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EREFACE

Thls texthook sets down the principles of magnezism
and elactrieity upon whieh all alactriasl sommundastion 1a
based, It ie intended to sarve @s 8 primer of technicsel train-
ing for the tslephone eraftsman,

The comprehension of aven the most intricate alectrical
circuits depends upon a familiarity with the fundeamental ideas
of electrieity, If these fundamentals ars properly understood,
tha more sdvanced concepta will not bae difficult tc learn, To
thia end the early thesary of currant flow, in whish currant was
consldered to flow from pesitive to nepgative, has been abandoped.
Instead, this book is based on the elechren theory which holda
that &n electric current 1s & flow of electrons from negative to
poaitive, In traecing elementery tolephone clreults the cholce
of theery is of litile consequence. However, the rapid inclus-
ion of selectronic devicea into all phases of telephone plant
suggests the desirability of employing the electron theory fronm

the beginning.

INustrations have been used extensively throughout
the book., In addition to simplifying the explanaticns, the
reader will develop an aguaintance with the proper symbols and
schamatie conventions of telephone edircultry.

Questions are included at the end of each chapter ta
stimnlate mora thorough atudy and to allow the reader to test

hls knowledge.

Material for thi: book has been gathered from inmimer-
able Bell System sources; notably from publications of the
Michigan Bell Telephone Company and the Illinois Bell Telephnne
Loapany.
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CHAPTER I

THS ELECTRON THEORY

1. COMPOSITION OF MATTER:

1.01 The basic princliples of electri-

city arereadily understood by
utilizing the electron theory. The
air a parson breathes, the water he
drinka, the bus in which he rides, his
own body, 8ll constitute mattar,
Matter is any substance having weight
ang oceupylng space,

1,02 All matter is made up of one

or more fundamental substances,
such as oxygen, hydrogen, iron,
carbon and copper, known as elementa
because they can not be broken inte
gimpler substances by chemical
processes,

1.03 Matter appears in three forms:

It may be a pure elemental sube~
stance; it may be & compound formed by
the chemical union of two or more
clements; or 1t may be 2 mixtura of
gseverzl elementa or compounds which are
nat bound together by chemical action,

1.04 Regardless of the form in which
it is found all matter may be

broken down into molecules. The mole-

cule of a compound always contains

twe or more atoms, while the molecules

of some elements consist of a single

atom.

2. COMPOSITION OF ATOM

2,01 An atom is the smallest particle

of an element which retains all
the eharacteristice of the element.
Although it is an extremely small
particle of matter, the atom can be
divided into s positively charged
nucleus or coere and a cloud of nege~
tively charged particles called
electrons that revelve at a very high
speed-E;Ehnd the nucleus.

2,02 Fipure l-1 showrs the atomic

structure of the simpleat atom,
the hydrogen atom, which containa one
electron revolving around the proton
which acts as the nucleus, The
positive charge of the proton exactly
equals the negative charge of the
electron zo that the atcom is
electrically neutral,

FATH OF ELECTHCH

PROTON
(POSITIVE)

ELECTRON
VKEGAT [VED

',f'(\ "

9 .
\kmt"v:;iﬁjg?{
HYRROGEM  ATOQM

Fis. 1=|

2.0%3 In Pigure 1-2 the nucleus of the
helium atom containa two protons.
The resulting positive charge is just
sufficient to hold two revolving
electrons in orbits arcund the nucleus
and the net charge of the atom is zereo.

HELIUM  ATOM

#15. 1.2

2,04 Atoms of the cther elements are
mors complex than the twe simple
examples shown here, However, the only



difference among the atoms of the
various elenents 1lies in the number
and arrangement of the protons and
elactrons of which each atom is com=
posed,

2.0% All atoma are electrically
noutral aince the aumber of

positive charges always aguals the

nunber of negative charges.

2,06 Since all matier is composed of

atons, and all atoms are composed
of positive and negative electrical
charges, sll matter is electrical in
nature,

3. CONDUUTORS AND INSULATOHS

3.01 Irn any material soms of the
elactron= are not tightly held
in their orbita. Such elecirons,
called free electrons, are able to move
from one atox to another with relative
eame, If a voliage is iopressed across
A substance, the free electrons are very
quickly set in motion, causing the flow
of an electric current. Materials that
allow an easy flow of free electrons are
called conductars.

3.02 In many materials such as glaas,

herd rubber, end porcelain, there
are very few iree electrona. These
meterialas are Known am insulators be-
cause it is difficult to force an
elactric current through them,

- TY OF ELECTRICITY

4«01 In moat electrical devicea, we
are concerned with a very great
numnber of electrons. For convenience
in dealing with thege large
quantities, & unit of electrical
quaniity has been estsblished. This
unit is the coulomb snd is equal to
6,281 ,000,000,000,000,000 electrona.

4,02 The axact number of electrons is
of no impertance. The thing to

remapber is that the satandard unit of

quantity of electricity is the coulomb,

5, CURRENT FLOW

5,01 The frese electrons in 2 con-
ductor are moving conatently
and changing their poaitions in a
haphazard munner. When an electric
force (potentiml) is connected to
the two ends of a ¢opper wire, the
rendom motion of the free electrons
is directed toward the positive teruine
al by the attraction of the positive
potentizal and away from the negative
terminal by the repulsion of the
negative potentisl, Although the
Ireae elecirona themmelvea do not
move through the wire at a high =peed,
the disturbances that cause them to
drift along the wire move with speeda
epproaching the speed of lizht,

5+02 The electric force forces the
free electrons to drift from
atox to atom aleng the wire as long as
it is comnected. When it is rewmoved,
tach aton is left with ita proper num-
ber of electrons since those that werse
taken from the wire at the positive
terminal of the batiory exoctly eguals
those that were added at the negative
termingl. This drift or flow of free
electrons along a wire iz called an
electric current. It was COmEmon use
in colder text books t0 consider
electric current flow was frop posia
tive to negative. At present the
eaccepted theory is electric current
flow is from negative to positive,
{Electron Theoxy) )

Bacause of iLs im ortance in the ex-
lanation of vacuum tube functions

reforance in this ook t
any X L % to eurr
flow is based on the —

electron theory,

5.03 The rate of flax
Deasured in uypi
One ampere flomws when
& point in one second In
a 0 L
Anperss ore coulomls per aecgggr 'ﬁid:;y

then that the gm i .
current, FETe® 13 the unit of electrie

of clectrona ia
te cnlled anperes,
e coulomb casses



[ --EﬂECTEOHDTI?E-FORGE"

6. 01 The forca that_canses alectrnna

called tha elactron moving foree. or

electrometive ' forea, Thia is Bomatimesf.
ahbreviated tc .M F

§.02, The msasure of an elactrcmntive

. force 1s its potential, Vhen
two pointa AQiffer in electrieczl pressure,
a potential &iffarence is 2ald to exlst
between them.

6,03 The unit of potential difference
is the volt. OCme volt iz a
potential difference such that a certain
smount of work is rmequired to take one
coulomb agross it. The amount of work
is the joule and will ba descrided in
the chapter on power in D.C, clircuits,

£,04 The terms electromotive foree and
potential difference are often
used interchangeably. There is &
technical distinction, however, in that
an electromotive force is established
by a battery, generstor or other primary
source of electrical energy, while & .-
potential difference exlsts between two .

points in an electricsl cireuit thruugh ff'

which current is flowing.

7. RESISTANCE

7,01 Since an electric current is a ff.'

flow of free electrons ih &

meterisl, those substances which have
a iarge number of free elactrons are':;
able to pags a larger current with & .

given electric force than can & Bub- -
stunce with few free electrons. .The
number of free electrons in & e
material detormines lis resistence -
to flow of electric current. Tha- S
resistance of a material is propor- - : .
tional to its length and inversely ..~
proportional to its cross-sectional . .
area. 4 unit In which reaistance is-:
deliberately lumped is known as: a.
resistor. . A.resistor divsipates.

energy. becausé some of the Frea-;_jjq;_lt-“

'rﬂif_? 02 As the temperature of a pure

‘metal wire reaietor ias increaéad,

' the random motion of the free electrons . g

it flow in BIN electric circuit 131:3': is increaaed and mors collisicns teke

place gso that there are effectively

fewer elecirons able to flow AS & Cir'w Ifjj1 

rent, Therefore, the resiotence of a

pure metzl increases ams the tEmperaturﬂ
is raiged.

T+03 The resistance of an electricali';{".'

cireuit is meapured in units
called ohms. One ghm of reaistance is
that through which one ampere of cur-
rent will flow when an electiromoctive
force of one wolt L3 applied,

8. QUESTIONS

1. What iz matfer?
?., What is an element?

3,  What 1s the smellest part an element -
:.cgn ha broken down into?

. R fﬁhat two charges make up an stom?
5. 1Is an atom electrically neutral?

6, What is the difference between ztoms
of different elementa?

7. Is B8ll matler electricel in nature?
B, What is a free slectron?

g9, Does an insulater have many free
electrona?

10. What happens to the free
electrons when an electric force
1a cennected to two ends of &
copper wire?

11, What iz an elactric current?

12, W®hat is the directlon of electron
flom?

. 1%, 'What is the memsure of the flow of

'_free electrons in a obaterial called?

eloctrons which are set in motlon: by?"”"""'

the electric force coll1de with .
others. and generata heat.;;_g;

: f'id,f,Is the resistance of a matarlal pro-'

; *;portmon&l to 1ta length?



15,

16,

lBI

LG

Is Lhe resistance of a material

inversely proportional %o its

erpss-sectional ereap?

What 1is & resistor?

What- energy is generated when cur-
rent is flowing through a reslstor?

Joes the résistance of a pure

‘metul increase ug the tewpera-

ture is raised?  Why?

Wnat ia the eleectrical unit of
resistande ! Uel'ine?
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1. Ql Oue metﬂod ol obtalnlnbfdxrect
current voltages for eiectrlcal
equlpment 13 by prlmary cells.

bhamlcul Lells are divided 1ntc

1.0
two cldsses; primary and sécond—
ary. - A grim¢rg geil 1s one Lhat

generates ah ‘E.M.F. by virture of
certain chemluals coming in contact
with suhmerged retals or other sub-
stauves wiluh - ccnstltute the positive
and negatlve termineds. A Secondary
cell stores. electrical energy but does
0oL ulreculy gererate ap noh.F. unless
a curreat is . first pussed through the
cell in & diredtion opposite to that
in which it will ‘fiew when supplying
BORIY Lp an_expernq; circuait,

1.3 & dry. ceil i o priwary cell ana
condists pbinly of tdo ulssitiile
iur elements nakely zioc aou carbon,
wiieh wre caelled electroues, lmwersed
in u soluticn of ammonium chloride ana
zine valoride culled the electroliyte.

1.04 The dry cell is enclosed in a
zinc can which serves as the
negative elegtrode and which is usually
}ined with blotting paper soaked in a

solution of ammonium chloride and

zinc ehloride. The positive electrode
ronsists of a central carbon rod sure
rounded by a "mix" of ground carbon and
manganese dioxide moistened in a water
solution of ammenium chloride and =zine
chloride, The open end of the zinc can
i5 closed by a layer of insulating com-
pound, to hold the materials in place
and te prnvent evaporation of the
moisture in the cell. Attached to the
center carbon rod is the positive
terminal and to the outside zinc cage

a negative term1nal.- '

Flgure 2~1 shows”the;constructionj-f
of a typical dry cell. Lo

1.05 The dry cell causes an slectric
current to flow by an electro=-
chemical resction which is not re-
versibla and hence the cell, when dis-
charged, cammot be recharged
efficiently by an electric current.

1.06 Vhen two or more cells are coo—
nec¢ted topgether, they wre tnen
said to be = patlery.

Spring Conmgions

Sealing Compound

Bar of Carbon
{ Pesitive)

Misture of Ground Carbon
and Manganess Dioxide
Saturated with finc Chiorids
snd Sal - Arroniat

Cress - Section
of Carbon Bar
Absorbent Meclum
Zine Containes (Hegative) ]

Paper Case

Bryx BeLl Dar Cenr
Fig 2+

2, THEORY OF QPERATIQN OFf THE CELL

2,01 When the external circult betwesn
the terminals of the dry cell la
completed, chemical changes within the
cell produce an excess of electrons on
tie negative terminal and an absence of
electrons oa the positive terminal whicl
causes a difference of potential of 23
vplts between the terminals. These
changes result in the liberation-of
hydrogen which would tend to collect ai
the carbon electrode if it were not
absorbed by the manganess dioxide in the
mix" which acts as 2 depelarizing agent,

2,02 In use, the various materials of
the ¢ell either become exhausted
or coated with the products of chemical
reactlons, thersby increasing the
internsl registance and the lewaring the

- gperating voltage of the ¢ell,



2.0% Local intemal sction is responsible
for the consumption of some of the

chemical energy in the call. This loss
of useful anergy, vhich occurs both
while on open circuit and while in
service is known as shelf depreciation.

2.04 The voltmeteras in Figure 2-2

show that cell A and cell B which
ars made of the same substances, both
produce the same voltage. The arrows
point in the direction of electron
current flow,

VOLTMETER VOLTMETER

DRY
CELL

FlG. 2-2

2,05 In Figure 2-3 these cells ars
connected to identical circuits,

and the meters indicate that 20 milliam-
peres are flowing in each case., It

will be noted that the resistance in the
externsl circuits (outside the cell)

is largely contrelling the current flow.
The arrows point in the direction of
electron current flow.

MILLIAMMETER MILLIAMMETER

VARIABLE VARIABLF
RESISTANCE RESISTANGE
{RHEQSTAT)

(RHEDSTAT)

FiG. 2-3%

' rnal
Figure Zwl the ex____te _
2.06 gaietance of both circuita has

baen decreaged by the oame amou.;:t and
50 milliamperes now flow in each.

WILLI AMMETER  MILLIAMME TER
50) 0 . 50) 0 o

fa
g

VARIABLE _ VARIABLE
RESISTANCE b RESISTANCE
(RMEOSTAT] FiG. 2-4 {RHEDSTAT)

2.07 However, in Figure 2-5, all of
the external resistance has heen
removed, and cell 4 is causing one
ampere to flow, while cell B produces
a current of several smperes, It ia
pean that while the two c¢élls produce
the same E.M.F. (eleciro-motive force)
and canse the same current to flow when
connected to & comparatively high re-
sistance extermsl circuit, the marimum
current preducing capacity of the
larger cell is greater than that of the
smaller cell. The internzl resistance
of the lerge cell is less than that of
the small cell and the internal circuit
(internal resistance) is largely con-
troliing the current flow sc more cur-
rent fiows from cell B. This is due to
the increased surface ares of the
electrodes of cell B,

AMMETER AMMETER ]

VARIABLE
RESiSTANCE

YARIAELE
RES:STamCD

Fig 2-5



3.  TESTING

{HIGH  RESISTANCE wOLTMETERS)

3.01 The voltmatars in_F:gure 2-62. . VOLTMITER VOLTMETER
indicate that ‘the. new dry: cell B
and the old one. each prcduce abeut the; o 1.5) 5
same E.F. oo e 2 2
VOLTWETER TOCTHETER -_: o
. 5 5 J . 4 H i 1
' I NEW oLD
-t = L ; ORY DRY
I CELL CELL
OLD L_“M Fle &8 o
P e DRY BRI ;
CELL | - - .. o CELL ST 2,02 The voltmeters showm in Flgare 2-8
o L are of the high resistance type
8¢ that only & little current flowre

Fi6. 2-6 S through them, The indicated voltuiges
e of the new ¢ell and of the old one are
CR about the same, In Figure 2-% the volt-
However, when the cells are connected meters have been replaced by ones of

in a low resistance circuit, the . - . the low resistance type through which
voltage across the old c¢ell drops a. ' . consideratle current flows. In this
great deal while that across the new - cage a higher voltage is indicated for
cell drops only slightly. (PFigure 2-7) the new cell than for the olé one,
Thus, it ie seen that & voltmeter in it- Thug, it ia seen ithat different typea
self ims not reliable for testing the of voltmeters may not give the ocems
conditicn of calls when they are not readings vhen connected fo a cell
delivering considerable current. having = high internal realatance.

[LOW RESISTANCE YOLTMETERS]
vILTMETER VOLTMETER ! WOLTWETER YOLTMETER

& o
+  RESISTAMCE ' ¥ RESISTANCE t

NEW LS oL PR  onEw oL
ORY oo ORY e oL bRy oRY
CELL FCL) el T CELL CELL

Feg, 2+9




3,03 1In order to obtain accurate re-

gults in testing dry cells for a
given use, it is necessary to specify
the resistance of the voltmetar to be
used, the amount of resistance acrosa
the terminals, and the Iength of time
the resistance is teo be connected be-
fore tha readinp is taken.

«  SYMBOLS

4,01 Schematic sywbol for e cell, aee
Fig. 2=30. Schematie aymbol for
6 betiury, #ee Fig. z-lL.

= =i

Fi6. 2-10, FI8. 2aii.

o SUESTIONS

1. %hat three things make up a dry
call?

‘% Which ig the pouitive peie of &
dry cveil? waich is the negative?

1. Can a dry cell be fully recharged?

k. "hat electrade has an excess of
eleé¢trons?

5. What ie the E,M.F. of a primary
c¢8ll?

6. Does. a dry cell have an internal
resistance? If so, when is the
internal resistance of .a cell
the higheat? '

7. What deternines a c¢ell's current
deldvering capacity?

8, ¥hy may two voltmetars not give the
same reading of an old dry cell?

3. How does & prinery cell wifler frow
G Secolusry cell?

10. dow dous 4 coll differ frow a
beitery?



Chapter TII. ;

SECONDARY CELLS amd . » = 0 D7
“'STOMAGE BATTERY - S

1. GERERAL meter is connacted to the plates, as in

) Figpure 3-3, it will indicate that thers
1.01 Another method of obtaining direct is a difference of potential between the

current veliages for sleectrieal plates of sbout 2 volts. The lamp con-
equipment la by use of socondary cells, nectad betwaen the plates in Plgure 3-4
showa that a current is flowing through
1.02 A secondary cell stores electriesal it. 1If the lamp is left connected, the
energy but does not directly gener~ plates will graduslly return to their
ate an E.M.F, unless a current ls first original color, and after & time, the

paassed through the <ell in a dlrection lemp will grow dim and f£inally become
oppeaite to that in which it will {low gxtinguished. If the c¢ell were now

when supplying energy io an externsl cir- tested with a voltmeter, it would be
cuit. geen that no potential differsnce ex-

ists betwesn the two platan,
2. THEORY OF OPERATION

2.01 In Figure 3~1 two lead plates ave VOLTMETER
immersed in a mixture of
sulphuric acid and water. The volt-
meter indicstes that there la nco
potential difference hetween the plates.
If direct current ias caused to flow
through the cell, bubbles pay be seen
to rige from the electrolyte and the
plate comnneeted to the poaitive
terminal of the charging equipment
gradually turns to & rich brown color,
while the other plate changes to a
light gray (Flgure 3-2}., 1If the volt-

VOLTMETER

1
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2.02 The change of color of the plates
is dus to the fact that their
chemical ¢omposition has changed. Theae

plates in the electrolyte create an
elactromotive force and the cell is said
to be charged. As the cell produces cur-
rent the plates gradually return to their
original chamical compoaition. Thia
process ia known as discharging, and &
call in this eondition i3 aaid to he

discharged,




2.03 The ceil shewn in Figure 1.5 i=
discharged and the hydrometer
floats low in the elecirolyte. As the
cell charges the hydrometer graduaily
rises. This indicates that the elec-
trolrte bacomes heavier as the cell is
charged (Figure 3-6), On the other
hand, the electrolyte becomes lighter
as the cell discharges so that the
hydromster floats lewer {(Figure 3-7).

HYDROMETER

Instead of saying that the electrolyte
is heavier or lighter, we say that its
specific gravity is high or low, The
change in the specific gravity of the
alectrolyte is due to the fact that its
chamndcal composition changes as the
cell 1s charged or discharged, Just as
the chemical composition of the plates
change,

2.04 Tt may be seen that the depth at
which the hydrometer floats in-
dicates the state of charge of 5 cell,
However, different types of cells give
different specific gravity readings when
fvlly charged. For instance, the
specific gravity of a fully charged
antemobile battery is higher than that
of en ordinzry telephone central
effice Tattery. It 1s therefore
necessary to khow what the specific
gravity of a particular cell should
be both when charged and discharged
in ¢rder to interpret the hydrometer
reacings of it, In addition the
gpecifie gravity of a ¢ell becomes
less as its temperatvre increases.
For this reason, whers accuraty is rew
quired, it 1s necessary to know the
temperature of the elsctrolyte at the
time a reading 1z taken and how much
allewante to make for temperature above
or below normal.

FIG. 26

FiG. 37

3. TESTING STORACE BATTERIES

1a

3.01L  The water in the electrolyte
gradually evaporates so that it
must be replaced, The specifiec gravity
of water is conciderably lower than
that of sulphuric acid, It is, there-
fore, necessary to wall after adding
water until 1t is thoroughly mixed with
the acid before taking a hydrometer
reading. Where accuracy is required,
it 1s necessary to know the electrolyte
level at the time g reading 1s taken
and how much allowance to make for
electrolyte level below normal.

3.02 The cell in Figure 3-8 is fully
charged. The voltmeter will show

that closing and opening the switeh

does not appreciably affect the voltage,

However, if the gell 15 only partially

charged, connecting 5 load to 1t

greatly reduces the potential difference
across its tersinals {Figure 3-9). It

may, thzrefore, be soen that 4 voltmeter
reading of a slorage cell is not
generally g reliable indication of the
tell's state of charge or of its

ability to deliver current,

2:02 In Figure 3-10 4 storage battery
Branch Excrange

¢ by the central
charging lecad.



is 17.1.

under L8 woits.

de}:ivered to the P.B.X. equipment- J.a

— OFFICE. ./
- BATTER\'

CHARGING LEAD -

[ VOLTMETER

F16. 3-89
The voltage scross the F.B. X, battery

However, 1f the charging
lead iz opened at the P.B.X. battery
(Figure 3-11) the P.B.X, battery
voltage 1o 17 and the voltage from the
eharging lead to ground is slightly -

YOLTMETER

FIrG!l

Thus, the voltage

maln factors,

PARTIALLY
CHARGED

—VOLTNETER

IT VOLT PB‘.(
BATTERY

VOLTMETER

_,-not greatly af.fect.ed when the charging
lead is connected or disconnected, &

;'-' G!LPACITY OF STORAGE EATTERIES

.7 .4+01 The current producing capacity of

a cell 4is directly related to two
The area of the electrodes
and the spacing of the electrodes
directly controls the current delivering
ability of any cell. These two factors
are controlled in the manufacture of &
¢ell or tatiery dependsnt upon the type
of service for which it will be used,

4.02 1In general, the size of the

battery plates as well as their
apacing affect the internal resistance
of the battery, The geal of good
battery manufscture i3 to keep the
intermel resistance 25 near zero as
possible,

5. QUESTIONS

i, Why is a voltmeter not reliable for:.
indicating the state of charge of . =
a storage cell? .

