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MANUAL SWITCHBOARDS 

1. EARLY HISTORY AND DEVELOPMENT 
OF TELEPHONY 

Since the development of the f i r s t  practical 
telephone model in 1876, the field of telephony 
has been expanding to compensate for ever-  
increasing usage. 

The f i r s t  telephone receiver  was essentially a 
permanent magnet with a coil of wire wrapped 
about i t  and a metallic diaphragm held a t  a 
smal l  distance from the end of the magnet by a 
casing. A varying electr ic  current  in the coil 
induced a varying magnetic field about the 
magnet . This varying field caused correspond- 
ing vibrations in the diaphragm a s  i t  was 
at tracted by the field. The vibrating diaphragm 
then produced sound waves corresponding to 
those imposed on the transmit ter  a t  the other 
end of the line. 

The transmit ter  was s imi lar  to the rece iver  in 
construction, except for detail. As sound waves 
s t ruck the transmit ter  diaphragm, it  vibrated, 
causing the magnetic field surrounding the per  - 
manent magnet to vary in intensity. This  
variation in the field induced a current  in the 
coil which was transmitted along the line to a 
rece iver .  There was no outside source of 
power in the circuit.  

This  newly developed telephone was f i r s t  used 
for connections between two stations a t  a short  
distance. Gradually more  than two telephones 
were connected in s e r i e s  along one line until 
the optimum number (approximately 20) was 
reached. Numerous individual lines were then 
established, each with i t s  own separate system 
of telephones. It soon became apparent that 
some method must  be devised for switching one 
such telephone line into another. A telegraph 
switching system had already been developed, 
and consequently this method was adopted for 
telephone switching, f i r s t ,  in joint telegraph- 
telephone switching centers ,  and then in tele- 
phone switching centers  alone. 

It a l so  became evident that a signaling device 
had to be developed to signal from telephone 
to telephone, telephone to switchboard, and 
switchboard to telephone. The ear l ies t  means 
of signaling the switchboard employed tele - 
graph apparatus o r  a combination of telegraph 
apparatus and bells. Later ,  signaling was 

accomplished by a battery and hand-operated 
circuit interrupter  a t  the calling station which 
rung an electr ic  bell a t  the called station. By 
1878, the forerunner of the magneto was de- 
veloped. A crude form of this hand-operated 
generator was used a t  the calling station to ring 
bells a t  the called station. Coded ringing was 
then employed to signal the operator a t  the 
switching center  o r  any party on a line. 

The telegraph switching systems,  designedfor 
the long and infrequent connections of telegra- 
phy, soon proved too clumsy for the relatively 
short  and frequent connections of telephony. A 
switchboard that provided supervision for 
prompt handling of cal ls  was needed, a s  well 
a s  one that was compact enough to accommodate 
the steadily increasing number of lines. 

The f i r s t  improvement was the association of a 
spring connected drop with each line. This drop 
literally "dropped" when a party on the line 
signaled for service.  Connections were then 
made to the calling and called lines by two 
flexible insulated cords with plugs on each end 
and an  intermediate connecting bar .  One plug of 
a cord was inserted into the jack of the calling 
line, mechanically restoring the drop, while the 
other plug was joined to the connecting bar .  The 
call  was completed in the same manner by in- 
sert ing one plug into the connecting bar  and the 
other into the jack of the called line. The 
operator 's  connections for talking and listening 
were a lso  made through the connecting bar.  
Clearing out signals indicating the end of the 
call  were given by means of a telegraph relay 
associated with a drop on each connecting bar. 

Shortly, though, the connecting ba r  and the two 
pairs of plugs were incorporated into one cord 
circuit comprised of two plugs and a connecting 
cord. Ringing-listening key connections were 
provided for this new cord circuit and a per- 
manent clearing out drop was associated with 
each pair of plugs. This form of switchboard 
was considered the standard switchboard for  
many yea r s  . 

As demand for telephone service in outlying 
a r e a s  developed, transmission distance had to 
increase. Since the power output of the trans- 
mitter was insufficient for use over long lines, 
the design of the transmitter was changed 
radically in 1878. A carbon contact resistance 



was introduced into the transmit ter ,  and a 
source of d i rec t  current  was included a t  each 
station. The vibrations of the sound waves 
varied the resistance offered by the carbon 
contact to the flow of direct  current  and caused 
corresponding variations in the strength of the 
current .  The telephone induction coil was also 
added to the circuit.  This coil, acting a s  a 
s tep  -up t ransformer ,  separated the trans - 
mit ter  circuit  from the line circuit.  These 
changes increased transmission voltage so  that 
longer l ines could be established. 

Transmission distance also was extended by 
substituting copper wire for iron wire in tele-  
phone l ines.  Just  a s  telegraph switching 
sys tems  were tried in telephony, galvanized 
iron wire was f i rs t  adopted for transmission 
lines because of i t s  previous use in telegraphy. 
Iron wire soon outlived i ts  usefulness, though. 
It strongly res is ted  current  flow, and t rans-  
mission from any one phone to another was 
limited, a t  best,  to about 20 miles. Copper 
wire was known to be a much better conductor 
of electr ic  currents  than iron wire, but because 
of high cost  and lack of tensile strength, i t  was 
impract ical  for outside connections. However, 
as telephone service became more  widespread 
and transmission lines increased in length, the 
cost  of copper wire became l e s s  important, 
and by 1883, a method was devised for strength- 
ening copper wire by hard-drawing. One 
long line of this new copper wire was put into 
service ,  and proved so  successful that copper 
wire soon became the standard for long line 
transmission.  

Transmission distance and quality were given 
a n  ext ra  boost with the introduction in 1899 of 
the bridging telephone. Up to this time bell 
windings were connected in s e r i e s  with t r ans -  
mission lines. These high resistance bell 
windings opposed the talking current  and 
noticeably cut down transmission distance and 
quality of reproduction. In the bridging tele - 
phone, the bell winding was connected ac ross  
the line wire and "bridgedJ ' the talking circuit 
of the telephone. Then, the resistance of the 
bell winding prevented most current  f rom 
passing through i t ,  and directed the major 
portion through the low-resistance receiver .  

Quality of transmission was again improved 
with the use  of a fully metallic circuit.  Due 
to the ext ra  expense of fully metallic circuits ,  
ground re tu rns  had been utilized on telephone 
sys tems.  These were relatively noisy because 
of local electr ical  disturbances, but a s  power 
l ines were strung and electric r2ilroads and 
s t r e e t  c a r s  were established, ear th  re turns  
became impractical.  At f i r s t  telephone com- 
panies t r ied to improve service by grounding 
a l l  l ines on a single line return,  but this did 
not prevent one line from interfering with 
another. It was finally agreed that the only 

efficient method was to establish fully metallic 
two-line circuits  with a common ground a t  the 
central office. This was gradually adopted in al l  
a r e a s  except relatively isolated ru ra l  loca- 
tions. 

With these ear ly  advances in the field of teleph- 
ony, a lasting foundation was laid for efficient 
telephone service to a l l  par ts  of the country. 

2.  Development of Manual Switching Systems 

Changes made in telephone switching systems 
characterize the development of the telephone 
industry after i t s  infant stage. Refinements 
continued to be made in long distance trans-  
mission, such a s  the addition of repeating, 
hybrid, and loading coils,  transposition of lines 
a t  predetermined intervals,  and the develop- 
ment of phantom circuits  and coaxial cable, etc., 
along with the improvements in telephone 
receivers  and transmit ters .  But these develop- 
ments would have been futile without parallel 
development of extensive, efficient switching 
systems to connect telephones in al l  par ts  of the 
country. 

Telephone switching systems have developed 
along two lines: manual switching and auto - 
matic switching. Since World War I, automatic 
switching sys tems have superseded manual 
sys tems a s  the standard of the telephone 
industry. While i t  is true that the f i r s t  
Strowger Automatic Telephone System was 
installed in 1892, widespread use of auto- 
matic switching was not feasible until 1905 
because of limited mechanical development, 
cost,  and quality of service.  F o r  a l l  prac-  
tical purposes, then, manual switching was 
the sole method of operation during the f i r s t  
thirty yea r s  of rapid growth in the telephone 
industry, from 1880 to 1910. 

As was the case  for most  developments in 
telephony, increased usage made improved 
switching systems a necessity. The f i r s t  
major  improvement was the development of the 
common battery switchboard. With this switch- 
board transmission battery was supplied to al l  
l ines from a common source a t  the central 
office. Simul.taneously, the multiple switch- 
board came into use, with limited application a t  
f i r s t  in magneto sys tems,  and then with 
complete success  in common battery instal- 
lations. The multiple switchboard brought 
every subscriber 's  line within the reach of 
severa l  operators ,  allowing a grea ter  number 
of calls to be handled through one office. 

Following closely on the heels of the multiple 
switchboard, came the universal board with the 
universal cord circuit.  This board permitted 
common battery and magneto telephone lines to 
terminate a t  one switchboard and provided 
adequate supervision for both. 



