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TERMINOLOGY AND DEFINITIONS 

Conductors: 

Conductors (wires) provide a path for 
elec":r:lci ty to flow between tv10 points. 

Insulation: 

The insulator (or insulation) is the 
opposite of conductor in that it tends to 
prevent the flow of electric current. 

Resistance: 

Resistance is the property that tends 
to retard the flow ot electrical current. 
The unit of resistance is called an "ohm". 
The combined value of the resistance (in 
ohms) of a series circuit is equal to the 
sum of the individual resistances. The 
combined value (in ohms) ot any two resis
tances in parallel (multiple) is equal to 
their product divided by their sum. 

Current Flow: 

Current flow is electrical energy 
caps,tble of being put to work. The unit of 
current flow is called the "ampere". 

Voltage: 

Voltage is the force which causes the 
current to flow. The terms "voltage", 
"electrical pressure", 8Dd "electro-motive 
f'orce"are synonymous; "electro" indicat
ing electricity, "motive"a.s moving, and 
"f'orce"as pressure. The unit of eiectri
cal pressure is called the "volt". 

Ohm's Law: 

"Ohm' a Law" states that a pressure ot 
one volt is required to force a current of 
one ampere through a resistance ot one ohm 
Syllibolically stated, this means that Jc! 
pr R= ! or E= I .X:R where I= current R 

I tiow, R= resistance and E = voltage. 

Magnetism: 

h~gnetism is that property in per
manent and electromagnets which causes 

iron or st-eel to be att~acted. It is 
preoent around a wi're through which cur
rent is caused to flow. 

Induce Current: 

Current is caused to flow through a 
winding of a coil when a voltage is induc
ed in the winding by varying magneti o 
source. 

Circuit: 

The term circuit means pieces of ap
paratus and power supply so connected as 
to form a continuous path from one side ot 
the power supply to the other. 

Continuity: 

The term "continuity" means that the 
conductor or circuit is continuous and 
will provide an electrical path between 
two given points. 

Short Circuit: 

A short circuit is a shorter path tor 
the current to flow than that which is 
normally provided tor it. 

Grounds: 

When a wire of a subscriber's line 
comes in contact (electrically) with a 
grounded conductor, such as av.rater pipe 
or grounded side of another telephone 
line the wire is said to be groundc~. 

Crosses With Battery: 

A cross with battery occurs when one 
or both sides of a subscriber's line comes 
into contact (ele~trically) with the bat
tery side of another electrical circuit. 
Opens: 

An open circuit occurs when a wire is 
broken or may be any other condition which 
breaks the continuit1 ot the circuit. 
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SECTION .I 

. INSTRUMENT CIRCUIT AND ASSOCIATED PARTS 

PAR'!' I 

It becomes necessary in describing 
the operating functions of the instrument 
circuit to study the various parts, their 
iesign, and operation, so that the com
plete circuit will be more easily under
stood. 

The numbers in :Fig. 1 relate to the 
t'ollowing parts: (1) receiver, (2) trans
nitter, (3) induction coil, (4) conden
ser, (5) switchhook, and (6) ringers. 

L2 ----

5 

Fig. 1 

NOTE: Fig. 1 illustrates the sche-
11a.tic drawing of the standard sidetone 
lesk instrument circuit, and is for the 
?urpose of showing the • scheme of the cir
:ui t so that the operating features may 
>e studied. 

The Receiver 

The telephone receiver,Fig. 2,con-
11sts of "M" a U shaped type permanent 
mgnet, with a coil of insulated wire 
'Y" • wound on each pole. "D" is a thin 
.ron diaphragm mounted with its center 
Lirectly over the 9oles of the magnet, 
rith a space of about twelve thousandths 
1f an inch between the diaphragm and the 
iagnet poles.. Thl;l magnet and the dia-
1hragm are enclosed in a hard rubber 
1hell "S" and held in place by a hard 
.'Ubber cap "C". 

s M 

Fig. 2. 

The permanent magnet exerts a pull 
anthe diaphragm, causing it to be at
tracted to the pole pieces as shown in 
Fig. 2A. 

---__.,,..--OfAPHRAGM ~ 

IRON POLE. PIECES~ 

PERMANENT MAGNET4s} 

Fig. 2A 

When a current flows through the 
receiver coils in one direction, the 
electromagnetic field setup in the pole 
pieces aids that of the permanent magnet, 
thus pulling the diaphragm closer to the 
pole pieces as shown in Fig. 2B. 

Fig. 2B 

COIL AIDING 
MAGNET

. DIAPHRAGM f BENTMORE 

Yhen a current flows through the re
ceiver coils in the opposite direction, 
the electromagnetic field set up in the 
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poles ·opposes·at' tencts to neutralize tt...e 

pemanent magnetic .Lield, thereby re
sulting in the diay1u· ..... l=r'1 moving away 
:from the pole pieces as shown 1n Fig. 2C. 

SPOLE 
OF COIL 

_ ---=-~=-==~:-...--:,;~~~'.:°- N POLE 
OFCOIL 

I• 
Fig. 2C 

COIL OPPOSING 
MAGNET-

I DIAPHRAGM 
~ STRAIGHTENED 

OUT. 

t 

It can thus be seen that with-the 
aidof the permanent magnet the receiver 
diaphragm can be made to move closer to 
or farther away from the pole pieces. 

The Transmitter 

The transmitter,Fig. 3,has a metal 
diaphragm "A", which is mounted so as to 
be capable of vibrating from impulses 
given it by sound vibrations. To its cen-

Fig. 3 

DAMPING 
SPRING 

ter :is attached a stud "B" which is con-

nected to a small brass disc ''C". 'l'he 
disc fits into a cup "D", wllich is filled 
with small grains of carbo:q. "E". There 
is a thin insulating ring between the 
dis·c·and.cu'f>so that the electrical cmn
tact -iS:;made between the disc and cup 
through the carbon granules. The elec
tric~! connecdons are made one on the 
disc ari.d one on the cup. This transmit
ter is designed to change sound vibra
tions into electrical i~pulses, and is 
accomplished by varying the resistance 
of the carbon granules by the vibrations 
of the transmitter diaphragm. 

Withthe transmitter, receiver, and 
battery connected in series, as shown in 
Fig. 4, a current flows through the cir
cuit. The transmitter diaphragm is caus
ed to move back an:l forth in unison with tbe 

sound vibrations of the voice. As the dia
phragm moves inward, the disc crowds the 
carbon granules closer together thus re
ducing the resistance in _the circuit so 
that more current will flow and strengthen 
the receiver magnet , drawing the receiv
er diaphragm closer to the pole pieces. Each 
of the carbon granules can be compared to 
a piece of cinder with many rough protrud
ing points. When the carbon granules are 
crowded closer together, contact is made 
between the different granules at many more 

points so that more paths for the current 
are provided and the resistance is lowered. 

Fig. 4 
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When the transmitter diaphragm moves 
outward, the-particles of carbon are loos
ened and the resistance of the path through 
the:m is increased so that_ less current 
\11i.).l flow and the receiver ;magnet is weak
ened, allowing-the diaphragm to mo,ve away 
from the pole pieces. In this way, the re
cei ver diaphragm vibrates in unison with 
the transmitter diaphragm, so that the 
original sound is accurately reproduced. 

The transmitter acts as a valve in 
the circuit,andvaries the flow of cur
rent according to the movement of the dia
phragm. Aluminum is generally used for the 
.diaphragm and possesses little inertia 
and therefore will ut,t vibrate from its 
own momentum. 

The Induction Coil 

The use of the induction coil, prop-,
erly connected in the circuit, greatly 
improves transmission. 

p 

1~2 
1435 

118S 
3 ~T)-<,4 

s 

Fig. 5 

The induction coil,Fig. 5,consists 
of a laminated iron core, upon which are 
wound two windings of insulated wire, 
known as the primary ( 1 & 2) winding and 
the secondary (3 & 4) winding. 

, There are approximately 1,435 turns 
of wire in the primary winding and 1,165 
turns of wire in the secondary winding. 
The 46 type induction coil is provided 
lri th more turns of wire in the primary 

than 1n the secondary so that the voltage 
at the terminals of the primary winding is 
Bjreater than that at the secondary, thus 
causing a boosting effect; which will be 
described in detail in the complete cir
cuit description. 

The Condenser 

The condenser most commonly used in 
the instrument circuit consists of· two 
sheets of1 tinfoil, known as- the plates, 
separated from each other by paraffined 
paper. To each plate a terminal is fas
tened. for making external connectior.s. 
The plates and paper are rolled into a 
compact mass and placed in a metal con
tainer, which is filled with an insu
lating compound to exclude moisture. 

When the condenser is connected to a 
battery, one plate charges positively and 
the other negatively -until the voltagean 
them is equal to that of the battery, and 
no more currentwillflow. If the conden
ser is disconnected from the battery the 
charge (voltage) willrematn on the plates 
until discharged. The plates of a charged 
condense:f' will discharge when connected 
together. 

When the condenser is connected to an 
alternating voltage the currentdoes not 
flow through it but passes from one plate 
to the other as the direction of the ap
plied voltage changes. The amQunt of cur
rent that will flow in a cir.cui t contain
ing a condenser depends upon the voltage 
applied, the frequency of alternat:i,ons, 
and the impedance i.e. the capacity of 
the condel).ser, the resistance and i)!J'Eiuc
tance of the circuit. 