2, That ia the purpose of a hydro-
meter? How does it function?

3, -bBo All storage cells have the Same

~ specifio graviiy when fuily
© ¢harged?

h.- That effect would an open at point
vk din Fipure 3-12 have upon the

‘CHARGING LEAD ¢

s ’-- - - ' -
- T ABYOLY

— CENTRAL

s

OFACE
= BATTERY
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CHAPTER IV

COMBINATION OF CELLI

1. CELLS IN PARALLEL

1,01 Two primary cells connected as
shown in Figure L-1 preduce the
same voltage as one cell alone and will
cause the same current flow through a
circuit having considerable resistance.

VOLTMETER

2/

\_/ 7
0.

FIG 4
However, if they are connected to a
clrcuit of low resistance as in Figure
i~2, more current will flew from the two
oells than from the single one begause
the two ¢elis have less internal re-
sistance and the internal resistance is
largely controlling the current flow.
These cells are sald to be connected in
parallel or in multiple. If three such
cells were so connected, the current
capacity weuld be about three times as
great, ete., That is adding identical
cells in parallel increased the maximum
current capacity but dess not affect the
voltage,
AMMETER

AMMETER

FIG 4-2

of the primary cells shown
102 EEeFigure hEB is connected re-
versed and tends to cause the current
to flow in one direction through the
lamp while the other tends to cause
the current to flow in the other
direction. The result is that current
flows as indicated by the errows, but
only a negligible amount flows through
the lamp. Thus it is important when
connecting ¢ells in parallel to make
gsure that like terminals are placed
together,

LS VOLTS

-ui
=153
| }

FIG. 4-3
2. CELLS IN SERTES

2.01 The primary cell shown in Figure
L-L produces an electromotive

force (ENF)of 1% volts and causes 1

ampere to flow through the circuit,

YOLT METER AMMETER
ey,
N/ 7
Q Q
1 svorst 1 i
o ]

FIG 4-4



In Flgure L4=5 two such cells are con-
nected in the clircuit so that all of
the current which flows must go through
tothk cells. It must be noted that the
iarp in the external circult i largely
controliing the current flow, The -
voltmeter indicates that the twe cells
together produce an E.M.F, of 3 volts.
Since the E.M,F, is doubled, the .
current flow 1s also twice as great.

VOLTMETER

AMMETER
e &Y

5
Q

1 3veurs| } ﬁfl_}
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FiG 45

IL more cmlls are connected 1in this
manner, the E.¥,F, is correapondingliy
increased, Cells so comnected are sald
to be in series. The E.M.F, of a
tattery of similar cells conrected in
series is equal to the voltage of one
erll multiplied by the number of cells,

7.02 The terminals of the primary cell
represented in Figure -6 are
connected by a2 wire of very low re-
sistance. Likewlse, the terminals of
the two cell battery in Figure L-7 are
connected by a wire of very low re-
sistance, The meters indicate that the
current fiow in the two circults is
about the same, This demonstrates that
nkile increasing the number of cells in

AMMETER

AMMETER

serles increases the voltage, it woes
not change the maximum current capacisy,
because when the voltage in doubled the
resistance is doubled due to the in-
ternal reslst-nce of the cells,

2,03 The primary cells in Figure -8
are connected so that one tends
to cause the current to flow in one
direction and the other cell fendse to
make the current go the other way,
The result is that ne current f{lows
at all, One of the four cells in
Figure L-$ is reversed. This cell
neutralizes one of the other three
cells so that only twoe of the cells
are effective, and the E.M,.F. of the
battery is only 3 volis instead of &
volts, Thus, it 1s seen that 1t is
important when placing cells either in
parallel or in serles te connect them
50 that they all tend to cause the
current to flow in the proper directien,

YOLTMETER

VOLTMETER

t ¢
—_ — ——— -
| il
FiG 4.8 FIG 4-%9
3. PATTERIES

3.0) Any combinatien of twe or more
cells, whether in series or
pavallel, 1s called a battery.

The voltage and the capacity of
a battery can both be lnoreased
by conmecting cells in one of the
following ways:

3.02



1. As shown in Rigure L-10. Thase
nine cells are said to be in
parallel series becauae the
series connected cells aras placed
in parallel,

Fi§ 4-10

2. As showm in Figure L-11. Ia this
case the nine cells are =zaid to
be in series-paralie), because
the parallel connscted cells are
placed in series.

Hf

FIG 4.l

4, QUESTIONS

P

1. What i¢ the advantage of connecting
battery cells in series? In
parallel? .

2, What ig the differsnce between a
cell and & battery?

3, What isthe rule for connecting
' eslls in parallel? In series?



1. GENERAL

e e

1.01 A Cerman physicist named.ﬁebbga::'

Simon Ohm was the first teo dis—
cover the relation between elscire—
motive force, current, ama mesistance
in an electrie e¢ircuit, The discovery
is called "Ohm's Law" and simply ex-
pressed 13 - that for any circult or
part of a circult under consideration
the current increases as the electro-
motive force increases and decreases
as the resistance increases.

Stating this same relationship another
way, we can 33y that the current in
amperes is equal to the electromotive
force in velts divided by the re--
sistance in ohms,

This law, mathematically ex-
pressed, is as follews:
Volts

Amperes = Gh‘——m

1.02 If in the azbove :xpression'wé'f:f{

subatitute the proper symbols -

{instead of amperes, volts ang Ohﬁs)ff"

we have the following equation: - -
I=E+R! -

or, AS more commonly expressed,

r=F%
F24

Thi= 18 the equation for Ohmls Law.

It is perhaps the most lmportant one
in all elsctrical work, It may be ex-
prassed in other forms, but when ex-
pressed ag shown, permits us to calcu-
late the current that may be expected
in any circult when we kmow the voltage
of the source of electromotive force
and when wa inow the resistance con-
nected to this source in ohms,

In Figure 5-1 if the electro-

Exampie;
motlve forvce of the battery is 24
velts and the resistance of the
lamp connected te 1t 1s 117 ohms,
what will be the value of the cur.
rent flowing through the lamp
when the circuit is closed?

—
EEJ:@_

—tfafa)r=

FIG 5-I
Solution: & = 24
R =112
E 21

i = P 21 ampere, ans,

2, OTHER WAYS OF EXPRESSING OHM'S LaW

The equation abeve states that the
eurrent is equal to the eslectro-
motive feorce divided by the resistance;
then oy simple algebra the elsctro-
motive force must be equal to the
current maltiplied by the resistance,

or the equation may be expressed,

E = RI

From thig eguation we may find the
electromotive force acting in any
circuit 1f we know the resistance
and the current.

2.01

Example: In Figure 5-2 the re-
egistance of the door bell winding
is L ohms. If during the instant
the cirewit L closed the current
i1a .2 ampere, what is the voltage
of the dry cell?



Fig 5+2

Sofution: R = 4
I=2
Eo RN =4 %X .2 = .8 volt, aus,

2.02 The third case is one where sur-
rent and electromotive force

are known and it is deaired to find

the reslstance, Oht's Law may Yikewlase
he stated to cover thesa conditioens.

If the electromotive force iz equal te
the resistance multiplied by the cur~
rent, the resistance must be equal to
the electromotive force divided by the
current or, algebraically expressed,

E
I
What is the res stance con-

R =

Example:

nected betwsen the points a and
b in Figure 5-3 il the voltage
of the battery 1s 1.3 volts and
the zurrent is .5 ampere?

FIG 5-3%
Solution: E = 1.} volts

I = .5 smpere

E 13
B= = i 2.3 ohms, any.

3. A MENORY ATD FOR OHM'S LAW

ho

. An easy way to remember ‘thesa
30 three :_quationu of Ohm's Law is
to draw a circle and divide it in two
with a horizontal lins, placing E in
the top half of the ¢ircle. Divide
tha lower half of the circle with a
vertical line, placing I to the laft
of the 1ine and R to the right of the

line {(Figure S-L).

(E)
VOLT S

()
AMPERES

(R)
CHMS

FiG.5-4

3.02 If you wish to find the voltage
(E} place your thumb over E and
you find B = I x R. If you wish teo
find the amperes (I} place your thumb
over T and you find I = g 1t
you wish to find how many ohms (R}
place your thumb over R gnd’ you find
-
-1

SMALL CURRENTS

L,0L The current flow in most telen
phone circuits 1s only a amall
fraction of ‘an ampere, and the meters
usad to mbasure these currents are
marked off in millfamperes instead of
amperes, a milliampere being one-
thousandth of an ampera. {Z"ﬁrm:.t flow

melers go groduated are called mi
ket cailed mitli-

16

by
-
VOLT METER MILL1AMME TER
L, SCO0MS RESISTANCE 4
Z4Y0LTS
FIG. 8.5



4.02 The remistance of the circuit in.
Flgure 5~5 is 600 chms,.and the

battery produces an E.M.F, of - 24 voltu.}n _:'

IT wa wish to caloulate the. current

{low we may subatitute tha value of the R

voltage and of. the reaistance in tre ,2;_'5‘"
equation: AR . Q”J
Anmeraa_- 3&%31 :ff.j_
_ Wh would than.havel n
Amnareﬂ u.%%aiuj.040 ampereg.. -i'fué.

That is,; the current is forty-?'

thousandtha of = ampere, or: 40 ﬁilli-fﬂ.._-ﬁ

EmMperas .

4.03 Suppese that L) didn't know the
reaisiance of the circuit in -
Figure 5-5 and the neter indicatea that
60 milliamperes are flowing. We would - _
find the resistance by means of the f;f“ﬁ-
equstion - R
volis
Ohps = amperes

We imow that the voltage of the battery

is 24. 1In order for the equation to . _
hold true, the current flow must be 5;311';]
expressed in ampares. Wa kmow that one

milliampere ia of an umpuru,';f};

1
1000 _
ao that 60 milliamperas mat ha

_60
To00
monly writtan .060 amperas.

resistance .' '%2-

Se QUESTION _ _ .
1. ¥hat ia th& dafinition of an oth

of an. ampera, nore . com- H_fliﬁff,
Thus, theii:

2. ¥hat are the threa ohm's 1&w .:f}}£f-f;-9

aquatlona?

3. Current in ohm's law is éiﬁrﬁéééd": :
in milliamparea. True or falsa’__.f;j

4. If a voltage of 6 volts is imprﬂssed
i ngross. a resistance of 2 ohma, what

f:If it takas a 24 wolt supply to 115ht1

How many milliamperes are thera in -+

ie the. total current in the circuit9 ﬁ

& switchbonrd lamp with .050 amperea{;f §
flowing in the circuit what ia the '
.resigtence of the lamp?

ofng ampera?

In a gencrel analysis of a cireult e
where the external resistance ig - o
bigh, why i3 a battery sssumed to .
have zero resistance?

In a genoral mnalysis of a circuit

how mauch resistance doea s volt= " .
weter have? An ammeter? Short -
conducting wirea?® :



CHAPTER VI

D.C. CIRCUITS

1. GENERAL

1.C1 1In telephone work it is often

necesszry to use two or more
pleces of squipment in one circuit.,
These pleces of equipment may be
connected in a number of different
ways. All circuits may be divided
into three general classes: ssries
circuits, parallel circults, and
series-pareglliel eircuits., In a d.c.
clrcult the only opposition offered to
the flow of current is that due to
resistance. The affects of combining
several resistances In one circuit will
now be considered.

2. RESISTAKCES IN SERIES

2,0) A serles circult is one in which
the same current flows in each
part of the c¢ircuit, One of the cir-
cults used in telephone work is the
primary circuit of the lccal battery
telephone. This is shown in Figure &-1.

W CILGT 1O
TRANBEITYER oL

In this ¢cireuit, all of the
current which leaves the battery must
first flow through the transmitter,
then through the induction c¢oil and
back to the battery.

2.02 In an electrical circuit, the
oppesition to the cnrrent must
be the sum of the individual oppesitions
which are in series, Thus, a 10-ohm
resistor and twe 20-ohm resistors con-
nected in series make a total oppesition
of 5C ohms. This gives a law for the
séries circuit. 1IN A SERIES CIRCUIT THE
TOTAL RESISTANCE IS THE SUM. (F THE
INDIVIDUAL RESISTANCES, Thus, for
Figure 6=2, -

Rt«RITR2+HRI

2.03 1IN A SERIES CIRCUIT THE SAME

CURRENT FLCM'S_ TN EACH PART OF THE
CIRCUTT. Par Figure 62

It=10= 12~ I3

2,0k It is frequently important te

know the voltags across any ons
of the resistances in a circuit, This
voltage may be measured with a volt-
meter connected across the individual
resistances as shown in Figure 6.3, or
may be calculated by Chm's law,

YOLTMETIN
i :
ANMETER
¥ ¥ A 0 ﬂ@lo
i ™
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In Figure 6-3, the ammeter will
measure the current through the antire
eircuit and the values of E1, E2 and E3
will ke the voltapes across each plece
of equipment. E1, E2 and E} are called
the voltage drops, or TR drops (current
resistance dropsy. The total resistance
of the ecircult will be 12 ohms and the
current flowing will te E4 R or 2L+ 12
which equals 2 amperes, These 2 amperes
must flow through the entire eircult,
and oy applying Chm's law o eacn part
of the circuit the TR drop can be
calculated, Thus, the voltage drop
across resistor 1 is 2 x 3 or 6 volts.
hcross resistor 3, the voltage drop ls
also 2 x 3 or & volts and acrose
resistor 2, the voltage drop is 2 x 6
or 1? volts. -The total voltage drop
wil]l be:

Ey +E12+ E3 = 2k Volts

This result illustrates another
1aw for series circuits. IN A SERIES
CIRCUTT THE SUM OF THE VOLTAGES ACROSS
THE INDIVIDUAL RESISTANCES IS EQUAL TO
THE APFLIED VOLTAGE, This is called
Kirehoff's voltage law.

2,05 Three laws of a series circuit
which are now summarized should
be committed to memory:

a. In @ series circuit the total re-
sistance is the sum of the

B. In a series circult the same cur-
rent flows in each part of the
circuit,

c, In a serles circuit the sum of thq_."

voltages acress the individual :
resistances 1s aquel to the applied
voltage.

3. PARALLEL CIRCUITS

3.01 In the seriea circuits explained

in the precesding paragraph Gnly-_-lin
one path wes provided through which the

current might flow,

3,02 There is alsc a type of circult

which will provide more than one
path through which current may flow,
These clrcuits are known as parallel
circuits. A parallel eircuit is one 1n
which one terminal ef each element ia
connected to a common point to form onhe
terminal of the system, and the other
terminal of each element is connected
to a second common peint to form the
other terminal of the system,

3,03 1In Figure &L the same voltage
which is applied to RI is also
applied tc Rp and te R} This is
true because the correasponding polnts
of each resistor are connected Lo the
same points, = and b, and the zame

individual resistances.
X TOTaL

"WOLTMETER

YOLTMETER

AMMETIR
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difference of potential must exist be-
tween polints a and b for all three re-
sistances. Thi=z illustrates the first
imw of a parallel circuit., 1IN A
PARLLLITL SIRSUIT THE SAMF VOLTAGE IS
APPLIED TO TACH TLEMENT., For Figure
fuly, Bt = El = F2 = E3I

3.0k If an additional path is pro-
vided in a circuit through which
the current may [{lew, the total cur-
rent in the circuit must be the origi-
nal plus that of the added path. In
Figure &L, if Ry only is connected %o

the b-vgli source, it is knomn by Che's

lax (I = § 2 R) that the current is
6 21 =2 amperes. T%nen R is aaded,

the same voltage iz appliied to 1% as
was zpplied to Ry, The current through
Ry must equal & - 2= 3 emperss. The

F=1

total current floming {ro: ihe
it now 2+3 I S ampeéres, Tnen
added, the total curresnt Irom the
battery will be increzsed anstiher 3
amperes or will equal 2+ 3+ 3 = g
amperes, From these results, ine fol-
lewing rale for parallel circuits may
he steted. THE TOTAL CUBRENT IX &
PARLLITL CSTEAUIT IS EQUAL TO THE SUM
OF T™HE CJREEENTS FLOWING In THE
THDIYVTINAL ERANCHES, For Figure £-

From this regult anotier ruie
for psrallel circyifs may be stalad,
SUT TWITAL FTRTITINCE OF & FARATLF
CTROUIT IS =0UAL 70 THE APFLITD
TOLTAGE DEYIDED GTAL CURRENT.
Doncare The tot ante Be with
thae individusl 22 Ry, Rz and
Bi. Hy in this zle .75 ohm
and ig less tha "y, Bz oT Fi.
Llways recenber a pzraliasl 7
sireuit the coz trtal regis-
tanee of the =3 et il te less
tran the resistgnnc of the smailest
glarsnt,

3.9& The thr

aivzuit

shoeid aiso &

In a parallel circuit the same
voltage is applied %o each elemant,

The total current in a parallel
circuit is egual to the sum of the
currents flowing in the ipdividual
branches.

The total resistance of a parallel
circuit is equal to the applied
voltage divided by the total
current,

COMBINING PARALLEL RESISTANCES

A method of determining the total
resistance of a parallel ecircuit

xa2e shown in the preceeding parsgraph.
This is s
i

current

atisfactory provided the total
5 Kno=n.

In the usual case the total
parrent is not known znd oth

i
e

N . . .
reans mist be used for finding the
' I ' i X
tal resistance, The sirzsiest case is
o o~ - H T :
that of severzl sguzl resisters <on-
Atas 4 1 - 3 LE]
necstaq in parailel, To solve thiz pro-
= divide the resistance of one piece
- - - =
of egulpment &y the number of piecas
- - r - - e * "
gcted in parallel, If two 10-ohm
BEYATE HW ] = 53 3
s10Ts sre conneated in paralilel, the
. .
2> resistances oif=red %Wy the zom-
: - = ~h e -~ .
binatien is 155 295 chms., If three
. - R
12wohm resisters a2re im parallel
39 % 3= - . e .
= 12y 3= 4 onmme, and 1 five id-ohn
a Ay £ =i e — —
resistors are in parsliel RI=1025=2
orzms, 3Stated zs 2z rule, TED TGTAD
fer -3
Lt -—
oo MR RAFis T T H = M
_r-\n-‘u’* Ur myddl mEETETANTES CON-
= N O TEEart—r e s
= N ATT T " raT oM g
oo T,F“Z.;‘Hr:ﬂ;;LL_L iz &AL TGO o=
- o -
RISIZTANCE DIVTDED BY TED NTYSTR
Uosiaoes LLULLLD BT TRE N ETR
LT AN B
Pnfortuwzspniy T 2 ; 3
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equal to the sum- of thé currents in
the branches, or, Ul

lT-- 6+ 2= aamptru

Ohm's Law will glve the total.::
resistance offered by the clrcuitn

[ Oh Obvioualy, the Fuls for equal i
“ resi=sters in parallel could not’;
re used for this circuit as the : j: :
individual res1stors A and B are not
equal in value. For such cases, - -~

another meihod has been found fcr'thell
caleulation of the total resistance, =

This method may be stated as followssi -

THE TOTAL RESISTANCE OF TWO RESISTANCES'

TN PARALLEL IS EQUAL TO THEIR HRODUCT
DIVIDED BY THEIR SUK._.= B :

Applying the new. rule tolthe
circult of Figure —5

WT = product - 12 £ 4 ;'

Sum 1z + 4

zjfdﬁms
which is the same answer as when the

applied voltage was divided by the total '

current.

The product over sum methed may
be applied tc any two resistances in -
parallel whether they are egual or.
not. Tt is the most commoniy used 1 '
method of determining the resistance ' .
of a parallel clrcuit. It may be exe -

tended to include three or more un-.ﬁff;z

equal resistances in parallel by .
determining first the resistance of

tws of the rasistances in parallel, and ;f

© then combining the result of this .
T-caleulation with one of the remaining
. resistances by another application of.
.the same rule.
"~ of the previous calculation is combined.
*. with onme of the remaining resistances . .
- until all the resistanees are jnsluded,

. in Figure 6-6 which consists of thres = .. ..
-, unequal resistors comnected in paratlel, - .

In each case, the rasultf

For example, consider the circuit ShOWﬂ_:i

' ﬂ- = Product = gxb = 2 Dhms_

g =
Sum e 9

. Combine this result (Zohms)} with the IR

remaining resistance A, of 2 ohms.

fp = Prodact = 2x2 = i = 1 ohm.
Sum 212

This result (1 ohm) is the total re- . .
sistance of the three resistances '

A, B and € Iin parallel. Thls may be .
proven by calculating the total current, -
and from this, the conbined resistance

by Ohm's law as was done for Figure 6-L. .

b.05 There ls yet another way of finding
the total resistance of =several
resistances in parallel. This is called
tha reciprocal method. {The reciprocal
of m numpter 1= one divided by that
number.) As has been previously stated,
the product over sum method can only be
used with two resisters at ome tlme,
and so, if as many as five or gix re-
sistors are in psrallel, the arithmetl-
el solution will be quite tediocus. The
reciprocal method may be used to firmd
the total resistance of any number of
resistances in cone operation. The
rule is as follows: THE TOTAL
RESISTANCE OF A& PARALLEL CIRCUIT IS5
EQUAL TO THE RECIPROCAL OF THE SUM OF
THE RECIPRDCALS OF THE INDIVIDUAL RE-
SISTANCES. '



stated as a formula,

- 1
1 1 1
Ry Ry By

In Figure 6-6,

. - 1 y or

RT 172 $+ 1?3 + 1?3 :
) 1 ¢ OT

*r 5+ £33 + W17

RTB}--]_th.
- 1

4,06 TIf the combined resistance of

only two resistances in parallel
is required, the product over sum
method is probably the eseier to use.
If the combined resistance of three or
more resistances is required, the
reciprocal method mey be the betier.
When in doubt, the work can be proved
by sssuming an applied veltage end
uging Ohm's law to determine total
current and resistance.