As the number of trunk l ines  increased,  A-B 
switchboards were  introduced. These switch- 
boards  were  designed to handle only one phase 
of a cal l ,  the incoming portion a t  the A-board, 
the outgoing a t  the B-board, withal1 subscr iber  
l ines  terminating a t  both positions. Out- 
growths of the B-board were  the tandem and toll 
boards.  The tandem board handled t runks to 
frequently used outlying a r e a s  which were too. 
numerous for  the B-board, ye t  could not be 
accura te ly  classified a s  long dis tance t runks.  
The toll board was the terminat ing point for 
t runks to dis tant  c i t ies  and towns for  completion 
of long dis tance ca l l s .  

During this  s a m e  period of rapid growth, 
demands of subsc r ibe r s  for  spec ia l  s e rv i ces  
a l so  increased .  The Private  Branch  Exchange 
was developed, and special  desks  were designed 
for  handling information ca l l s ,  r e p a i r  se rv ice ,  
and testing. 

Though i t  would s e e m  that the advent of the 
automatic switching sys t em would bring to an 
end the e r a  of manual switchboards,  a s m a l l e r  
yet  m o r e  important  field of development was 
actually being opened and is a t  the present  time 
reaching i t s  peak. The main objective of the 
telephone industry today is Direc t  Distance 
Dialing to and f rom a l l  p a r t s  of the nation. The 
e a s e  and convenience with which toll ca l l s  will 
be  completed will lead, in a l l  probability, to 
g rea t e r  use  of telephone se rv i ces .  With in- 
c r eased  usage, toll r a t e  and route ,  information, 
and r epa i r  ca l l s  along with toll  testing and 
person-to -person toll ca l l s  (which of necessity 
mus t  r ema in  under the control of opera tors )  
mus t  be handled by the mos t  efficient methods. 
These  se rv i ces  will r equ i r e  the la tes t  in 
manually controlled switchboards which will 
operate  in  conjunction with a l l  automatic equip- 
ment.  And until this conversion to nation-wide 
dialing i s  complete (which will s t i l l  requi re  
s eve ra l  y e a r s ) ,  switchboards of a l l  types must  
be provided which will t ie into both the auto- 
matic  installations and the manual equipment 
s t i l l  in exis tance.  

3 ,  The Magneto Switchboard 

Although magneto telephone s y s t e m s  a r e  now 
obsolete,  the magneto switchboard of 1880 was 
the f i r s t  successful  application of switching 
equipment to telephone sys t ems .  It  guaranteed 
the expansion of local s e rv i ce  into the network 
we use today, and the a r rangement  of i t s  pa r t s  
proved s o  functional that i t  was retained in 
l a t e r  switchboards.  Thus,  even if magneto 
telephone sys t ems  were extinct - -  and indeed 
they a r e  not - -  a knowledge of their  purpose, 
construction and operation would be important.  

3.1 'The magneto telephone. The magneto 
switchboard received i t s  name f r o m  the tele- 
phone to which i t  was all ied. Character is t ical ly ,  

a magneto telephone had a s e t  of s torage  
ba t te r ies  which supplied t ransmiss ion  cur ren t ,  
a r ece ive r ,  a t ransmi t te r ,  a n  induction coil, 
a magneto genera tor  which produced ringing 
cu r ren t  when cranked,  and a bell  which rang  
when genera tor  cu r r en t  c ros sed  i t s  winding. 
A modern  magneto telephone .is shown in 
f igure 1-a. 

3.2 Arrangement  of a magneto switchboard. 
A magneto switchboard is shown in f igure 1-b.  
On this  switchboard, the line out lets  o r  jacks, 
and the i r  associated drops  occupy much of the 
vert ical  face. At the back of the horizontal 
shelf a r e  twelve p a i r s  of plugs, which a r e  the 
ends of twelve connecting cord c i rcu i t s .  To 
connect two telephone l ines  the opera tor  i n se r t s  
the back plug of a given pair  into the jack of the 
calling line,  and the front plug into the jack of 
the called line.  

In front  of e a c h  pair  of plugs on the horizontal 
shelf is a pair  of clearing out s ignals  that 
notify the opera tor  of the termination of a call .  
In front  of the s ignals  is a pair  of keys  which 
switch the ope ra to r ' s  telephone c i rcu i t  in and 
out of the corresponding cord circui t  and r ing 
the telephones when connections have been 
made. Each  ver t ica l  row of one cord  c i rcu i t  
(two plugs), two clear ing out s ignals ,  and two 
keys is sufficient (with the ope ra to r ' s  tele- 
phone) to connect and supervise a ca l l  between 
any two telephones. 

At the f a r  left  of the switchboard (aligned with 
the name Monotype) a r e  jacks into which the 
operator  plugs h e r  headset. The handle a t  the 
fa r  r ight  works a hand generator  in  c a s e  the 
automatic ringing generator  does not operate .  

3.2.1 Jacks  and drops .  A single switchboard 
jack and drop  a r e  shown in figure 2 .  Each 
jack cons is t s  of a spring a r rangement  on which 
the two wi re s  of a telephone line te rmina te  in 
contacts called "tip" and "sleeve .' ' Each 
drop  is a hinged piece of metal  held in a vert ical  

Figure 2. Magneto Switchboard Jack cmd Drop 



position by an armature  catch attached to a 
relay. When this relay is magnetized, it  
a t t rac ts  the armature  catch, which re leases  o r  
"drops" the hinged piece of metal. 
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Figure 3. Schematic Magneto Telephone Connection 

3.2 .2  Plugs, cords,  and cord circuits.  Figure 3 
is a schematic presentation of one se t  of plugs, 
cords  and the corresponding cord circuit,  with 
two telephone line jacks into which the plugs 
a r e  inserted to establish a connection. A 
two-conductor plug is shown in figure 4 .  
The two wires  of the cord circuit terminate on 
the tip and sleeve of two such plugs. 

Figure 4 .  Two- Conductov Plug 

When each plug of a se t  is inserted into a jack, 
the two corresponding telephone lines a r e  con- 
nected. When the two telephone handsets a r e  
removed f rom their cradles,  they a r e  connected 
for  voice transmission a s  follows: from the 
calling telephone, through the "tip" line wire, 
"tip" jack spring, plug tip cord, capacitor,  
plug sleeve,  "sleeve" jack spring, "sleeve" 
line wire,  to the called telephone, and back from 
the called telephone to the calling telephone in 
the same  manner,  to complete the circuit.  

3 .2 .3  Keys and clearing-out signals. The 
switchboard keys and clearing-out signals 
a r e  shown in figure 5 assembled on a single 

plate. The front key, when pushed back, is in 
the listening-talking position, i ts contacts 
bridging the operator 's  headset ac ross  the 
corresponding cord circuit.  When pulled -"., 

forward this key closes the circuit to a ringiog $ 
geherator,  sending ringing current  out to 
the called telephone line. The back key is the 
ring-back key. When pulled forward, it  r ings 
the calling telephone line (for completion of a 
delayed toll call ,  etc .). 

Figure 5. Magneto Switchboard Keys and Signals 

The clearing-out signals a r e  visual indicators 
linked to each cord circuit which notify the 'r 
operator when one o r  both part ies  to a telephone ' 

call have hung up o r  wish further attention. 
They a r e  hemispherical shutters ,  half black 
and half white, shielded by transparent dust 
covers. Normally, the black portion of the 
shutter i s  in view; ringing-off current  from 
either telephone rotates the white half up. 
Both signals a r e  mechanically linked to the 
talking key, so that when this key is operated, 
the signals res tore .  

3.2.4 Operator 's  headset and ringing gen- 
era tor .  The operator 's  headset is a telephone 
designed to fit on the operator 's  head and chest,  
leaving both hands f ree  to operate the switch- 
board. The receiver  clips over the head and one 
e a r ;  the transmitter r e s t s  on ' the  chest and 
extends out and up in front of the mouth. 
Transmission power is supplied by storage 
batteries. 

The ringing generator is an  alternating current  
generator,  producing current  s imilar  to that 
of the magneto generator of each telephone. 
The operator werks the generator by pulling 
forward on the front o r  back key. Power to run 
the generator is usually taken from the local 
electric supply. 

a- 
-F 

3 . 3  The Completion of a Local-to-Local call. 
The circuit of a local-to-local call  through 
telephone and switchboard pa r t s  within a 



magneto exchange is illustrated in figure 6.  
The heavy lines emphasize the line circuit,  
o r  secondary circuit.  The light lines t race 
signaling circuits  and the transmit ter  o r  
primary circuits  (in the calling telephone and 
the operator 's  telephone). Several operations 
and circuits  a r e  involved in the completion 
of a local-to-local call .  It will be to your 
advantage to locate and follow these circuits  a s  
operations a r e  described, since they a r e  basic 
to manual switching, a s  well a s  to this particu- 
l a r  switchboard. Most magneto lines a r e  party 
lines; therefore, the subscriber  who wishes to 
place a call  usually must  f i r s t  l isten in on his 
telephone to see  if the line is busy. In the 
calling telephone, picking up the handset con- 
nects the receiver  a c r o s s  the line wires a t the  
upper contact of the hookswitch. Then, any 
voice currents  already on the line flow through 
the rece iver ,  and the calling subscriber  hears  
them. If the line is busy, the subscriber  hangs 
up and waits a few moments before listening in 
on the line' again. 

