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Type 80 desk Monophone. 

7Ype 50 wall Monophone. 

Figure 2. lhree types of autohatic telephone. 



TELEPHONES 

1. TELEPHONES 

A telephone is a combination of parts assembled 
into a complete unit having facilities for voice 
transmission, voice reception, signaling, and 
switching.  In th i s  discussion,  telephones 
r e g u l a r l y  supplied by Automatic Electr ic  
Company are  used as examples. Telephones of 
other makes may vary in  general  design and 
in details of their components, 

The components usually comprise a handset, 
including the transmitter (voice transmission) 
and receiver (voice reception), a base assembly 
on which a r e  mounted the  telephone signal 
( r i nge r ) ,  induction coil, capaci tors ,  cradle 
switch, and terminals ;  the inter ior  wiring; 
the handset cord; and, in the case  of a desk 
telephone, the desk-set cord and terminal block. 

Te lephones  may be c l a s sed  a s  t o  service  
requirements; for example, telephones ordinarily 
supplied for commercial and domestic uses a r e  
desk or wall handset types. Automatic Electric 
Monophones Types 43, 50, and 80 shown in 
Figure 1 a r e  typical examples. Other designs 
for  more specific purposes include operators' 
telephones, test telephones, weatherproof tele- 
phones, and telephones for hazardous locations. 

Telephones may also be classed as local battery 
o r  common battery. In the f o r m e r  type, the 
t r a n s m i t t e r  of each telephone rece ives  its 
current f rom a local source such a s  a pair of 
dry cells. . Common-battery telephones receive 
t r a n s  m i t t e r  c u r r e n t  f r o m  a central-office 
storage battery which serves all  telephones in 
the exchange. 

Telephones may be further classed as automatic 
o r  manual. Each automatic telephone has in 
addition to the components a l ready listed a 
dial-type calling device to control automatic 
switching equipment in the cen t ra l  office. 

2. DIAL 

The dial (see Figures 2 and 3) is a pulse-sending 
calling device which, when wound up and then 
released, interrupts the electric current to control 
switching mechanisms at the central office, To 
operate the dial the calling subscriber inserts a 
finger in the appropriate hole in the finger plate 
and turns the plate clockwise until the finger 
strikes the finger stop. The finger plate is then 

released a d  is returned to its normal position by 
a coiled 'spring, i t s  speed of r e t u r n  being 
controlled by a worm-driven governor. 

Figure 2. Dpe  51 d ia l  with l e t t e r s  a d  figures 
on number plate.  

As the dial finger plate returns to i ts  normal 
position, i t  successively opens and recloses 
the telephone line circuit a riumber of times 
corresponding to the figure dialed. For example, 
if the finger plate is turned from the figure " 5" 
on the number plate and then released, the line 
c i r cu i t  wi l l  b e  opened five t i m e s  in quick 
succession, by a small fibre cam geared to the 
main dial shaft  and acting against the pulse 
springs. Each circuit interruption lasts about 
1/16 second. These brief interruptions operate 
central-office switches. 

Escutcheon ring 

Escutcheon lock 

Finger plate 

Screw 

Pulse spring aseem. - S h u n t  Spg. assem. 

Shunt springe 

Main spg. assem. 

Middle pulse epg. -Governor shaft 

Main pulse spg. Bearing screw 

Stop Spg. Hex. nut 

Pulse cam 

Figure 3. 7 j p e  51 dia l  assembly ( f r o n t  artd rear views) .  
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The  dial consists essentially of: 3, HANDSET 

(a) The  f i nge r  plate which is rotated and The handset (Figure 4) houses the transmitter 
released by the caller for  each letter or  and receiver units a t  spacings and angles which 

digit dialed. provide optimum efficiency for the average user. 
The handset is made of molded plastic and the 

(b) The number which bears the figures tEmsmitter and receiver units a r e  mounted in 
l1 1" t o  l19" and l1 0" (and often the  posi t ion a t  e i t he r  end by means  of plastic 
alphabet too) under the ten holes in  the retaining Cups. Handset-cord connections to the 
f inger  plate. transmitter and receiver units are  made through 

s p r i n g  contacts  at each  end of the handset. 
(c) The governor and i ts  driving mechanism. 

(d) The pulse cam which, a s  it  rotates, opens 
and recloses the pulse springs. 

(e) The pulse springs, which open and reclose 
the line circuit. 

(f) The shunt springsi which short-circuit the 
transmitter and receiver of the telephone 
while the dial is off -normal. 