5, SERIES-PARALLEL CIRCUITS

5,01 SERIES-PARALLEL circulte consiat

of groups of parallel resistances
in series with other resistances. Any
leg of a parallel group may conslat of
twe or moré resistors in wmeries,

5.02 Series-parallel circuits may be

solved by application of the
rulea alreedy given for series and
parallel circuits, To do this, the
garies-parallel circuit is reduced to
an equivelent, simplified circuit.
Fach group of parallel resistances is
first replaced by its equivalent single
repslastance end the entire circuit is
then treated es g series circuit. Re-
fer to Figure 6-7,

l.-:: D VELTS v ‘.31 ,?E 1 l,% I
! !
i NS Sy

hi &-F

The firat atep is to-rgduce the
two parallel resistances B end € to an:
aguivalent pingle registance.. A8 B anq
¢ are equal, divide 10 by 2 which
gives 5 ohms as the totsl resistance.
The oircuit is now & series ecirenit of
two 5 ohm reslstences. The total
resistance is optained by adding re-
gistance A to the equivalent of B and
C. This gives 5 plus 5, or 10 chms a9
the resistance of the entire circuit.
Knowing this, the total current is
calculated by means of Uhm's law,

i, = E= 10 = 1 ampere.

T R, 10

This 1 ampere flows through
reaistor A, giving = voltage drop of
5 voltas, As the two parallel re-
gistances have the same value, the 1
ampere of current divides equally be=-
tween the two. The IR drop acrosa B
equals 1/2 x 10, or 5 volts and across
€ is 1/2 x 10, or 5 volts =slso. This
demonstrates the rule that each
element of a parallel circult is
across the same voltage. By following
one complete path arocund the cirgult
it can be shown that the sum of the
voltage drops is equal to the applied
voltage, OStarting from the negative
side of the battery there ias a S-volt
drep in resistor B, another 5-volt
drop in resistor A, and thus back to
the battery. Following & path through
resistor C will obtain the same result.
Care muat be taken to follow only one

path at a time in tracing t
circuit, § throngh @

5.03% Thaifollcwing cenbinations of

resistors ara given as examples
for the student to follow in ordeﬁ that
he may be able to work out similar

problems encountered in thi
8
in those to folliow, sowres and

P

Y

h
I ha
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I

Figure 6.9 is equivalent to Figure-é-ﬂ
since resistance C of Figure 6-9.

{10 ohms) is equivalant to the rg—--f" E

sizstance of realstors Vand W of °© -
Figure 6-8 (5 ohms each) in series,.
From thils point on, tha solutien of
Figure 6.8 is the same as that for - - -
Figure 4-7 which has already besn given.

S.0L Consider now the circult shown in
Figure 6-10,

The steps in the aalution of Figure 6—10
are as follows: ; ,

1. Combine resistcrs I and Y, rupl;cing
them by resistance. N of Figire &-11.

I and Y are equal and in partllal,-

the:eforn, = '

2 Gonbine rauistors F, R nnd Z intu a
-single: resistor ¥ of Figure 6—12.5 3:
I’, N a.nd Z nre .tn seriea, themfore,

P
FI1G 813

3. OComblpe resistors ¢, K and ¥ inte &

single resistance P of Figure 6-13. . -
0, X and M are equal and in parallel, -~
therefore,

P - ;‘E_i =
3

5 ona@s.

h. Combine resistors S, P and L which =

are in series. R of the whole - - .
circuit equals 10 -+ 5 4 5 = 20 chma,

.- ) 5-‘

I.- & = 8 = 3 amperes.

1

6, Veoltage drop across 5.

By =Ip 8y = 3xl = 30 volts.

7. Voltaga drop across L.

=II-E-L: 315 -

B. Voltgge drop across equivalient
raaistance P.

“Eg-Ey, = £0-30-15=15 volts.

15 woltbs.

Fp = biotal
3. CQurrent in resister 0.

I, =k, T1% < i ampere.

° 215
' Hote that Ep = B, because parallel

-i.resiaturs ure across the same voltage.



10. At point F, in Figure 6.10, there
are two paths for the current to
flow. In a parallel circuit, ths total

current equala the sum of the currents
in the branches. fTherafore, the current
flowing from point F to point E equala
IT ninus I0 or 3-1=2 amperes.

11, The voltags drep across parailel
rasistoras 1s equal, so the wvoltage
drop acrosa K iz 15 volts and the current
through K 1s A5 5 1 ampere.

12. Sinee & current of 2 amperes flows
fram point F to point E, and 1
ampere of this current flews through
reslstance K, the current through Z must
be 2-121 ampere.

13. At D the current again divides,
Since the resistances of % and Y

are the same, the current divides equally

with ﬁ ampere golng through each resistor

1k. The voltage drops across X and Y
will be the same. # x 10 = § volts,

15. At C the two currents of % ampere
each, Joln end 1 ampere flows

through W, The voltage drop across W

1a I x 5=5 volts,

16, At point B the currants through W

and K join, and 2 amperes flow
from point B to A,
7. At point A the current flowing
through O Joins the current
flowing from Foint B to A and 3
amperas flow through 5.

5.05 We have been using a new law in

the solution of this probliem,
called Kirchoff's current law. The law
i as follews; THE SUM OF & CURRENT
FLOWING TO A POINT OR JUNCTION IS EQUAL
TO THE SUM OF THE CURRENT FLOWTNG AWAY
PROM THE JUNCTION.

$.06 Any complicated series-parallel

circuit can be =olved in a
aimilar manner by applying Ohm's law,
Rirchoff's laws and the rules developed
for serlems and paralle}) circuits,

6.

PARALLEL CIRQUITS CONNECTED TO AMPLE

CURRENT SUPFLY

§.01 A large wire having practically no
raglstanca is used to make the
connections in Fipire A-1h, The switch-
board lamp A 1s buriing brilliantly,and
its reslstance 1s largely limiting the
anount of current {lowing. When the key
is cloped, Figure 6-15, practically
twice as ouch current flowa and both
lampe light brilliently.
That is, the rate of current flow
through lamp & is not appreclably
affected when the key is opened or
closed,
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6.02 One large battery having a

current capacity of several
hundred amperes is used in a telephone
central office to furnish a current
supply through the transmitters of
telephones being used as well as
through relays, lamps and other
spparatus, In Figure 6-16 one circuit
is connected %o such a battary, and 100
nilliamperes 1s flowing through 1t.
In Figure 6-17 s number of parallel
circuits have been added and 100
milliamperes s$t111 f)ew through the
original cirecuit, The point is that 1f
a circult ig connected directly to an

Aample current Supply, the eu
r t
through it is not aféacted byriae o

cperation of circuits Parallel to it
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7. SPLIT PATHS AND SFUNTING

7.0l The resistance wire in Figure 6-18
largely controls the amount of
current flowing in the circuit so that
the ammeter reéading.ls not greatly in-
creased when ihe key is closed. With

ety
- @MP

e T ——

RESISTANLE

94
fIG 615

T IoovoLTS

RESISTANTE

o
G s19

" When the key is

the key open, all of the current must
Tiew through lamp A, but when the key
is closed, haifl of tke current flows
through B causing it to light dimly
(Figure 6=19). However, this leaves
only kelf as much to {low through lamp
A. We say that Lamp B shunis lamp A,
The 95 okm resistance i5 largely con-
trolllng Lthe current flow.

WL LIAMME TER
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FIG. 620

7.02 The resistance in Figure £-20
largely controls the current flow.
closed (Figure 6-21), the
increased very littls,
all goes throupgh the kay,
te be a dead shunt acioss

gurrent flow is
but practically
The key 15 said
the lamp,
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7.3 The wires in Figure £-22 have
appreclable resistance, Tt may
be seen. that the veoltmeter and its
connecting wires are in parallel with
the section of wipe between the points
a and-b, ‘2o part of the current flows
through the meter. as indicated by the

arrows. In Figure 6-23 the meter and
vl [ —_——
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]
1
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FiG 623

its comnecting wires are in parallal
with the part of the wire betwsen
peints b and s. As the resistance of
the section of wire b = a 1s omall as
oompared 1o & ~ b leas current flows
through the meter in Figure 6-23. 4As
thare iz no current flowing in the
section of wire s « o in Figurs 6-24
there is no current flowing in the
neter,
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7.04 The moment that the receiver in
Figure 6-25 13 connacted to the

wire, & faint click will be heard,
When the path through the recsiver is
broken, a click will asgain be heard.
Thua elther a receilver or a voltmeter
can be used to tell if current is
flowing in a wire without disturbing
the clrcuit. This type of teat is
eften uaad where it is not practical
te open the circuit at the reguired
points, and is referred to ae a aplit
raceiver test,
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8. _THE FOTENTIOMETER

8.01 Current is flowlng through the

reoistances in Flgure 6-26 and
the meter indicates that the voltage
drop acroas all of them 1a 100 volts.

YOLTHETEA

F ‘_
A

G 6-27
The mater in Figure 6-27 indicstes
that the voltage drop across two of
the resistances im 40 volta, which is
four-tenths of the voltage aorcsms all
of them, Likewise, 1t would be found
that the potential difference acreas
“helf of the resiatance is 50 volts
etc, Voltages from O to 100 may b;
obtained across terminalg 1 and -3 of
Flgure 6-28 by moving the sliding
contact 5 from terminals 1l t0 2, Such
& device is callegd g Potentiometer,
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- through the meter as shown. Gn tha
other hand, more resistance is in- """ -
cluded between a and x in Figare 6—32, ~
50 that current is forced backmard :
through Cell B, Thus it is seen that
an E.M,F, may be balanced by the
potential diffarence hetwasn twe points -
of a ciremit, .

YOLTHETEN

L)

VOLTMETER

e o 10 ¥OLTS

FIG 6~ 32

9. THE WHEATSTONE BRIMIE

9.01 In Figure 633 a resistance
totaling 100 chms snd one of 10
ohms are connected in pargllel. The
same potential difference, equal to
the voltege of the battery, exists
across each of them, Likewlse, the

This exactly balances the E.¥.F, of potentisl difference across cne-fifth
Cell B-in Figure 6-30, so that no of elther registance would be one-fifth
gurrent -flows through the meter. Less of the battery voltage, ste,

resistance is included in Figure 6-31,
so that the potentlal difference between
a and x is less than two volls; conse~
quentliy, Cell B causes current tc flow

iy
VOLTMETER

100 VOLTS L
—ﬁ-’)—hﬂhf‘"-llll-—o——-ﬂ—m—*‘ i

FiG. 833
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Tus, the same potential difference
axiata between either end and the
corresponding point of either branch.
Thie means that there is no difference
of potentinl between these two points.
Therefore no current flows through the
meter in Figure 6-34.

106 w!:u.rsl fo
— o N }- -4 W .
* FIG 6-16

9,02 The values of R and B in
Figure &-37 are known, but X is
net known. Ry is veriable but can be
read from the vosition of the sliding
contact. If Rp 1s adjusted so that

;ﬁﬁ ’ T".r;fp.._..c no current flows through the meter, we
flé G-34 gy that the 'Dridga iz balanced, With
' the bridge balanced it may be shown
_ that
In Pigure 6-35 the meter is connected
to C gg .B'..35Sincer C-.is at & higher B2 X or X = R2 RL
potential than B, current flows R Rl R

through the meter as indicated,
: Thus the resistance of X may bve

determined. This device is imown as
a Wheatstone Bridge,

F——p E — D ——p & ———p 8 emmep A
T‘N\(\MNW?TMW
T i 2n 2
-vﬂ—.n.'-.—n—n—n—j‘ 1
T = .
P e i
l VDL THE TER fr(/;?\\w
— - AGHINE AN
i ' |__......,.. :- /I-a_‘_.. [ . "".‘__:T\.!
e N T ey
l ~‘l i : i T | CﬂLV.&Hm‘rf_ﬂ .'E:,\“"fl_
I 20 20 20 20 bog ; : §< iy \51\‘
. s s - on i L . : b
AN > A K4
AN MW Y A ! LJE AN
; . —-5E.5 -
O VOLTS T A T T
e rmonn i 1 F Rhaid 1E B i ’\;—311\ R

‘
FI6 6-133 i
|
]

Point D' in Figure 6-36 is at a |
higher potential than ¢ 9o that “*—'-—-—--—-“__.___I,c::?"rs .
— AF—— s

current flows through the meter in the B ot
opponite direction, G ob-ge
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gR;_and RIara known as the ratio arms
';and are usually in the ratios ’
L 1, 1:18, 1. 100, ete., so that
icalculatiun is easy, This method of
determining unknomn resistances is
quite accurate.

10. QUEBTIONS

1. Haw ia the total resistance of a

serles cireult determined if the
values.of the Individual resistors are
knawn” o

2 Ebes;eéch piece of equipment in a

- series circuit have the same
currcnt flow1ng through it?

'5 What does the sum of the separate
_voltage drops in a series circuit

: _eries cﬁrcuit contalning tme
-,piecea of equipment - of unegual
realstance, whlch ‘plece of equipment
w111 have the' grPater vcltage drop

6'.'.:

5 and é?lO—ohm re$1stor ln series.
What is the: voltage ‘drop-across the
10—0hm reslstor? What 15 ‘the vcltage

CerUit consists of Lwo
:ith a given voltaga and

parallel’

of
have the lamp
and across the

L A1

12, What fs the total resistance of a
clrenit that has a 20~ohm jamp and
a LO-otm relay in paraliel?

13. Find the total current in the
parallel circuit of Figure 6-39.

Fig. &~ 39

1k, Does the current returning to the
source of E.M.F. alwavs agual the
current leawving the source?

15. FEow iz the product and sum method
applied to 2 cireuit eontaining four
resistors in parallel?

16, Fhat is a series-parallel circulit?

17. Toes the current have the same
value in all parts ef a parallel
circult?

18. Is the current tke same in all parts
of a series circuit]

1%. TWhat determines whether connecting

a parallel path te g part of a
gircric will decresase the flow through
that part?

20. If key 1 is closed in Figure 6-kC

throuph which lawps will current
flow? Suppose that there was an open
at X, threugh which lamps will current
flow when key 1 is clcsed? CAUTION:
Trace entire circuit carefully before
attempting to answer,
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Yoltage drop across E:J)l_ -
Al . nesistance @ (cy” "7~
N ‘{ [l Yoltage drop across 5)-— - =
N Voltage drop across Ec)-— -
Resistance of (D - -
L Current through E% —_—
TI“T —, >, W Current thrpEEh %E)‘ -
o Resistance of - ———
A .-ln_‘} IA_" 1;-1 Current through {H)_ - - —
Resistance of (B)_ - _ _
26, Find the values listed beiow for
Fit 6-40 the sircuit of Figure 6-13.
21, Why doesn't the portable laop Yoltage drop across (h) o
light in Figure 6-417 Uhat Resistarce of (A"
gan be used in place of the lamp Voltage drop across (C) o
for 1DC€L',L+IH{I short circuiss? U‘Qltagq dr._gp aACTOS5 (D) o
Resistance of ().~ "~
Current through (n)_ _ _ .
Current, through (2)_ _ _ _
ol WIRE TOUGHING Resistance .of () _ _ _
' Current through (B)_ _ _ _
Resistance of {B)
—»|| —» —— — - - -

224 jjq-—— — e

N soRYaBLE
LAMP

FIG. 641

22. If we lmew the resistamce por foot

of cable conductor how could we 27. Find the valu )
use a Wheatstone Bridge to determine the "R ° Values listed below for
length of & section of the cable? e circuit of Figure 6-Ll.

23. Fxplain Kirchoff's veltage law,
r & Voltage drop across {A)

2h, Explain Kirchoff's amperage law. Resistance of (A2
B perag Voltage drop arross (C)Y — 7~
25. Find the values listed below for ;oltage drop across (D) Z :
the circult of Figuras 6-42. esistance of (cy_ —_— ~
Current through (B)_
Resistance of (E)” - =~
Cerrent through (;y~~ 7~
Resistance of {(g)y" 7~
"::T |D VOLTS m
2 P
LT 1? l
M =
. LR S zavoLTs
FIG #-4F T w {
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Cirre nt th rou gh

:Lndthe values listed below fop
he'cirenit of Figure 6.45,
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Voltage drop across {4)
Voltage drop across {c)
Resistanca of (c)
Voltage drop across (F)
Voltage drop across ()
Resistance of {F}
Current through (G}
furrent through {HY
Resistance of (8}
Current through (D)
Resistance of (m)
Yeltage drop of {E})
Resistance of {E)
Current through {B)
Resistance of {B)
BT
era vorrs |
T _Tl
16 aMPE
-O—Mviuxv—-—a—
158, 2 WIS

i

—

|
161 250n
<

O —

boe

~ =

H
18]

A&
AMPS

31



CHAPTER VIT

POMER IN D,C, CIAGULITS

1. GENERAL

1,01 Power is an important factor in
every day life, mnd in the
communication field. An understandling

of the fundamental physical laws of
energy, and the following discusslon of
Torece, work, energy and power should ba
helpful to the student in solving pro-
blemsz in slectrical power,

2. ENERGY

2,01 Energy 1s the capacity for doing
work. Energy is not made or
deatroyed, but exists in one form or
another as a constant smownt for the
whole universe, This 1z a fundamental
law known as the Law of conservation of
energy. Do not confume this pura
physical fact with the prastical fact
that preat gquantitiea of energy are con-
varted daily into forms no longer avail-
wble to man and are, therefore, lost
for practical purposes. The expression
Yenergy 1s expended or digsalpated", ia
commenly used, and for practical pure
Foaes, is aften true. Some common
orma of enerpy are heat enpergy,
electrigal enerpy, mechanical enarpgy
and light energy.

2.02 Energy can be readily converted

from one form to amother, This
is the laow of cowrelstian of energy.
An expmple illustrating this law is the
aiactrical power plant. Firat, the
chemlcal energy of the fuel becomes
haat enorgy, which the boller and tup-
bine convert into mechanical snargy,
The genarator then trnpsforms thie
mechanical energy lnto electrigal
enorgy. In the form of electricity,
the enorpgy can be distributed over
largs areas for the corvenlence of man,
Electrical energy 1is converted to heat
anergy by the electric iron, to
mechanical snergy by the motor, and te
Aight and heat energy by the incandes.
cent lamp. ‘these are only a fow

examples of the gransformation of
snergy in every day 1ife.

3. FORCE
3.01 Force is that which tends to pro-

duce motion, a change of motlon
or change in shaps ol matter. Force 1s
"push® or "pull". a person pushes
against a box, it may or may not move,
dapending upon the amount of muscular
forco exerted., If this Tpush! wars
pxarted against & heavy stone wall, the
wall would not move, yet forca would be
exerted. An example of electrical force
is tha dry cell. With no circuit con-
nacted to the terminals, there is an
electromotive force of 1.5 volts between
tha tarminals. This force iz insufficient
tc overcome the resistance of the air
hatwenn the terminals, therefore, no
motien of eloctiricity results, If a
flashlight bulb is connected batwasn
the terminaie, a current will flow
through the electrical resistance of
the filament. This motion of
alectricity is due to electrica)l force.

L.  WORK

L.0) When a force overcomes a resistance
and causes motion, work is dons.
Regardless of the force exarted, if no
motion results there is no work done.
The oparation of a plle driver
1}lustrates mechanical work, When the
wolght of the driving hammer {s 1ifted
against the force of gravity, work is
done, This work stores anergy in the
welght, and while the welght 1s sus—
ponded, ready to drop, it pasasasas
®NEeTEY.  The weight while suspended ia
€xerting a force, but is doing ne work,

L.02 The amount of work dope 1z measured
by the product of the forece exerted

times the distance the body moves., The

wnit of work is called the foot.oound

The work done in raising a weight of )

1 pound a distance of 1 foot, against

kP



ﬁs'ten feet would be:

| performs work only when ex-

resistance. It makes no
ow-long a time is required
Eas long as the work is done.
rky: whether chemical, machanical,
electrical can be expressed
pounds, " Work is independent of

-ar’one year, the amount of
isnot " changed.

is 1 foot-pound.w_.h_

rted'through a distance, i.e,, in

whgther—the work is accomplished g,

ower.i5 the rate at which work is

.nergy is the capacity to do tork
Work is force acting through a -
dlstance, Power is the rate of ..__'-”
doing work. T

Energy cannot be destroyed, but can
readily be transformed from one form
te another,

Ca

The time used in rerforming werk- ia
the important factor in power.

WATT

5.01 The watt 1s the uvnit of electrleal_
power, and is equivalent to 1 '

ampere of current at a pressure (e.m.f.}

of 1 wolt, Watis = volts x amperes, or-

ohne, -

_ns1derable energy oh the pile to
;e?en a sho—t distance, The

: Tdn” flve ‘seconds. It would re-
'quire twlce as much power to raise the
'weight 1n flve seconds,

5 Oz'fPower 15

iﬁ' joﬁle, ‘and

power 15 -the watt.

nork divided by time.

of electrical work is

the unit of elegtrical
7L6 watts are

equivalent: to one mechanical horsepower.

A Joule is the energy expended in one
second by an electric eurrent of one
ampéré'in'a resistance of one ohm. One
Joule: 13 the -amount of wark requlred to

Tc distinguish b»tween work

d-¢ powar = IE, By the use of this
formula, the power consumed by an :
electrical device can be determined, if .
the current and voltage are known. For

example, consider the motor in Figure
7-I.

To find the pemer, substitute the:
readings of the veltmeter and ammeter
in the equation.,

I= 5 and E = 110, therefore, _
P = 5x110 = 550 watts, A wattmeter ~ -
would be used if available, because it
reads directly in matts.

7. FOVER LOSSES

7.01 The mest common loss of pewer 1n
rlectrical work is that due to
the heat developed when current is
flowing through a resistance. This heat
is usually dissipated inte the air, and
lost for useful purposes, except when the
resistance is used for heating, Examples
of thir use of heating are: electric
ovens, soldering ireons, and {ilament of
vacuum tubes. Since all conductors have
some resistance, transmission lines and
circults sheuld be designed to minimize

ORI f,o/
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these losses, An example of equipment
where great lossce are iolerated to
accomplish a given purpose is a home
radio receiver., The receivor may con-
sume more than 100 watts of electrical
power; yet more than 3 wattis of sound
power from the spesker would be
intolerable. Moat of the loss im in
heat energy, and it is for this reason
that radio saeta are well ventilated.
Electric motors have losaes due to
friction and resistance of windings.
Therefore, the mechanical output can
never equal the electrical input. The
cutput of any power consuming device,
divided by the inyu%, and muliiplied
by 100, will give its power efficiency.
No machine can be 100% efficient.