If the line is idle, the subscriber replaces his 
handset (disconnecting the rece iver)  and cranks 
the magneto generator briefly, connecting it  
ac ross  the line wires and sending out a-c 
current  of about 20-per second to the cen t ra l  
office switchboard. Although the passing of this 
current  may ring the bells (permanently con- 
nected a c r o s s  the line wires) of the other tele- 
phones onthe party line, the operator 's  code i s  
rung, signaling other parties not to answer.  

After cranking the magneto, the calling sub- 
scr iber  picks up his handset, connecting the 
receiver  ac ross  the line wires a s  before. This 
completes the "subscriber loop," o r  one-half 
of the secondary circuit (heavy l ines) .  Also, 
a s  a resul t  of picking up the handset, the t rans-  
mit ter  o r  primary circuit of the telephone is 
completed by the lower hookswitch contact, so 
that steady di rec t  current  flows from(+)battery, 
through the hookswitch, the induction coil 
winding, to the transmit ter ,  and back to (-)  
battery (light lines).  

3 

CALLING TELEPHONE 

OPERATOR'S HEADSET JACK 

FROM RlNGlN 

T 

- I \ -  
-- 

Figure 6. Circuit of Call Through Magneto Szcritchboard 



When the current  generated by the magneto 
reaches  the switchboard, i t  passes throughthe 
jack contacts to the associated drop, magnet- 
izing the drop relay. The relay then a t t rac ts  
the a rmatu re ,  which re leases  the drop. Then, 
the operator  inser ts  the answering plug into 
the jack of the calling telephone line, which 
breaks  the circuit to the drop and res tores  it  
mechanically. She also pushes the front key 
back into the talking-listening position, con- 
necting a l l  the key contacts, so that her tele - 
phone is bridged a c r o s s  the line wires via the 
cord circuit.  Thus, the second half of the 
secondary circuit connecting the subscr iber ' s  
telephone and the operator 's  telephone is 
completed (heavy l ines) ,  and the primary 
circuit  in the operator 's  telephone (battery, 
induction coil winding, t ransmit ter)  i s  e s -  
tablished (light lines).  

The operator  then asks  the subscriber  for 
the n u m b  e r of the station he is calling, 
and he replies .  When she l o c a t e s  the 
line jack of the called telephone line, she 
inse r t s  the calling plug into it .  F i n  a 11 y, 
she r ings the code for the c a 11 e d tele- 
phone, using the r i n g i n g  position of the 
front key. When not r i n g  i n g  the called 
t e 1 e p h o n e ,  the operator puts the key into 
the t a l k i n g - l i s t e n i n g  position, so she 
can hear  when the called party a n s w e r s .  
When he does,  she r e s t o r e s  the key to 
i t s  idle p o s i t i o n ,  taking her  t e l e p h o n e  
out of circuit ,  and 1 e a v i n g  the two sub- 
s c r i b e r s  to converse. 

Conversation is transmitted over the primary 
and secondary circuits .  When ei ther  sub- 
s c r i b e r  speaks into his telephone transmit ter ,  
the t ransmit ter  resistance changes rapidly, 
causing the battery current  to vary. This 
varying current  flows through the primary 
inductance coil winding and induces a co r re -  
sponding current  in the secondary circuit.  
This  secondary current  flows through both 
telephone receivers ,  where it  is translated back 
into sound. 

To terminate the call ,  the subscr ibers  hangup 
(disconnecting primary and secondary circuits)  
and "ring-off" o r  crank the magneto genera- 
to r s .  The generator current  in both cases  flows 
over the lines, jacks, plugs, and into the 
respective relays,  which control the clearing- 
out signals.  Each re lay  is magnetized, and 
a t t r ac t s  the signal catch, which re leases  the 
signal into the "on" position. The operator now 
has supervision to "challenge" the line by 
cutting her  headset into the cord circuit.  If 
no further  service is desired by either sub- 
s c r i b e r ,  she  re s to res  the plugs and keys to 
their  unoperated position, terminating the call. 

4. The Common Battery Switchboard 

The common battery manual switchboard of 
forty yea r s  ago is the direct  ancestor of today's , -?, 

auxiliary manual switchboards and the PBX 
switchboard. Fur ther  many of these manual - 
switchboards a r e  stil l  in use and will be for 
some time to come. These a r e  two important 
reasons why the telephone man should under - 
stand the manual common battery system. 

The manual common battery system should 
also be understood in relation to automatic 
equipment. Automatic equipment is composed 
of electro-mechanical switches that perform 
the tasks formerly completed by an operator  
a t  a common battery manual switchboard. 
Automation is the only important difference 
between the two systems;  that i s ,  the basic 
direct  current  and voice current  circuitry 
of both systems is very similar .  In a manual 
system this circuitry can be seen and studied 
effectively, and then, may be applied to the 
more  complicated circuits of an automatic 
system. 

4.1 Switchboard par ts  and their arrangement.  
A comparision of the magneto switchboard in 
figure 1-b and the sketch of a typical common 
battery switchboard in figure 7 shows that 
the two a r e  very s imi lar ,  particularly in 
arrangement, and to a lesser  extent in con- 
struction of parts .  The similari t ies  exist 
because the magneto switchboard had proven 
itself s o  workable that manufacturers retained 
i ts  form for the common battery switchboard, 
and adapted i t s  par ts  where possible. The 
main differences a r i se  because signaling no 
longer is accomplished by means of magneto 
generators,  and al l  telephones receive current  
from a common battery a t  the central  office. 
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Figure 7. Common Battery Switchboard 
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Figure 8. Common Battery Switchboard Plug and Jack 

The line lamps and super,visory lamps of the 
common battery switchboard which replace the 
drops and supervisory signals of the magneto 
switchboard a r e  the most  obvious difference 
between the two. The operation of these lamps 
depends upon a second l e s s  obvious but more  
important difference. If you will compare the 
jacks of the common battery switchboard il- 
lustrated in figure 8 and the jacks in the 
diagram in figure 3, you will notice that an extra 
contact has been added to the jacks of the com- 
mon battery switchboard, making a total of 
three contacts. A comparison of the plugs in 
figures 4 and 8 will show that the plugs for 
common battery use a lso  have three contacts. 
Exact drawings and schematic representations 
of typical 3-conductor jacks and plugs a r e  
shown in figure 8 

The new contact on the jack and plug is called 
the ring. It is placed between the tip and the 
sleeve contacts in the plug and the jack. To 
i t  is attached the (+) line wire.  The two line 
wires in common battery usage thus a r e  termed 
tip and ring, (+! and (-). The sleeve contact, 
which was attached to the ( - )  line wire in the 
magneto switchboard, now is f ree  for exclusive 
use in the signaling c i rcui t s  of the common bat- 
tery switchboard. Both line wires a r e  also 
involved in the signaling circuits ,  but to a l e s se r  
degree.  

The switchboard lamps,  for which the third 
contact in the plug and jack was created, a r e  
small  cylindrical light bulbs. Their d-c 
circuits  a r e  controlled by re lays  in the sleeve 
and line wire circuits  a t  the switchboard. 

The common battery switchboard in figure 7, 
a s  you may notice, is equipped with only one 
key, while the magneto switchboard had two. 
This particular switchboard is not designed for 

handling delayed toll calis;  thus, the ring-back 
key is not included. 

4.2 Completion of a local -;to -local .call. 

4.2.1 Operator 's procedure. The procedure 
followed by an operator in completing a local- 
to-local call  on a common battery switchboard 
is precise,  but not difficult. To complete any 
call  the operator needs only one cord circuit 
and the associated key and supervisory lamps. 

When a subscriber  lifts his telephone handset, 
the line lamp beneath his jack lights, along 
with the pilot lamp located below the group of 
jacks containing his individual jack. When the 
operator,  who focuses her  attention on these 
pilot lamps, sees  one lit, she finds the lit  line 
lamp, and inser ts  the back plug of a s e t  into 
the corresponding line jack. Then She pushes 
the key associated with the se t  of plugs used 
to the "talk and listen" position, and asks  
"Number, please ?' ' 

When the operator learns the number of the 
phone to be called, she locates the called 
phone's line jack. If i t  is busy, she informs 
the calling party of that condition. If the jack 
is free,  she inser ts  the front plug of a pair 
used. The cord-pair front supervisory lamp 
lights. Then the operator pulls the ringing 
key back momentarily. The front supervisory 
lamp remains lit  and the operator r ings from 
time to time until the called party answers. 
Then the lamps go out, the operator stops 
ringing, and the parties converse. 

When the conversation is terminated both 
parties hang up and the supervisory lamp for 



each plug lights. The l i t  lamps signal the 
operator  to take down the connection. When 
this is done, the lamp goes out, and the cord 
c i rcui t  is ready to handle another call .  

Notice that a dark  lamp indicates that nothing 
need be done by the operator,  but a l i t  lamp 
signals  her  to act.  When a lamp in the switch- 
board vert ical  face lights, i t  is an "off-hook" 
signal,  telling the operator to answer a new 
call.  When a lamp in the switchboard hori- 
zontal keyshelf lights, i t  is an "on-hook" 
signal, telling the operator either to keep 
ringing a called party who has not answered 
o r  to take down a connection because both 
par t ies  have hung up. A flashing r e a r  supervi- 
s o r y  lamp indicates that the cal ler  is jiggling 
the hookswitch, and wants to talk with the 
'operator to give her additional instructions, 
to a s k  for  information, etc. 