The Swi tchhook 

The swi tchhook is primarily a switch 
used to open and close certain parts of 
the circuit and advantage is taken of the 
fact that the receiver must be provided 
with some resting place when not in use. 
Th.e weight of the receiverwhen placed on 
the hook operates a lever which causes 
spring contacts to open,opening the cur
rent supply to the transmitter. 
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Owing to the high impedance ot the 
ringers to the voice currents, it is gen
erally not necessary that the ringer be 
disconnected from the line during talking 
periods as not enough of the voice currents 
will pass through the ringer to affect 
transmission. Fig. 6 shows typical 
switchhooks. 

5 

Fig. 6 
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THE SIDETONE Il!STRlll-!ENT CIRCUIT 

PART II 

The standard sidetone instrmnent 
circuit consists of two circuits, a 
~rimary and secondary. Fig. 7 shows 
the 9rimary circuit. 

LI 

p 

Lt 

Fig. 7 

Fig. 8 shows the secondary circuit. 

0---------111-----.... Lt 

s 

Fig. 8 

Fig. 9 shO\'ro the two circuits com
bined -to form t1'~- ste.ndnl"d sidetone in
strument circuit. 

6 

Fig. 9 

The current flows from Ll through 
the !)rimar:'J 1~2 winding of the induc
tion coil, switchhook, transmitter, and 
out on L2, as shown by the arrows in 
Fig. 9. Due to the resistance of the 
transmitter there will be a dro:p in 
voltage across its t~rminals. The re
ceiver, 3-4 winding of the induction 
coil, and the condenser (in serieR) are 
connected in ~arallel with the trans
~itter, and the 9lates of the con~enser 
will be at the same difference of volt
age as the dro~ in voltage across the 
transmitter, and the condenser will be 
charged. 

When the transmitter is s~oken in
to, the diaphragm is caused to vibrate 
rapidly in unison with the sound waves. 
As the transmitter diaphragm maven in
ward, the carbon granules ama com~ress
ed, lowering the resist~nce of the 
transmitter. The decreased· transmitter 
resistance will cause an immediate in
crease in the strength of the line cur
rent flowing through the induction coil 
!)rimary winding (1 & 2). 

Ttis decrease on the transmitter 
resistance disturbs the condition of 
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·l 

the secondary circuit. The condenser 
which has received an initial charge 
from the line discharges part of its 
charge through the path of the reduced 
resistance in the direction shown by 
the arrows in Fig. 10. 

LI LZ 

J -
l 

Fig. 10 

The current caused to flow through 
the secondary winding of the induction 
coil by the discharge of the condenser 
will induce a voltage in the primary 
winding. Since the primary is wound in 
the opposite direction to that of the 
secondary, the induced current flow 
through the primary will be iii the same 
direction as that flowing in the secon
dary and is added to the original in
creased line current flow caused by the 
decreased transmitter resistance. 

As the transmitter diaphragm moves 
outward, the carbon granules are loos
ened, thereby increasing the resistance 
of the transmitter and that of the cir
cuit, causing the line current to de
crease. The increased transmitt~r re
sistance increases the voltage dro9 
across its terminals and also the ter
minals of the condenser, causing the 
condenser to charge in the direction 
shown by the arrows in Fig. 11. 

Thia flow of current in the secon
dary circuit through the 3-4 winding of 
the induction coil induces a voltage in 
the primary 1-2 winding, causing a cur-

? 

rent to flow which -will be in t!le di
rection shovm 'by the arrows in Fig. 12. 

LI 

o=--------;~---~~2 

·I 1, 
4 

I I ---t -

l 
-

Fig. 11 

LI o---------ii-----.. ~Z 

Fig. 12 

The current flow through the pri
mary caused by the induced voltage is 
opposed to that flowing in the line and 
the line current will be further de
creased. Thus it is seen that the curM 
rent flowing through the 3-4 winding of 
the induction coil into the condenser 
greatly aids (by induction} the trans
mitter in decreasing the flow of the 
line current. 
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Thus it can be seen that 1:¥ the prop
er association of the induction coil wind
ings and the condenser with the transmit
ter, the condenser can be made. to charge 
and discharge through the induction coil 
in such a manner so as to aid the change 
in the line current caused by the varying 
resistance of the transmitter. This is 
called the "boosting effect." 

Operation of Set at Distant Station 

When the transmitter is spoken into, 
the station at the distant end receives 
the voice currents {alternating superim
posed on the direct current), v1hich flow 
through the set fro:r.i. Ll to L2, as shown 
by the arrows in Fig~ 13. 

LI 

o-------~~---..... LZ 

s l 

l 1 
Fig. 13 

These voice currents flowing through 
the prin.arJ 1-2 winding of the induction 
coil induce voltages of like char~cter
istics in the secondary 3-4 winding caus
ing currents :to flow :in the secondary cir
cuit through the receiver, strengthening 
and weakening the receiver magnets. The 
receiver diaphragm, being attracted and 
released with varying intensity, causes 
it to vibrate and produce sounds similar 
to those affect~ng the transmitter at 
the sending station. 

::-- -
The incoming voice currents from the 

line do not flow directly through too re
oei ver and 3-4 winding of the induction 
coil, charging and discharging the conden
ser, because the voltages induced in the 
3-4winding cause currents to flov1 in such 

8 

a direction as to oppoae the line 'Julca 
currents. When the impulse of current in 
the line is increasing in t1:e 1-2 winding 
of the induction coil in the direction 
shown by the arrows in Fig, 13, the cur-

. rent flowing :in the 3-4 winding {caused by 
the induced voltage) will be in the direc
tion shown by the arrows !n Fig. 14. The 

LI o---------t~----L2 

l 
l 

l r 1 

Fig. 14 

two currents unite and flow -t;;ogether 
through the transmitter. This is also 
true when the line impulse is i.n the op
posite direction. Therefore, the mannor 
in which the incoming voice currents af
fect the receiver is by induction. 

General Review of Station 
Parts and Circuits 

The function of the parts are: 

1. Transmitter: 'l'o produce electri
cally the characteristics ofsoi.md 
wa'les b-.r setting up fluctuating, 
direct current. 

2. Receiver: To reproduce or change 
the electrical variations into 
sound. 

3. Switchhook: To connect and dis
connect circuits. 

4. Induction Coil: To induce elec
tro:moti ve forces and aid or boost 
transmission. 
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5. Condenser: To prevent the flow 
ot direct current and to pass al
ternating current. 

The parts contained in and the func
tions ot the circuits are as follows: 

R 

! 

1. The primary circuit, Fig. 15. 

a. Primary (1-2) winding of in
duction coil Ll to R. 

b. "R" conductor of instrument 
cord. 

c. Switchhook contacts. 

d. "YY" transmitter 

e. Transmitter. 

f. "Y" transmitter 

g. "Y" conductor of 
cord to L2. 

Fig. 15 

The functions are: 

a. To signal operator. 

cord. 

cord. 

instrument 

Lt 

y 

b. To fluctuate the current when 
~cted upon by sound waves. 

c. To set up a variable magnetic 
tieJ.d. 

d. To send voice waves electric
all.y. 

2. 

9 

The secondary circuit, Fig. 16. 

a. Condenserrto "C" post. 

b. Secondary (3-4) winding of 
induction coil "C" to "GN". 

c. "GN" conductor of instrument 
cord. 

d. "GN" conductor of receiver 
cord. 

e. Receiver. 

t. "W" conductor of receiver 
cord. 

g. Switchhook contacts. 

h. rryyn transmitter cord. 

i. Transmitter. 

j. "Y" transmitter cord. 

k. "Y" conductor of instrument 
cord to L2 and condenser. 

u,,,--------~t-----L2 

Fig. 16 

The functions are: 

y 

y 

a. To receive the electrically 
transmitted voice- waves. 

b. To convert the variable mag
netic field into the repro
duction of sound. 
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THE SIDEI'ONE REDUCTION CIRCUIT 

"Sid·etone" is the sound produced in 
the receiverby vibrations affecting the 
tranami tter :in the same set, and is encoun
tered in all sets except anti-sidetone 
sets, which will be explained later. In 
common battery sets located near the cen
tral office a comparatively large amount 
of current passes through the transmit
ter, which in many cases causes EXCESSIVE 
sidetone. If extraneous noises are pres
ent, they may be reproduced in the re
ceiver to suchm extent as to iijterfere 
with normal incoming and outgoing trans
missiorQ This sidetone may be reduced to 
some extent by modifying the circuit ar
rangement as shown in Fig. 17. 

LI 
<>---------.i-----~L2 

p s 

Fig. 17 

10 

This is accomplished by reversing the 
red and yellow cords in the subscriber's 
set. 

The receiver, secondary winding of 
induction coil, and condenser are not con
nected across the transmitter when the 
sidetone reduction circuit is used. 'Ihere
fore, the varJing resistance of the trans
mitter does not charge and discharge the 
condenser through the secondary circuit 
and there will be no current flowing 
through the receiver, due to this action 
of the transmitter; ·consequently, the 
sidetone is much less. With the modified 
circuit (sidetone reduction! the voice 
currents are set up in the line by the 
var-fing resistance of the transmitter 
alone, and are not affected by the boost
ing action of the condenser and 3-4 wind
ing of the induction coil. This results 
in a loss in the transmission volume of 
the set,and for this reasqnthe sidetone 
reduction circuit should only be used 
where the extraneous noises arevery ob
jectionable. (Ree B. S. P. on Zonin'1:.) 