B, RESISTANCE LOSSES

8,01 HResistance losaes are an

important censideratior in
comrunication werk., The resistance
used must be cazpable of radiating the
hest generated without becoming hot
enough to burn insulation or starg
fires. It is for this reason that
rasistora are uscally rated in watts as
well as ohms, This wattage rating
indicatea the gafe wattage in heat that
the resiator will radiate in free air
without becoming damaged by heat.
Resistors are often enclosed and may
cauge trouble in other perts of the
equipment, due to poor radiation of
heat.

8.02 The power equation, P=IE, can

be readily modified by Chm's law
to allow calculstion of power losses
dua to resistance. Substituting for E,
ita eguivalents IR, the power equation
becomes, p=I°2R, Bubstituting for I,
ite equivalent, E , the power equation

lactri-~
g are commonly used, E
332::1§?ten rafar to the JZ2R" loases
of o cireuit, which 1s a short way of
saying, "The power lost in the circuit
que to current flowing through the

resistance."

8,03 An example of B Bractical use of
the equation P=I<R is a8
follows: in Figure 7-2 the gwitchboard

lamps are drawing 2 ampe?ea and the total
load resistance iz 10 ohms, 1t is de-~
sired to determine the power loss in
the load.

P » I°R
I = 2 amperes
I2¢ 4
R = 10 ohma

Tharefore P = 4x10=40 watts,

8.04 An example of the practical use
2
of the equation, PHE y i3 as
followa: in Pigure T-3, 4 20 ohm

regigtor is required to reduce the
12~v0lt battery voltage to & volts for
lighting & 6-volt radio tube. It is
desired to determine the wattage rating
required of the resistor,

E = 6 volts, E° = 36, R=20 ohme

P - E°

o

Pu E? m 35 = 1,8 watts
R 20

In this example any stanlard size
of resistor rated at greater than 1.8
watts could be used safely, Thia
equation ia commonly usged in practics,
because all that is required is a volt-
weter reading acrogs a resistor to
powar is being
the resistor,

E
becones, P--E-. These three power determine how much
dissipated in
LMMETER

R | Bostinec
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.order o determine the true

- apount of energy consumed, we must
S know:not only the rate of deing work,

o ; the power, btut mlso the length of
“time the power was used., Compare this

“4oia motorist driving on a highway. If

‘he knows his rate of travel (miles per
hour) and the length of time he was been

_traveling (hours), he can compute tha
distance he has traveled.

S+ It is common practice to purchase
“plactrical energy by wati-hours, or
kilowatt-hours (thousands of watt~hours ).
A 100-watt lamp reguires 100 watis of
powar for proper operation, and consumes
100 watt-hours of energy in one hour,

I terms of kilowatt-hours, the lamp

P
{warTs]

T

1

[aMPERES)

1 kwh for 10 hours of operatién{:

9. A FOBMULA WHEEL

9,01 Ry the use of
and the power

Zet 12 equations as

Ohm's Law eguations
gguations, we can
ghown in Figure T=-4.

9,02 An example of tha practieml use

of the equation I = % is ag followa:

in Figure 7=5 the motor is consuming
850 watts of power anl the voltaga

13 110, It is desired to determina
the current flow, No ampeter is
pevailable,
-2
IN

E = 110 volts
P = 550 watts

E
[YOLTS)

Flg. ¥-4

[AHMS]
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Therefors I = %%% = 5 amperes 9,05 in example of thagpractical use
of the cquation R = 2%* in ans

9.05 An example of the practical use follows: in figure 7-6 thi motor is

E gonsuming 550 watts of power and the
of the equation I ﬂ[; in current ia 5 amperss, I¢ is desired
to determine the reaslatance of the
an follows: in figure 7-5 the motor motor, The rasisiance 1s not known
ond ite resistonce 1n 22 chama, It ia P
dealred to determine the current flow, R = ed
No amtetor is available.
P P = 550 wattn,

X n I = 5 amperes.

P = 550 wotte 1% 25

R« 22 ohms
Theref JEE R""?!'gg“ 22 ohus.

arsafore I w 5% -_ﬁ w» 5 amperas

9.04 An example of the practical use 9.06 If the voltage of the cirouit in
ftgure 76 were not known the

e
of the oquation R« = ig as
4 P equation E = 2 can be used and the

followa; in figure 7.5 the motor i I
consuning 550 watts of power and the galution is as follown:
voltage is 110, It is desired to
determine the resistance of the motor. B -.2
The roalatance 1s not known, I
2
R = _IE? P = 550 watts,
I = S amperas,
P = 550 watts . 55
E = 110 volin Therefore E = g = 110 volts,
E%= 12100
12100
R - . ]
550 22 ohme
—*—-‘_"}”_—_\-“ﬁ:-:“* ek o
;, : { vourweren |
g |=|9

(+}

& >
MOTOR E u) W e

AMMETEH

RO

-'I

i e
FIG 7§



I the voltage of the cirguit in 7.
figure ‘7-6 were not known the

= VP X g alzo could be

8.
'jE = VP XA r
CBo= 350 watts. 9.
'R = 22 ohwms.
B o=/550 X 22 = /12100 =
i0.
att is the electrical unit of
Ty and 15 equal to volis times 1
.is a power loss, and is some- 12

ioss,

1m35 referred to as 124

gtput of any machine can never
qual to the input to the machine,

?iency is equal to the output of
:machine divided by the input to
he-machine times 100,

watt rating of a resistor
heuld never be exceeded, Never
llcw enough current to flow
h:gugh a2 resistor so that the
urrent squared times the resis-
nce-will exceed the watt rating
Sistcrc

Elédtfical erergy 1s purchased in
ros of watt~hours or kilowatt-

éﬁergy be destroyed?
Whatﬁis the mechanical unit of work?
éi iélthe alectrical unit of work?

fo:ce be exerted without work
g;hccomplished°

-kildwatt greater or less
n@shor$epcwer?

5 tﬁE'unit of electrical

Y

Can the mechanical output of g
porer consuming device ever equal
the slectrical input?

Why are resistors rated in watts as
well as ohma?

Can the power censumed in a nown
resistance be determined if the
veltage drop across the resistance
is known?

What equation is used to determine
the power lost in & known resistance
when the current flowing through

the resistance is known?

Give the expression for power in
terms of work.,

What becomes of the energy expended
in a resistance?



CHAPTER VEIII

PROTECTORS AND FUSES

1. PROTECTOR BLOCKS AND HEAT COILS

1.01 Practically every telephone cir-
cult in the central office must
to equipped with some form of protecticn
which is sufficiesntly sensitive to
eparate before any damapge to the eguip-
ment is done, but 1s not too sensitive
to cause an unnecessary numbar of ser-
vice ‘interruptions, For the protectien
‘of the inside equipment, telephone lines
enter the central office through pro-
tectors mounted on the main frame.
These protectors consist of a protector
mounting equipped with protector blocks
and hest coils,

1.02 A diagrammatic view of such a
protector unit with protector
blocks and heat coils is shown in
Figure 8-1. The protecter blocks on
each side of tha line, as shown in
this figure, consist of a plain carbon
block and a porcelain block. 4 small
carbon block is mounted in the center
of the porcelain block by meana of g
fusidble cement. When held in the pro-

BORCEL AN " CARBON
BLOCKS Tn BLOCR.S
CARBON I F AIR SPaACE
HEAT COlL, OPERATED
HEAT €O,

FROTECTOR

WOUNTING
To Central

Office Equipment

Cable Conductrs
To Quisida Plant

4. w1

tector, the plain carbon block and the
carbon insert of the percelain block
are separated by a gap of approximataly
,0031t%,  Any lightning or other high
voltage discharge will jump across this
small gap between the two carben biowks
and follom the framewerk of the pro-
tectors to ground. Sparking will cause
the fusible cement in the porcelain
block to melt, thus permitting the
small carbon insert to make direct and
permanent contact with the larger block
and ground,

1.03 The two carbon blocks in Figure
8-2 are separated by an alr gap
of a few thousandths of an inch. The:
voltmeter indicates that the highast
ordinary telephone voltage does hot
cause current to flow across the gap,
However, if a much greater potential
difference is applied, as in Figure 8-3
the current arcs across the air gap.

YOLTMETER
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This device is known as the car
bon block protector, and is used to .
protect telephone equipment from

lightning discharges, and from forelgn"'

high potential sources, such as high
tension light ¢irewits and street car
feeders,

1.0L The heat colls associated with
the protector are for protection
against damage which may be caused by
2 subscribers line coming in contact
with ‘a power line, A 76 type heat

coil, 'shown in Figure 8-L, consists. - e

FiG B=-4 786 TYFE HEAT COGL

essentially of a winding of fine zlloy
¥ire on z copper sleeve which is
soldered to a piln. When an excessive
electric current passes through the
winding of the eoll, the soldered
Joint inside the coll will meit. #Hpon
meliing, the pressire: of the protector
spring on the head of thé coil causes
the pinm to. slip through ‘the copper
sleeve, AN auxiliary contact spring
resting against the" free end of the
heat coil pin is thereby brought into
contact with the.frame thus grounding
the line as shown.on the right hand
side of ¥Figure B-1. A cross-sectional
view of & heat coll mounted in a pro-
tectpr is shown in Figure B8-5,

FHARE SHELL
MTHCT PLATE COFFER SLEEYE
%g. WAAMER ADLEFALED TO
: WLAT SO PIN

e _ru »-s

m')ss-szcrmﬂ OF HEAT COIL

-2, HEATING FFFECT OF CUHRENT

2,01 The section of wire wrapped

arcund the thermometer in

" Figure 8-6 has appreciable resistance.

e
o |at-4e

L ]

When the eircult is closed, the reading
of the thermometer increases showing
that the current flowing in the wire
produces heat (Figure 8-7}, The cur-

I
WA
—i0 |E}--&{®

L8 b

rent flow has been increased in Flgure
8.8 and the temperature further in-
creases, i.e,, the temperature pro-
duced in a conductor is proporticnal
to the current flew through it. If

f |
o_ai'ﬁﬂ'?:

— g Y
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the current is greatf enough it will
burn in twe or burn the insulation
about it if the insulating materisl is
combustible {Fipure §-9),

o=
] AMMETER l
@ -
RS VLTS ——
O ol s 6~

Fin B-i0

2.0? The section of wire wropped

around the thermometer in Figure
8-11 has preater resistance per inch
than the corresponding section in
Figure 8-10. The fact that the therm-
ometer indicates a greater temperature
in Figure B~11 demonstrates that for a
given current flow the temperzture
produced in a wire 1s proporticnal to
the resistance per unit lenpgth of the
wire,
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3, FUSES

3,01 A short aection of fuse metal

which will melt at a low temper
ature is included in the circuit showm
in Figure 8-12, If enough current

—— —— e
L gl

M()‘HETAL

AMMETER
20 VoL '

O oIt A
tr—— — e —

3, iz

flows to cause undue heating in the
circuit, the fuse wire melts and opens
the circuit {Figure 8-13). Thus, the
rest of the circuit is protected
against overheating, In order to
restore the circult, the fuse metal
mist be replaced. Such a protective
device is knewn as a Fuge, ‘then the
fuse metal melts we say that the fuse
"blows",

—'—..'-\n--lll-l-lll--l-O] P-—.-—.-u_...

s prrrrrr—

AMMETER

29 vours
—a - (-39

Fig A-13

The operation of a fuse i3 based
upon the melting of an alley at a low
temperature, A fuse ig usually conm-
structed with a small wire or ribben
of the alloy, either encased in a fire-
precf container or arranged Tor
meunting on fireproof panels,

3.02 Fuses are made in ¥arious typeas

. nnd_currqnt Carrylng capacities
© reel various needs, A fuse in any

circuit must be capable of carrying
the gfnatest current required in the
normax operation of the ¢lrcuit, but
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low-on & current less than

nough to'do damage to any part of the
Ceireuitys Some fuses will blow almost
. instantly if their rated capacity is
iexceeded;. while others are made so that
L will carry a considerable over—
i for ‘a short time, but wily blaw if
their'rated capacity is at all exceedad
- forin‘tonsiderable time,

Ve

uses are used extensively for
he protection of loecal clrcuits

‘telephone central office.

igure 8.1k shows the 35 type fuse which
* 1si comm

 iscommonly used for this service.
This'fuse is of the indicator alamm
type.and is generally referred to as a
- "Grasshopper" fuse. It comsists of a
;thinsstrip. of insulation with slotted
b terminals at each end, The
: 1s 'held between a small coll
top.and a leaf spring on the

FUsD wIKL

i

,:
AL AP MOUNT I G

LEL] Poar

Fia. Ba+14

the 35 type fuse blows, the
. Springs:are Teleased and take the posi-
“tion:shown in Figure 8-15. The re-
-1 eaf spring underneath the fuse
-] makééibontact with a contact bar
‘on:the fige board, thereby closing an
" alarm eireuit which notifies the
- wdintenariceé man by the ringing of a
‘bell-that 'a fuse has blewn. In order
“to acilitate the location of a blown
n the fuse board, a glass tead
lacod at the end of the coil spring.
&R the fuse blews, the beaded end
yond the line of the other
ich.a-way as to be readily

.

CLARY BEADL

o -a
BATTLNT ALANME MOAUNTIN
BAR [T, PFOST

Fig. b-0

Figure B-16 shows a typical cir-
cuit associated with the 3§ type Tuse,
If sufficient current flews through
the fuse to melt the fuse wire the
glass bead moves outward indicating
that the fuse has operated and the
leal spring makes contact with the
audible alarm circuit (Figure 8-17),

The 35 type fuses are made in
various capacitles up to five amperes.
In order to facilitate selection,
different colored beads are used for
each capacity.

BELL
g LAME
[+1+3
[ =
T = ' T
24 VDLTS 24 vOLTS W

REL &Y
FIG. B-16

RELAY
FIG &-t7

For use in circulits carrying
over 90 volts, 15 type fuses are pro-
vided with a2 glass or percelaln tube
over the fuse wire, Thls prevenis the
Tlash which occurs when the fuse
operates from operating adjacently
mounted fuses in other circuits.
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3.Ch  Two fuses, each capzble of

carrying one ampere, are con-
nected in series in Figure 8-18., If
the current exceeds one ampere one or
the other of the fuses blows and opens
the circuit, (Figure 8-19), (Qccasion-
ally both fuses will blow at the same
time,} Two fuses in series are capable
of standing the same amount of current
as either one aleone.

O O O™
"~ I AMP FUSEY -
AMMETER
20 YOLYS ’ }
e (},,?mgil 0m
i A~

3.05 In Figure 8-20 two one ampere
fuses are connected in paraliei,
The ammeter indicates that nearly two
amperes are flowing in the cireuit,
Thet is, each fuse is carrying one
ampere. If the current is further in-
creased, the weaker fuse will blow,

——
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FUSES
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20 voLTs
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FIG a—20

t
This means that all of the curren
must now go through the other fuse so
that it wili blow at once, (Figure 8-21).

LARMF
FUSLED

AMMETER

A e T

Fti 8=21

The principle is that the current
carrying cavaclity of fuses in parallel
is equal to the sum of the capacities
of the individual fuses. However, if
the current becomes great enough to
cause one fuse to blow, the current
which that fuse was carrying is
divided among the other fuses.

This principle is used to pro-
vide alamm operatlion when high
capacity fuses operate., The high
capacity fuse has an indicator alarm
fuse of low,capacity cennected in
parallel with it,

L.  QUESTIONS

l. What are the component parts of a
brotector?

2, Wnat is the function of a heat
¢oil and how deoes it cperate?

J. What happens when a Pretector bleck
is subjected to prolonged
sparking?

4. What king of protection iz waed
for local telephone circuitg?

5. Why.are 35 type fuses equipped with
different colored glass beads?
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é. ﬂmﬁﬁﬂyould happen.'if the 100 ampere
f‘use in Figur& 8—22 blew? )

i, 100 AMP —

za vours ™
3

FiG, B=22

T. Will point A of the rheostat in
 Fipure 8-23 be hotter when the
arm.is 1o the left or when it
is to the right? Why?

Fia 8-z

B, Would it.be safer tg have the
smitch open or in position I
while changing fuse Mo, 1 1in
Figire B-247 Why?

Lo sron

voLTs

ol

FIo 9-—-24

9. Will a current which is less than a
fuse is rated te carry blow the
fuge if 1t continues for a long
time?

10, Will a heat coil carry a comparative-
.1y large current for a very short
2 bime? Moy a smaller current
:"“operate the ceil if it continués
for a long time?

L3



CRAPTER IX
MAGNETISHM

1, NATURAL MAGNETS

1.01, The anclient Greeks discovered
that a certain kind ‘of rock
would attract or pick up bits of irom,
They attributed this quality to super-
natural ¢avses and made no use of it

axcept 4o create stories about it,
This rock ie one of the iron ores
which is often called magmetite,

1.02 Centuries later, the Orientale
learned thot a piace of the
wepnetite when méunted in o horizontal
plane end allowed to rotate would turm
80 that cne end alwaye pointed towards

the north. The Europeans learned of
this discovery and used it as an mid

to nevigetion, Becausa of this property
the ore became known a3 a leading stone
or lodestone; Pieces of ore which

have this magnetic property are called
natural magneta,

2, ARTIFICIAL MAGNETS

2.01 The Europeans soon learned that
they could use this natural
magnetic¢ ore to make masnets tut of
iron snd steel, Such marnets are
called artificial magnets, Artificial
magnets can be made by stroking &
ateel bar with a plece of lodestone,

2,02 It hes been found that the besgt

magnets sre cade of steel. Even
though iron 13 more easily magnetized
than ateel, it does not retain its
magriatism ao well. Since steel re-
tains its magnetism better than iron,
it ia said to have greater retentivity
than iron, Developments in the manu-
facture of steel alloys have produceq
ateels of exceedingly high retentivity,
Cobalt~steel and "alnico" are examples
of tiis development,

44

3. POLES

2,01 It is well imown that ordinary
bar or horsehoe magnets, such es
those shown in Flgure 9-1, will
attract piecas of iron.or ateel, such
aa nails or screwa, Luch ma.neta are

‘nown as permenent magnets, as they re-
tain their magnetism indefinitely,

BAR
MAGHET HORSESHOE]
maGNET
"
o

FIG 9-1

3,02 If a bar magnet is suspended so
that it can turn freely in a
horizontel plane, it #ill finzlly core
to reat dn a north and.svuth ‘position,
(Figure 9-2). 1If this experiment is
repeated, it will be found that the
2ame end will always point north.
This end is calied the north pole of
the magnet, and the other end the
South pole. The needle of an dgrdinary
cowpass la simply 4 amall bar ma, met
suspended 80 that it ia free to rotate
in a horizontal plane.

BAR
TMAGNET

. A
><r

FiG -2



the north pole of one magnet
rought near %o the south

I another magnet, they tend to
emselves together, (Figure 9-3),
o ey come into contact they stick
ogethel_'_, (Figure 9-L). That is, un-

(

Flg, 9-4

On‘the- other hand, if the two
h:poles or the two scuth

e brought near each other they
push each other apart, {Figure
hat 15, like poles repel asach

REPUL 5N

-either the north or the
magnet it will be

gures 9-6 and 9-7). It
: hat the end of the iron

!ithdrawn, however, the tacks
off; showing that the iron
ghet only while it is being
_the permanent magnet,
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FIG 9-& FtG B-7 Fig 3-8 FIG 9%
4.02 The spring balance in Figure 9-10

indicates how much force must be
exerted in order to pull the magnet
and the lron bar apart. The magnet ir
Figure 9-11 is5 the same excapt that 1t
has been bent in the shape of a horse-
shee, The balance indicates that the
horseshee magnet pulls the plece of
iron mueh harder than the bar magnet.

PERMANENT

HAGHET \

TADN BAR

)
FiG §-10
RGN BAR
C
FiG.9- 1
L.03 Figure 9-12 shows a bar magnet
pulling against a seft iron bar,
which is called an armature, pivoted

at one and, The spring balance indi-
cates the strength of the pall., In
Figure 9-13 a plece of soft iron has
been placed between the opposite end
of the magnet and d point near the
pivet. The increased pull on the
balance indicates that adding the lron
in this maaner produces an effect
similar to bending the wmagnet into a
horseshos, The principle is that the

bt ﬂ&(}-ﬂ'ﬂ"ﬂ"{@

Fig =12

Fig. ¥-13




more nearly a complete circuit of iren
thers is, the more effective the magnet.
This is further borne aut by the fact
that when the bar is allowed to move
nearer o the end of the magnet, the
pull is increased, {Figure $-1h).

oo

FIG %14

L4.0L Since bits of iron may be lifted
by a magnet, the magnet must ex-
ert a forze upon the iron, This force
acts at a distance, %his fact may be
observed by noting the action of a
magnet on iron filings; the magnet
causes filings to move even though the
magnet and £ilings are not 1in centact,
The force acts through almost any
substance; which can be shown by moving
a magnet beneath a glass plate on which
ig sprinkled iren filings. As the
magnet is moved, movement of the
filings is perceptible. Next, it can
be shown that the force is mutual,
for a magnet can be attracted to a
firmly held piece of iron just as
strongly as the iren is attracted to
the magnet.

5. WAGNETIC FIELD

5.01 Sinrce z magnetic pole acts at g

distance upon other poles, there
mst be a space around every mapnetic
pole in which the magnetic foree bhe-
comes evident as soon as gnother
magnetic materlal is placed anywhere
within that space. This space about a
magnet in which the magnetic fore i=
evident, is cailed the field of the
magnet or the magnetic Tield,

5.02 A magnetic field is in one sense
like a stream of water, The
water exerts no pressure until anp
object is placed in the stream, giving
something against which it can push,
yet the force is there only awaiting
ar ¢biect upon which to act,

5.0 A magnetic field may be considered
as a forece; a force has direction

and so dees a magnetic field, &

magretic pole placed iu the field

would move in the direction of the

ce, If it mere a north pole it .
i:ﬁld move in one direction, and if it
were a south pole it would move in the
opposite direction. To find the
direction of a field, the polarity of
the pole placed in the field ito indi-
cate the direction, must be known. By
convention, the positive direction of
a magnetic field at any point is de-
fined as the direction in which za free
north pols, placed at that peint, would
tend to move.