4.2 -2 Circuit  description and operation. The 
circuit  diagram of a typical common battery 
switchboard is shown in figure 9. The voice 
transmission battery circuit is of the capaci- 
tor  -inductor type. The heavy lines emphasize 
the line o r  voice transmission circuit.  The 
light lines t race  signaling circuits,  t ransmit ter  
circuits ,  and the battery feed circuit. In the 
following paragraphs the actions of the sub- 
s c r i b e r  and the operator a r e  described again, 
and coordinated with the responses of the 
switchboard. 

When the subscriber  a t  the calling telephone 
picks up his  handset, the action of the hookswitch 
completes a signaling circuit to the switchboard 
lighting the line lamp and the pilot lamp cor -  "3 
responding to his telephone line. The signaling 3 
circuit is from ground o r  (+) battery a t  the 
switchboard over the tip jack contact to the 
calling telephone, back over the ring contact to 
the line lamp relay and negative battery. The 
line lamp relay closes the line lamp circuit ,  
which includes a pilot lamp relay. The pilot 
lamp relay closes the pilot lamp circuit.  Both 
,the line lamp and the pilot lamp a r e  now lit .  

The operator sees  the lit  lamps, and inser ts  an 
idle answering plug into the line jack. Both 
the line lamp and the pilot lamp go out, since 
the insertion of the plug breaks the circuit 
controlling the line lamp. (See figure 8.) 

The insertion of the plug also se t s  up a direct  
current  circuit through the calling telephone, 
from positive battery, through one winding of 
the battery-feed relay,  out the tip line, through 
the telephone, back through the ring line to the 
second winding of the battery-feed re lay  and 
negative battery. Notice that the battery-feed 
relay opens the circuit to the r e a r  supervisory 
lamp, s o  it  does not light a t  the time. 

The operator throws the key back into the talk- 
ing-listening position, which places her  tele- 
phone circuit ac ross  the side of the cord circuit  
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Figure 9. Circuit of Common Battery Switchbomd 
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Figure 10. Universal Cord Circuit 

opposite that of the calling telephone. Again, 
the other battery-feed relay opens the sleeve 
circuit,  this time to the front supervisory lamp, 
preventing i t  f rom lighting. The operator may 
now speak to the party a t  the calling telephone. 
Battery current  is supplied to the two tele- 
phones through the battery-feed relays,  and 
voice currents  pass over the two capacitors, 
since the inductance of the battery-feed relays 
keep the voice frequency off the battery. 

Upon receiving the number of the telephone to 
be called, the operator looks to see  ifthat line 
is busy, and if i t  is not, she plugs into the jack. 
Then she throws the key forward momentarily 
into the ringing position. Through these actions 
she has taken her  telephone out of the cord 
circuit,  substituted for  it  the called telephone, 

t and sent ringing current  out to the called 
telephone bell, by means of the make contacts 
of the front key position. 

Throwing the key into the forward position 
also caused the front supervisory lamp to 
light, a s  the insertion of the calling plug 
into the called jack put ground on the sleeve 
contact of the supervisory lamp circuit. At 
the same time the removal of the key from 
the listening position disconnected the oper-  
a tor ' s  telephone, opening the circuit to the 
battery-feed relay,  while the other circuit 
involving it--that of the called telephone--re- 
mained incomplete as the handset was not 
yet lifted. Therefore, no current  flowed 
through the re lay  and i t  released the break 

switch to the supervisory lamp, thus com- 
pleting its circuit from ground (in the jack) 
to negative battery. 

The operator continues to ring the called tele- 
phone f rom time to time until the front 
supervisory lamp goes out, signaling that the 
called telephone has been answered, and i ts  
direct  current circuit is complete (activating 
the battery-feed relay which thus switches out 
the lamp circuit).  Conversation now occurs 
between the parties on each telephone, over 
the tip and ring line wires and the cord circuit 
through the capacitors. 

When terminating the call ,  both part ies  hang 
up, breaking the direct  current  circuits,  and 
lighting both supervisory lamps. If neither 
lamp flashes (by hookswitch action) the oper - 
ator knows that the call  is over and she may 
pull down the cords. Thus al l  the established 
circuits a r e  broken and the call  is ended. 

5. The Universal Cord Circuit 

The universal cord circuit is a cord circuit 
designed to connect common battery and mag- 
neto lines. It a lso provides some supervision 
of the magneto line with ordinary switchboard 
lamps. In short haul toll a r e a s  containing both 
magneto and common battery systems,  o r  in 
local systems where bothmagneto and common 
battery telephones a r e  employed, the universal 
cord circuit is most important. 



Figure 10 is a circuit diagram of a universal 
cord circuit  that employs the repeating-coil 
inductor voice transmission system. Jacks 
on a switchboard using this cord circuit a r e  
three -conductor jacks corresponding with the 
cord circuit ,  and common battery practices. 

'When a two-conductor magneto line is attached 
to such a jack, i t s  tip and sleeve wires a r e  con- 
nected, respectively, to the tip and ring 
contacts in the jack, leaving the jack sleeve 
dead. Thus upon insertion of a plug into a 
magneto line jack, no current  flows over the 
sleeve to re lay  C,  and switches to the battery 
a r e  maintained in open positions 11 and 33, 
keeping common battery off the local battery 
(magneto) line. 

In a switchboard system having both common 
battery and local battery lines, a common 
battery line subscriber  reaches the operator,  
answers  the telephone, o r  hangs up a s  usual, 
with hookswitch control. The operator pro- 
ceeds with connections under lamp supervision 
in the established manner. Inside the switch- 
board when ei ther  the calling o r  answering side 
of the cord circuit is placed on a common 
battery line, battery-feed and supervisory 
signals a r e  controlled by relays C and A,  o r  
B and D, through contacts 13 and 35, 15 and 
21. 

The magneto subscriber  also reaches the 
opera tor ,  answers,  o r  r ings off in the usual 
manner .  However, the operator in extending 
a call to a magneto line receives no answer 
supervision, s o  she must  s tay on the line until 
she. hea r s  the party answer. When a call  is 
over,  the ring-off current  pulse given on a 
magneto line momentarily operates relay A o r  
B, respectively, closing i t s  contact 24. This 
enables re lay  E o r  F to lock up on i t s  own 
contact 24 (with ground a t  the normal contacts 
of the "talkJ'  key) and close 22. Meanwhile, 
contact 2 1 has  been released and with 22 closed, 
the supervisory lamp lights, giving the operator 
disconnect supervision. 

6. Multiple Switchboards 

Multiple switchboards were f i r s t  introduced, 
with moderate success  in magneto exchanges; 
but, it-.was not until common battery switch- 
boards became the standard that multiple 
switchboards came into their own. Refine- 
ments in the size of jacks, plugs, and line 
lamps made i t  possible for one operator ,  with 
a complete multiple within her  reach,  to 
handle a s  many a s  10,500 lines. This el imi-  
nated the need for much intra-office trunking, 
and enabled even distribution of ca l l s  among 
operators .  

Figure 11 is an illustration of a four-position 
multiple switchboard. Each operator 's  position 
is designated 1, 2, 3, 4, etc ., while switchboard 
positions a r e  designated A, B, C ,  in multiple 
groups of three. With the addition of ext ra  
multiple jacks a t  the end positiqns, each 
operator has a complete multiple within her  
reach and can complete any local cal l  coming 
into the office. As traffic within the office 
increases,  more  multiple switchboard posi- 
tions can easily be added. 

The circuitry df this switchboard is basically 
that of the one-position common battery switch- 
board already described, except that each line 
jack and lamp is multipled to every third 
multiple switchboard position. When a sub- 
sc r ibe r  picks up his telephone, a l l  line lamps 
associated with his multiple jacks light. Any 
idle operator,  then, can handle his  call .  

The main difficulty of this system when f i r s t  
introduced was that an operator could no longer 
see  if the called line was busy. But, a busy 
tes t  associated with the third line, o r  sleeve, 
of the called party's jack was soon developed. 
The operator opened her  talking-listening key, 
and tapped the tip of the plug against the 
sleeve of the jack of the called line. If the 
line was busy, current  was flowing through 

Figure 11. Schematic of 4-Position MultiDle Switchboard 



this sleeve contact. The operator then heard for a local call  o r  the B-board operator in an 
a click when the plug tip hit the jack sleeve. outside office for an extended a r e a  call. The 
The click notified her  that the line was busy A-operator then relays the number to the 

-3 without an  intrusion into the conversation B-operator who connects him to the desired 
f in progress.  This  test  has since been termed party. 

the tip busy test .  

7. A-B Manual Switchboard 

When severa l  offices were se t  up in an  a r e a ,  
i t  was more  efficient to handle al l  incoming 
cal ls  through one siwtchboard and a l l  out- 
going cal ls  through another. This was the 
basic principle behind the A-B manual switch- 
ing system. A11 incoming calls were made 
through an A-board operator who conncted 
the calling party to a B-board operator.  The 
B-board operator  then connected him to the 
called party 's  line. 