When loceting fPults on instrument 
with this type of connection, it is ad
vi seble to temnorE:rily connect instru
ment back to standard sidetone connec
tion by reversing the yellow and red 
cords back to their respective posts in 
the subset until ft=!ult is locflted.After 
trouble has been cleared reverse cords 
back Egain for sidetone reduction con
nection. 
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FAULT LOCATING SIDE.TONE ;E(,!UIPMENT 

METHOD 

SECTION II 

.Fault locating can be divided into 
four general classifications correspond
ing to the four functions of the instru
ment circuit, namely: 

1. Signalling the operator. 
2. Signalling the subscriber. 
3. Transmitting the message. 
4. Receiving the message. 

The repairman therefore, in locat
ing these various faults, must devise a 
thorough testing method with the aid of 
his hand test receiver, and by proper 
analyzation can readily determine those 
portions of the circuit which are not 
functioning properly. 

This section, including the follow
ing test-note sheets, one to six inclu
sive, is devoted entirely to the proce
dures and method referred to in the 
above mentioned paragraph. 

On a reported case of trouble on a 
subscriber's line, the following items 
should be carefully considered: 

(1) 

(2) 

( 3) 
(4) 

( 5) 

(a) 

(b) 

( c) 

The type of service and the 
number of stations involved. 

Entire circuit; central office 
equipment involved in the line 
station circuit arrangement. 

Type of apparatus involved. 
What effect does trouble report 

have on subscriber•s · service. 
The susceptibility of various 

parts of equipment and partic
ular portions of subscriber's 
line circuit to certain 
faults, such as: 

Noisy line when subscriber 
moves handset cord indicates 
possible defective cord. 

Can't hear report indicates 
possible defective induction 
coil, receiver, or condenser. 

Can't be heard report indicates 
possible defective transmit
ter. 

12 

(d) Can't raise operator report 
indicates tip or ring of sub
scriber's line open, or pri
mary of instrument circuit. 

(e) Report of can be heard, but 
can't hear, indicates possible 
receiver, or secondary of in
strument circuit open. 

(f) Report of phone is O.K. but 
bells don't ring indicates a 
possible open ringer or open 
signalling ground in case of · 
party service. 

(6) Weather conditions in many in
stances should be considered 
at the time trouble is dis
patched due to the effect of 
rain, sleet, and snow has on 
our outside drop and block 
wiring which causes permanents 
through shorts and grounds. 
These items mentioned, in many 
instances, and also the com
plete information obtained by 
the tester helps to guide the 
repairman in analyzing his 
trouble and to determine the 
most appropriate point to make 
his first tests. Upon comple
tion of the test, he can read
ily determine the direction of 
the trouble (that is toward 
the central office or the sub
scriber's premises) and then 
following this direction with 
tests at other points until 
the source has been definitely 
established at which time he 
should make the necessary re
pairs or replacements to re
establish S€rvice for the sub
scriber in a permanent and 
work~anlike manner. 
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FAULT LOCATING SIDETONE WUIPMENT 

(CAN'T RAISE OP.IBA.TOR {C.R.O.) 
REPORTED TROUBLE - : . 

POSSIBLE CA\J 1!; 

1. Open Primary Circuit 

1. TEST - CAN I T RAISE OPERATOR OR NO 
DIAL TONE 

(a) Open Bell Circuit at C post. 
(b) Open Yellow cord in Subset. 
(c) Remove receiver from Switch-

hook. 

(d) Connect one clip of test set 
to L2Y post and with the 
other clip touch open Yellow 
cord in Subset. If no 
clicks are heard the test 
indicates an open in the 
primary circuit. Test.back 
thru primary circuit toward 
Ll post until clicks are 
heard. When no clicks are 
heard on one test; and on 
the test at the next point 
clicks are heard, the fault 
(open) is located between 
the two points at which 
these tests were made. 

POINTS TO BE T~STiill IN PRDLARY ClliCUIT 

Pedestal or Desk Stand 

Non-Dial 

Yel. CD at Subset 
Y. post at Ped. 
Y. CD at Trans. 
Y.Y. CD at Trans. 
Y.Y. at S. Hook 
R. post S. Hook 

R. post Subset 
#2 Ind. Coil 
#1 Ind. Coil 
Ll post in Subset 

Yel. CD at Subset 
Y. at Dial 
B.K. at Dial 
Blk. CD at Trans. 
Y.Y. CD at Trans. 
Y.Y. CDS. Hook 

R. CDS. Hook 
R. Base Ped. 
R. Subset 
#2 Ind. Coil 
#1 Ind. Coil 
11 Subset 

(NO DIAL TONE (N.D.T.) 

Handset 

Non-Dial 
Yel. CD at Subset 
I. Base H. Set 
B.K. Aase H. Set 
B.K: at H. Set 

(See Note) 
R. at H. Set 
Check contacts 

at Trans. 
R. Base H. Set 
R. Subset 
#2 Ind. Coil 
#1 Ind. Coil 
Ll Subset 

Yel. CD at Subset 
Y Base H. Set 
B.K. Base H. Set 
I. Dial, 

B.K. Dial 
B.K. &. Set 

(See Note) 
R.H. Set 
R. Dial 
R. S. Set 
#2 Ind. Coil 
#1 Ind. Coil 
Ll Subset 

Nor~: In testing black cord at handset, 
the transmitter unit would have to be re
moved breaking the path leading from L1. 
After removing the transmitter to test 
black cord - close down Yellow in Subset 
and move clip of test set to Ll in Subset 
and test bac~ from black cord at Handset 
toward L2Y in Subset~ 

15 
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FAULT LOCATING SIDEl'ONE FNUIP~T 

REPOm'ED TROUBLE PERMANE14T (PERM.) 

POSSIBLE CAUSES 

1. Shorted Condenser 
2. Crossed Green and Yellow Cords 
3. Crossed Red and Yellow Cords 
4. Crossed Switchhook Contacts 

Type of cross will be indicated by 
meter reading given to the repairman by 
the tester. A shorted condenser or a 
crossed Green and Yellow cord must go 
thru a portion of the equipment (ringer 
coils) while a cross Red and Yellow cord 
is directly across the tip and ring of 
the line. 

1. TEST - SHORTED CONDENSl!.R - CROSSED 
GREfu.\1 AND YELLOW CORDS - SWITCHHOOK 

CONTACTS. 

(a) Open bell circuits at C post. 
(b) With receiver on the hook, 

connect one clip of test set 
on C post and with the other 
clip test Ll post several 
times. If clicks are heard 
each time Ll post is tested 
it indicates one of the 
above mentioned troubles. 
Continue with test C. 

(c} Open Green cord in Subset and 
retest Ll post several times 
with one clip of test set 
still on C post. If clicks 
are heard each time 11 post 
is tested the condenser is 
shorted. If no clicks are 
heard continue with test D. 

(d) Close down Green cord in Sub
set and open Green cord in 
pedestal or Handset base. 
Retest Ll post with one clip 
of test set on C post. If . 
clicks are heard each time 
Ll post is tested the Green 
and Yellow cords are 
crossed. If no clicks are 
heard trouble is in the 
switchhook contacts. 

2. TEST - SHOm'ED RED AND Yl!..L.LOW CORDS
SWITCHHOOK CONTACTS. 

(a) 
(b) 
( c) 

( d) 

Open Bell circuit at C post. 
Open Yellow cord in Subset. 
Connect one clip of test set 

to L2Y post and with the 
other clip touch the open 
Yellow cord in Subset. If 
clicks are heard each time 
Yellow cord is tested it in
dicates one of the above 
mentioned troubles. Con
tinue wi,.th test D. 

Open Yellow cord in pedestal 
or Handset ( leave Yellow 
open in Subset also) • Re
test the open Yellow cord in 
Subset (one clip of test set 
on L2Y post). If clicks are 
heard each time the Yellow 
cord is tested the Yellow 
and Red cords are shorted. 
If no clicks are heard the 
trouble is in the switch
hook contacts. 
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FAULT LOCATING SIDEI'ONE EQUIPW!;NT 

REFORTEIJ TROUBLE - BELL ~•T RING (B.D.R.) 

POSSIBLE CAUSE OF TROUBLE 

l. Open Condenser 
2. Open Ringer Coils or Bell Jumper 
3. Crossed Induction Coil 
4. Crossed Red and Green Instrument 

Cords 
5. Crossed Switchhook Contacts 

1. TE;ST OPEN CONDENSER. 

(a) Open bell circuit at C post. 
(b) Remove receiver from switch-

hook and listen for side
tone. If sidetone is heard 
condenser is O.K. If no 
sidetone is heard short cir
cuit tenninals of condenser 
(with test set) if sidetone 
is restored condenser is 
open. Replace· receiver on 
switchhook in testing for 
other troubles. 

2. TE.Sr FOR OPEN RINGER. 

(a) Open bell circuit at C post. 
(b) Connect clip of test set to 

L2Y post and with the other 
clip touch open bell jumper. 
If click is heard each time 
tested bells are O.K. If no 
clicks are heard - test con
nections at ringer coils -
testing back toward Ll till 
click is heard. 

3, 4 & 5. TEST CROSSElJ INDUCTION 
COIL - CORDS (R & GR.) 
Sw. Hk. Contacts. 

(a) Open bell circuit at C post. 
(b) Connect one clip of test set 

on L2Y post and with the 
other clip test C post sev
eral tL~es. If clicks are 
heard each time test is made 
it indicates one of the 
above mentioned troubles. 
Continue with test C. 
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(c) Open Green cord in subset and 
retest C post several times 
with one clip still on 
L2I post. If clicks are 
heard each time test is made 
the Induction Coil is Cross
ed. If no clicks are heard 
continue with test D. 