T h e  governor  assembly consis ts  of a worm 
wheel which is on the s ame  shaft a s  the pulse 
cam and which drives the governor shaft through 
a worm. Attached to the governor shaft a r e  two 
wings, each with a weight on the end. During 
rapid rotation of the worm shaft, centrifugal force  
causes the wings to move outward and causes 
friction between the governor weights and the 
inside of the governor cup. The pulse speed of 
the  dial is adjusted by positioning the flyballs 
w i t h  r e s p e c t  to the governor  cup. During 
operation, the speed is controlled by the friction 
r e s u l t i n g  f r o m  the  centr i fugal  f o r ce  of the 
flyballs against the inside of the governor cup. 
The  governor is adjusted s o  the pulse springs 
send about 10 pulses per  second. 

Our modern dials provide a delay between the 
final circuit interruption of the se r ies  and the 
completion of the re turn motion of the finger 
plate.  A cam attached to the main dial shaft 
moves the two pulse .springs out of lengagement 
with the pulse cam during the last  2 revolution 
of the cam. This delay allows time for central- 
office equipment to perform switching functions 
between successive pulls of the dial. 

4. TRANSMITTER 

The t ransmi t te r  (Figure  5) is of the sealed- 
capsule type consisting of: 

(a) The main diaphragm which vibrates in 
r e sponse  to a i r  waves created by the 
pe r son  speaking,  and 

(b) The carbon-granule cell  which changes 
the mechanical vibrations of the diaphragm 
into e lect r ical  pulsations. The plastic 
cup which holds the  t ransmi t te r  in the 
handset has perforations which permit  
a i r  waves t o  reach the diaphragm. The 
design of the carbon-granule cell is such 
a s  to  a s s u r e  continuity of the  c i rcui t  
through the carbon granules irrespective 
of the position in which the handset is 
held; that is, in a l l  positions. 

Sealed protective 
shell 

Paper bellows 

Diaphragm 

Granules 

Moisture 
excluding 
membrane 

Figure 5.  Cross section of transmitter capsule. 

5. RECEIVER 

The r e c e i v e r  ( F i g u r e  6 )  converts  incoming 
voice currents back into sound waves. It consists 
of a powerful permanent magnet associated with 
two pole pieces on which a r e  windings carrying 
the voice current .  The flow of voice current 
through the  windings cause s  the receiver  - 
diaphragm to reproduce the original vibrations 

Figure 4. Handset components. 
of the  t r a n s m i t t e r  diaphragm a t  the distanr 
telephone. 
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Magnetic 
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Figure 6. Cmss section of receiver capsule. 

6. CRADLE SWITCH 

The cradle  switch is an  assembly of contact 
springs to connect the transmitter, receiver and 
dial into the circuit when the handset is removed, 
and to  connect the ringer into the circuit when 
the handset is replaced. 

7. CAPACITOR (or "condenser") 

Capacitors like that shown in Figure 7 a r e  used 
in each telephone-one in the transmission circuit 
and one in the ringing circuit. The capacitor in 
the transmission circuit improves the telephone 
output characterist ics.  The capacitor in the 
ringing circuit permits ringing current to pass 
through the ringer, and stops direct  current. 

Capacitor / I rCan cover 

I td 
Figure 7. Capacitor construction. 

The capacitor consists of a ro l l  of alternate 
layers of paper and aluminum foil sealed in a 
metal container. Each layer of foil is separated 
from the next layer by two layers of paper. The 
terminals of the assembly a r e  put between the 
foil and paper during the time the paper and foil 
are  rolled. Thenthe assembly is impregnated with 
wax, and inserted into a container where it is 
further sealed. 

8. INDUCTION COIL 

The induction coil shown in Figure 8 inductively 
couples the transmitter and receiver units to  the 
line, increases the telephone output volume, and 
decreases the effect of speaker hearing his own 
voice in his rece iver  while talking into the 
t r ansmi t t e r .  

The induction coil consists of three insulated 
windings wound on a common laminated-iron 
core. This type of induction coil has its windings 
connected to serve as an autotransformer (part 
of the winding is common to both the input and 
output c i rcui ts) .  Two sma l l  a i r  gaps in  the 
magnetic circuit prevent magnetic saturation 
by the direct-current supply to the transmitter. 

Terminals 'T\ Winding No. 2-7 rWinding No. 1 

Spool 
head 

Winding Silicon-iron 

Armature . laminations 

Figure 8. Induction coil (photo and cross sec t ion) .  

9. RINGERS 

Call signals may consist of various visual o r  
acoustic signals for c a 11 i n  g a subscriber. 
Orinarily, however, bell ringers (Figures 9 
and 10)  a r e  used. Ringers may be of two types: 

(a) Straight -line ringers 

(b) Harmonic (mechanically and electrically 
tuned) ringers for party-line use. 