Figure 12 is an  illustration of an A-board 
with trunks to a B-board within the office and 
to a B-board in another office. When the calling 
subscriber  picks up his telephone, the A-board 
operator answers.  After the party gives her  
the number called, she connects him bytrunks 
to either the B -board operator within the office 

CALLED SUBSCRIBER 

CALL 

B-BOARD 
r 

I 
NTRA-OFFICE TRUNK 

L - - - - - - - - - - - 

.ING SUBSCRIBER I 

CALLING SUBSCRIBER 

7.1 The A-board. The A-board is similar  
in construction to the common battery board 
previously described. The incoming line jacks 
and line lamps terminate on the lower portion 
of the vertical face of the switchboard, while 
the outgoing trunk jacks terminate on the upper 
portion. (The exact placement depends upon 
the individual office .) The horizontal shelf 
consists of approximately 15-20 cord circuits 
(two plugs) the associated supervisory lamps 
and talking-listening keys (the only keys pro- 
vided a t  this board). Since the A-B switchboard 
system was installed in la rger  offices, the 
A-board was also of the multiple-type with a s  
many operator positions a s  necessary to handle 
the traffic. 

7.2 The B-board. The B-board is quite 
different from the A-board in construction, 
though it ,  too, may be of the multiple-type, 
traffic warranting. The vertical face of the 
B-board contains only the outgoing line jacks 
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Figure 12. Schematic of A-B Switchboard Connections 



to each subscriber  with a se t  of busy-back 
jack a t  the bottom, into which the operator  
can inse r t  the calling plug to automatically 
send back a busy tone when the called line is 
is use.  

The horizontal shelf of the B-board contains 48 
to 50 single-plug cord circuits  with one 
supervisory lamp per circuit  and in most  cases ,  
no keys. Only one plug is necessary for a cord 
circuit ,  a s  the trunk line from the A-operator is 
automatically connected to an  idle cord circuit  
and to the B-operator 's  headset. This automat- 
ic  connection plus the inclusion, generally, of an 
automatic ringing feature eliminates the need 
for  any keys a t  the B-board. 

The single supervisory lamp se rves  severa l  
purposes. A flashing supervisory lamp in- 
dicates that the B-operator 's headset has been 
automatically connected to the cord circuit  and 
associated trunk line f rom an A-operator 
position. A steadily lit  supervisory lamp 
indicates that a call  is waiting to be connected 
to the B-operator 's  headset i f  she is already 
handling another call. A l i t  supervisory lamp 
with the corresponding plug in a subscriber  
jack indicates to the operator that the cal l  has  
been completed and she is to take down the 
connection. 

7 . 3  Completion of a cal l  through A-B switch- 
boards.  When a calling subscriber  lifts his  
rece iver  to place a call,-his multiple line lamps 
on the A-board light. An A-operator inse r t s  
the back plug of a pair into the corresponding 
line jack appearing a t  her  position, throws 
the associated key into the talking-listening 
position, and asks ,  "Number, please?" The 
A-operator can tell by the number given in 
which office, local o r  outside, the called 
party is located. She, then, must re lay  the 
number to the proper B-board operator.  She 
can do this in two ways: by the cal l  circuit  
method o r  by the straightforward trunkmethod. 

In the cal l  circuit  method, the A-operator 
depresses  the cal l  circuit  button located a t  the 
end of the horizontal face of the switchboard, 
and connects her  headset through this cal l  
circuit  to the B-board operator a t  the office in 
which the called subscriber  is located. She 
repeats  the number to the B-operator over this 
circuit ,  without the calling subscr iber ' s  hear-  
ing it. The B-operator,  then d i rec ts  the A- 
opera tor  to an  idle trunk into which she can 
inse r t  the calling plug (front plug) and the 
B-operator completes the call  ' f rom ther'e. 

In the straightforward trunk method the A- 
operator  makes  the tip busy test  on the trunks 
to the B-board of the called office. When she  
finds an idle t runk to the B-board, she inserts 
the calling plug into the trunk jack. A "beep" 
tone will notify her  that the B-operator 's  

headset has  been automatically connected to the 
trunk circuit ,  and that she may repeat  the 
number to the B-operator.  In this way, the 
subscriber  can hear  the number repeated, and %., 

make correct ions,  if necessary,  This method 3 
is somewhat more  efficient than the cal l  
circuit method, and is more  commonly used. 

When the B-operator receives the number, she 
makes a busy test  on the called subscr iber ' s  
outgoing line jack. If the line is busy, she 
inser ts  the plug into a busy-back jack which 
automatically sends busy tone to the calling 
subscriber  and causes  the supervisory lamp a t  
the A-board to flash. If the called line is idle, 
the B-operator inse r t s  the plug into the jack 
of the called subscriber ' l ighting his  supervi- 
so ry  lamp a t  the A-board. Ringing current  is 
automatically sent out on the called line and 
ring-back tone is generally provided for the 
calling party. 

If the called party d ~ e s  not answer (or  if 
the called line is busy), the calling party 's  
supervisory lamp will light when he replaces 
the receiver .  The A-operator will then take 
down the connection. Taking down the con- 
nection a t  the A-board causes the supervisory 
lamp a t  the B-board to light, thus notifyingthe 
B-board operator to take down the connection. 
If the called party anse r s ,  his supervisory 
lamp a t  the A-board goes out, and the two 
part ies  a r e  f ree  to converse. 

When the part ies  terminate their conversion 
and replace their rece ivers ,  the supervisory 
lamps a t  the A-board light. This notifies the 
A-operator to take down the connection. When 
this is done, the B-board operator 's  supervi- 
so ry  lamp lights, notifying her  to take down 
the connection. The call  is now completed 
with respect  to both switchboards. 

Note that the B-operator has no direct  discon- 
nect supervision from either of the conversing 
part ies  but receives this disconnect supervi- 
sion from the A-operator alone. Neither does 
the B-operator have any means of cutting 
back in on a line once a connection has been 
made. 

8.  AUXILIARY MANUAL SWITCHBOARDS 

In any telephone system, whether automatic o r  
manual, a certain amount of specialized manual 
equipment is necessary to handle such services  
a s  toll cal ls  (long distance), information, r e -  
pair,  etc.  Though the objective of the telephone 
industry today is a nation-wide dialing system, 
manual position must s t i l l  be installed to handle 
r eve r se  charge and person-to -person toll 
calls;  and until this conversion to nation- 
wide dialing is complete, board that will extend 
cal ls  from and to automatic exchanges and 
manual exchanges must be provided. 



The scope of this bulletin will not allow a 
complete discussion of each type of auxiliary 
manual switchboard, but it  is essential that the 

-5 telephone man have a t  least  a nodding ac -  1 quaintance with the most  important types and 
their chief functions. 

8.1 Toll boards in a manual office. Toll 
boards in a manual office a r e  adaptations of the 
B-board described in the preceding section, the 
major differences being that a visual busy 
signal is usually provided for outgoing trunk 
lines, and there a r e  no subscriber  lines 
terminating on the toll board. Toll cal ls  a r e  
extended from the A-operator to the toll 
operator who receives the necessary informa- 
tion from the subscriber  and records the cal l .  
She then extends the call  to the distant s ta-  
tion. If the distant station is manual, she will 
extend the call  over a trunk to that office and 
repeat the necessary information to the incom - 
ing toll operator who will  complete the call  
from there. If the distant office is automatic, 
the toll operator may extend the call  a s  for a 
manual office, o r ,  i f  her  position is equipped 
with a dial,  she may send dial pulses over the 
trunk line and, through the automatic switches 
a t  the distant office, connect directly to the 
called subscriber .  

The toll operator a lso  completes cal ls  from a 
distant manual o r  automatic station. If the 
station is manual, she will answer the call  
over an incoming trunk line and receive the 
necessary information from the distant toll 
operator.  In a smal l  office, the toll opera tor ' s  
switchboard may be so placed that she has 
access to the outgoing subscriber  lines on 
local boards,  but, in most cases ,  she will 
relay the number over a call  circuit  to the 
B-operator who will extend the call  to the 
subscriber .  The toll operator may receive a 
call from an automatic office in two ways. 
The method described for extending a call  
from a manual office may be used, o r ,  i f  her  
board i s  equipped wi-th a call  indicator panel, 
the distant toll operator can dial over a trunk 
to her  position. The dialed number of the 
called subscriber  will appear on the call  
indicator panel, and the toll operator is then 
able to re lay  the number to the B-operator forl 
completion of the call .  

8.2 Toll boards in automatic exchanges. The 
primary function of the toll board in an 
automatic exchange is to receive and record 
toll cal ls  from subscr ibers  in the automatic 
exchange and i t s  t r ibutaries  and to extend 
these cal ls  to subscr ibers  in distant towns 
and cities.  The toll board is also used 
to extend incoming calls from subscr ibers  
in distant towns and cities to subscr ibers  in 
i ; the automatic exchange and i ts  t r ibutaries  and 

to switch through incoming calls to other 
toll centers .  

Automatic Electric Company manufactures two 
types of toll boards for automatic exchanges, 
cord and cordless.  The latter is somewhat 
more  efficient, but the former  is more  general- 
ly used in al l  but the largest  installations. 
Maintenance of the cord type is simpler  and 
initial cost lower, but both have exactly the 
same function. 