(d} Close down Green cord in sub
set and open Green cord at 
base of handset or pedestal. 
Retest C post ( .clip still on 
L2Y post), if clicks are 
heard each time test is made 
the Red and Green instrument 
cords are crossed. If no 
clicks are heard mtchhook 
contacts are crossed. 
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£AULT LOCATING SID1TONE Ebi),UIPMENT 
REPORTED TROUBLE TRANSMITTER DEAD OR CAN'T BE HE.ARD (C.B.H.) 

POSSIBLE CAUSE 

1. Crossed Red and Black Handset Cord 
2. Crossed Black and White Handset Cord 

(Black and White Crossed Can't Hear) 
3 •. Transmitter Cords Yel. and Yel. Yel. 

Crossed (Dsk. Stand) 
4. Packed or Shorted Transmitter Unit 

1 & 2. T1ST OF CROSSED HANDS:B.'I' 
CORDS 

(a) Open bell. circuit at C post. 
(b) Remove transmitter unit from 

handset. 
(c) Open White cord in handset 

handle and hold ·switchhook 
down. 

(d) Connect one clip of test set 
to L2Y post and with the 
other clip test Black cord 
in handset handle. If 
clicks are heard each time 
the Black cord is tested the 
Red and Black cords are 
crossed. If no clicks are 
heard continue with test E. 

(e) Close down White cord in hand
set handle. Test Black cord 
again (clip of test set on 
L2Y post). If clicks are 
heard each time Black cord 
is tested the White and 
Black handset cords are 
crossed. ~ ~. 

NOTE: Black and White hl3.lldset cord 
crossed would be referred to re
pairman as Can't Hear. 

3. ·TI:ET OF SHORTEL TRANSMITTER 
COR.l;~ Y AND YY (DSK. STAND) 

(a) Open Yellow transmitter cord 
at Y post in base of desk 
stand and also at transmit
ter. 

(b) Remove receiver from hook. 
(c) Connect one clip of test set 

on L2Y post and touch open 

18 

Yellow transmitter wire. If 
click is heard Yellow and 
Yellow-Yellow transmitter 
wires are crossed. 

4. PACKED OR SHORTED TR/u.._.SMITTE.R 
UNIT. 

If after all aforementioned pos
sible causes have been elimina
ted, make comparison test with 
new transmitter. 
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FAULT LOCATING SIDETONE EQUIPlil'.NT 

REPORTED TROUBLE CAN'T H1AR (C.H.) 

POSSIBLE CAUSES 

1. Open in Secondary Circuit 
2. Crossed Cords 

Receiver Cord (Pedestal -
Green - White) 
Handset Cord (Red - White -
Black) 

3. Shorted Receiver 
4. Filings on Receiver Pole Pieces 
5. Bent Receiver Diaphragm 
6. Loose Receiver Cap 
7. Low Volume Induction Coil 

1. TEST OPEN SECONDARY CIRCUIT 

(a) Open bell circuit at C post. 
(b) Open Yellow cord in subset. 
(c) Remove receiver from switch-

hoc,k. 
(d) Connect one clip of test set 

to L2Y post and with the 
other clip touch C post sev
eral times. If no clicks 
are heard each time the C 
post is tested the secondary 
circuit is open. Test back 
thru secondary circuit until 
click is heard. When no 
clicks are heard on one test 
and on the test at the next 
point clicks are heard the 
fault (open) is located be
tween the two points at 
which these tests were made. 

POINTS TO BE TESTED IN SECONDARY CIRCUIT 

Pedestal or Desk Stand 

C Post Subset 
#3 Ind. Coil 
#4 Ind. Coil 
GN Subset 
GN IN Pedestal 
GN AT Receiver 
White at Receiver 
White at s. Hook 
R. at S. Hook 

Dial 

C Post Subset 
#3 Ind. Coil 
#4 Ind. Coil 
GN Subset 
GN Base Pedestal 
GN AT Receiver 
White at Receiver 
White at Dial 
B. B. at Dial 
B. B. at S. Hook 
R. at S. Hook 

POINTS TO BE TESTED IN SECONDARY CIRCUIT 

Handset 

C Post Subset 
#3 Ind. Coil 
#4 Ind. Coil 
GN Subset 

C Post Subset 
#3 Ind. Coil 
#4 Ind. Coil 
GN Subset 

GN Base H. Set 
W Base H. Set 

GN Base H. Set 
W. Base H. Set 

W. Handset 
(S Hook) 

B. B. Dial 
W. Dial R. Handset 

R. Base Handset 
R. Subset 

Vi. Handset 
R. Handset 
R. Base Handset 
R. Subset 

2. TEST CROSSED CORDS 

Handset Corda (Red andWhite -
Black and White) 

Pedestal Cords (White and Green 
Receiver Cords) 

Handset. 
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(a) Open bells at C post. 
(b) Open Yellow cord in subset. 
(c) Remove transmitter and receiv-

er wiits from handset. Ho1d 
switchhook down. 

( d) Open White cord in handset 
handle. 

(e) Connect one clip of test set 
to L2Y post and with the 
other clip touch White post 
in handset handle. If 
clicks are heard the wires 
molded in the handset handle 
are crossed. If no clicks 
are heard continue with Test 
F. 

(f) If no clicks are heard in Test 
E touch open Vlhite cord at 
handset handle (clip still 
on L2Y and switchhook down). 
If clicks are heard each 
time tested, the White and 
Red handset cords are cross
ed. If no clicks are heard 
continue with Test G. 
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CAN'T HEAR - (CONT'D.) 

(g} Replace receiver unit on hand
set handle. Close down 
White cord in handset han
dle and touch the Black cord 
at handset handle several 
times (one clip of test on 
L2Y and switchhook down). 
If clicks are heard each 
time the White and Black 
handset cords are crossed. 

Pedestal - Crossed receiver cord 
(Green and White). 

(a) Open bell circuit at C post. 
(b) Open Yellow cord at subset. 
(c) Open Gr~en cord at Pedestal 

and Receiver. (Leave re
ceiver off ~ook). 

(d) Connect one clip of test set 
to L2Y post and with the 
other clip touch open Green 
cord several times. If 
clicks are heard each ti~e 
Green cord is tested, the ' 
White and Green receiver 
cords are crossed. 

3, 4, 5 & 6. LOOSE ID;CEIVIB CAP -
SHORTl!.D RECEIVIB-BENT RI:.
CEIVIB DIAPHRAGM 

(a) 

(b) 

( c) 

(d) 

Check for filings on receiver 
pole pieces. 

Check for tigqtness of receiv
er cap. 

Check condition of receiver 
diaphragm. 

Shorted receiver - If after a 
test for open secondary cir
cuit or a crossed cord no 
trouble is found substitute 
receiver with a new one and 
make comparison on test. 
This test should be made 
with same testman for both 
old and new receiver. 

7. LOW VOLUME INDUCTION COIL 

(a) If after eliminating all other 
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possible causes of trouble 
make comparison test with 
new induction coil, as sta
ted in B.S.P. C61.792. Here 
again the same testman 
should be contacted on mak
ing comparison test with old 
and new induction coil. 
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SECTION III 

COMLlON BATTERY 

ANTI-SID1TONE INSTRlJAtllliT CIRCUIT 

This section covers the general 
transmission features of the common bat
tery anti-sidetone station sets; which 
differs somewhat with the features of 
the sidetone instrument circuit previ
ously mentioned in Section I. 

In the anti-sidetone instrument 
circuit, we have introduced a third 
winding, or balancing winding on the in
duction coil and a balancing network for 
the purpose of reducing sidetone, which 
is commonly found in sidetone station 
equipment. 

Sidetone, as referred to in the 
station instnunent circuit, is the 
transmission and reproduction of spunds 
through a local path from the transmit
ter to the receiver of the same tele
phone station. 

Therefore, in sum.mar1z1ng the two 
standard types of common battery station 
circuits, we find the sidetone telephone 
set is one which~~ include a bal
ancing winding on the induction coil to
gether with a balancing network for the 
purpose of reducing sidetone, and the 
anti-sidetone set which does include a 
bala.~cing winding on the induction coil 
and a balancing network for the purpose 
of reducing sidetone. 

Material improvements in transmit
tin~ and receiving performances are ob
tair1~ble with the anti-sidetone sets. 
Room noises picked up by the local 
transmitter and reproduced in the re
ceiver through the sidetone path tends 
to mask the incoming speech. The loud
ness with which the telephone user talks 
into the transmitter is influenced to a 
great extent by the loudness of the 
sidetone. The reduction in sidetone af
forded by the anti-sidetone sets, re
sults in a receiving improvement because 
of the reduction in the room noise re
produced in the receiver and a transmit-

ting gain :inasmuch as it influences the 
telephone user to talk more nearly at a 
nonnal volume. As the volume transmit
ting and receiving circuit efficiencies 
of the anti-sidetone set are approxi
mately the same as those of the sidetone 
set, the transmission improvements are 
due entirely to the effect of reduced 
sidetone as mentioned above. 

The apparatus 
anti-sidetone and 
follows: 

differences between 
sidetone set are as 

{a) 

{b) 

{ c) 

(d) 

It employs an induction coil 
having three windings {Pri
mary, Secondary and Tertiary) 
instead of two windings used 
in the sidetone equipment. 

Separate ringing and transmis
sion condensers are used 
which tends toward better 
and more unifonn signalling 
conditions and improves pre
trip conditions. The con
denser in the transmission 
circuit is of 2 m.f. capac
ity and the ringing conden
ser is of 1 or½ m.f. capac
ity. 