The principal parts of the two types of ringer 
are essentially the same: two gongs, an armature 
carrying a rod and bell-clapper, an electromagnet 
consisting of two coils, and a permanent magnet 
to po la r ize  the two electromagnet  cores.  

When the "straight-line r inger"  coils  a r e  
energized with alternating current, the armature 
vibrates so that the clapper is moved from side 
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Electromagnet 

Figure 9. Polarized straight- 1 ine ringer. 

Reed c Armature- 
adjusting 

nut 

to side, striking each gong alternately. A spring 
"biases" the ringer-i.e., holds the armature 
against one coil core-end. This prevents ringer 
"tapping" when another party dials on the line, 
etc. (Also, when pulsating o r  superimposed 
ringing is used, the biasing spring restores the 
armature between pulses.) The biasing spring 
does not hold the clapper  against a gang, 
however; ringer adjustment keeps the clapper 
(when a t  rest)  away from the nearer gong, so 
both gongs a r e  free to vibrate alike. 

Figure 10. High-impedance harmonic ringer. 

The "harmonic ringer" has a "reed" (spring) 
a t  t he  end of a weighted bell clapper. This 
harmonic ringer is mechanically and electrically 
tuned. The capacitor used with the ringer is 
chosen to be resonant with the ringer coils at  
the frequency of the ringer. In general, a weak 
spring and a heavy clapper permit vibration at  
low frequencies; a strong spring and a small 
clapper a t  high frequencies. 

RELAYS 
10. RELAYS 

A r e l a y  is an  electromagnetically operated 
switch to  open and close e lec t r ic  circuits. 
F igure  11 shows the plan and elevation of a 

r B a c k  stop 

Armature lever 
fl mounting screw 

Coil terminals 
(for two windings) 

Insulator 

,Contact spring 
terminnla 

L ~ r m a t u r e  bearing pin 

Figure 11. Typical class A single-arm relay. 

typical class A relay. The relay performs its 
switching function by electromagnetically 
attracting an armature, which, in turn, actuates 
mechanical contact springs, to which the electric 
circuits to be switched a r e  connected. 

In general, a relay mechanism consists of two 
or more circuits: 

(a) The electr ic  coil circuit for  the relay 
contr 01. 

. 

(b) The connected electric circuit or circuits 
which a r e  switched by the opening o r  
closing c ontacts . 

Relays are used for remote control or timing, as: 

(a) when a weak or variable signal must have 
strong o r  unvarying control over a local 
circuit. 

(b) when one circuit-change must cause 
changes in mofe than one other circuits. 

(c) to obtain and utilize delays or sequential 
operation(s) or both. 

I 
-;.i" (df when several causations occurring only 

s imul taneous ly  o r  only in a certain 
sequence must change another circuit. 
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1 
11. TYPICAL RELAYS 12. TIMING 

The principal parts of a typical relay a r e  the 
operat ing coi l  with a sof t- i ron core,  the 
armature,  and the spring assembly mounted 
on its heelpiece. 

The relay in Figure 1 2  is Automatic Electric 
Company's class A relay, used in most selectors, 
connectors, etc. The relay in F igure  13 is 
Automatic Electric Company's type 57A relay, 
used in toll switchboards, Directors,  SATT 
equipment, etc. 

Figure 12. Typical c lass  A double-arm relay.  

Figure 23. Typical type 57A relay.  

The relay is one of the most important single 
pieces of apparatus used in telephone switching. 
Nearly every telephone circuit uses  one o r  
m o r e  relays.  

In appearance the relay is a simple mechanism. 
Its design and manufacture, however, involve 
many complex considerations. Proper engineering 
and experienced judgment, however, assure an 
efficient and durable product. The high sensitivity 
of Automatic Electric Company relays results 
from practical design both of the coil windings 
and of the magnetic structure. The exceptional 
durability of our relays is due to the unique 
pin-type armature bearing and to the quality of 
the specially selected materials used. 

In figure 12, the armature has a non-magnetic 
screw which, when the relay operates, determines 
the residual air gap remaining between armature 
and core. After the coil circuit is opened, the 
space  thus left  between armature  and core 
prevents residual magnetism keeping the relay 
operated. It insures release. 

The relay's operating and release time may be 
changed by adding a copper collar around the 
coil  core .  The relay is made slow both to  
operate and to release when the collar is on the 
armature end of the core, and slow to release 
(only) when on t k  heel end of the core. A' copper 
sleeve around and along the entire core length 
also makes the relay somewhat slow to operate 
and quite slow to release. These relays a re  
known as slow-acting relays. Such relays are  
used when the contacts must remain operated 
while their coil circuits are repeatedly interrupted 
for short  periods. 