5.0L The magnetic field at any point

is simply the force with which a
free north pole would be acted upen at
that point. Therefore, since a com-
pass needle is acted upon anywhere on
the earth, there must be a magnetic
field surrounding the sarth, whose
direction and intensity changes from
point to point. This field is invisible
tut for many purposes it must be indi-
cated. This representation is made by
means of lines of force., If a free
north pole is set down within a magnetic
field and 4llowed to mowve, its

direction of motion at each point is
the direction of the field at that

point. A5 the north pele is moved, it
will trace a line of magnetic force
from the nerth pole of the magnet to
?he south pole af the magnet, since it
s repellad by the north pole and
attractsd by the south pole, A line of
§9rce may be defined as a line whose
@irection at every point through which
it passes 1s the direction of the
magnetic field at that point. Lines of
force leave the Tagnet at the north
pele ard enter 3 magnet at the south
role, this being the conventional di-

rectien of the magnetic {1
S m le}d,
Figure ¢.15, : See

F1G 9-4n

q‘l
.06 For DUTROs2s of illustrat*an,

o L-linss or force are skown in
Timre 9-15, twa on 23Ch side of th
magne}. Many thousandsg of‘l{nﬂs )
:;tuaily eXist for any Marnet, Koti
AL the linag o Toras d; noi crg;;ce

&b



5,07 Since the lines of foree travel
inside the magnet from south 1o
north to complete their path, it can
be said that the lines of fores zre
continuous and can not ba broken,
This movement of the lines from south
to north 1s mithin the magnet and
therefore are not perceptible.

In Figure 9-15, there are L-lines
of force at each of the poles of
the magnet, and only two lines of force
on either side, As the lines of force
represent the strength of the magnetics
field it may be stated that the strenmgth
of the magnetic field 1s greatest at

its peles. This can be proven experi-
mentally.

5.08

6, RELUCTANCE

6,01 All magnets do not have :he same
strength, therefore the field of
various magriets do not centalin the sime
mumber of lines of force. The nuzher
of Yines of force of a given magnet may
be increased by decreasing the distance
these lines of force must travel outside
the maghet, When a line of force leaves
the magnet gt the north pole, it must
travel through the air to reach the
south pele because lines of force do net
cross one another, Air offers resia-
tance to the lines of ferce. Thls re-
sistance fo magnetic lines of Iorce 1s
called reluctance. In addition to air,
other ¢bjects give a certain amount of
reluctance to lines of force; Tor ex-
ample, copper offers considerable re-
luctance., In order to reduce the dis-
tance that the lines of force of &
magnut must travel outside a magnet, and
to concentrate the field of the magnet,
some magnets are bent in the shape of a
horseshoe., Ses Figure 9-16.

FHG. 8- 16

©.02 Ancther methad of concentrating
the fiald of a magnet is to
Place a substance in the field that
offers less reluctance t6 the magnetic
lines of force than air, thuas creating
a stronger fiela. The ‘substance most
cormonly used is soft iron. Figare
2-17 sho¥s a horsashoe magnet with
;mall tlocks of soft iren placed
AEA1nst the inner surface of each pole,

HORSESHOE
LEDL L&)

¥ rRoN
FIG 3 17

Tnese blocks, ¥mown as nole leces,
3erve Lo conduct the magnetic lines

ard the result is a very intense rag-
netie fiold 4o the small atr gap be-
tween tre pole piecss, The soff 4ren
lomers the reluctance of the field and
alloms a stronger f1eld to be preduced
in the air gap thus creating a stronger
force.

7. SYTFLDING

7.0l Seft iron may also be used to

protect an ebiect from magnetic
linea of forae, by placing the oblect
1n the centar of a circle formed hy
soft irorn. Any magnetic ilnes of
Tarce, near this combination will take
the path of léast reluctance through
the iren cirzie, therefore not dis-
turbing the object. From this example
it can be seen that saft Lren may he
uged to distert a magnetlc field. Any
substancs that offers less relustance
to the magnetic lines of ferce than atr
ran ke used for the same purpose.

B, MAONETTZ INICTION

If a magnet is dipped into iron
filings, these filings will not
anly eliing to the magnet, but will alse
cling to one another. We say that the
filtngs kave becoms magnete by in-
duction. 3Such Induced magnetism Iis

in most cases only temporary; 1t
‘wanishes whep the induzing magnet ism ve-
moved, When magnetism has been in-
duced into a substance by the use of

#.cl
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another magnet, and this substance re-
tains some of the induced magnetism
after the inducing mapnet has besn reo-
moved, thisz retained magnetism is
calied residual magnetism. The amount
of residual magnetism remaining in a
substance depends primarily upon three
things; the composition of the sub~-
stance {its retentivity}, the strength
of the inducing field, and the length
of time the substamce is ir contact
with the inducing magnet.

5.02 A method of making permanent
magnet by induction is to stroke
a2 retentive substance with a magpnet,
following the same direction of
stroking #ach time. See Fipurs $-18.

el

o

Fig. % -8

§.03 This method of induction can be
more easily understood if the
substynce is imagined to be composed
of millions of molecules, each molecule
in itself a tiny magnet. As the north
pole of the inducing magnet iz drawn
over the substance, it attracts the
south poles of these molecules and
turns them so that they align themselves
in one given direction, thus creating
a 'magnet by adding the combined
magnetic strepgth of the individual
molecules, Figure 9-19 recresents z
substance before and after zagnaetizing.

TR TRR

’.“!—"“ S

‘a-:" '~‘ LAl

Ll Y N

L oy e
SIFE P

Ca -% K T

g 9-1%

9, PERMZABILITY

9.01 It has been shown that soft irom,

when placed between two magnetie
poles, will allow an additional mumber
of lines of force to pass through a
space formerly occupied by air. The
ratio of the number of lines of force
wkich pass through a glven space when
it is occupied by a substance, to the
number of lines of force passing
through that space when it is occupied
by air, is éalled the permeability of
the substance, For example, suppose 3
ragnet would produce 100 lines of force
through air, and would produce 1,000
lines of force when a soft iren bar was
placed in the field. The permeability
ig represented by the symbol g, (the
Greek letter Mu).

2.02 For all substances except magnetic
substances the permeability is

approximately one. The permeability

of magnetic substances is numerically

always greater tha: one, and under cer-

tain conditions may be in thes thousands.

20, APPLICATION

10.21 In teleghone practlee, it is
often necessary to place two or
wore mapneis together to obtain a fleld
strong enough to produce the desired
results. DSuch a combination is known
85 a compound magnet, An example of
such a magnet is the generator in the
local-battery telephone, This magnet
ecploys from two to five magnets. 1In
constructing sych g ragnet, all the
noerth poles are Dlaced together, and
all the south poles sre plased together,
thus forcing the field across the air
Eap. Figurg 9-20 represents the proper
nethed of placing twg magnets :ogéther
to form a useful fieiq, Tigure 9-21
Tepresents two magnets irsroperiy
rlaced to obtain 3 cempound

magmet,




j10 2 A aubstanca that has baen

by ‘excessive vibration or heating, .

This fact may be explained by the .3]{2'5_
molecular theory; striking a magnet”

with a hamner jara the molecules 4o
mowe into & Jjumbled poaition, Thus,
heating or excessive Jarring of a
magnet will weaken or even completely
destroy it. Equipmeni containing
permanent magnets should be handled
with reasonable care to prevent de-
magnetizing, which causes errors in
peasuring instruments and unserviga-
ability in many otter types of equip-
ment. - -

11, QUEsTIsz

1..-Whhf-ére.the twe general {ypes of
 permanent magneta?

gf'ié the rule for attraction
and- repulsion of megnastle poles?

”,ich makes the better magnet, iron

magnétized, may be demagnetizedijf._.
10,

9. How are artifical—magnets madev o

11.

12,

13.

14-

15.

16,

17.

18,

20,

2.

What determines the amount of B o
residual magnetism in & substance?

What is meant by the term
permeability?

Do all magnetic substances have &
greater permeability tham air? '

What is & ccopound magnet¥

¥hat 18 meant by the term .
retentivity?

Which metal has the greater
retentivity, steel or iron?

What two methods may be used to
demagnetize » magnet?

What ftwo methods ere used in
practice to increase the strengtk -
of a magnet and concentrate the
fipld?

Iraw a magnet showing three com-

plete lines of force and indicate - -

by arrowe the conventional di-
rection of these linea.

How may equipment containing
permanent magnets be demaged?

Fhat ig meant by the term
reluctance?

How is magmetic shielding
accomplished?




CHAPTER X

ELECTROMAGHETISH

1. LINES OF FORCE

1.01 Electromagnetism, in contrast to
natural magnetism, 4z the
magnetic field ef forve set up around

a conductor by the psasaage of an
¢lectric current through it, Every
electric current produces a magnetic
field which, in case of a straight
conductor, may be represented graphic-
ally as shown in Figure 10-i.

1,02 The lines of force about the
wire are concentric circles,
The intensity of the magnetic field
varies inversely with the distance
from the conductor and since the
magnetic field is the: result of the
eurrent flowing in the conductor,
the strength of this field is pro-
porticnal to the strengih of ihe ecur-
rent flowing in the conductor. If the
direction of the current through the
wire is reversed the direction of the
lines of forve will also be reversed.

1.03 The presence of a magnetic field

around a current-carrying con-
ductor may be demenstrated easily by
Placling a freely suspended magnetic
needle {a compass) near it. The
needlie will tend to place 1tself at
right angles to the conductor and
parailel with the lines of force.
Since a magnetic field, by definition
is the region in whizh a magnetic

LLLCTRON CRAARENT

needle is acted upon by a force, it
follows that the space surrounding the
current-carrying conductor 1s a
magnetic field,

1.0h In drawings ard illustrations the

direction of current flow and the
direction of the magnetic field gererally
are shown. 1In Figure 10-1, for ex-
ample, the direction of the electron
current flew in the right hand draring,
iz into the paper. In the left hand
draming the electron current is flow-
ing out from the parer in the con-
ductor. On both drawings the direction
of the magnetic field is indicated by
the arroms on the lines of force.

2, LEFT HAND RULE

FLECTRUN CLRMENT
P i .

2.01 After the discovery of the re-
latienship between the current
direction and the direction of the
megnetlic field caused by the current,
2 sizple rule was set up to find the
direction of the magrietic £i=1ld when .
the direction of the cuprrent is knomn,
This ruie is known as the left hand
rute for determining the direction of
the magnetie f{eld about a current-—
¢arrying conductor, and stated simply,
15 as follows: Crasp thé conductor
in the left hand with the thumb
Fointing in the directton of the cur-
rent flow, The Tingers will point in

the cirection of the magretic field,

ELECTRUM uSCrmr
TG PebLR

A CLRRENT 4
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3, AMPERE TURNS

3,01 If the atraight conductior shown

in Plgure 10-1 is bent into the
shape of a l=turnh loop &3 shown in
Figure 10-2, all of the lines of forece
#hich encirele the wire muat enter the
plane of the locp on one side and leave
on the other,

CONDICTOR

@ [CURAENT N}

NiBJLEN

CONDUL TR
@Ic;mnsm SUTh

SPOLE]

ChDSS SECTION
CLRRERT a2 CURRENT UF LooR
ouf IN
FIGURE 10-2

3,02 All the magnetic forece, which in
Flgure 10-1 entered the paper ha-
neath the conductor for its entire
lerigth, now is ¢onfined to Lhe area
within the loop. There is still the
same numbaer of lines of force produced
by the length of conductor but when
vent into the shape of a loop the force
becomes concentrated within the loop,

1.0% If several turns are used and

ther are placed close together
ag shown in Flgure 10-3%, then the
magnetic force produced by any one turn
is in the same direction as that pro-
duced by any other turn and the magnetic
foree may be shown extending through the
eritire length of the c©dil,

3.04 These lines of force 4o not atop
at the ends of the coil, but

ELECTRON CURRENT 1
L]

continue, external to the coll, and
eventually bend around to enter the
oppoaite end exactly es if the coil

were a magnet having a north and south
pole,  All the linea of force originating
within the ceil, which pass one

end, mst eventually return to tka other
end, siney any line of force must cloaa,

3.05 If the turns of wire in a coil

are close together, and are wound
continously in the same direction
around the core the combinad megretic
field 1s eagentially the sum of those
produced by the individual turns., Such
an arrangement of more than one turn,
wound close together is called a coti,
The magnetizing force sst up by & coil
or solenecid is lmown as the magmeto-
motive force and im direcily pro=-
portional to the number of turna in the
00il and the current flowing through it.
The preduct of the turne and the currant,
when the surrent is in amperss is known
a8 ACpere-turna,

4. POLARITY OF A COIL

4.0l A coil carrying e gurrent has a
narth pele and & south pole just
the same as & 2-pole bar magnet, and

ite polarity may ba found by applying
ths left mand rule for determinirg the
polerity of a ceil, Tha rule may be
stated as followa: IF THE COIL IN FIGURE
10=3 I5 GRIFFED IN THE LEFT  HAND 50 THAT
TR FINGEAS POINT IN THEE DIRECTION OF
TEE FLOW JF ELECTRON CURRENT, AND THE
THUME IS EXTENDED 4T BIGHT ANGLES 7O
THE FINGEAS, THE THUME WILL POINT TO-
WARD THE WORTH POLE. If the current

is reversad the poles will reverse,

"ELECTHON  CORRENT

QuUT aF WIHE
ihe —— wiPOLE)
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1
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5. BLYCTROMAGNETS

5.01 An electromagnet may be defined

a8 an iron core surrcunded by a
ceil of wire. The iron in the core is
used to reduce the reluctance of the
magnetic circuit, and Lo develop a
greater flux {more lines of force)
than could be developed if no core were
used. This is true beecause the per.
meability of iron 1s aporoximately
2,000 times greater than air.

5.02 A piece of iron can be visualized

as containing miliions of tiny
magnets which, unless otherwise in-
fluenced, lie in a haphazard fashien
so that they neutralize each other and
there iz no resultant magnetic field
surrounding it. IT the lron is ex-
posed to the influence of a magnetic
ield, the little magnets tumrn,
similar Lo a compass needle, their
north poles pointing in one direction
and their south poles pointing .in the
opresite directicn so that the fields
are 2dditive, The degres of meogneti-
zaticn depends upon how completely
they can be "lined up". If the
magnetizing force is weak, only 2 part
of trem will be swung into line, and’
a weak magnet results.

Z.03 Then the magnetizing force is
removed, all of them do not re-
turn to their haphazard positdons, so
that the piece of iron or steel still
has polarity, This remaining magnetism
is called residual magnetism. Pure
soft iron possesses this quality to
‘only a slight degree, while very hard
steel possesses 1t to a very high
degree, In other words, a permanent
magnet is one so hard that its particles
do net readily swing back to their
original pusitloons ovnee Lhey have been
infleenced by a magnetic [ileld. The
tendency of a relay to held up its
armature after the circuit has been
opaned is caused by the residual
magretism i the core of its electro-
ragnet. Therefore, rélay cores are
usnally made of iron having very little
retentivity (soft iren or alloys having
high permeability ard low retentivity].

6,

5.0, The rule for determining the
polarity of an electromagnet is
the same as for a selenoid. It made no
difference whether the wire is wound in
one layer or in . any numbeyr eof layers;
whether 1t is wound toward one end- and
then back over this layer toward the
other end or whether all layers are

wound- in the same direction; as long
as the current eirculates continucusly

in the same direction. around the tore,
the polarlty of the magnet will be un-
changed.

ELECTROMAGNET APPLICATIONS
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6,01 Current is flowing through the

2¢0il of insulated wire in Figurs
10~-k. The north pole of the compass
needle is attracted to the nearest end
of the ecil. If the other end of the
¢oil 1s held near the compass, the
south pole of the needle will e
attracted, (figure 10-5),
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5,03 TIf a core of soft iron ls inserted

the magnetic effect is grestly in-
creased. 1In Figure 10-6 current is
figwing through the coil and irem nails
are clinging to the end of the core.
%hen the circuit is broken, the nrails
211 off, (Figure 10-7).

1RGN CORE

—
L————u+0——&m
— 4

LAV.T8 5 —

.-
NaS .
FALLING

OFF

FIGURE 107

FIGURE 10-&

6,00 The core of the roil shown in
Figure 10-8 ig made ¢f hard steel
instead of soft iron. Not as many
nzils will eling to it as to the solt
iren core, btut when the circuit is
troken, some of the nails fall off
while the rest continue to cling,
(Figure 10-9)}. It may, therefore, be
seetl that a soft iron electromagnet
cora 1s more efficient than a steel
one, but that the steel one retains its
magnetism after the current flow has
caased, Hard steel 4s5 used for mzking
permanent magnets, and soft iromn or
sermalloy are generally useé for the
cores of electromagnets. Farmalloy 13
an zlloy developed by the Bell labora-
teries which consists of iron and mickel

HARD STEEL

T-_E 4
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FRRE 1G4

and is muech more efficient thap soft
iron as a magnetic core.

£.05 When the one end of the electro-
magnet shomn in.Flgure 10-10 1s
tested witk a permanent bar magnet, 1t
1s found to be a rorth pole. If the
other end 1s tested in a similar way,
it will be fonnd to be a south pole.
If the direction of the current flow
through the coll is reversed the poles
will alse be reversed, {(Fipure 10-11).
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A permanent magnet made

shape of a horseshoe is
jeiant than ore in the shape
of & btar, an elactromagnet is more
afficlent §f made in the share of a
horgeshoe.

.07 Figure 1C-12 represents an
alectromapnet in the form of a

kar, and Flgure 10-13 shows t.he same

magnat gfter iY has been bent into a

o Fans, T4 will be naticed

harsesktoes shant., 11 Wlis :

Lhat the lalier supports the biock, but

the former dogs not.
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6,08 In Pigure 10-14, en elactromagnet

and a zovable arcazture heve bean
arranged with a pieca of acft iron to
concantrate the pegnetic field in a
macnetie circuit. 4 seall zirv gap exe
ists between the core of the electro-
eagnet znd the armature, L set of
elecirical contacts hawve been placed
so0 tkat the srmeature will cause then
to operate if if moves foward the
elegtrozmognet core. Such an assexbly
is called a relay.

wIVAGL F  LRMATURE-—y

€.0% Wnen the arcsfure is in its
norze? pesiticn, & circuit ia
cloeed through the switchboerd lsnmp.

6£.10 Pnen cusTent flows through the
coil or winding, the arzszture

isg pulled toward the core, opening

the lamp circult and closing the tell

gircuit, (Pigure 15) T¥hen the circuit

through the winding is broken, ihe re-

lay relesses, opening the tell circuit

ané ¢losing the lazp circuit ezain.

Thus, &n electrécsgnet ooy be arrsnped

to open and close circuita,

oc. FIGURE 5G-15

£.11 Some relays are required to open

or close just ome circult when
they operate, while othersceonirol
several circuits. Figure 10-16 im the
symbol for a relay with several msets
of contacts.,

By i
L amwarons 3 LI S
3
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FiGURE 10-i5 FOUREIC- 12

6.12 Contact springs lower 1 and 2 are
in contact., A8 the armaturs
operates, spring 3 copes into contact
with lower 1 and pushes it away from
lower 2, es shovn in Figure 10-17.
This is Xnown a3 g YAKE BEFORE BREAY
arrangecent. On the other hang,
springs 5 and © are in contect when the
reiay is normal, tmt ms the armature
operates, 5 Tirst breesks frem § and
then wmakes with 4. This is kxnown as o
DHEAE BIFQEL MaFT arrangevsnt. When
the armature operates upper 1 bresaks
froo upper 2, This is Engwn a5 a bresk
arrangezent,

€.13 ¥ore current im Tloving througn

_ the winding in ®gure 10-19 than
ic Figure 10-18, The readinga of the
spring balances show that the ) on
Fhe ar=oiure is grester in Figure 10-19.
The pull on the arcatire fa proporiiconal
t0 the current flowing through ths

windirg,
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6.1, 2 soft iron bridge from a point
near the pivoted ard of the

armature to the opposite end of the
magnet, Figure 10-20, has greatly in-
creased the pull on the balance. Thus,
as in the case of the permanent magret
the mure nearly a complete circuit of
iron there is, the stronger the pull.

20 VYOLTS

Lr::{ﬂ
i

6,15 fThe armature in Figure 10-21 is
tonsiderzble distance sway from
the end of the core, while in Figure
10-22 the armature is much closer to
the core. The readings ¢n the spring
balances show that the pull In the
latter case is considerably greater.
This demonstrates the principle that
the closer the armature is te the end
of the core, the greater the pull is.

FIGURE mQ-28
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6.16 The current flewm through the
windings zhéwn in Figure 10=23
and Figure 10-2L is the same, but the
coll in Figure 10-2L has mere turns
of wire on it, The readings of the
balances show that the latter is
pulling the armature harder. For a
given surrent {low the strength of an
electromagnet is proportional to the
numter of turne of wire in the coil.
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6,17 Figure 26 1s the same as

Fipure 25 except that several
of the turns of wire on the coil ars
short-gircuited so that no current
fiows through them., The balance indi-
cates that the pull now is less than
it was when the current went througn
all of the windings. This coil is sai¢
to be partially shorted. When the
switch in Figure 10-27 is closed, all
of the turns of the coil are short-
cireuitad, and there is ne pull on the

armature.

FIG 1G24
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£,18 Filgure 10-20 represents a relay

having a sgpring 4o restore the
amature to normal, The tenzion of
the spring may be adjusted by masns of
the adjusting nut, Current is flowing
through the wipdinpg, but the tension
of the spring 15 greater than the pull
on the amature so that the relay does
not operate. If alwost all of the
tension is removed from the spring the
relay will operate when the nircult is
clozed, but will not relesze when the
gperating path is agaln opened,
(Figure 10-29).
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6,19 It is apparent that the tension

of the restoring spring must not
be too great nor tos small if the re-
lay 1t to function properly. W#hen
engineers design a circuit they specify
the conditions which each relay must
meet, and the relays must be adjusted
accordingly.