An additional switchhook con
tact spring is required on 
desk stands, wall sets, coin 
collectors, etc. None is 
required for hand telephone 
sets. 

A foui;th conductor is required 
in the cord from the desk 
stand or hand set mounting 
to the subscriber set. 
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THE ANTI-SIDEl'ONE INSTRUMENT CIRCUIT 

The anti-sidetone instrument circuit 
has three parts instead of the customary 
two found in the standard side tone instru
ment circuit. They are primary,Fig. 18, 
secondary,Fig. 19,and tertiary,Fig. 20. 

LI , 

Fig. 18 

10-----1----1.1 

Fig. 19 

Fig. 20 

The primary and tertiary windings are 
wound in the same direction and reversed 
to the secondary winding as shownin Fig. 
20. 

u 
t LZ 

l 1 

l l 
Fig. 21 

When the transmitter diaphragm. moves 
inward~ the transmitter resistance is de
creased, causing an immediate increase in 
strength of the current flowing in the 
primary circuit through'tbe primary wind
ing 1-2 of the induction coil and the 
transmitter, as shown by the arrows in 
Fig. 21. This decrease inthc transmitter 

28 
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resistance also allows the condenser t~ 
discharge in the direction shown by the 

0----,.---11--,,......---.u 

4 1 

Fig. 22 

arrows in Fig. 22, causing a current to 
tlow in the receiver. 

When a current is caused to tlow :m 
the 3-4 winding ot the induction coil,a 
voltage will be induced in the tertiary 
winding ot the induction coil, causing 
a current to tlow through it in the 
same direction as that in the secondazy, 
as ahown by the arrows in Fig. 23. 

l . 
1 

t -
Fig. 24 

current flowing through the receiver 
is in one direction while in the terti,. 
ary circuit, Fig. 24, the current tlow 
through the receiver is in the oppo
site direction. When the primary, 
secondary; and tertiary circuits are 
combined they torm the anti-sidetone 
instrument circuit, Fig. 25. It can 
now be seen that the receiver is in 
series with both the seco~dary and 
tertiary circuits. Since the currents 
flowing in the secondary and the terti
ary circuits ere ot the same value, and 
their flow through the receiver is in 
opposite directions, no current will 
flow through the receiver at this time, 
the path taken being shown by the 

LI 

! 
t - -

Fig. 23 Fig. 25 

Arrows in Fig. 24 show the direc
tion ot the current tlow in the terti
ary circuit. It can thus be seen that 
in the secondary circuit, Fig. 22, the 
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arrows in Fig~ 25. The current which 
tlows through the secondary winding ot 
the induction coil also induces a volt
age in the primary causing a current 
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to flow in the primary in the same direc
tion as that in the secondary, as shown by 
the arrows in Fig . 26. It can thua be 

! 

Fig_, 26 

seen that the flow of increased line cur
rent in Fig. 2~ and the induced current 
in Fig. 25,will bein the same direction 
and will aid one another. 

As the transmitter diaphragm moves · 
outward,its resistance increases,retard
ing the line current flow. The condenser 
takes on more charge, causing a current to 
flow in the secondary winding in the direc
t ion shown by the arrow in Fig. 27. The 

Fig. 27 

ourrent flowing in the secondary induces a 
rol tage in the primary, causing a current 
to flow :In the direction shown by the ar
l."Ows·in Fig. 28. The induced current flow 

Fig. 28 

in the primary is in the opposite direc
tion to the line current, thus further re
tarding it. There will be no current 
flowing :in the receiver at this time be
cause the direction of the flow of current 
in the receiver portion of the secondary 
and tertiary circuits are in the opposite 
direction and of the same value. 

Operation of Set When Distant 
Transmitter is Spoken Into 

As the line current increases in the 
primary winding a voltage will be induced 
in the s.econdary; causing a current to flow 
in the secondary circuit, as shown by the 
arrows in Fig. 29. The increased flow of 
line rurrent through the primary will also 

Fi~. 29 
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induce a voltage in the tertiary. No addi
tional current will flow through the re
ceiver as a result of the voltage induced 
in the tertiary because the voltage drop 
across it at this time is equal, and of 
opposite polarity, to the induced voltage 
of the tertiary. 

As the line current decreases in the 
primary, a voltage will be induced in the 
secondary, causing a current to flow in 
the secondary circt..i t, as shown by the ar
rows in Fig. 30. 

t 

Fig. 30 

The decreased flow of line current in 
the primary will induce a voltage in the 
tertiary. No additional current will :Cl.ow 
in the receiver as a result of the voltage 
induced in the tertiary because the volt
age drop across it at this time is equal, 
and of opposite polarity, to the induced 
voltage of the tertiar'J. 

With this circuit arrangement, the 
:manner in which the receiver is actuated 
io by induced current. 

General Review of the Anti
Sidetone Station Circuit 

The parts cont:1ined in the circuits 
are . as follows: 

1. -Primary circuit (Fig. 31). 

a. Primary winding Ll to "R" of 
induction coil. 
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b. "R" conductor of instrument 
cord. 

c. "YY" transmitter cord. 

d. Transmitter. 

e. ''Y" transmitter cord. 

t. Switchhook contacts. 

g. ''Y" conductor of instrument 
cord to L2. 

Ll 

R 
R V 

y 

Fig. 31 

2. Secondary circuit (Fig. 32). 

a. Condenser to "C" post. 

b. Secondary winding of induc
tion coil "C" to "GN". 

c. "GN" conductor of instrument 
cord to "GN" post in pedestal. 

d. Green receiver cord. 

e. Receiver. 

f. "W" receiver cord. 

g. Switchhook contacts. 

h. ''YY" ·transmitter cord. 

1. Transmitter. 

j. "Y" transmitter cord. 
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k. "BK" conductor cf instrument 
cord to condens·er. 

't 
2Mf' 

w 

VY BK 

Fig. 32 

3. Tertiary circuit (Fig. 33). 

a. Tertiary windingof induction 
coil ''GN" t .o "H". 

b. "R" conductor of instrument 
cord. 

c. Switchhook contacts 

d. "W" rec:e1 ver cord. 

e. Receiver. 

f. "GN" receiver corp.. 

g. "GN" conductor of instrument 
cord. 

w 

Fig . 33 
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@WION IV 

FAULT LOCATING ANTI-SIDEl'ONE FJ.j!UIPMENT 

GlllERAL DESCRIPTION 

PART I 

To locate faults in the standard 
anti-sidetone sets we must first famili
arize ourselves with the changes that 
have been made in the instrument circuit 
in comparison to the standard sidetone 
instruments and what effect they have in 
the analy'zing and locating of faults in 
the circuit. (See Page l'.5). For ex
ample, we have added a third winding 
(tertiary) to our induction coils and, 
in so doing, have connected line one to 
all parts of our instrument circuit ex
cept the yellow cord connecting L2Y post 
and Y post in the base of the·handset or 
desk stand. We have added a fourth cord 
to the handsets and desk stands, (black 
cord) which connects the BK posts in the 
subset to the BK post in the base of the 
instrument. This cord completes part of 
the secondary circuit by terminating 
on the BK post in the subset with the 
block iead from the talking condenser, 
thus remoVing the condenser from L2Y 
post where it had previously terminated 
in the standard sidetone circuit. We 
have also introduced a separate ringing 
condenser which separates our ringer 
circuit entirely from our talking cir
cuit, as we had in the sidetone instru
ment. Therefore, we can readily see 
that a new method of testing and locat
ing faults must be applied in the anti
sidetone circuit as follows. 

The continuity of the entire in
strument circuit can be tested through 
the means of five simple tests with the 
receiver on the hook. 

(1) Connect one clip of the test 
receiver on L2Y post and 
with the other clip touch 
the C post several times. A 
click indicates the path to 
line 1 including the second
ary, tertiary and primary 
windings of the induction 
coil and their respective 
ties are not open. 
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(2) 

(3) 

(4) 

( 5) 

Clip still on L2Y post touch 
the BK post in the subset 
several times; a click indi
cating the path to line 1 
through the black instM.Vllent 
cord, black .handset cord, 
transmitter,transmitter con
tacts, red handset cord, red 
instrument cord and primary 
of induction coil is not 
open. 

Clip on L2Y post touch the Gn 
post in the base of handset; 
a click indicating the green 
instrument cord, tertiary, 
and primary windings of in
duction coil are not open. 

Clip on· L2Y post touch.the W 
post in base of handset; a 
click indicating the white 
handset cord, receiver, 
wires moulded in handset 
handle leading to receiver, 
red handset cord, red in
strument cord, and Primary 
of induction coil are not 
open. 

Place one clip of test receiv
er on 11 and with the other 
clip touch the Gn post in 
the base of the handset with 
the receiver off the hook 
and red instrument cord open 
in subset. A click indi-s~~'t~~t:J} to Line 2 through 
r.e ~-~- "'bontacts in base of 
handset, white handset cord, 
handset handle, receiver, 
transmitter, black handset 
cord, contacts in base of 
handset for primary circuit 
and yellow cord are not op
en. 

If no clicks were heard at any of 
these various points previously men
tioned we would make tests at various 
testing points back through their re
spective paths to Ll or L2 and the fault 
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being- located between the two points 
where the click is heard and not heard. 

The continuity of the ringer cir
cuit can be tested in the same manner by 
placing one clip of the test receiver ori 
L2X' post and with the other clip touch 
the K post several times, a click heard 
indicating the path to Ll, or to ground 
in case of party service, is not open. 