Figure 14.' Slow-release re lay  with short- lever m a t m e .  

When greater release delay is required than 
can be provided by a copper collar or sleeve, 
different armature construction can be employed. 
In this design, the distance from coil-core end 
to pivot is about the same as  the distance from 
spring-actuating bushing to pivot (see Figure 14). 

This short-lever (1: 1 ratio) armature eliminates 
the mechanical advantage (about 2.25: 1 for 
class A relays, figure 15; 1.65:l for type 57A 
relays)  of the contact spr ings acting on the 
standard armature and tending to res tore  it 

If. when relay i s  operated, 
contact-spring load on 

armature bushing i s  
100 grams - 

I 

L ~ d n ~ - l e v e r  armature"' 

If,  when relay i s  operated. 
contact-spring load on 

armature bushing i s  
100 grams - 

I 

Coil must 
pull at least 
225 grams 
to hold 
relay 
operated 

L ~ h o r t - l e v e r  armature . 

Coil need 
pull only 

. I 0 0  grams 
to hold 
relay 
operated 

Figure 15. Comparison o f  lever e ra t ios  of long- and 
short- lever ammatures ( Z o s s  A relays).  



to  normal .  Thus,  the spr ings  a r e  unable to 
r e s to re  the a r m a t w e  until the magnetic field 
has died down to  a considerably lower value, 
which results  in a release delay which may be 
as much as  half a second. For  a given spring- 
contact load and release t ime, the 1: 1 ratio 
also permits a larger residual setting, which is 
more permanent and avoids armature sticking. 

13. SPRING ASSEMBLIES 

The  r e l a y  sp r ing  assembly is made up of a 
number of metallic springs, insulated from each 
other and from the heel piece. The rear  ends of 
these springs a r e  terminals for  the leads from 
the c i rcui ts  to be switched. Each spring has 
one o r  more precious-metal electric contacts 
through which circuits (electrical connections 
with o ther  spr ings)  can be established. The 
spring assemblies a r e  made in various combi- 
nations the c i rcui ts  require.  The armature  
springs all move together because of mechanical 
coupling through their  bushings. The spring 
a s s e m b l i e s  u sed  with c l a s s  A re lays  a r e  
illustrated individually in Figure 16. The springs 
a r e  assembled between laminated paper-base 
phenolic insulators, which have been heated to 
exclude a l l  moisture. 

Form A - "Make" F o m  B - "Break" Form C - "Break-make" 
(single throw, (single throw, (double -throw) 

normally open) normally closed) 

Form D - "Make- Form % - "Break- 
before-break" make-before-break" 

Figure 16. &sic contact assemblies. 
(shorn in normal [moperatedl pos i t ion) .  

The complete assemblies  a r e  then placed in 
spec ia l  compression jigs and held by "high- 
tensile" steel screws tightened with power-driven 
screwdrivers. 

The number of spring combinations which can 
be operated depends upon the number of ampere 
turns developed in the coil. This depelids upon 
the number of turns of wire used to wind the coil, 
the resistance of the coil, and upon the voltage 
drop available in the circuit. 

Twin contacts a r e  specified sometimes. They 
have two contacts on each spring. Each contact 
is mounted on a s epa ra t e  section of spring 
to  permit each to operate independently. Thus 
even if one contact were held owen bv dust, the 

14. MOUNTINGS 

Relay mountings a r e  made f rom sheet s teel  
shaped to provide the most practical arrangement 
in every case. 

The individual re lay  bracket consists of an 
electrogalvanized steel  right angle (Figure 17) 
having punched holes for the coil terminals, 
mounting s c rews ,  and insulating bushings. 
Sometimes a slip-on sheet-steel cover with a 
guide is used for electromagnetic and electrostatic 
shielding between relays, mechanical protection, 
and a s  a dust cover. 

Figure 17. Typical individual relay bracket and cover. 

When relays  a r e  mounted in a row, electro- 
galvanized steel channels (Figure 18) provide a 
light and rigid support. Covers for such mountings 
a r e  not individual but cover a l l  the relays or  
spaces in the entire row. 

Figure 18. Typical relay mounting s tr ip .  

When relays are  mounted in groups (Figure 19), 
a sheet-metal base simplifies their mounting, 
assembly ,  and maintenance by providing a 
s tandardized mounting on which apparatus 
easily may be added, rearranged, or  removed. 

other contact would complete the cl'rcuit. All Figvre 19. Qpical relay-gruq "munting w r t h  jack-in 
type 57A relays (Figure 13) have twin contacts. base (showing front and rear covers and the jack).  






