8.2 -1 Cord type toll board. The cord type 
toll board is provided in multiples of 2 -position, 
5 -panel sections, and may be classed a s  univer - 
sa l  o r  segregated. The term,  "segregated," 
describes those installations in which the 
various classes of toll serv ices  (CLR, Inward & 
Through, and TX) a r e  divided among the several  
positions. The Inward & Through position 
operator handles cal ls  from distant toll cen- 
t e r s ,  which a r e  to be completed locally o r  
extended to other toll centers .  The chief 
function of the CLR (Combined Line & Re- 
cording) operator is to record and extend 
outgoing calls from local subscr ibers  to the 
subscribers  in distant toll centers .  The 
TX (Delayed Call) operator 's  function is to 
handle those calls which cannot be immediately 
completed a t  the CLR position. 

In most recent practice, though, the TX position 
is done away with (but many remain in older 
offices) and delayed cal ls  a r e  handled by two 
other methods. If the called station does not 
answer, the CLR operator herself will hold the 
cal l  for a short t ime, making one o r  two more  
attempts to complete the call. If the called 
station still  does not answer,the calling sub- 
scr iber  is asked to place the cal l  again a t  a 
future time. When the called party is un- 
available on a person-to-person call ,  the CLR 
operator wil l  leave her  operator number, the 
name of the calling office, and the number of 
the calling party with someone a t  the called 
station. When the called party becomes 
available, he will call  the long distance operator 
a t  her office, and she wi l l  connect him, by either 
a ring-down trunk through the Inward & Through 
operator o r  by dialing a special WHcode, to the 
CLR operator in the originating office. The 
CLR operator wi l l  then ring back the calling 
party and inform him that the called party is 
now on the line and conversation may begin. 
This practice for handling delayed person-to- 
person cal ls  is known a s  the WH (we have) 
method . 
The universal o r  combination toll board handles 
all  c lasses  of service a t  one position. In 
general,  the segregated type of service is more 
efficient for la rger  installations, while the 
universal type is quite adequate for small  o r  
medium size offices. 

:A. Physical features of cord type toll board. 
Figure 13 pictures one position and three 
panels of a 2-position, 5-panel cord type 



Figure 13. Cord Type Toll Board (with Keysender) 

toll board. The second operator 's  position 
and remaining jack panels would be to the 
immediate right, and multiples of the toll 
board would be located on either o r  both 
sides.  

The jack panel of a cord type toll board 
is normally equipped with ten-per-str ip 
jacks and jack lamps, with a s  many s t r ips  
a s  necessary  to handle the trunks. The 
jack lamps indicate busy and idle trunks, 
though exactly how this is done var ies  
from one type of switchboard to another. 
The Automatic Electr ic  type 30 toll board 
is s o  arranged that the jack lamps will 
light beneath busy trunks, idle trunks 
being indicated by dark lamps.  The 
type 31 switchboard is arranged for "idle 
line indicating." Only the lamp beneath 
the next idle trunk within a group will 
light, indicating to the operator that this 
is the trunk to be used on a call  to a par-  
t icular  office. This  switchboard i s  a l so  
arranged for the usual "tip busy test" i f  

the visual signal is omitted in small  circuit 
groups o r  during light-load periods. Space 
may also be provided above the jack panel 
for ticket compartments o r  directory files. 

The keyshelf is equipped for an  ultimate 
number of 10 to 15 cord circuits ,  with 
2 supervisory lamps and 2 keys per 
cord circuit. Ten cord circuits  a r e  
provided on TX and CLR positions; twin 
ticket pockets a r e  located between each 
two cord circuits in the cord circuit 
key positions for separation of toll tick- 
e t ~ .  Inward & Through positions a r e  
equipped with 14 o r  15 cord circuits ,  
depending upon the switchboard type, with 
only one o r  two ticket holders provided, 
a s  very few toll tickets a r e  made a t  
this position. 

The cord circuits  and supervisory lamps 
, serve  the same purpose a s  those of other 
manual boards,  but the keys perform 
slightly different functions. Pushing the 



back key r ings  over  the back plug to the 
calling party,  while pulling this key f o r -  
ward r ings  out on the trunk line. Pushing 

"C the front  key allows the operator to talk 
) to and hear  both parties on the l ine,  

while pulling this  key permits her  to 
monitor a conversation without being able 
to interrupt .  An additional key, a double - 
throw cut-off r e a r  and cut-off front, is 
a l so  provided a t  the left of the keyshelf 
which, when operated with any talk key, 
will allow the operator  to talk to ei ther  
the calling party o r  the called party 
without the o the r ' s  hearing. If the pa r -  
t icular  board is to handle toll c a l l s  
f rom paystations,  keys a r e  provided a t  the 
left  for  the collection and return of coins.  

The left  section of each keyshelf i s  
a r ranged  for  keysenders.  If a dial i s  used 
instead of the key se t ,  it is mounted on the 
key s e t  blank. A dial release key i s  then 
provided to r e l ea se  the toll switches when 
a mistake in dialing is made. Key se t s ,  
which a r e  now preferred to dials, consis t  
of 10 digit keys (lettered and numbered), 
a r e d  DISC (disconnect) button to control 
the r e l ea se  and seizure of senders,  a n  
ERROR key to re lease  the toll switches 
when a n  e r r o r  i s  made, and a pilot lamp,  
which glows steadily when the key s e t  is 
ready  for  keying. The operatordialsover 

a the toll trunk, with either a dial or  
j keysender ,  by operating the talk key only. 

When she  wishes to dialover the back plug, 
she  opera tes  a "dial rear"  key located 
next to the key s e t  o r  key set blank and 
proceeds a s  for  dialing forward. 

To  dial with a key set ,  the operator  
p r e s s e s  down the digit keys in the o r d e r  
they appear  in the called number. When 
she completes  the keying, she p r e s s e s  
the DISC button. The keysender then 
automatically sends  out the dial pulses  
over  the toll trunk, and the pilot l amp 
f lashes telling the operator that she must  
not a t tempt  to key another call. When 
the pulses  have a l l  been sent, the pilot 
l amp r e s t o r e s  to the steadily lit condition. 

Each  ope ra to r ' s  position i s  equipped with 
sufficient space for the writing of toll 
t ickets ,  and between the two positions of 
each  section, some  timerecordingdevice, 
usually a Calculograph, is provided which 
r e c o r d s  on the toll ticket the time elasped 
during a cal l .  

B. Completion of a toll call on a cord type 
toll board.  In a n  automatic exchange, a 
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. J; subsc r ibe r  wishing to place a toll ca l l  

accesses  the toll board most generally 
by dialing a code number such as "1 10" 
o r  " 2 11." (In sma l l  offices, the general  

operator position "0" may  be used.) 
The lamp jack will light beneath the 
incoming trunk seized by the subscriber,  
and any idle operator  (a CLR operator 
in a segregated office) may  answer by 
inserting the back plug of a cord circuit 
pair into the associated trunk jack. The 
operator receives from the subscriber  and 
records on a toll ticket the information 
necessary for extending the call. Then 
the operator, leaving her  talk key oper- 
ated, inserts the front plug of the pair 
into a jack corresponding to an  idle trunk 
(indicated by one of the methods described) 
to the office of the called subscriber.  
This busies the trunk line to other oper- 
a to r s  and prepares  the switches a t  the 
distant office for the following dial pulses. 
Next the operator dials--with either a 
dial  o r  key sender --the number of the 
called subscriber .  

In older toll boards using dials ,  a busy 
line is indicated by a n  audible busy signal, 
and the operator must  continue monitoring 
the call to ascer ta in  the condition of the 
line. In the newer types, though, a flash 
busy is made available, and the dialing of 
the f i rs t  number automatically disconnects 
the operator 's  headset f rom the circuit 
and frees  her  for other calls.  In any 
board using a keysender,  a flash-busy 
signal is provided, and the operator r~lay 
remove her headset f rom the circuit  a s  
soon a s  she has pressed  the DISC button. 
When the called line is idle, automatic 
ringing i s  generally sent  out to the sub- 
scr iber  through the switches a t  the distant 
office, though some offices require that 
the operator momentarily operate the ring 
forward key to s t a r t  the automatic ringing. 
Through the supervisory lamps,  the opera- 
tor  has the same  answer and disconnect 
supervision of other  manual boards, and 
disconnects the part ies  in the usual way. 

If it is  necessary for the toll operator to 
go through an  intermediate toll center to 
complete a call, she does this over a 
ring-down trunk. The toll operator inserts 
the front plug into the jack of an idle 
ring-down trunk to the intermediate office 
and momentarily operates  the ring forward 
key. This connects the operator to an 
Inward & Through position a t  the inter- 
mediate toll cen ter ,  and she may then 
give the name of the office to which she 
wishes to be connected. When the con- 
nection has been established, she may 
dial into the distant office and complete 
the call in the usual manner.  

8.2.2 Cordless type toll boards. The cordless 
type toll board i s  outstanding for i t s  efficiency 
and ease  of operation. It per forms the same 



functions a s  the cord type board, but without the 
use of conventional plugs and jacks for con- 
nections, eliminating much operator fatigue. 
The switchboards a r e  provided in multiples of 
2 o r  4 position sections, and may be equipped 
to handle a l l  c lasses  of service; that i s ,  CLR, 
TX, Inward & Through, o r  Universal. 