£,20 Sufficient current is flowing in
the eircuit shown in Figure
10-30 to 1light the lamp, but not to
operate the relay., Homaver, when the
key iz elosed the increase in the sur-
rept flow is gufficient to operate the
relay (Figure 10-31),
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6.21 Eelnys which are adjustad to
oprrate on a wery defipits cur-

rent flow are ealled marginal relnsys

tne lettery o on the core of a rnln;

Ayrtol indiestes th
kel indt * that it has a marpinal
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6.22 Relays "A" and “B" shown in
Figure 10-32 are marginal, The
current Tlowing in the circuit as
shown is sufficiant te operate relay
"B'" btut not relay "A'. When ths path
through relay "C" is c¢losed, the cur-
rent through relay A" is increased
enough to cause it to operate. (Figure
10-33) This greater flow is split be-
tween relay "B" and relay “C", Since
relay "C" has much less resistance than
relay "B", leaving leas than enough
current flowing through relay "B" to
hold it operated. That is, relay "g®
shunts relay "B" and at the same time
increases the flow through relay "av
and ceuses it to operate,
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6,23 Current flows through windings
No.1l and Mo.2 of relay "A",
Figure 10-3L in the same direction.
The magnetic strength iz, therefors,
the sum of the strengths produced Dy
each winding, With relay "B” operated,
however, the direction of the current
flow through winding No.2 is reversed,
as 15 indicated by the arrows. Thus,
windings Nos.l and 2 work against each
other and the pull on the armature 1s
that produced by the difference of the
strengths produced by each coil, and
is mot sufficient to operate the relay,
(Tigure.10-35). These are called

cerffrrem |, |l
i FLY i
| @
]rw -

FIG t2-33

differential windings, or the relay is
said to be differentizlly wound.
Winding %o.1 may be called the Primary
winding and lNo.? the fecendary winding.
If a third winding were ‘included,. it
would ke known'as the tertiary winding.
Figure 10-36 shows how the windings of
such a relay are matked on the symbel.

FIGURE 1034

i
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6,24 In Figure 10-37 an iron rod has
been started into the end of
the hollow coil. When the clrguit
through the coil 1s closed, the iron
rod is drawn up inte the coil, (Figure
10-38}. However, when the circult is
opened, the rod drops out, {Figure
10-39). A coll that is designed to
il a rod, or armature into itself is
calied a solenodd, It combines p
strong puil with a long armature travel
-and is used for varlous purposes, such
aa to operate a set of contacts, com-
press a spring,. ete.
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6,25 Figure 10-L0 shows 2 seolencid

magnet arranged to close a set
of contacts when it operates, However,
the armature is also connected to a
plston fitted into-a cylinder fiiled
with oll. When the piston is pulled
uprard 1t draws eil in through the
bottom of the eylinder, If this:
passage is small it takes considerable
time for the armature and plston to
travel far enough to operate the con-
tagts. '

.............

CIRCUIT CLOSED-
ARMATURE BEIMG
RRAAWN UP




6,26 By screwing the outer cover up

or down, the size of the opening
at the bottom of the cylirder may be
changed, Thus, the time reguired for
the relay to operate may be variad )
from & few seconds to several minutes,
When the cireunit is broken, the arms-
ture and plston start dowmward. The
ball valve now opens permitting the
5il to flow freely through the piston
so that the relay releases quickly
{Figure 10-11). This is known as a
dashpot relay.

CIRCUIY OPEM -
ARMATURE
DROPFING

ol
LEVEL
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1, POLARIZED REL&Y

7.01 Figure 10-42 represents a type of
relay known as the polarized
relay. Tt censists of an iron reed or
armature suspended. inside of a hollow
c0il, One end of the armature passes

nidway between the poles of a permanent:

horseshoe magnet. When electrons flows
through the winding of the electro-
magnet in the direction shown, the end
of the srmature between the pole pieces
becomes a south pole and the other end
8 north pole.

39

fLECTMOS
MAGHET L

l LPDT.

FIGUAE

- 42

T.02 The south pole of the armature iz
attracted by the nerth pole of
Yhe permanent magnet. This merely
aauses the armature to press harder
agalnst the stop., When current flows
through the winding in the opposite

directlion, the pales of the armature

are reversed, and 1ts nerth pole is
attracted by the south pols of the
permanent magnet. This caused the
armature to operate and close the con-
tarts, (Figure 10-L3}.
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U8, COTN RELAY

178201 Figare 10:Lk represents a bar

- :magne t whosa “seuth. pole end has '

0 bean aplit and spread: so that each

‘- half of tha south pole is on one side

-7 _af the north pole, . In Figure 10-h5 the

. gouth pole of a - permanent bar magnet is
- in contact with the center of an iron

Cframe, I -each of the three epds are

© - tosted, their polarity will be found to

{..be thp same as of the corresponding

'-_'_?arth@qf_the aplit magnet,

FERMAHMENT
- WAR MAGNET
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©UB.02.0 An ron armature s pivoted
. abeve the north pels of the

'*'magnét in Figure 10.4L6,

The ends af

- the armitures are both north peles,

due te their nearness to the sonth
peles of the magnet. If the armature
is rotated siightly in elther di-
rection it will continue until it
strikes the frame,

A.03 Two springs have heen added in
Flgure 10-47 to ksep the arma-
ture in a neutral position.

P

FIG i} 4F

.04 The tan coils shown connected
in werdes tn Fipure 10-LE
create ¥agoetic Poles as indicated,
8,05 1In Figure 10-L9 the coils have
been placed upon Lhe two sputh
pele arms of the permanent magnet
assembiy.

FiG 1D~ 48

kb

R

O iN- 43

On the right side of the south
peles the permanent magnet and the
coll combine to make s stronger south
pole, while on the Jaft side the south
pole of the parmanent magnet is cotte
bined with the north pole of the cail,
The armatire is, therefore, rotated
o the right untfl it astriites the pole
plece on that side.

8,06 When the current flow ts re.
versed as in Flgure 10-50 the

armature rotates to tha Irft, When
the winding in

turrent fiows through
ane direction, the armatura will

rotate to the right, apd when the eype
reat fiow s in the onpesite direction
the armﬂture_rill rotate to the left, '

e T

jg. ........ {3?

]
GPGe

S B _IWITLH e

S

R



8,07 The cein collector mechanism in
a pay telephone uses such g
device. The armature is connected

machanically Yo a cein centrol mechanism,

Yhen current is sent through the cir-
crit in one directlor, the coin is
iltomed to fall into the cash box; but
when the current is sent in the op-
posite directlon, the coin 1s returned.

8,08 The permanent magnet in the
mechanisn in Fipure 10-51 has
l1ost its strength so that when current
flows through the wirding, the arma-
ture is affected only by the magnet'sm
created by the colls. The end of the
armature over the north pole of electro-
magnet becomes a south pole and the
pther end a north pole. If the arma-
ture wvere exactly balanced it would not
rotate at all. However, in this case
the right end of the armature is
nearer to the scuth pole than the left
end i3 t¢ the north pole. As 3 re-
sult, the armature operates to the

*ight,
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8.09 When the current 1a reversed, the
armature again operates to tﬁu
right, (Figure 10.52), Thua; it 1a zeen
that tha permanent maghet 1s sssantial
for the proper opsration of thia devies,

9. LOSSES TN ELECTROMAGNETS

#.01 %When the magnetism of an electro.
ragnet 18 rapidly reversed, that
is, mhen the direction of the linea of
force e changed several times in rapid
successlon by reversing the direction
of the magnetizing current, the 1ron
core becomes héated and a eertain
amount of energy will be axpended.
This haating effect i3 due to twe
cavses:

Hysteresis, which is molecular
friction caused by the change 1n
pesition of the moleculas of the
iron.

k.  Eddy Currents, which are currents
that ara induced in metal whanever
the mgtal is moved in a magnetic
fiald, or when the metal i3 cut

rapldly by a moving magnetic field,

Theae factors willl be dipcussed
further in the chapter on - transformers,
répeating coils, and inductance coils,

In order to reduce to a minipum
the heating effects, snd hence losses,
due to eddy currents, the coras of
alectronagnets are sometlmes composed
of bundles of iron wires or shasts,
ingulated frem each other to hinder
the eddy currents., Thesa are known as
EEEEEEEEE COres.

QUESTIONS
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Is an alectrical current alwsys
aceemparied by magnetic linea of
force?

1.

What form do ths magnetic linea of
force take around a conductor
carrying an electrical current?

State the left hard rule for aetar-
mining the direction of the magnetls
f4zld of force around & conductor
carrying current.



h.
megnetic field of force around a
conducter cartying current?

. What is the difference between a

solenoid and an electromagnet?

Has a solencid a definite north
and .sputh pole, when carrying an
alectrical current? '

State the left hand rule for deter-
mining the polarity of a acolenoid,

Fhat is magnetomotive force?

That substance generally is used
for the corea of electromagnets?

10. What 4wo methods are used to in-
creass the sirength of an electro-

magnet?

How could the batteries in Figurs
10-53 be comnected 4o the two
windinga =0 that current would fleow
In both, but not operate the relay?

L
]

R

Fig. 1053

12, Relay "B* in fipgure 10-5h operates
whan tha key iz ¢losed, but relasy
A" does nbt, ever though there is
ne spring tension against 1ts arma-
ture, Does this indicate that the
winding of relay "A" is open or
shortaed?
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What determines the direction of the 13, Relays "A" and "B" in Figure 10-55

sre just altke, but relay "B* falls
to oparate when the key ls closed,
How could the test lamp bs used to
determine if the winding is open?
If it 1a partiglly shorted?
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Why are the cores of eleciromagnets
laminated?

What is the differerce between e

polarized vrelay and an ordinary
relay?

Is. the coin relay a polarized
reley? '

Is the permanent magnet necessary

for the proper cperation of the
coin relay?



UHAPTER XI

D, C. METERS

1. MEASUREMENT OF ELECTRICITY
1.01 Am electrical current may be de-
fined as the movement of free

electrons along a conductor. Since it
s known that elecirons are so small as
1o be invisible, the only means of de-
tecting or measuring electricity is by
the effects which it produces.

1.02 The effects important te electri-
¢al measurements are;

a, The heating effect - Whenever
a current {lows through =z
path offering considerabla
resistance, heat is produced.

b, The magnetic effect - A cur-
rent produces a magnetlc
field in 1ts vicinity which
cant be shown by the attraction
or repulsion of another
magnet.

¢. The chemical effect - Current
in passing through certain
chemical solutions will cause
chemical actions to take
place.

2. STANDARD MEASUREMENT

2.01 The chemical effect 15 used as

standard with which to define
the unit of current. Although used as
a standard, the chemical method is not
suitable for ordinary messurements as
it takes sonsiderable time and re-
quires very precise measurements of
waight and time.

2.02 Since the electromagnetic

method gives almost instantaneous
measurements with a minimum amount of
skill necessary on the part of the
measurer, most of the common measiring
instruments employ this method in
their gparation.

3. THE D'ARSONVAL GALYANOMETER

3.01 The D'Arsonval galvanometer, in
its simpleat form, consists of a
coll cf wire suspended between the twe
poles of a permanent magnet. As a cur-
rent 1s passed through the coll, a
magnetic {ield is aet up around the
¢oll teving a definite north and mouth
pele inh accordance with the left hand
ruie. The coll will then turn, at-
tempting to align itseif so that its
north pole is as cloze to the south

peie cf the permanent magnet as
possible,

3.02 In the direct current meter shown
in Fipure 11-1, the D'Arsonval
principle of movement ls employed,

Gertain structural arrangements are em-
bodied which provide a maximum of
ruoggednesa with a minleum ioas of
eensizivity. In order to reduce
friction the coil 1s pivoted in iewels.
The coiled hair spring tends to keep
the coll from turning, thereby pro-
viding a force which resists that set
up by the reaction botween the magnetic
filelds of the ceil and the pe rmanent
magnet. By proper gesign of the
magnatic circult and of the hair spring,
the degree of deflectlen of the pointer
carn be made proportional to the amount
of current flowing in the coil. The
coll and pointer are mechanically

63



balanced so that the instrument may be
used in any position, A mirror is
placed next to the scale and beneath
the pointer so thst errors in reading
the scale dus to parallex can be
evolded,

3.03 The ipertia of the ¢coil and the
resijiernce of the halr spring
tend to cause the pointer to oscillate
sbout the reading point on the scale,
for a time after the current iz
applisd, The reduction of this tendency
is called damping. In most meters a
closad conducting leop, usually the
frame on which the coll is wound, acts
4s a damper, As the coil moves in the
strong field of the permernent magnet,
a surrent 1s induted in the aluminum
frame which in turn produces sz magnetis
fisld that opposes the movement of
the entire coil structure, acting as a
brake to keep the pointer from oscil-
lating. When the peinter is at rest,
there is no currert induced in the
alumirmem {rams,

J.ck  In studying the action and con-
struction of direct-current
Reters, the question might arise as to

the difference between ammeters and
voltmeters, since they both employ the
D'irsonval galvanometer principle of
movement. In g galvanometer thers is
no provision for measuvring the amsunt
of current flowirng through the coil.
In this respect the galvanometer scts
sore as A detector of current than as
A neasurer. The ammetar is s galvano-
meter which hax been calibrated 4n
amperes so that $he amount of current
¢an be regd directly from a scale,

The voltimeter is a galvanometer cali-
brated In volts, and is 3o constructed
that the small amount of current
necessary to defiect the pointer ix in
propertion te the voltsge being
measured.-

1.05 It must te remenmbered that whep

this type of ammeter or volt-
meter is used, it consumes power and
besomes, in reality, az part of ths
gircuit being measured. The amount of
pomer consumed 1y repligpible in most
cases 394 does not matertally affect
tha accoracy of the measurersnt.

L. AMMETER

k.01 All of the current flows through
the coll of the galvanumetef.
The magnetic field produced by this
coil does not have to be very strong to
rmove the pointer, since the only
opposition encountered 1is the te?sion
of the coil spring and the friction
of the leweled pivots. Therefore, a
very small amount of current will move
the pointer the full length of the
zcale. In direct—current instruments
this may be from .0001 to .035 amperes.
In order te reach a large current fiow,
1t is necessary to divert most of the
current over a different path than
throagh the coil, thus alloewing only a
small percentage of the total current
being measured to pass through the coil
of the meter, This diversion is
accomplished by adding =n additionzl
path of low resistance in paraliel with
the coll of the meter, This additional
path 1z called a stunt. The shunt oir-
cuit fliustrated in Figure 11-2? shows
that a parallel circuit is made with
the resistance of the coil as one
branch, and the resistance of the shunt
as ihe other branch., The amount of
current in the coil will depend on the
relationship between the resistance of

the coil and the resistance of the
shunt,

15 -2

k.02 By changing the resistance of

the shunt, the range of the
instrument can te extended sp that the
nfpetcr CAR DEASUTE many times the amount
of the current neceszary for 1)
:ca;e deflection of the pointer, This
is done by providing a shunt having
lower resiztpnce than the coil, thersaby
causing most of the current to flow
through the shunt, Tt allowing enough
;hrough the coil to provide readatle

eflection of the peinter,
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1.03 In determining the value of shunt
necessary, Ohm's law as applied
to paratlei circults is used. For ex=-
ample, Ln the ¢circuit shown in Figure
11-3, R, represents the coll of an
ammeter which hss a resistance of ,02
ohms. When .01 amperes flows through
the ¢oil, the ammeter gives full scele
defiection. ¥t is desired to measure
.5 amperes of current with the meter
and the problem is to find the value
of shunt, 85 ,» necessary to increase
the range of the instrument frem .01
to .5 amperes. <~ince the coil itself
ean carry .01 amperes, then the amount
of current which must flow through the

FiG. 11-3

shunt is .5 - .01 or U9 amperes,

The voltape drop across the ammeter

coll Ry, is calculated by applying Ohm's
lawm to the eircunit. This equals .C1

x .02 or 0002 volts. Since the shunt,
K3 , 1s in parallel with By the voltage
drop must be the same acress the two
resistances, Therefore, dividing the
voltage drop by the current through the
shunt will give the resistance necessary
in the shunt; ,0002 +— L% = .OOCh
ohms.,

k.o If the maximum reading of a meter
is changed the scale of the meler
mist alse be changed, or a maltipiying
value caleulated for converting scate
readings. For example, suppose an am-
meter which reads a maximum of 3} amperes
1s changed by the addition of a shunt,
so that the maximum amount of current
which can be measured ls 30 amperes.
The shunt added te the meter has a
miltiplying value of 10, and the reading
on the three ampere scale would be
multiplied by 10 in order to obtair
the correct value of current.

g.

VOLTMETERS
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5.01 The voltmeter is 3 galvanometer
to which has been added re.

sletance in series with the coil, in
stead of in parallel as in the a;- )
meter. In order to drew a8 little
current as possible from the circuit
the meter coil should require a very,
S@all amount of current, and the re-
sistarce connected in series showld be
iarge. This series realgtance in a
voltmeter is dmown as & miitiplier,

5.02 The use of a miltipiier may be
1llustrated by the following
vXamplie: In the cirecult shewn in
Figure ki, & veltmeter i3 connected
actross the resistance B 2 to measure
the potential drop of that resistance,

hssume the resistance of Bz is L ohms,
the current flowing through B2 1s .5
amperes, the resistance of the volt-
meter coil, represented by Ry , is
.02 ohms, and the amount of current
necessary for full scale deflection is
.01 amperes. The probiem is teo deter-
mine the value of the multipiier, By
that will give the correct voltage
drop acress Bz . To determine the
voitage drop of Rp , multiply the cur-
rent by the resistance; .5 xk =2
volts., Since the voitmeter is con-
nected in parallel with the voltage
being measured, the t.otal voltage drop
across Ry and Ry will be 2 wolts.
The meximum current that can flow
through the voltmeter roil without
damaging the {nstrument 1s .01 amperes.
The combined resistance must be such
that the current will be limited to
this value, Dividing the voltage drop



by the current will give the total re-
sistance needed; 2 3~ ,01 = 200 ohms.
The resistance of RY 1s .02 ohms;
therafore the resistance of the multd-

plier will be 200 - .02 or 199.98 ohms.

6. OHMMETER

6.0l The average chumeter that is

used in the field is merely an
adaptation of the D'Arsonval galvanow
meter. In this device the galvano-
meter is connected to a known voltapge
source such as a dyey cell. The une
kmown resistance {5 connected in
seriey with the dry cell and grivano-
mater, The galvanometer deflection
wiil be an amount determined by the
unknown reslstance, By using Ohm's
law, the galvanometer resistance and
the dry cell voltage, 1t is possible
to calibrate the meter deflisction in
ghms. VYarious resistance ranges may
be obtained by inserting known values
of resistance {calibrating resisters)
in series with the galvanometer.
Sometimes it becoms pecessary to in-
crease bhe supply veltage depending
apan tie sensitivity of the palvano-
meter.

7. QUESTIONS

I, ket are the three ways that
clectricity in motion manifests
itsell?

2. Which of the above effects 15 uaed
to measure the amount of current?

3. Which method of measuring an

electrizal currens is used as the
standard?

L. ¥®hat are the disadvantages of
using the chemlecal effect for
measurements?

1o,

11.

12,

13‘

1}-‘l

15.

bh

What type of galvancmeier is used
in moat of the ammeters and volt~
meters smploying the electro-
magnetic effect for measurement of
direct currents?
Define dpmping. How is it accom-
plished?

State the difference botween galvano-
moters, ammeters, and voltmeters.

Should an ammeter have high or low
resistance? Why?

Should a voltmater have high or low
resiatance? Why?

It 45 dasired to convert a galvano-
meter of 0,2 amperes full scale
reading to a L ampera meter. The
palvanometer reads full scale

when .1 volt 1s applied te the
terminals. What value of shunt

1s required?

What would be the multiplying
value of the shunt in questien 10%

hat is the purpose of an ammeter
shunt?

What 15 a mitiplier? In what
instrument is the multiplier
used?

What law 1s uwsed g caiculate
meter deflection of an chmmeter?

¥hat determines the supply
vaitage for an ohmmeter?



CHAPTER XII

KATURE OF ALTEREATING CURRENT

1. GFNERATION

1,91 In the preceding discussions the
source of e.m.f. was assumed to
be a battery, This was done for the
sake of gonvenience and simplicity,
However, as a source of commercial
electric energy on a large scalz basis,
the battery is relatively expansive
and unwieldy, and it is necessary to
use some other means of obtaining
glactric energy in bulk, Probably the
most cormen means of accomplishing this
is through the use of the generator,
which depands for its operation upon
the vhenomenon of electromagnetic in-
duction,

1,092 In an earlier discussion it was
shown that when e.m,f, is im-

pressed on a cenductor and electrons

are made to flow threugh the conductor,

the motion of this current of electricity

produces a magnetlc field of ferce about

the conductor. The reverse of this

GALYBRNDWETER
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is also true. A magnetic rleld can be
made to create an e.m.f, and thereby
cawse a current bto flow in a olosed
loep. This crealion of an e.m.f. is
accomplished by moving a conductor so
that it cuts across lines of force,

or moving the lines of force so that
they cut across the cenductor,

1.3 The wire ‘"ab" in Figure 12.1 is
connected to a very sensitive
galvanomater, When the wire 1z moved
past the north and the south magnetic
poles as shown, the needle is de-
flected, indicating that a eurrent is
flowing, If the wire is moved past
the poles in the other directionm,
Figure 12-2, the needle is deflected
to the other side, indicating that the
current flLow has been reversed, How-
evar, if the wire is moved direstly
from either pole to the other, as ahown
in Figure 17-3, the meter needlie 1s not

deflected,
B T}/}{///f/r/ff’ﬂ
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1.0L  Each and of the loop of wire
shomn 4in Figure 12-4 1s connected
tn a meial ring which slides past a

carbon brueh when the loop is retated.

FiG. 124

If the loop 1s Yeing rotated through
tha position shown, current {lows as
indicated, As the loop turns Tarther,
the current is diminished until it is
zerc at the 4{ime when the loop is in
the position shomn in Fipure 12-5,
where side A is traveling from the N
pole to the 5 pole and side B is
traveling from the 5 pole to the N pole,

..,f'."

Frg.i2~a

an the ioop advances farther, current
th;nrtﬂ to flil;ﬁ in the opposits direction
and increases until the loop ig in the
position shown in Figure 12-6 where
gida A {5 moving directly past the 5
pole and side B is moving in the
oppocd to direction past the N pole,

FiG. 12-%
The current then de¢reases, bevoming
zero &5 the loop reaches the position
shown in Figure 12-7, Thus, it is
seen thal by rotating the loop between
the two opposite magnetic poles a cur-
rent is caused to [low first in one
direction and then in the other. 3Such
a device is 2 simple kind of ALTERNATING
CURRENT GENERATOR. The loog is known
23 the armature and the space befwaen
the poles as the magnetic field,

3

.
. .,
ks

w?
a"w;?:?
..