The ringing and talking condensers 
are the remaining parts of apparatus to 
be _tested for possible opens. To test 
the ringing condenser, open the slate 
wire of the condenser at the K post and 
with one clip of the test receiver on 
the open lead altemately touch Ll and 
L2., a click heard indicating the conden
ser is O. K. The talking condenser can 
be tested by the same method by opening 
the red condenser lead at C post in the 
subset and with one clip on the test re
ceiver on the opened lead altemately 
touch Ll and L2. By making this test, 
we charge and discharge our condensers 
from bat. to grd. (11 to 12). 

In the case of a shorted talking 
condenser, with one clip of our -test re
ceiver on 12, we would touch the open 
red condenser lead several times indi
cating the direct current was passing 
through the condenser to the other side 
which has Ll connected to its BK termi
nal. 

If our ringing condenser was short
ed, it is obvious to see we would have a 
short on the line or a tip or ring 
ground in the event of party service. 
In testing, place one clip of the test 
receiver on Ll and with the _iother clip 
touch the open slate condenser lead sev
eral times, a click in the receiver each 
time indicating the direct current is 
passing through the shorted condenser to 
the other side which terminates on L2. 

In analJrzing our circuit for 
crossed instrument cords we can see that 
a yellow cord crossed with the black, 
green or red cords would result in a · 
case of pennanent line signal trouble, 
while crosses between the other three 
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cords, (Red, Green and Black), would 
give us various reports of "Can• t hear", 
Can't hear ,rell", 11Can't hear at times", 
and 11Can•t be heard", depending on which 
two cords we~e crossed. 

Assuming we had a reported case of 
permanent and we suapected crossed in
strument cords as mentioned above, we 
would test as follows: 
With one clip of our test set connected 
to L2Y and receiver on the hook touch 
the BK and C posts in the subset and Gn 
and W post in the base of the handset; 
if clicks were heard at all points test
ed except the BK post it would indicate 
a crossed yellow and black instrument 
cord, in other words the closer we got 
to our short the less or no clicks we 
received in the receiver. The reason 
for this is the current flowing from Ll 
to L2 takes the path of least resistance 
which in this case was through the 
crossed cords rather than through the 
test receiver which is of higher resis
tance than the short in the cords. The 
same in the event of a crossed yellow 
and green cord, a click would be heard 
on the BK, C and W posts, but no click 
would be heard at the Gn post, indi
cating the green and yellow cords are 
crossed. 

This method of testing ma.Y be used 
where the trouble indicates a solid 
short. In the event of a high resis
tance short between the cords, a process 
of elimination must be used, as follows: 
Open each individual cord in both the 
subscriber set and the base of the hand
set mounting or desk stand, and with one 
clip of the test receiver on Ll post 
touch open black cord several times with 
the other clip of test set. If click is 
heard black and yellow instrument cord 
is crossed. If no click is heard, touch 
open green cord, a click indicating 
green and yellow instrument cords are 
crossed. If no click is heard touch 
open red cord, a click indicating red 
and yellow are crossed. 

Where the report indicates that 
there is a possible crossed green and 
black or red cords. such as a C.H. or 
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C.B.H. report, a process of elimination 
must be used; for example, let us assume 
the green arid black cords were crossed. 
Connecting one clip of our test receiver 
on 12, instrument receiver on the hook 
and the green cord open at the subset, 
we would touch the open green cord, a 
click indicating the green cord was 
crossed with the black or red instrument 
cords; then by opening the black cord at 
the BK post in the base of the handset 
removing the path to U and again touch
ing the open green cord a click would 
indicate the green and red cords were 
crossed, if no click was heard the green 
and black cords are crossed. The same 
method can be applied in the event of a 
crossed black and red or green and red 
cords. 

Where the report and tests by the 
tester and repairman indicates possible 
crossed handset cords, (black, white and 
red), the same tests can be followed as 
were applied in the sidetone instrument 
circuit; also where the wires moulded in 
the handset handle are crossed. 

Extreme caution should be exercised 
by the repairman when dispatched on 
"Can't hear well", or "Can't hear at 
times" report on an antisidetone instru
ment, and a complete continuity test of 
the entire circuit should be made for 
the following reasons. In analyzing the 
circuit, we will find that though the 
red instrument cord, red handset cord, 
secondary coil of the induction coil, 
condenser and black instrument cord were 
missing the subscriber could still use 
the phone in the usual manner, although 
they could not hear as well on suburban 
and long distance calls. - This would be 
due to the fact that the balancing net
work of the circuit has been complete:cy 
taken out, and the talking path would be 
from Ll through the primary and tertiary 
of the induction coil, green instrument 
cord, white handset cord, handset han
dle, receiver, transmitter, black hand
set cord, yellow instrument cord to 12, 
which is somewhat equivalent to bridging 
our headset across the line, except for 
the additional resistance of the pri-

mary and tertiary windings of the in
duction coil. Therefore, we would have 
the same results if o~ one of these 
above mentioned items were open, and the 
fault could be very easily passed up un
less a complete continuity test was made 
as previously mentioned. Indication to 
the repairman ot this type of trouble 
would be excessive sidetone and in the 
case of open red instrument or handset 
cord excessive clicks in the ear when 
flashing operator, or when dialing in a 
dial area. 

If after eliminating all wiring de
fects by the routine method of testing 
previous~ mentioned and no trouble is 
found, a comparison test should be made 
with the individual units within the 
circuit, such as the transmitter and re
ceiver units, or the induction coil; for 
example, on a "Can't be heard" report, 
after the repairman has made all the 
routine tests with his test receiver and 
no trouble is found, replace the trans
mitter unit with a new one andmakea 
comparison test wi.th the tester. It is 
advisable wherever possible to make this 
test with the same testman for both the 
old and new transmitter units. The same 
method should be followed when trouble 
indicates a possible shorted receiver, 
or low volume induction coil. 
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SECTIOO IV 

FAULT LOCATING ANTI..SIDETONE Ffj!UIPMENT 

PAR!' II 

REPORTED TROUBLE CAN'T RAISE OPERATOR (C.R.O.) 
NO DIAL TONE N.D.T.) 

POSSIBLE CAUSF.s 

1. Open Primary Circuit. 
(a) Open Black Handset Cord. 
(b) Open Transmitter. 
(c) Dirty Handset Contact. 
(d) Open Yellow Mounting Cord. 
(e) Open Primary of Induction Coil. 

1. TEST - CAN'T RAISE OPERATOR OR NO 
DIAL .TONE. 

(a) Open bell circuit at K post. 
(b) Leave receiver on switchhook. 
(c) Connect one clip of test set on 

LZi post and with the other clip 
touch BK post in subset or hand 
combination set. If no clicks 
are heard the test indicates an 
open in the primary circuit. 
Test back through primary cir
cuit toward Ll post until clicks 
are heard. When no clicks are 
heard on one test and on the 
test at the next point clicks 
are heard, the fault (open) is 
located between the two points 
at which these tests were made. 

POINTS TO BE TESTED IN PRIM.ARY CIRCUIT 

Pedestal or Desk Stand 

fion-Dial 

*Yel. Cd. Subset 
*Yel. at Ped. 
*Yel. at Trans. 
*YY at Trans. 
R. Post S Hook 
R. Post Subset 
#2 Ind. Coil 
#1 Ind. Coil 
Ll Post Subset 

*Yel. Cd. et Subset 
*Yel. Base Dsk.Std. 
*Blue at Sw. Hook 
Y. a.t Sw. Hook 
I. at Dial 
BK at Dial 
BK Cd. at Trans. 
YY Cd. at Trans. 
YY Cd. at Sw. Hook 
R. at Base of Dsk. 

Std. 
R. at Subset 
#2 of Ind. Coil 
#1 of Ind. Coil 
Ll of Subset 
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Handset 

Han-Dial 

Yel. Cd. at Subset 
*Yel. Base H. Set 
BK Base of H. Set 
H-BK at H. Set 
R. at H. Set 
Check Cont. At 

Trans. 
R. Base H. Set 
R. Subset 
#2 Ind. Coil. 
#1 Ind. Coil 
Ll Subset 

Yel. Cd. Subset 
if-Yel. Base H. Set 
BK Base H. Set 
Y. at Dial 
BK at Dial 
HBK H. Set, 

Check cont.at Trans. 
R. at H. Set 
R~ Base H. Set 
R. Subset 
1/.2 Ind. Coil 
#1 Ind. Coil 
Ll Subset 

NOTE 1: In testing for open yellow 
mounting cord, connect one clip of test 
set on Ll post and touch yellow post in 
base of handset, if clicks are heard 
yellow cord is O.K., if .no cli'cks- are 
heard yellow cord is open. (On hand
combination sets touch yellow cord at 
switchhook contacts). 

NOTE 2: In testing black cord at hand
set, the transmitter unit would have to· 
be removed breaking the path leading 
from Ll. After removing the transmitter 
to test black cord, connect one clip of 
1est set on Ll and with the receiver off 
the hook test back from black cord at 
handset toward L2I in subset or hand
combination. 

* See Note #1. 

-ff See Note #2. 
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FAULT LOCATING ANTI-SIDE.JONE ~UIPMDIT 

REPORTED TROUBLE PErulAN]NT (PERM.} 

POSSIBLE CAUSES 

1. Crossed Yellow and Black Cords. 
2. Crossed Yellow and Green Cords. 
3. Crossed Yellow and Red Cords. 
4. Crossed Switchhook Contacts. 
5. Crossed Condenser Leads {Red and 

Yellow of Talking and Ringing 
Condenser). 