A. Physical features of the cordless type 
toll board. The keyshelf i s  s imi lar  to 
the keyshelf of the cord type board with 
the cords  removed and an extra se t  of 
keys and lamps added to control the 
functions of the link circuits  which replace 
the cord circuits .  Each opera tor ' s  position 
i s  equipped with a variable number of link 
c i rcui t s  and associated keys, depending 
upon the traffic through the position. F r o m  
the back of the keyshelf to the front, each 
link circuit  position consists of a linkbusy 
lamp, a r e a r  supervisory lamp, a front 
supervisory lamp, a link re lease  key, a 
double-throw ring forward o r  ring back 
key (omitted when automatic ringing is 
provided), and a double-throw talk o r  
monitor key. Each position is a lso  
equipped with auxiliary common keys 
which operate with any link that i s  being 
used. The double-throw cut-off r e a r  o r  
cut-off front key is provided along with the 
dial r e a r  key, keys for collection and 
re turn  of coins ( i f  the position handles cal ls  
from paystations), a double -throw re lease  
r e a r  o r  re lease  front key for releasing 
only one side of a connection, and a delay 
key, which, when operated, prevents fur -  
ther  ca l l s  from being connected to the 
opera tor ' s  headset if she wishes to com- 
plete delayed calls.  

A key se t  is provided a t  the right side of 
the keyshelf which will access  two channels 
to the pulse senders.  This allows the 
operator  to key a second call  while the 
pulses of the f i r s t  call  a r e  being sent out. 

What was the jack panel of the cord type 
board, now becomes the opera tor ' s  tu r re t  
of the cordless  type board. The tur re t  is 
much lower in design and mounted upon it 
a r e  s t r ips  of group identity and group busy 
lamps with severa l  compartments provid- 
ed for the filing of toll tickets. A group 
identity lamp is provided for each group of 
toll l ines, paystation lines, heavy toll 
u s e r s '  l ines,  etc. ,  which lights when the 
talk key a s s ~ c i a t e d  with the link to which 
the line is connected is operated. Agroup 
busy lamp will light when al l  trunks of a 
group a r e  busy, thus giving advance a l l -  
circuits-busy information to the operator .  

B. Completion of a toll call  on a cordless 
toll board. To prepare for receiving cal ls  
a t  a cordless  toll board, an operator 

pre-operates the talk key of an  idle link. 
When the subscriber  dials the toll operator 
a c c e s s  code, he is automatically connected 
to this idle link, and the operator  is -+ 
informed of this by a "zip" tone and the 
lighting of the link busy and group indicator 
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lamps.  She then receives the necessary 
information for extending the cal l  from the 
subscriber  and records  this on a toll ticket. 
The pre-operation of the talk key pre-  
seized a channel to the pulse sender  equip- 
ment, and she may immediately begin 
keying the call. She f i rs t  keys the access  
code of the trunk to the office of the called 
party and then continues keying the number 
of the called party. When keying is 
completed, she p resses  the DISC key of the 
se t  and the pulses a r e  sent out. If the line 
is busy the link busy lamp will flash. If 
the line is idle, the front supervisory 
lamp will light when the connection has 
been established, and, in most  cases,  
automatic ringing will be sent  out. When 
the called station answers,  the supervisory 
lamp goes out, and ei ther  the operator wil l  
a s k  for the desired party on a person-to- 
person call  o r  conversation will begin 
immediately. When the conversation is 
completed and the part ies  hang up, the front 
and back supervisory lamps light, and the 
operator  p resses  the link re lease  key to 
end the connection. 

5 
8.3 Information desks.  The function of the I 

information desk in a telephone exchange is to 
provide subscr ibers  with local, toll, and inter- 
toll information, toll r a t e s  and routes,  and 
intercept service .  Informationdesks in manual 
offices a r e  again variations of the B-board, 
which a r e  reached through the A-operator. 
F i les  o r  books a r e  provided for looking up 
numbers and the positions may o r  may not be 
equipped for  extending cal ls ,  but the lat ter  is 
more  generally t rue.  

The information desks  in automatic exchanges 
a r e  of severa l  types. One of the more  common 
types resembles  the cordless toll board quite 
closely in operation and to some extent in 
physical features.  The most  apparent dif- 
ference is the mounting of the keyshelf equip- 
ment in the tur re t  (figure 14).  As ca l l s  a r e  
not usually extended a t  this board, only one o r  
two line link positions equipped with only one 
double -thrdw key, for talking and link release 
operations, a r e  provided, The group indicator 
lamps a r e  a lso  mounted on the tu r re t  so  that 
c l a s s  of information (local, toll, intercept,  etc .) 
may be predetermined. Calls are  automatically 
extended to idle opera tors  by dialing an in- 
formation access  code such a s  "1 14" o r  "411," 
o r  by having dialed a number which for some a 

"; 

reason has been put on intercept service.  The "- 
board i s  designed for  use with the book-type 
information file. 



Figure 14. Information Desk 

Two other of the commonly used information 
desks  for automatic offices a r e  the low-turret  
cord  type board and the flat-top key desk.  
Cal l s  a r e  automatically extended to both boards 
by means  of an  a c c e s s  code, but the cord type 
board is used where i t  is des i rab le  to extend 
the information and intercept  ca l l s  f rom this 
board by means  of conventional plugs and 
jacks. The flat top desk  is designed for  answer - 
ing cal ls  by means  of keys and signal lamps,  
and is used pr imar i ly  with r o t a r y  f i les .  This  
board cannot be used to extend cal ls .  

8.4 Repair  c l e rk ' s  desk.  The r epa i r  c l e rk ' s  
desk  is pr imar i ly  designed to accommodate,  
the cler ical  work neces sa ry  in handling r epa i r  
and complaint ca l l s .  It may  be of the cord type 
for  a manual office, accessed  through the A-  
operator ,  o r  of the co rd l e s s  key type in a n  
automatic exchange, accessed  through a dial 

-1 code such a s  "113" o r  " 13." Several  link 
o r  cord c i rcu i t s  a r e  provided at each  r epa i r  
c l e rk ' s  position but a s  ca l l s  terminate  a t  this 
position, no provisions a r e  necessary  for 

extending them. Adequate space for writing is 
provided, and one o r  more  ca rd  compartments  
a r e  included for filing the record  c a r d s  used 
by the repa i r  c lerk.  

8.5 Tes t  desks .  Tes t  desks  a r e  of three 
basic types: local,  toll, and combination. 
The s ize,  equipment, and operation of each 
type will vary with the line capacity and 
part icular  needs of the office in which i t  i s  
installed, but cer tain functions a r e  s tandard.  

The local tes t  desk (pictured in figure 15) i s  
designed to tes t  l ines and trunks (outside of the 
plant) on which trouble has  been reported and 
to make routine tes t s  on subscr iber  l ines  to 
discover  line trouble before i t  becomes ser ious  
enough to warrant  a subscr iber  complaint. Two 
m e t e r s  a r e  generally provided: one for meas  - 
uring line voltage, resis tance,  and cur ren t ,  and 
the other  for  dial speed and percent make tests .  
A wheatstone bridge is usually available for  
accurately locating cable and open-wire faults. 
A howler tone may also be impressed  f rom this 



Figure 15. Local Tes t  Desk 

t e s t  desk  on a subsc r ibe r  line when a phone 
h a s  been lef t  off the hook fo r  a cer tainlength 
of t ime.  

The toll t es t  desk ' s  function i s  to make t e s t s  
on toll c i rcu i t s .  Toll l ine testing i s ,  of 
necessi ty ,  m o r e  complex than local testing 
a s  toll c i rcu i t s  requi re  a bet ter  grade  of 
s e rv i ce .  Tol l  l ines  a r e  a l so  longer and need 
acutely sensi t ive m e t e r s  for  measur ing  volt-  
age ,  cu r r en t ,  r e s i s t ance ,  insulation leakage, 
impedance, and inductance. The location of 
outside line faults mus t  be m o r e  accura te ly  
determined with Wheatstone and impedance 
br idges  within the office. Equipment i s  a l so  pro-  
vided for  testing signaling with 20.: 135- and 
1000- ringing cu r ren t  for  making trouble tes t s  
with a vol tmeter  and 150-volt t e s t  bat tery,  and 
for  the sending out of trouble tone. 

The  combination tes t  desk is exactly what the 
name implies--a  combination of toll and local 
testing a t  one desk .  It i s  used pr imar i ly  in 
offices where toll testing i s  essent ia l ,  but the 
amount done does not warran t  the installation of 
a s epa ra t e  toll testing desk. 

9. THE PRIVATE BRANCH EXCHANGE 

It is quite obvious to all in  the t e l e ~ h o n e  
industry that automation is rapidly repiacing 
manual telephony in a l l  phases where i t  is 

pract ical ,  and has been doing s o  for  a number of 
y e a r s .  One of the l a s t  strongholds of manual  
telephony (and one of the few completely manual 
boards  that a telephone man  will come in contact 
with repeatedly) is the Pr iva te  Branch  Ex- 
change (PBX) switchboard, though this,  too, is 
rapidly giving way to the Pr iva te  Automatic 
Exchange (PAX) and the Pr iva te  Automatic 
Branch  Exchange (PABX). 