L

CALUAMIWETER




1.05 “Figure 12-8bindicates graphically
“the current flow as the loop is
peing turned in 12-8a. At point A, the
conductor Ls moving parallel to the
iines of force and since no lines are
being cut, the current induced is zero;
represented graphically by point A',
is the conductor advances from A to B,
it is eutiing a greater amount of flux
at each instant, glving s slow increase
in current as shown by the curve 12-8B,
(4! to B'} At C the wire is moving
perpendicular to the flux and therefore
cutting the maximum number of lines of
force which induces the maximum sur-
rent as shown by the point Ct, Note
that the gconductor has moved through
an angle of 907 from A to C, As the

conductor meves on past €, 1i is cutting

2 decreasing amyunt of flux at each
instant, thereby decreasing the induced
current as showrn by the curve Cf to D1,
4t the instarnt E, the conductor has
made one-half revelution and is again
moving parallel to the lines of {lux,
inducing no current as shown by E' in
Figura 12-8B., When the position E is
passed, the dircction of current
changes as the conductor now moves
uprard cutting flux in the opposite
direetion. Yrogressing as before, the
current gradually lnereases in a
negative direction, until at point G,
the conductor is again moving
perpendicular to the flux, giving
maximum negative current, as shown by
G'. From G to A the induced currant
gradually decreases, until, again at
position 4 it Is zero, represented

by 4" and the conductor and wave are
ready to start another cyele, Poinis
A' and A" on the wave reprasent the
game pesition of the conductor, A.

3
TARECTION .

IRECTION |

1,06 The curve 88 as plotted in the
preceding paragraph, is knowg
as a sine wave, The sine wave 1s g
smooth curve that represents the
polarity and magnitude of the in-
stantaneocus values of the current,
and 1s the normal wave form for an
alternating current., The herizontal
base line is divided inta degrees or
intervals of time, and the vertioal
distance of the wave above or below
the base line represents the in-
stantanecus value of current st a

particular point in the rotation of
the loop.

1.97 The preceding discussions of
alternaling current generation
have been tased cn current fiew., Tt
can be readlily understond that an
e.m {, or voltage analogy would apply
in the same sense, In other words
sither current or voltage magnitudes
and polarlties may be plotted as a
sine curve,
1.08 Whenever anything passes through a
series of changes and retums to
the starting peint, thzre to again
start the same series of changes, it is
called a cycle. Figure 12-8B repre-
sents a cycle of current. The current
ifereases from zera to & maximum posi-
tive value, dezreases te zerp, in-
creases Lo & maximum negative value,
ard apain decreases to zero, there to
again start the same Aeries of change.

1.49 in alternation is one-half of a
avcle, Ses Figure 12-8b.
1,10 The frequency of electricity is

Aorm2lly exprassad in cycles per

PG ,a.LT[RH.hTmTIEG ALTERNATIOH -

e —ome CYeLE——
by

Fli 2-8
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second; however, in some instances the
words, per second, are omitted. Fre«
quency refers te the number of com-
plete cytles occcurring in one sesond,
If the conductor in Figure 12-8a was
turning at 3600 revolutions per
minute, or 60 revolutions per second,
there would be 60 ecycles of e.m.f.
generated per second. The frequency
ol this e,m.f. would be 60 c¢yeles per
srcond,  Then the conductor would
complete one revolution in 1/60 of a
second; one-halfl revolution in 1/120
of a second and one-guarter of g re-
volution in 1/240 of a srcond. There-
fare, the horizontal btrae line in
Figure 12-8b may be termnd a time or
degree reference line.

1.11 A coll composed of three turns

of wire is being retsted in the
magnetic fleld in Figure 12-9., The
=.n.f. created in this case iz three
times as great as if there were only
one turn, see figure 12-}, and,
conseguently, three times as much our-
rent flows through the meter; that is,
THE E.M,F, CREATED IS PROFORTIONAL TG
TEY MUMTRER OF TURNS WHICH PASS THE
FOLES AT THE SAMT TIME,

Fid. 119

1,12 In Figure 12-1C the megnetic
poles are twice as strong as in
Figure 12-4 and the voltage produced
is twice as greaty that is, the E.M,F,
IS ALSO PROPORTIONAL TO THE STRENGTH

OF THS MAGNETIC POLES,

1.13

GALVANOMETER

e |
N2/

2 ot

FIG 12-10

It was shewn in Chapter IX that
by placing iron in the space bew

twaen the poles of a magnet the
magnetle effect can e increased,
Therefore, IF AN IRGN CORE IS PLACED
INSIDE OF THE ARMATURE 100P, THE
VOLTAGE PRODUCED WILL BE INCREASED.
Likewise, it may be shewn that YGLTAGE
OF A GENFRATOR IS FROPORTIONAL TO THE
SPEED AT ¥HICH THE ARMATURE IS ROTATED.

2, OUFSTIONS
1, Deseribe an altemating current,
2. What three factors detarmine the
value of the induced current?
3. Draw a sine wave Mepresenting one
cycla of alternating voltage,
hl

70

Is the value of the induced current
in a conductor which isg rotating

in a magnetic fleld, the same at
every instant? Explain why,



6,

?.

%

Does the polarity of a.c. change?

How many. revalut.lons of a single
loop revelving between the poles
of one horse-shoe magret, is nec-
essary to prodice one cycle of
altermating voltage?.

If additional turns are added tg 4
single loop armature, will the
fraguency change?

#hat happens to the current of an
armature I the tums are increased
from one to ten?

What does a sine curve of voltage

represent? A sine curve of current?
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CHAPTER XIXi

D. C. GENERATCRS

l. GCENERATION

1.01 A direct current generator alweys
causes a current to flow in the
same direction,

1,02 The ends of the armature loop in
Figure 13-1 are each connected

to one segment of a 3plit ring called

a commtator. With the loop in motion

and in the position shown the current

flow through the meter is as indicated.

FiG 431

It will bYe noticed that brush 1 is in
contact with commutator segment 1,

and brush 2 with segment 2., While the
loop is passing through the opposite
position, Figure 13-2, the flow through
the loop is in the opposite direction,
but brush 1 is now in contact with
segment 2 and brush 2 with segment 1,

FiG. 3-2

Consequently the flow through tne meter
is in the same directicn as when the
coil was in Pigure 13=1. Flgure 13«3
rapragents the voltiage across the
brushés as the armature is turned.

iy +

(0]
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v g TIME

§g:) o nr - 270 360"
_ ONE REYOLUTION

™ e ——

2 - OF THE Loop ™

-

FIG L3-3

1.05 The commutator in Figure 13-4 haa
four segments and two loops
arranged as showa, With this arrange-

ment there is alwaya an E.M.F. being
px-‘oduce'_d' by the generator. The solid
lines in Pigure 1%-5 represent thae
voltage at the brusheg, while the
dotted portions represent the voltages
produced by each loop., If more loops
and gegments are added in a similar

manner, the voltage of the brushes will
be more nearly constant.
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VOLTAGE.

1.04 If the magnetic poles are those _' '

of permanent magnets, the
generateor is often called a magneto.
Howevar, the magnetic fisld may Le

created by electromagnets. Figure 13-6

shoes a generator having electromagnets
created by the current {lew from a '
battery, This generator 1s said to be
separately excited, and is repressnted
by the symbol shown in Figure 13-7,

l o ﬂ ) FiG 137

ol o
L2 VLTS
OFIG %=

.1 35 Pnrt'éf the current from the
A amature of the generator shown

: 111 TFigure 13-8 flows through the
.ETectroragnets, known as {ield magnets,
to energize them. By adjusting the

“pererator may be varied,
. device is known as a Shunt wound
]generator _
-with -a field rheastat.: Figure 13-9%
shows the symbol for such a generator
equipped with the rheostat.

©OP 158

- fiéld.rhﬁostat, the mapnetic strength

and consoquently the voltage of the
This type of

It may or may not be equipped

The voltage
of a shunt machine is less when it is

. connected to-a low resistance eircuit
" tran when connécted to- ‘one of high

PPQAsfanvP.

FiG. 13-3

1,06 All of the current coming frem the
armature of the machine represented
in Flgure 13-10 flows through the field
mindings. This is said to be a series
wound generalol. The - voltage of &
carles generator is greater when con-
nected to a low rzsistamce eircult then
nrected to a high registancs.

whon o0
ane.
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1.97 A combination 6f a shunt winding RN

and a series winding are used in’ | voTeETER : M
Figure 13-11, This is known as 2 _ w; | |
compound wound generator. Varying the K, : "
resistance of the load connected to =
campound gererator dees not greatly o 9 s j
affect the voltage across the terminals f R =
of the generator. i
14 I F
2 3
19 <=
-2
B
FIG, E3-1 -
2. GERERATORS IN SFRIES AWD PARALLEL
2.01 Figure 13-12 shows two similar AGw-n
generztors connected in serles.
The volimeters indicate that the voltage
produced by the two is the sum of the is in the position shown a voltage is
voltages produced by each generator, produced between the + brush and
TF the generators are comnected in brush (1 causing a current to flow as
parallel, the voltage will be the same indicated by meter A, while no voltage
as of either generator alone, However, exists between the - brush and brush
the current capacity will be increased, G. On the other hand, when the arma-
Thus, it is seen thait the same fure 13 in the position shown in
principles avply in combining of Mgure 13-.14 a voltage in the other
generaters as in combining of battery direction is indicated between the
cells, = brush and brush ¢, Pigure 13-i5 re-

A

VIOLTMETER
VOLTMETER

Fis 15-12

3. PULSATING CURRENT GENERATORS

3,01 One end of the loop shown in
Figure 13-13 is connecied to a
solid slip ring while the opther end
is connected to one sepgment of 2 two
segment commutator. When the amature Fig 13-4

Té
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+ BAUSH. TO GAGMD

Fi. 13-15

ﬁresents the voltapges between the.

4 brush and ground when the ammature
is rotating steadily., This is positive
pulsating ¢urrent. That from the

~ brush 1s negative pulsating current,
{Figure 13-18),

L.

+ .

~BRUSH TO GROUND

o

§
<

QUESTIONS

¥rat are three faults which would
reduce. the voltage produced by -a
generator?

Wrat is the purpose of a commtator?

Frat trouble would result if the
gseriea winding of a compound
genarator were open?

Why do they use more than two
commtator segments in some DLC,
generators? ’
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PR £1¥
CAPACITANCE

1.  ELECTHRON DISPLACEMENT

1.01 Like electrical charges repel
each other =20 that one electron
in space exerts s force on another,
If two metal plates ars connscted as
shown in Figure 14-1, both piates are
at the same potential. T there were
moYe electrons on plate 2 than on
plate 1, the repelling force hetween the
two groups of electrons on the plates
would cause a flow of elecirens to
equalize the number of elscirons on the
txo plates. However, when the key is

FIg. 4=

closed, (Figure 1L-2) plate 2 wiil ke
connectad to the positlve terminal of
the battery, and the attraction of the
battery removes slectrons from plate 2.
As these electrons move away, the re-
pelling force between the two plates
tends Lo decrease, 30 that other elect-
rons can move from the negative terminal
and accumulate on piate.l, Since plate
? has fewer electrons than before, it is
positive with respect to plate 1. Also,
plate 1 has more eiectrons than before so
it iz negative with respect to plate 2,

Thus, a voltage exists betwesn plates }
and 2. The flew of electrons can con-
tinue only until the voltage betwesn :
plates 1 and 2 equals the battery
voltage. Since the number of electrons
or charges on the two plates ia now
unegual they are said to be charged,

oA v NOwETEN

\ ; oy,

1 \N_L.7

O._l
g5 24 VLTS I

==

Figd. 14-2

i
1
i

1.02 When Key A in Figure 1L-3 1s
closed, the needle of meter A
is momentarily deflected. This indi-
cates that the battery has caused a
certain quantity of electricity to flow
from one plate of the capacitor to the
other avar the path designated by the
dotted arrows, If key A {s opened, the
quantity of electricity which was
transferred cannot re

turn, and we =
that the car r ay

acitor is charged,

1.0} The difference of potential be-

tmeen the two plates may be shown
to be equal tn that ef the battery,
plate 1 being nogative and plate 2

positive, If key B g now closed, the
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LPIG. 143

needle of meter B will be deflectad
momentarily in the opposite direction
from trat when key & was closed, indi—
cating that the elactrieity caused to-

flow from one plate to the other has'’
returned. (Figure 1L-h}
is now said to be discharged,

FlG. 44

1.5L When the switeh shown in Figure

14-5 is closed ag shown, the Tiﬁ:;= 

needle of the meter is deflected -

momentarily, as indicated by the dcttgdf-'

arrows. The distance that the need;e
is deflected is propertional to the:
quaniity of electricity which flows,

If the switch is opened, the capacitor < -
However, if the switchl

remains charged. :
is clesed in the other direction,

The capacltof?; 

" than these in Figure 1h7.

. me VOLTS

Fitg, 14-3

 i£he needle wlll be deflected twice as

* far in the other direction.
. (Figure 1lh=6) That is, the capacitor
- will be discharged and then charged
in the opposite direction.

'u-ﬂ:?] 05 The plates of the capacitor in

" Figure 1h-8 are much larger

fhen the

 cireuits to charge the capacitors are
closed, meter B 1s deflected farther
than meter &, This indicates that a
greater guantity of electricity flowed
in charging the large rcapacitor than
in charging the smaller one. That is,
THE QUEKNTITY OF ELFCTRICITY WHICH
FLOWS FROM ONE PLATE OF & CAPACITOR
TC THE OTHER WHEN A GIVEN VOLTAGE IS
APPLIED IS FROPORTIONAL 10 THE SIZE
OF THE PLATES.
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1.06 The plates of the capacitors in
Fguré 14-9 and 14-10 are alike,
but thoee of capacitor in 14.10 are
Tather apart. When the capacitors
‘are oharged, more oleetriecity flows in
Fipure 14-9 than in Plgure 14-)0.
Thin phows THAT THE QUARTITY OF
ELECTRICITY #WMICH FLOWS TO CHARCE A
CAPACITOR TQ A GIVEN VOLTAGE IS
DEFENDFNT UPON THE NEARNESS OF THE
PLATES TO EACH OTHER,

PLATES
cLo8E TOGETHER

i)

g

e T
-

Fig. 1.8

PLATES
FAR APART

B

I
- ——

. L%
i 24 VOLTS

——a|s

P, M =10

1.07 It may likewise be shown. that

the kind of material used as
tnsulation tetween the twva plates helps
to determine how much electricity it
takes to charge g capacitor to a given
veitoge. The dielectric of a capacitor
is the non-conductor placed betwagn tha
;wo plotes, It may be air, or sube
a;an;gg such a8 glnss, mica, waxed
paper or poreelain, The dislectric
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constant of air is unity. The
dielectric constant of any material is
equal to the ratic of the capacity of
a capacitor using thls material as a
dielectric, compared to the capaclity of
the same capacitor using air as a
dlelectric. Waxed paper has a
dielectric constant of from 2 to &
therefore a capacitor using this sub-
etance as & dielectric will have from
2 to 6 times the capacity of a similar
capacltor using alr as a dlelectric,

1.08 The capacity of & cmpacitor to

store energy 1s dependent upon
the physical make up of the capacitor
and is not dependent upon voltage,
frequency or current, There are three
factors which may be varied tc affect
the capacity of a c¢apacitor; the area
of the plates, the distance between the
piates, and the material of the dielec-
tric, The capacity of a capacitor is
directly proporticngl to the plate area
and inversely proportional to the dis-
tance between the plates, That is,
inereasning the plate area increases the
capacity and increasing the distance
between the plates decreases the
capacity.

2. UNIT OF CAPACITANCE

2.01 TIf only a small quantity of

electricity flows when a given
voltage is applied to a capacitor,
that capacitor is said to have a small
capacity, If, on the other hand, a
large quantity flows te charge the
capacitor to the given veltage, the
capacitor is said to have a large
capacity. Capacity is measured in
units called FARADS, However, the
capacity of ordinary capacitors are
enly very small fracticns of a farad.
Therefore, for the sake of convenlence
tre capacity of a capacitor 1s ex-
pressed iri ¥ICROFARADS, abbreviated
¥.F,; the microfarad being one-
millionth of a farad. The more common
capacitors used in the telephone
systems have capaciiies of aboult one
or two microfarads,

2.02 The unit of capzcity is the
farad., It 1s defined as the

capacity of a capaciter which will be
charged with one couliomt of electri=-
city when its plates are subjected to
a difference of potential of one wolt.
The letter C, used in equations,
dezigates farads. The farsd 15 too
large a unit fer practical work in
telephony and radio; therefors the

1
microfarad which 1s 1,000,600 of a

farad or the micromicrofarad which is

N S
1,000,000

The unit used in equatlona must alwaye
be in farads.

of a microfarad are used.

C = Farads
uf = Microfarads
uuf = Mieromicrofarsds

3. QUANTITY OF CHARGE

3.01 The quantity of electricity that
is stored on a capacltor is
deternmined by the formula Q = CE.
That is, for a gliven capacity € of a
capacitor, the quantity of electricity
may be increased by lncreasing the
applied veoltage. However, LI the
voltage is increased to excess it will
puncture the dielectric and ruin the
capacitor. The voltage at which a
capacltor will become punctured is
known as the breakdown voltage,
Capaclitors ere rated in both capaclty
end voltage,

I, PRACTIGCAL FCRUS OF CAPACITORS

L4.01 Capacltors are of various ferms
adapted to the purpese for which
they are used. The air capaciter in
which air iz the dlelectric, ususlly
conzists of tmo sets of metallle
plates ¢onnected in parallel, one Bst
being insulated from the other. This
form of capacitor, whose capacitance
nzy be varied at will, is used to a
considerable extent in radic apparatus.
The mica capacltor consists of sheels
of tinfoll separated by thin sheets of
mica. Alternate sheets of tinfoll arts
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gonnacted together to form a capacitor
of many paralle) plates. Nica
capacitors frequently are used in

radio seis and as standards for the
comparisen of electrical capacitiss.
The paper capacitor (Figure 1L-11) con-
fists of two long sheets of iinfeil
separated hy two sheets of paraffined
paper rolled in a compact form, and
then seeled in an appropriate container.
This type of capacitor 1s used to a
large extent in telephene and radie
apparatus,

Fig. H-11

5. CAPACTIORS IN PARALLEL AND IN SERIES

£.01 The three capacitors represented
in PMgure 14-12 are all of the
same capacity., Capacitors 1 and 2 are
connected in parallel, and when the key
1s closed meter A ls deflected twice as
far as meter B, This demonstrates that
twe simllsr capacitors in paralled have
twice as much capacity as one alone.
If more capacitors are connected in
parallel, the capaeity will be further
increased. That 1s, THE TOTAL CAPACITY
DF CAPACTIORS IN PARALLYEL IS5 THE SUM OF
TRE CAPACITIES OF THE INDIVIDUAL
CAPACITORS,

.02 FWhen the key in Figure 14,13 is

cloyed, meter A is defllected
only half as far as meter B, This
showa that THQ SIMILAR CAPACITORS IN
SERIES RAVE ONLY HALF AS MUSH CAPACITY
AS EYTHER CAPACITOR ALONE. If mere
capacitors are added in series, the
caprclty of the combination will be
still farther decreased.
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5.03 The capacity of two or more
capacitors in paralie} iz the
sun of the individuzl capracities,

since the effective plate area is in-
creased,

Cp = Cr e Cpaly .. .. ote,

The capacity of two or more capacitors
in series is obtained ipn the saze
mANNET a5 is the total resistance of a
munter of resistors in parallel, Fqual
charges are carrled by the various
¢apacitors in the seriss gonpection and
the effect i3 te reduce the total
capacity of the system, For several
capasitors in series:

Sy 2 T 1
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For two capacitors 1n series the abeve
formila reduces to:

C, x C
Cp = 1 2

Gl + C2

6. USE OF CAPACITORS TO PASS A.C. AND
BLOCK AN UNCEANGING D.C,

6,01 By reference to Flgure 1h-2 it
will be seen that a capacitor
acts as an open cireult to an une
changing D.C. After the capacitor is
charped no current will flow. This is
because the sapplied potentisl and
polarity 1s the same at all times.
However, the plate charge will be

changed in quantity only as the applied

potential is increased, decreased or
reversed. In short, current will flow
only as a .result of potential changes
or reversals in a capacitive clreuit.

6,02 An A.C. voltage is periodically
reversidg polarity and cen-
atantly changing potential, Referring
to paragraph 6,01, it can be readlly
understood that a capaciter connected
in an A.C. eircuit will allew current
to flow, The inténsity and direction
of thiz current will be propertionzl

to the A.C., source,

6,01 This summary statement may be
made: A capazitor will block

an wmchanging I C. and allow A,C, or

changing D.C, to pass.

7. QUESTIONS

1. f what dpoes a capacitor consist?

2. What is meant by the capacity of a
eaparitor?

3. Upon what three things does the
capaclity of a capacitor depend?

k., What is the unit of capacity?

10.

11.

12.

13,

14,

4
VoL

Will a capacitor having a dielectric
of alr have & higher capacity than
one having a dlelectric of waxed
papar if the distance hetween the
plates of both capacitors is equal?

What two things determine the
quantity of electricity that will
flow into a capacitor when 1t is
connected o an e.m.f.?

Dowes a charged capacitor hold its
charge indefinitely?

Is it possible to have a perfect
capacitor?

How is the totsl capacity of
capactiors connected in series
found?

How would you determine the total
capacity of a cirpuit that had
several capacitors conmected 1in
parallel?

Find the total capacity of a cir-
cuit which centalns a .4-uf,
25-iuf, and a 200-uuf capacitor in
series.,

Wkat would the capacity ol the
above circuit be if the
cgpacitors were connected in
parallel?

Which capacitor requires the

greater quantity of electricity to
charge it to a given voltage, one
of % M.F. capacity or cne of 2 N,7.7

Will a click be heard in the re-
geiver when the 2lip is touched to
the lug 4 in figure 14-147 Will
the ¢lick be heard when the ¢lip
ia remeved? W%hen the cllp ia
touched to lug A again?

T

FIG .14
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15,.

'15.

17.