6. Shorted Ringing Condensers. 

1. TEST - CROSSED YELLOW AND BLACK 
INSTRUMENT CORDS. 

(a) 
(b) 

( c) 

Open bell circuit at K post. 
With receiver on the hook con
nect one clip of the test re
ceiver on L2Y post and with the 
other clip touch the BK, C, Gn, 
and W post several times. If 
clicks are heard on the C, Gn, 
and W posts and no click on the 
BK post it indicates a crossed 
black and yellow instrwnent cord 
or switchhook contacts in base 
of handset {Y and BK contacts). 

Open black cord at BK post in 
base of handset or desk stand 
and with one clip of test set on 
Ll post touch open black cord if 
click is heard black and yellow 
cords are crossed, if no click 
is heard cross is in switchhook 
contacts of primary circuit. 

2. TEST - CROSSED YELLOW AND GREEN 
CORDS. 

(a) Open bell circuit at K post. 
(b) With receiver on the hook, con

nect one clip of test receiver 
on L2Y post and with other clip 
touch the BK, C, Gn, and W post 
several times. If clicks are 
heard on BK, C, and W posts and 
no click on the Gn post it indi
cates a crossed green and yellow 
instrument cord, or crossed 
switchhook contacts. (Receiver 
and transmitter contacts). 

{c) Open green cord in base of hand
set and with one clip of test 
receiver on Ll post touch open 
green cord with other clip, if 
click is heard green and yellow 
cords are crossed, if no click 
is heard trouble is in switch
hook contacts. 

3. TEST - CROSSED YEIJ..OV'i AND RED IN
STRUM.E.l\lT CORDS. 

{a) Open bell circuit at K post. 
{b) With receiver on the hook, con

nect one clip of test receiver 
to L2Y post and with the other 
clip touch several times the BK 
post, C post, Gn, and W post. 
If no clicks are heard on these 
various test troubles indicates 
a solid short across the line 
shunting out Ll path to these 
points tested, indicating a 
crossed yellow and red instru
ment cord. 

4. TEST - CROSSED SWITCHHOOK CONTACTS. 
(SF..E T:bST #2.) 

5. TEST - CROSSED CO.NDENSER .LEADS. 
{RED ANV YELLOW OF TALKING 

AND RINGING CONDENSI!.B.S). 

(a) Open bell circuit at K post. 
(b) With receiver on the hook, con

nect one clip of test receiver 
to L2Y and with the other clip 
touch several times the BK, C, 
Gn, and W post. If clicks are 
heard on the BK, Gn, and W post 
and no click on the C post it 
indicates a possible crossed 
condenser lead ( red of talking 
condenser and yellow of ringing 
condenser). · 
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REPORTED TROUBLE PERMANMIT (PEJUl.) (COOT 1D.) 

6. TEST - SHORTED RINGING CONDENSER. 

(a) 

(b) 

Open slate condenser lead at K 
post. 

With receiver on the hook, con
nect one clip of test set on Ll 
post and with the other clip 
touch open slate condenser lead 
several times, a click each time 
indicates a shorted ringing con
denser. 

This type of cross will be indi- · 
cated by meter reading given to the re
painnan by' the tester. A shorted con
denser must go through the ringer coils 
and, therefore, will give a much higher 
resistance short than the previous men
tioned reports of permanents on the 
line. 

NOTE: In the event of a high resistance 
short between the cords, the process of 
elimination method should be used, as 
previously mentioned in the "General 
Description" of Fault Locating in anti
sidetone equipment. (See Note #1). 

4l 
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FAULT LOCATING ANTI..SIDErONE F,QU~T 

REPORl'ED TROUBLE - BELL DON'T RING (B.D.R.) 

POSSIBLE CAUSF.S 

1. Open ringers, or ringer leads 
(Black and Red). 

2. Open ringing condenser or condenser 
leads (S and I). 

.3. Shorted ringer coils. 
4. Mechanical defects. 

l. TEST OPEN RINGERS 

(a) Open bells at K post. 
(b) Connect 911e clip of test set on 

L2Y post and with the other clip 
touch open bell jumper at I 
post. 

If no clicks are heard it indicates 
an open in ringer circuit. Then test 
back through circuit at various testing 
points lll'ltil click is heard. When no 
clicks are heard on one test, and on the 
test at the next point clicks are heard, 
the open is located between the two 
points at which these tests were made. 

2. OPEN CONDl!NSF.R 

(a) 

(b) 

Open condenser at IC post (slate 
wire). 

Connect one clip of test set on 
open condenser lead and alter
nate~ touch Ll and L2I posts 
with the other clip of test set. 
If condenser charge and dis
charge clicks are heard each 
time posts are touched condenser 
is O.K., if no clicks are heard 
condenser or condenser leads are 
open. 

NOTE: By alternately touching Ll and 
L2Y posts we charge and discharge the 
condenser from battery to grolll'ld • 

.3. TF.ST FOR SHORl'ED RINGER COILS. 

(a) Open bells at K post. 
(b) Connect one clip of test receiver 

on L2Y post and with the other 
clip touch open bell jumper at K 
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post. A loud click would indi
cate ringers were completei,
shorted out due to the current 
passing through the short, rath
er than the high resistance 
winding or the ringer coils. 
When test indicates a partially 
shorted coil, a comparison test 
should be employed as a definite 
test in proving the trouble. 

4. TF.ST - MECHANICAL DEFECTS. 

(a) Mechanical defects and proper ad
justments of ringer lll'lit must 
also be taken into consideration 
on "Bell don't ring" reports, 
such as gauging of ringers, ar
mature pivot screws too tight, 
loose gongs, clapper rod bent, 
filings between pole piece and 
armature and ringers improper~ 
connected in the case ot party 
service. The station gromd 
clamp also plqs an important 
factor in the ringer circuit and 
should be checked to see that it 
is not loose, corroded and is 
fastened to a cold water pipe. 
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FAULT LOCATING ANTI-SIDETONE EQUIPMENT 

REPORTED TROUBLE - TRAN&.UTTER DEAD OR CAN'T BE HEARD (C.B.H.) 

POSSIBU; CAUSES 

1. Crossed red and black handset cords. 
2. Crossed yellow and yellow-ye llow 

transmitter cords {desk stand). 
3. Shorted or packed transmitter unit. 

1. T1ST - CROSSED RED AND BLACK HAND
Sl!.T CORDS. 

(a) Open bell circuit at K post. 
(b) Remove transmitter unit from 

handset. 
(c) Open white cord, in handset handle 

and hold switchhook down. 
(d) Connect one clip of test set to 

L2Y post and with the othe:r' clip 
touch black cord several times 
in handset handle. If clicks 
are heard each time the black 
and red cords are crossed. 

2. TEST - CROSSW YELLOW .AND YELLOW-
YELLOW TRANSMI'rTER CORDS (DESK 
Sl'AND). 

(a) Open bell circuit at K post. 
(b) Open yellow transmitter cord at 

transmitter and in desk stand. 
(c) With receiver on the hook, con

nect one clip of test receiver 
on L2Y post and with the other 
clip touch open yellow transmit
ter cord. If click is heard, it 
indicates a crossed yellow and 
yellow-yellow transmitter cords, 
shunting out transmitter. 

3. TEST - SHORTED OR PACKED TRANSMITTER 
UNIT. 

{a) If no trouble is found on previ
ous tests, make comparison test 
with tester on old and new 
transmitter units. 

43 
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FAULT LOCATING ANTI-SID1TONE EQUIP.M.ENT 

RWORTED TROUBLE. - RECEIVER Dl!.;AD CAN'T HEAR (C.H.) 

POSSIBLE CAUSES 

1. Crossed wires moulded in handset 
handle. 

2. Crossed red and white handset cords. 
3. Crossed black and white handset 

cords. 
4. Open green instrument cord, white 

handset cord, wires moulded in 
handset handle, receiver unit, or 
dirty dial or handset receiver con
tacts. 

5. Shorted green and white receiver 
cords (desk stand). 

6. Shorted receiver unit. 

l. TEST - CROSSUJ rvIR1S MOULDl!.D IN 
HANDSET HANDLE. 

(a) Open bells at K post. 
(b) Open yellow cord in subset. 
(c) Remove transmitter and receiver 

tmits from handset. Hold 
switchhook down. 

( d) Open white cord in handset han
dle. 

(e) Connect one clip of test receiver 
to L2Y post and with the other 
clip touch white post in handset 
handle. If clicks are heard, 
the wires moulded in the handset 
handle are crossed. If no 
clicks are heard, continue with 
test #2. 

2. TEST - CROSSED RED AND WHITE HANDSE!' 
CORDS. 

(a) If no clicks are heard on test 
#1, touch open white cord at 
handset handle several times. 
If clicks are heard, it indi
cates the red and white handset 
cords are crossed. If no clicks 
are heard, continue with test 
#3. 
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3. TE'Sr - CROSSED BLACK AND WHITE HAND
SET CORDS. 

(a) If no clicks are heard on test 
#2, replace the receiver unit on 
handset handle, close down the 
white cord in handset handle, 

· and touch the black cord at 
handset handle several times 
(one clip of test receiver still 
on L2Y post and switchhook 
down). If clicks are heard each 
time, the white and black handset· 
cords are crossed. 

4. OPE.N GREEN INSTRUMENT CORD, VVHITE 
HANDSl!.T CORD, WIRES MOULDI!.lJ IN HAND
SET HANDLE, RECEIVER UNIT, DIRTY 
CONTACTS, HANDSET OR DIAL. 