The PBX board is designed to connect manual-  
ly a l l  ca l l s  within an  office building o r  factory,  
and,  in  mos t  ca ses ,  to provide manual  con- 
nections to the n e a r e s t  public exchange s o  
that telephone ca l l s  may  be made to and f rom 
outside subsc r ibe r s ,  both local  and long d i s -  
tance. An opera tor  mus t  be in  attendance 
a t  a l l  t imes  to s e t  up the connections. The 
PAX is designed to automatically s e t  up 
connections within an office o r  factory by 
dial  operation. In this  sys t em there  is no need 
for  an  attendant, but no provision is made fo r  
connection to the public exchange. The pr ivate  
exchange which incorpora tes  the outstanding 
fea tures  of both the PBX and PAX is the 
PABX--a private exchange in  which c a l l s  to 
and f rom the public exchange a r e  extended 
manually by a n  attendant,  but ca l l s  within the 
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Figure 16. PBX Switchboard 



private  office a r e  completed automatically by 
dial  operation. (More information on PAX'S and 
PABX's may be obtained by consulting Techni- - ca l  Bulletin 8 18, Pr ivate  Automatic Exchanges 

% 8 with PABX Appendix.) 

9.1 Physical descr ipt ion of the PBX board. 
F igure  16 is picture of the keyshelf and face 
equipment of a typical PBX board. The face 
equipment cons is t s  of ten-per-s tr ip  l ine jacks 
and line lamps .  The lower s t r i p  is generally 
r e se rved  for  the jacks of the t runks to the 
public exchange, while the upper s t r i p s  a r e  
associated with the jacks of the individual 
telephone l ines  within the office. 

The keyshelf is equipped with a varying number 
of cord  c i rcu i t s ,  depending upon the type of 
PBX and the traffic requi rements .  Associated 
with each cord  c i rcu i t  a r e  the front and r e a r  
superv isory  lamps  and two keys for  ringing 
and talking. A dial  is provided a t  the right for  
dialing into the local  public exchange, i f  it i s  
automatic.  The four turn keys a t  the left a r e  
used to s e t  up night connections. These night 
connections, with cer ta in  cord  c i rcu i t s  pre  - 
viously established, allow ca l l s  to be auto- 
matical ly  extended to and f rom the public 
exchange without the aid of an  attendant. 
On the left s ide of the keyshelf front a r e  jacks 
for  plugging in one o r  two attendant 's  headsets.  
A crank ,  mounted on the right,  is supplied on 
reques t  for u se  whenautomatic ringing cur ren t  

1 fai ls .  

9.2 Attendant's procedure.  To complete an  
in te r ior  call ,  the attendant i n se r t s  one plug of a 
cord  circui t  pair  into the jack of the line 
demanding se rv i ce  (indicated b y a  l i t  l ine lamp). 
The r e a r  plug is mos t  general ly  used in 
answering, for  convenience when extending the 
cal l .  (Some switchboards provide for  only r e a r  
plug answering of inter ior  calls.)  The attendant 
then throws the front key forward to the talk 
position and is given e i ther  the name o r  
extension number of the party wanted. She 
then extends the ca l l  to the proper  party by 
inser t ing the remaining cord  circui t  plug into 
the proper  jack. If the ca l l  was extended on 
the front plug, the attendant opera tes  a key 
to the r ing forward position momentarily.  
If the cal l  was extended on the back plug, she  
opera tes  a key to the r ing  r e a r  position. 
(The r ing forward and r ing  r e a r  positions may 
appear  on one key, o r  be divided, one position 
on each  of two keys.) Normal  answer  and 
disconnect supervis ion is provided by the two 
superv isory  lamps .  

To extend a cal l  to the public exchange, the 
opera tor  answers  in the s a m e  way, but inser t s  

!the remaining cord c i rcu i t  plug into the jack 
_d of a trunk to the public exchange. If the 

individual telephones a r e  equipped with dials,  
the party may  dial the number himself,  o r ,  i f  

not, he will give the number to the operator 
and she  will then dial i t .  Disconnect super- 
vision only is given by the two supervisory 
lamps .  

To complete a cal l  f rom the public exchange, 
the operator  i n se r t s  a plug of a cord circuit 
pair  into the trunk jack over which the call 
is coming in (indicated by a lit lamp). (In 
some  switchboards,  ca l l s  may be extended 
and received over  the front plug of a cord 
pair  only.) The operator  opens her  talk 
key, and will give the name of the company, 
e tc .  Often the calling party will not know 
the extension number of the called party and 
in some cases ,  he will be able to give only 
the general  nature of the call. The operator 
mus t  then a s s i s t  him in reaching the proper 
party.  When the name o r  extension number of 
the des i red  party is ascertained, she will 
i n se r t  the remaining cord circuit plug into 
the proper  jack, and continue a s  for  an 
inter ior  call .  

9.3 Cord c i rcu i t  of an interior PBX call. 
The circui t  in figure 1 7  is a modification of a 
standard PBX board cord circui t  designed only 
to show the general  operation of a cord circuit 
on a call  between two part ies  within the PBX 
installation. Cord circui ts  will vary in dif- 
ferent  types of PBX boards a s  each is designed 
to perform under specific conditions. In no 
case  is the r eade r  to take this a s  a complete 
PBX cord circui t .  

When the attendant answers  a call originated 
a t  one of the telephones terminated a t  the PBX 
board, the STA ( r e a r )  plug is inserted into 
the corresponding line jack operating cut-off 
spr ings  on the line jack which extinguish the 
l ine lamp. Relays A and C operate over a 
c ircui t  f rom bat tery through the primary 
winding of the A re lay ,  out over the ring side 
of the plug to the calling telephone, back over 
the tip side to ground on the secondary winding 
of the A relay.  Relay C disconnects the STA 
( r e a r )  superv isory  lamp from direct groundon 
the sleeve of the plug. The TRK & STA(front) 
supervisory lamp lights over a circuit from 
ground on the plug sleeve through the contacts 
of relay B to battery. Relay A supplies 
t ransmiss ion  bat tery to the calling line. 

When the opera tor  throws the talk key into 
position, a t ransmission circuit  is completed 
f rom her  headset  over the R lead out the ring 
s ide of the plug to the calling telephone, back 
over  the t ip s i d e  and out the T lead to her 
headset (heavy l ines) .  When she receives the 
necessary  information, she inser ts  the TRK 
& STA plug into the proper line jack which 
again disconnects the line lamp by operation 
of cut-off spr ings.  Direct  ground is connected 
to the sleeve of the line jack so that relay D 
will not operate  a t  this t ime. 



The attendant now res to res  the talk key 
and pulls i t  to the ring TRK & STA position. 
Relay F operates over a circuit  from bat- 
te ry  a t  re lay  F through the springs of the 
ring key operated to ground on the sleeve 
of the STA ( r e a r )  plug. Contacts 4 and 5 
of relay F close, operating relay E over 
a circuit from battery a t  re lay  E, through 
contacts of the ring key operated, through 
contacts 4 and 5 of relay F operated and 
out to ground on the sleeve of the STA 
plug. Relay E disconnects the STA plug 
f rom the TRK & STA plug. Ringing current  
is supplied to the called line from the 
r ing supply lead, through the contacts of 
the ring key operated, through contacts 10 
and 11 of E operated, out the ring side 
of the line to the bell of the called telephone, 
back over the tip side, through contacts 2 
and 3 of E operated, through contacts of 
the ring key operated to the ring supply G 
lead. Restoring the ring key res to res  the E 

and F relays and prepares the circuit  for 
talking. 

When the called party l i f t s  his rece iver ,  relay B 
opera tes  and opens contacts 1 and 2 extin- ) - 
guishing the TRK & STA lamp. A complete 
talking circuit is established to the telephones 
over the tip of the STA plug to the tip of the 
TRK & STA plug out to the called telephone, 
and back over the ring side of the TRK & 
STA plug to the ring side of the STA plug to 
the calling telephone (heavy lines). 

When the calling party hangs up, relay C 
res to res ,  closing contacts 1 and 2 causing 
the STA ( rea r )  supervisory lamp to light. 
When the called party hangs up, re lay  B 
res to res ,  closing i ts  1 and 2 contacts lighting 
the TRK & STA supervisory lamp. When 
the operator takes down the connection both 
lamps a r e  extinguished. 
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Automatic Electric, S.A.T.A.Y. - - - - - - - - - - - - - - - - - - - - Milan, Italy 

I98STRiBUfOR IN U.S. AND POSSESSIONS 
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Northlake, Illinois, U. S. A. 
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D. C. Clegg 
Sala 61 
Rua Conselheiro Cris~iniano No. 69 
Sao Paulo, Brazil 

AUSTRAI,IA 
hutornatic Electric Telephones Limited 
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Automatic Electric International, 
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Automatic Electric S.A.T.A.P. 
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Rfilan. Italv 

hlEXICO 
Auton~atic Electric de htexico, S.A. 
Apartado Postal 21327 
Mexico 7, D.F., Mexico 

NETHERLANDS 
Automatique Electriq~re, S.A. 
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'*-Graveohage, Netherlands 
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J. P. Maclaren 
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Bogota, Colo~nbia 
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