one just 
absorbed will cause the selector to operate 
in the standard manner. 

Figure 28 shows two exchanges, Number '+ and Number 
5, of say '+00 lines each. Exchange No . 5 may 
dial into Exchange No. '+ by prefixing the digit 
"9" to the regular directory number. SUbscribers 
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THE FIRST DIGIT OF THE REGULAR DIRECTORY NUMBER SELECTS THE EXCHANGE. NOW FOUR DIGITS 
MUST BE DIALED ON ALL C.ALLS. 
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EXCHANGE NO.5 LOCAL. ALL NOS. 5111 TO 5000 
EXCEPT 5411- 5400 I ST SELCCTOR 

DIGIT 
ABSORBING CONNECTOR 

"C" 

"'B'' 
LOCAL 

1ST SELECTOR 

DIGIT 
ABSORBING 

CONN, 

CONNECTOR 

TO 
SUBS. 

ALL NOS. 4111 TO 4000 
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FIG. 30. NETWORK OF FIG. 29 . WITH DIGIT-ABSORBING SELEC'roRS IN PLACE OF TWO SELECTOR BANKS, SAME 
FOUR-DIGIT NUMBERING SYSTEM IS NEEDED. 

in Exchange No. 4 must urefix an ngn to tbe 
directory number of called parties in 5· This 
means that one additional digit must be dialed 
for interoffice calls. If a large number of 
such calls are made, it would be desirable to 
have a uniform numbering system. 

One method of obtaining a uniform numbering 
system is shown in Figure 29. An additional 
rank of selectors is added. The new rank now 
called the 1st selectors are for the purpose 
of selecting the called office. The second 
selectors continue to select the wanted connector 
rank. Where only two offices are involved, 
office selectors (1st) are usually superfluous 
unless several levels are needed for special 
servi-ces. 

It digit-absorbing selectors are used in place 
of the second selectors as in Figure 30, the first 
selector may be ~tliminatedJ and t.he uniform 

numbering of Figure 29 maintained, Notice that 
subscribers r. and D have t~e same ntimbers in" 
Figure 29 as in Figure 30. When subscriber B in 
Figure 30 dials subscriber D, both of whom are in 
the same exchange, the local lst selector (digit 
absorbing) steps to the fourth level. The digit 
absorbing cam springs are operat"ed to release 
the switch sines the call is identified as being 
for the local office {No.4). When the next 
digit, 6. is dialed, the local 1st selector will 
again step up to select a free connector in the 
600 group. Digits 3 and 2 of the called number 
will step the connector to the calling line. 

Should subscriber B in Exchange No. l.j. dial 5632 
to reach C in Exchange No. 5, the local lst 
selector at 4 will step to the fifth level and 
cut in on a free 'trunk to Exchange No. 5. The 
digit-absorbing springs are not operated when 
the call is destined for anoth&r office. Thus, 
thre.e digits remain to drive the regular SWitch 
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train in the No. 5 office. Digit b will cause 
the incoming selector to step to the 6th level 
and select a free connector in the 600 group. 
Digits 32 will step the connector to the wanted 
partyt a line. 

Note that since a local lst selector with the 
digit absorbing feature combines both the func­
tions of an office selector and those of the 
next regular selector ranks, the 1st selector 
(digit absorbing) will combine the levels of the 
two switches. Since the total number of levels 
cannot exceed 10, it is obvious that there is a 
limit to the application when the number of 
subscribers is such that close to 9 levels are 
needed.fo:t" connection to local trunks or services 
(e.g., next switch ranks) as one level in the 
selector is required for each outside office. 
The digit absorbing feature need be applied only 
to local 1st selectors and not to incoming 1st 

selectors, because the latter receive no extra 
pulses, at least in Figure 30. 

Another method of universal numbering is shown 
in Figure 31. Two offices, A and B, each have 
local selectors, local connectors, and incoming 
cOnnectors. 

The local 1st selectors may connect with trunks 
to the incoming connectors at the distant office 
or connect with the local connectors at the local 
office. Thus the group sslection iS carried out 
at the originating office. This requires more 
trunk groups to the associated office and limits 
the capacity of the first switch to about one­
half its levels for local service where both 
exchanges are equally large and loaded near 
capacity. However, one advantage of the plan is 
that no digits are wasted. 

"A" F 

LOCAL 
SELECTOR LOCAL 

CO,.,NECTOR 
NOS. 611 TO 000 

"C~ 
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FIG. 31. NETWORK OF FIG. 2g .AimANGED WI'IH IOOOMING COIDOO'roRS SOOH 'lRAT THE CALLING PARTY'S LOCAL 
SEIJOOTOR SEIZES 'mE DESIRED CONNJ!DTOR m EITHER EXCHANGE. A TRUNK GROUP FOR EACH CON• 
NEC'roR BANK IS REQ.UIRIID. 
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In Figure 31, A dials 432 to reach D. The •utn steps 
the local selector at B to its fourth level. 
Tbe selector then seizes an idle local connector 
1D. the !k>O group. Digits 3-2 step the connector 
Wiper to the called line. Had subscriber A at 
hcbange A dialed J.l.32, be would have stepped the 
wipers of his local selector to the fourth level. 
'!'be selector in A would have then seized a free 
trunk to a 400 incoming connector at B. The 
incoming connector would have connected with 
D when 3-2 was dialed by A. 

It subscriber B in Exchange B wants to call C 
in Exchange A, he dials the directory listed 
number, 632. Dialing of the 6 steps the local 
selector at B to the sixth level. The selector 
cuts in on a tree trunk to a 600 incoming con­
nector at A. Dialing the digits 32 completes the 
connection to c, 632. 

Thus selector levels 1, 2, 3, ~. and 5 are asso­
ciated with connector groups in B. Selector 
levels 6, 7, g, 9 and 0 are associated with 
connector groups in A. A may borrow unused 
levels from B, and "0" may be used for service 
to the toll operator. 

ETM:RJ 

14. AUTOMATIC TOLL TICKETING 

In an automatic multi-exchange area in which a 
toll charge is made for inter-office calls, 
Strowger Automatic Toll Ticketing (BATT) appa­
ratus may be employed to automatically issue 
toll tickets. This eliminates mixed manual­
automatic operation, except for the long distant 
toll calls. 

The SATT system consists of the following com­
ponents: {1) a repeater for storing the term­
inal number of the calling party, the exchange 
code, terminal of the called ·party, and rate 
applicable to the call; {2) a converter to 
d.etermine the class of rate, the route to the 
called exchange, and whether the calling party 
bas a right to toll service; (3) a detector to 
determine the calling line; {~) a printroller 
which collects all the information including the 
time of day and passes this to the printer; 
{ 5) the printer unit issues a ticket with the 
calling party's number, the called partyts, the 
date, the time, rate code, conversation ttme, 
and computed cost of the call; (6) the ttme 
and date unit. ~ 
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