(a) Open bell circuit at K post. 
(b) Open yellow cord in 3ubset. 
(c) Remove receiver from switchhook. 
(d) Open green inatrunent cord in 

subset. 
(e) Connect one clip of test receiver 

to L2Y post and with the other 
clip touch open green cord sev
eral times. If no clicks are 
heard the fault (open) is locat
ed in one of the above mentioned 
parts. Test back through this 
portion of circuit to Ll post 
until clicks are heard. When no 
clicks are heard on one test, 
and on the test at the next. 
point clicks are heard, the 
fault is located between the two 
points at which these tests were 
made. 
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CAN'T HEAR (CONT'D.) 

POINTS TO BE TESTED 

Pedestal or Desk Stand 

Non-Dial 

Open~~reen Cord Open Green Cord 
Gn Post ,at Ped. Gn Post at Ped. 
Gn Post at Rec. Gn Post at Rec. 
White Post at Rec. White Post at Rec. 
White Post at S Hook WPost at Dial 
Red Post at S Hook BB Post at Dial 
Red Post in Subset BB Post at S.Hook 
#2 of Ind. Coil YY R.Post at S.Hook 
#1 of Ind. Coil R. Post at Ped. 
Line #1 R. Post at Subset 

#2 of Ind. Coil 
#1 of Ind. Coil 
Line #1 

Handset 

Non-Dial 

Open Green Cord Open Green Cord 
Gn Post at S. Hook Gn Post at S.Hook 
W. Post at S. Hook W. Post at S.Hook 
W. Post at Handset BB Post at Dial 
Contacts at Rec.Unit W. Post at Dial 
R. Post at Handset W. Post at Handset 
R. Base of Handset 
R. Subset 
#2 of Ind. Coil 
#1 of Ind. Coil 
Line #1 

Cont. at Rec.Unit 
R. Post of Handset 
R. Post of Dial 
R. Subset 
#2 of Ind. Coil 
#1 of Ind. Coil 
Line #1 

5. TEST - SHORTED GREE.N AND WHITE RE
CEIVER CORDS (DESK STAND). 

(a) 
(b) 
( c) 

(d) 
( e) 

Open bell circuit at K post. 
Open yellow cord at subset. 
Open green receiver cord at 
pedestal and receiver. 

Remove receiver from hook. 
Connect one clip of test receiver 

on L2Y post and with the other 
clip touch open green cord sev-
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eral times. 
each time, 
and white 
crossed. 

If clicks are heard 
it indicates green 

receiver cords 

6. TEST - SHORTED RECEIVER UNIT. 

(a) If after all previous tests have 
been made and no trouble is 
found, substitute receiver with 
new one and make comparison 
test. 
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FAULT LOCATING ANTI-SIDErONE E<;i,UIP..i4.ENT 

REPORTED TROUBLE (CAN'T BE HEARD WELL - (C.B.H.W.) 
(CAN'T HEAR WELL - (C.H.W.) 

POSSIBLE CAUSES 

l. Open or shorted talking condenser. 
2. Open black instrument cord. 
3, Open red instrument cord (see Note 

#4). 
4, Open red handset cord (See Note #4). 
5. Open secondary winding of induction 

coil. 
6. Open tertiary winding of induction 

coil. 
7. Red and white handset cords crossed. 
8. Red and green instrument cords 

crossed. 
9. Green and black instrun1mt cords 

crossed (See Note #1). 
10. Red and black instrument cords 

cross·ed ( See Note #2). 
ll. Shorted primary winding of induction 

coil (See Note #J). 
12. Shorted tertiary winding of induc

tion coil (See Note #3). 
lJ. Shorted secondary' winding of induc

tion coil (See Note #3). 

NOTE Ill: The trouble reported on test 
in this case would depend on the nature 
of the cross; a low resistance cross 
would :result in a "Can't Hear, Receiver 
Dead," while a high resistance cross 
would be reported as "Can I t Hear Well. 11 

NOTE #2: Here again the nature of the 
cross would govern the trouble reported 
on test. A low resistance cross would 
be reported as "Can't Be Heard, Trans. 
Dead," while a high resistance cross 
would be reported as "Can't Be Heard 
Well." 

NOTE #3: In locating these three types 
of faults, the repairman will have to 
resort to making a comparison test with 
the tester by replacing the old induc
tion coil with a new one, making sure, 
if possible, to test with the same test
er for both the old and new coil. 

NOTE #4: These two types of trouble 
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might also be reported or dispatched as 
"Clicks in the ear while dialing," if in 
a dial office or "Excessive clicks when 
flashing operator" in a manual office. 
This is caused due to the ~act that your 
handset is connected merely across the 
line through the tertiary winding of the 
induction coil and the receiver and 
transmitter are just in series like an 
ordinary headset. Therefore, on every 
make or break of the circuit, such as 
flashing the switchhook, the receiver 
will receive the primary surge of cur
rent when the circuit is closed or open
ed instead of being closed in on the 
circuit after the primary portion of the 
circuit has been closed through· the 
transmitter, as normally takes place 
when there is no trouble on the instru
ment. 

In the case of a desk stand, handset, or 
hand hang-up in a dial area, this type 
of trouble would be reported as "Can't 
break dial tone, 11 due to the fact that 
the instrument short would be broken at 
the receiver contacts in the dial at the 
moment the dial is moved off normal 
and, of course, in turn releasing the 
central office equipment until the dial 
returned to normal and then again at the 
moment the dial returns to normal the 
dial tone would come back on the line. 

1. TEST - OPEN OR SHORTI:;D TALKil~G CON
DENSER. 

(a) Open bell circuit at K post. 
(b) Open red condenser lead at C post 

of induction coil. 
(c) Connect one clip of test receiver 

on open red condenser lead and 
alternately touch 11 and L2Y 
post. A light click heard in 
the receiver each time indicates 
condenser is not open. If no 
clicks are heard, condenser is 
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CAN IT BE HEARD WELL - CAN I 'r Hl!.AR WELL (CONTI D. ) 

open. If no trouble is found, 
continue with test (d). 

(d) With clip of test receiver still 
on open condenser lead succes
sively touch L2Y post~ two 
or ~ore times; if clicks are 
heard each time, condenser is 
shorted. 

2, 3 & 4. TE.ST - OPEN BLACK, REJ) IN
STRU~T CORD - RED HANDSET 

COHD. 

(a) Open bell circuit at K post. 
(b) With receiver on the hook, con

nect one clip of test set on L2Y 
post and with the other clip 
touch the BK post in subset sev
eral times. If no clicks are 
heard, it indicates one of the 
above mentioned troubles. Con
tinue with test (c). 

(c) With clip of test set still on 
L2Y touch the BK post in base of 
handset with the other clip. If 
click is heard, it indicates 
black instrument cord is open. 
~f no click is heard, continue 
with test ( d). 

(d) Remove transmitter. from handset 
handle and with one clip still 
on L2Y touch red post in handle. 
If no click is heard, touch red 
post in ba.se of handset mount
ing. A click heard indicates 
red handset cord is open, if no 
click is heard red instrumefit 
cord is open. 

5 & 6. TEST - OPEi.~ SECONDARY, TERTIARY, 
WINDING OF INDUCTION COIL. 

(a) Connect one clip of test receiver 
on L2t post and with the other 
clip touch the C post at induc
tion coil. If no click is 
heard, touch Gn post- on induc
tion coil, if click is heard it 
indicates secondary winding is 
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open, if no click is heard ter
tiary winding is open. 

7. TEST - liliD AND WHIT£ HANDSE.T CORDS 
CROSSED. 

(a) 

(b) 

( c) 

Remove transmitter miiy from 
handset handle. 

Open white cord in handset han
dle. 

With the receiver on the hook, 
connect one clip of test receiv
er on L2Y post and with the oth
er clip touch the open white cord 
several times. If clicks are 
heard, red and white handset 
cords are crossed. 

8, 9 & 10. TEST - CROSSED - INSTRIJMENT 

(a) 

(b) 

( c) 

(d) 

CORDS. 

- (Red And Green) 
- (Black And Green) 
- (Black And Red) 

Open green instrument cord in 
subset. 

With receiver on the hook, con
nect one clip of test receiver 
on L2Y post and with the other 
clip touch open green cord. If 
click is heard green cord is 
crossed with black ur red in
strument cord.' Continue with 
test (c). 

Open black instrument cord in 
base of handset and with clip 
still on L2Y post, again touch 
open green cord. If no click is 
heard, black and green instru
ment cords are crossed. If 
click is still heard, it indi
cates crossed green and red in
strument cords. If no trouble 
was found in tests (a), (b) and 
(c) continue with test (d). 

Close down green cord again in 
subset and ~i.th one clip still 
on L2Y post and receiver on the 
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CAN I T BE H1:WW WELL - CAN I T HEAR ViELL ( CONT I D. ) 

hook touch open black cord sev
eral times with other clip of 
test receiver. If clicks are 
heard each time, black and red 
instru.~ent cords are crossed. 

11, 12 & 13. TEST - SHORI'ED PRIMARY, 
SECONliARY, OR TERTIARY 
WINDING OF INDUCTION COIL. 

(a) If no trouble is found after all 
previous tests have been made, a 
compariosn test must be made 
with a new induction coil, mak
ing sure that the same tester is 
contacted when testing both the 
old and new coil.. 

This method of testing must be 
resorted to, as the repairman or 
installer is not equipped with a 
test meter to test which of the 
particular windings are defec
tive, or shorted. If trouble is 
found on compariosn test of in
duction coil, it shall be refer
red in to the tester as a low 
volume induction coil. 
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