18,

1H11‘a.niiﬁk;bu-ﬁeéfd;wﬁnﬁ-the-qnd

ef the wire is touched to the elip

- in figure 1%-15. Will a elick be -

teard each- time the clip is touched

to the lig?
: i_i CLIb—
. i - b o '\-r‘
‘ﬁéﬁégg 00,000
,T_ il 4 H -
Whﬁt.is~thq equivalent resistance of

& capacitor 1n an unchanging D.C.
eireuit?

‘What is the equivalent resistance
of & capaclter ir an A.C. cireudt?

-ﬁhat is the ejuivalent resistance
of a capacitor in a circult with

changing D.C,7?



CHAFTER XV

TNDUCTANCE

1., Oppesition To Change In Current

1.01 1In an earlier discussion it was

shown that when an e.m.f, iz im-
Fressed on a conductor and a current
made to flow through the conductor, the
motion of this current of electricity
produces a magnetic field of force
about the conductor,

1.02 Self induction is the induction
of an e.m.f. in a conducter or
circult caused by changes in the cur-
rent flewing through that same con-
ductor or circuit. As current starts
to flow through a stralghti cenductoer,
there 1s a Wild up of field, be-
glnning at the center of the conductor
and pradually expanding outward until
the conductor itself is cut by this
fieid. When the lines of force reach
the outer edge of the conductor, they
expand still farther, to the area
around the conductor. During the
pericd that the lines of force expand
through the conductor they induce an
e.m. I, In the conductor., This induced
e.m.f, is always in such a direction
that it tends to oppose any change in
the current in the conductor. When the
current in one turn of 2 coil suddenly
increases, the 1lines of force set up
around this turn will expand ang in so
doing will cut some or all the
neiphboring turns of the coil, thereby
inducing in them an e,m.f., which is in
the eppesite direetion to that of the
original current. The reverse of this
condition is alse true, that is, when
the current in this particular turn de-
creases the field will shrink or con-
tract, and in so dolng will again cut
ail the nelehboring turns, but in the
reverae direction. The cutting of
these turns by tha decreasing field
induces an e,m,f, EFach turn of the
gcoil acts on other turns, thereby
greatly amplifying the effect of self
induction. Therefore, a coil will have
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mueh more self induction than a
strajght conductor, The effect can be
inereased many times by the use of an
iron core in the coil to decrease the
magnretic resistance {reluctance’,

1,03 Self induction may he said to be
that property of a circuit
whereby it tends to oppose any change
of current flow in the circuit. Self
lnduection iz electrically very similar

to mechanical inertia which tends to
oppoze setting up motion in a hody and
Also tends to keep the bedy in motion
aftar the forece causing the motion is
removed., An inductive circuit acts as
though it possessed inertiz, that is,
it resists any change and especially

a sudden chanpge in the strength of the
current [lewing through it,

1.0h The e.m.f. that is induced in a

coil, when the current is in-
creasing is in oppositien to the
applied 2.m.f. FReing in opposition to
the applied e.m,f., this self induced
e.m. . iz sometimes called back e.m.f.
or counter e.m.f. {c.e.m.f.). As soon
as the current reaches its maximum
value and the field is steady and un-
changing the c.e.m.f. will cease,
However, the snergy required to esta-
blish the magnetic field will be re-
turned to the circult when the current
collapses. A5 the mognetic field
collapses on the coil, an e.m.f. is
again incuced in the 2o0il but in the
opposite direction to that due to the
expanding field, This incuced e.m.f.
will be in the same diraction as the
original impressed voltage, that is,
in sueh a direction as to prolong the
current flow.

1.05 The current that is caused to
flow in a closed clircuit by an
induced e.m,.f, will produce its own
magnetic Iield, =n¢ the direction of
this magnetic field will be in such a



diraction ms to oppose the inducing
field. In the case of an e,m.f, in-
duced in a c0il, by plunging a bar
magnet into the coil, a north pole
would be created at the end of tha
eoil into which the north pole of the

bar magret was thrust. Sems Fipgure
15"'1.
MOT'DN OF
BAR MAGHETY
oI

Fig.13-1

Lenz?s law ia very important in
&ll electrical work, The law is
stated as follows and should be
memorizad: In all cases of elesctro-
megnetic induction the induced mognetic
fleld is of such direction as to oppose
the inducing fielid.

1.06 To determine the direction of the
indiced e.m.f. in & coll it in
necessary te labesl the coil with a

pole that would repel the inducing pole.

With this labeled pole as a factor,

apply the left hand rule for determining

the polarity of a solenold, s5 given in
Chepter X; aiso aee Figure 18-1,

1.07 If a circuit, =uch as that shown
in Flgure 15-2, is connected with
a large coll in seyles with an ammeter,
it will be seen on opening and closing
the circuit that the meter rises top its
saximum and returne to zero slawly,

i CoL OF WAL
(INDUCTANCE }

Ay TER

Fig. 18-2
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1ous thera is something retarding
2:: ?;03?:f current when the circuit is
closad and maintaining the current flow
when the circult ia opened.

1.08 In a previous discusaion it was

ghown that when a current flows
through a wire it sets up a magne tie
field around the wire. The atrength
of this magnetic field ia proporticnal
to the current which is flowing, and
the direction of the field is dependent
upon tha direction of the current, IT
the surrent changes 1n value, the
mapnstic fisld changes with it, and 1f
the current in tha conduetor is alter-
nating, the magnetic field changes in
magnitude pnd direction with the gur-
rant., For all practlical purposes, the
change 1n the mognetic fileld 1s
inptantancous with the change in cur-
rent.

1.09 Vhenever the magnetic field

surrounding a wire or coll is
made to change an e.m.f. is induced
(counter e.m,f,) which tends to oppose
any change in the sirsuit., This
counter e,m.f, normatly written c.e.m.f,
%9 the result of the expanding or
collapsing magnetic flux field and is
caused by the current flowing in the
wires, To avold confusion, %take the
process step by step:

a. The voltage is impressed
across the coll and the
curreant tends to flaow,

b. The current flowing in the
¢oll cruses a magnetic finld

to build up around each loop and

encampass the antire coil.

€. As the magnetic field hullds

up, it cuts the turns in the
coil and induces an o.m.f. 4n
each tum,

d. These e.m,f,'2 are in series
and additive and they oppos

A ppose

the applied veltage as a c.e.m. 1,

e, UpPosing the applied voltage

this c.e.m, f. tends to pre-
vent the flow of currept and
thermfore delays it,



1,10 The result is that the ceeom. .,
instead of being momentary, ae
in 2 d-c cirguit when the circuit le
nade and broken, 1s continuous but
varies in value like the applied e.m.f.
and the current.

2. THE UNIT OF INDUCTANCE

2.01 It is common practice io refer to
a coil as an inductance. The in-
ductance of the coil is, in fact, the
proparty whicH we endeavor to use when
the coil 1s put into the circuit.
Defined: -Inductance is the measure
of the ability of a circuit fo
establish & magnetic field about it-
self and induce a c.e.m.f.

2,02 A single straight wire has some
inductance, because it sets up

s magnetic field about itself which

induces s c.e,m.f, A wire made into

& loop will have a acomewhat larger in=-

ductance, because the fiux field

%111 be concentrated within it and

®ill be larger, thereby enabling it

to induce a larger c.e.m.f.

2,03 If two or more loops are pui

together with the current going
the eame way in each, the fizlds of
each wire will link with the others
and = large sirong field will be oba
tained in the coil, This atronger
field will in turn increase the
¢c.,e.m,f., thus increasing the in-
ductance of the ¢oil, If esn iren core
is placed in the .coil, so as 1o pro-
vide B low reluctance path for she
magnetioc field, the field becomes very
strong and a very large c¢.e.u.f, will
rasult.

Further refinements in the making
of large inductances include:

2.04

. Winding the coil tightly to
cut lomss of flux through

lacgkagn.

b. Providing a refturn path of
jiroh to kesp the reluctance
of the magnetic cirecult low.

¢. Providing & large number of
turns.

2,05 The measurs of the Inductance of
& ¢oil or a circuit is 1ta ability

to induce a ¢.e.m.f, with a changa of

current in tha coil or clreuwit, This

unit or coefficient is called the

hanry, the symbol for which ie L.

2.06 One henry is that amount of in=

ductance possegsed by a circuit
which snables z counter e.m.f. of one
volt to be induced when the current ia
changing at the rate of one ampers
por second,

2.07 Thus, if current changing ina

coil at the rate of 5 amperes
per second inducesa 10 volts of c.e.m.f.
then the coil hes an inductance of 2
henriea,

» INDUCTOR

3.01 When the tranamitter diaphragm

. An Mgure 15-3 vibrates, the
alsotrical current flow da varied, and
g work apoken into the transmitter mony
ba heard in the receiver.

fio——

249 WOLTS

HELLO HELLQ

FIG 1%-3

3,02 In Wigure 15~4 the excesgs wire
has bzen wound around an iroa
core, A word spoken into the transa

mitter ig only feintly heard in the
receiver. That is, when the current
1s increasing, the coil opposes tha
battery and when the current is de-
creasing, the coil eids the battery.
Therefore, changing the rasistance of
the transmitter rapidly does not
greatly affact the current flow, We
apeak of thia property of 8 coil a3
SELF IRDUCTION or INDUCTANCE. A codl
used to prevent rapld changea or cur-
rent flow in & circult is known as A
CHOKE, or INDUCTOR,
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FI5. 13-4

3.03 In Figure 15-5 the relay is
operabed and the winding "chokes™
or "retards" rapid changes in current
flem so that the word spoken is
faintly heard. The coil shown in

ARMATURE
QPERATED j

(

L

24 VOLTS

FiG. 185

Figure 15-6 was wound by grasping the
middle of the axcess wire and winding
both halves of it .at once, It may be
seen that the current flows around the
core in one direction over half nf the
length of wire, and in the opposite
direction over the other half,

There is no pull on the armature, and a
word spoken into the transmitier is
heard as plainly as if the wire had not
been wound on the core at all, Such a
winding is known as a NON-INMUCTIVE
WINDING and is often represented in a
circuit by this symbol, o=

ARMATURE
RELEASEC
HELLG

z":f,t:*]ﬁ

FlG. (5-6

The inductive winding and the non-
inductive winding of the relay shown on
the relsy in Figure 15~7 are connected
so that part of the total current goes
through the one and the rest through
the otker. The current going through
the inductivé winding causes the
armature to be puliled up, and the non-
jnductive path permits the trans-
mitter to vary the current f{low
through the receiver. Thus the relay
featurs has been 1lncluded in the cir-
guit without appreciably affecting
transmission.

o]
ARM ATURE
CPERATED

24 YT

HEL HELLG

FiG.13-T

3.0L A word spoken into the trans-
mitter of Figure 15-8 is heard
plainer in the associated receiver than
a word speken into the transmitter
shomn in Figure 9. This is because the
TWO INDUCTORS IN SERIES EAVE MORE IN-
DUCTION THAN EXTHFR INDUCTOR ALONE.

HELLO RELLD
zalvmrs

FiG 13-4

I 1

¢

HELLO -
L

24 VOLTS
i

FiG 15-5
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If more colls wers added in series the
jnductance would be still further in-
creased. However, & word apoken into
the transmitter of Figure 15-10 is
heard plainer in the asscciated re~
ceiver than in Figure 15-8. That la,
THQ INDUCTORS TN PARALLFL HAVE LESS
INDUCTANCE THAN EITHER INDUCTOR ALOWE.
Likewisa, 1f more inductor cells are
‘gonnected in parallel the total in-
ductance would be atill further re-
duced,

HELLO HELLO

s

FIG 15-1)

3,05 Relay (A} in Pigure 15-11 has
mors turns of wire on it than
relay {B), and consequently more self-
inductance. When tke key is opened,
both windings tend to discharge in the
diTections shown by the dotted arrows,
but since relay {i) preduces the higher
electrical pressure, relay (A) will
discharge through relay (B), as indic-
ated by the solid arrows. It way ba
seen that the current flow throngh
relay (B) is immediztaly reversed.
Thue relay {B) loses its magnetic pull
immediately and releasss befora
Relay (4).

o = |

x|
e

Fig. 1511

B7

SPARE. HMERE
AS LOMTACTS
SEPERATE

LEERA ll 1
24 YOLYS =
Fid 15-12

1

3.06 ¥hen the key in Figure 15-17 is
openad, a apark may be observed
betwean the two contecte as they sep-
arate., If a person is iouching the
wires cn zach side of the contacts,
he will fsel a shock when the key is
opened. This is explained by the fact
that the inductance tends to keep the
currant flowing at 1ts Tormer rate;
and whan the contacts are suddenly
openad, sufficient pressure is created
to foree the current through the inter-
vening gap. The ¢oll must give up
the energy stored in it while the
surrant was building up, Jjuzat as a
tullet muat give up the energy which
it has raceived from the explosion of
the cartridge before it will come to
rest, When the key in Figure 15-13 is
cpened, the coil discharges its gnergy
through the non-inductive winding, 2s
indicated by the arrows. Consequently
no spark is observed at the contacts.
Tha current will contime to flow until
all of the energy has bezen used up in
overcoming the resistance of the
circuit. Since the current flow
through the inductive winding continues
longer after the cirecuit is broken
than wheén the ncn-ipductive path was
not provided, it takes a comparat-
ively longer time for a relay so
wound to Telease.

A T

FIG.13-t3



= FIG. 1514

307 When the circult in Flgure 15-14

ia broken, the enil and the
capacitor boih discharge in the sanme
direction, as indicated by the dotted
arrows, The induction of the ¢oil,
however, keeps the current flowing
after the capacitor is discharged, so
that the capacitor becomes charged in
the oppasite dirsction.  As soon as
the coil discharges to the voltage of
the capacitor the current flow ceases
and then the capacitor starts to dia-
charge through the coil. This current
flows first in one direction and then
in the other, a3 shom in Figure 15-15
untill the energy stored in the
capaciter and in the coil has been uged
up in overcoming the resistance in the
cireuit, Thus v capacitor osy be used
instead of a non-inductive winding er
other parallel resistance to prevent a
coil from distharging through a person's
body or across ¢pening contacts, By
including the preoper amsunt of resia-
tance in the cirguit, as shown in
Figure 15-16, the arcing tendency may
bhe s5till further reduced.

CAPACTON N OTHER
HRRECTION
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-
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= FIG 15~-16

4. Inductance In Series or Paiallel

Er 1! i ,I EBW&CI‘IBH T SRR e

4.01 TInductances cen be comnacied in
either series or parallel combins.
ations. In a gseries comneetion the

same current will flow throush each
inductance, Thus Tor a series combina=
tion of inductances, the total inw-
ductance I is equal to the sum of the
individual inductances, thug:

L=L1‘+L+L +;.-Et¢.

4.02 If t¥o or more inductances are

gonnected in parallel, the applied
voltage will ceuse different currents
to flow in each %ranch, 'The total cur-
rent as already learned is the sum of
the individual currents. Inductances
in parailel can be computed as an
equivalent inductance by the. e thad
that was used for combinding paralilel
resistors,

L. Ll x L2

Lo+ L,

{INIICTANTE HAS Cuamoen fi:I:;:gﬁj I ADUCTANGE BAS CRARGER

CaPlTon oy GRIGMAL
CHETTIoM

milh
e =

F—.

o)

W
e ."J"I * CAPADITON: GiSCmamgieg
; :1 IRRDRGE O,

+
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i
S
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"L.03 When there are more than twe in-
ductances, the above equation

can still be used by pairing. off the
inductances and using the equation the
required number of times. Upon con-
sideration it is seen that the method
used in determining the total indue-
tance in series or parallel is the

same as was already used for resistance.

5. Inductances in D,C. and A.G, Gircunits

S.Q1 By reference to Figure 15-1 it
will be seen that an inductance

offers no resistance to current flow
obher than the resistance of its turn
of wire. That is, after the magnetic
field is established maximum current

- wlll flow. This is because the
applied potential and polarity is the
same at 81l times, However, the
magnetic field will be changed in
quantity as the applied potential is
increased, decreased or reversed. In
short l=s& current will flow as a re-
sult of potential changes or reversals
in an indugstive ecirenit,

5.02 An A.C. voltage is periodically
reversing polarity and con-
stantly changing potential, Referring

4o paragraph 5,01, it can be readily

understood that an inductance con-
nected in an A.C, circuit will
Fiminish the current flow. The In-
tensity and direction of this eurrent
¥ill be proportional to the A.C.
JoUrce.

$.03 This summary statement may be
tade:

in jnductance will allow an unchanging

I,€. to pess and diminish A, C. or

changling D.C.

6. A Comperiscn of Inductance and
Capacitance

£.01

The conception of capacitance
and inductance in any telephone
‘¢ireuit with regard to this course
Will bet

A cepacitor blocks an unchanging
B.C, ard allews 4.0, or changing L.C.
to pass,

A coll allows an unchanging D,C,

Ea pass and opposes A.C. and changing
.C,

6,02 The statements in paragraph .01
apply only when the capacitor and
¢nil are a part of telephone cireuit
design. However, 4f = capacitive or
indnctive effect 1s a result of circum—
stance rather than design the effects
will be medified by the indiwvidual
amount of capacity or inductance.

7. Questions
1. Vhat is meant by inductance?

2, When tmo separate inductances are
cormected. in parailel, how is the
total induciance of the ecircui:
Found?

3. What are the factors determining
the inductance of a coil?

L. Define the unit of inductance.

5. When two separate inductances are
connected in series, how is the
total inductance of Yhe circuit
found?

£. What effect does the c.e.m.f. have
on the current which induces it?

7. What is the difference, if any, he-.
tweon self induced voltage and
c.e.mf.?

B, Of what use is a choke ce¢il in an
A.Co circult? In a U.C. circuit?

¢, What 15 a non-inductive winding?

10. Why is a non-inductive winding
usged?

11. Does an inductance or choke eoll
allow varying D.C. to paos?



CHAPTER XVI

TRANSFORMERS, REPEATING COILS AND TNDOCTARCE COTLS

1, Ueneral

1.01 One of the most important
advantages of alternating current
over direct current is the ease with
which the transformation from a low
to 2 high voltage, or vice versa, can
be accomplished. This process is most
easily affected by thc means of a
transiormer.
1.02 & trensformer is an electrical
device that is placed in an a-c
circuit to transfer power from one cir-
cult io another at the same or at some
other voltzge. The two circuits con-
cerned are connected inductively, by
means of a common magnetic field, and
not metaliically, except in a few
special cases.

1,03 Alternating current at a given

voltage is applied to the trans-
former and 1s raised or lowered in
voltage, depending upon the construction
of the particular transformer. &
transformer that raises the given
voltage is called a step-up transformer,
while a transformer that lowers the
given voltage is called a stsp-dowm
transformer.

1.0l For the student to properly

understand the operatien of a
transformer 1t is necesszairy that he
have a working knowledge of Induced
Currents as discussed in Chapter Xv;
Paragrach 1.01 te 1,10,

2. Mutval Induction

2.01 Mutual inductign is the production

of an e.m.f. in a circnid ag a
regult of the circuii being cut or
threaded by a variable fiux frop a
neighboring circuit. Tn Fipure 1é6-3
cirzuit A has an e.m,f. prodused in it
by mutual induction, because the cdr-
cult js being cut by a varying

magnetic {ield or flux surrcunding cir-
cuit B. If ecircuit B is conrected is
a battery, the current flowlng through
B will cause a magnetic field to bulld
sutward and encompass the other wire A,
in e.m.f. with polarity opposite to
that of B, will be induced in A during
the time the field is huilding wp,
because the lines of force are moving
outward from B to A. If the battery
is then disconnected, another momentary
e.m.f. #will be induced in A by the
eoliapsing magnetic field. The polarily
of the e.m.f, induced by the collapsing
field in A, will b opposite to the
polarity of the e.m.f. induced by the
initial expansion of the field. The
first effect was caused by the wire
being eut by linsz of force moving in
an outward direction, and the second

FI&. K& ~T

efiect was caused by the 1lines of
feice being cut by the wire while
meving in the reverse direction. The
serond wire A has been termed the
setondary ¢ircuit and the wire 3 which
is used to create the magnetic field
is called the primary circuit, AnY¥
change of current in the primary
elther produces an expansion er con-
traction, of the magnetic field about
it, hence, a current of varying
$trength will cause the field te

altemately expand and contract and
induce an e,m. f,

2,02 The value of the induced e.m.fs
depands on the nunber of 1ings
of force cut, the numter of turns
Wire exposed to the fleld (if the
wire ig bLent 4nto loops), and the

30



speed or time rate at which the lines
are cut., It is thus apparent that

the more rapidly the magnetic fleld is
moved the greater will he the induced
e.m. f,
2.03 The induction coll, used in
telephone apparatus, operates
on the principle of mutual induction.
The induttion coil consists of twe
windings of insulated wire wrapped on
A coreg of asaft iron strips. The iren
coTe is vsed Lo reduce the reluctance
of the magnetic eircuit.

2,04 Mutual induction between tele-—
phone lines and parallel trolley
wires or electric light and power
lines often causes considerable inter—
ferance, by producing neise on the
telephone lines. This: noise is caused
by the telephone lines bteing within
the range of constantly changing
maghnetice fields which surrcunds the
power circuit, See Figure 16-2.

CORSTANTLY CHANGING WAGKETIC FIELDS
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TELEPHONE LINES

2,05 TIn the study of induction it

should be noted that there is
sbsolutely no transfer of current from
one circuit to the other, It is in-
correct to say that the .current of
the secondary 1s irduced from the
primary circeit, Current can not be
induced by current; only e.m.f, can
he induced, The current that flowe ip
the secondary is the result of that
induced e,m,f,

Fl. 16 -2

2.06 A student should be very certain

not to confuse magnetism and
elactricity as they are vasily
different forces,

3. Principles of The Induction Coil

3.01 Figure 163 shows an iren core

on which are placed two windings.
Winding 1 is connected to a battery
and push button in circuit 1. Winding
2 1s connected to a meter in circuit 2.

Fif, 16-%

Thera is no current flowing through
eircuit 1 because it is open at the
push button. Circuit 2 is closed, but
there is no eurrent flowing throuph it,
as shown by the zero position of the
meter needle. When cirewit 1 is
closed at the push button, Figure 16-I,
the needle of the meter in circult 2
wwings over to the right as indicated
ard then swings immediately back to
zere point. Thils indicates that there
was a mamentary current flow. There is
no further movement of the needle as
long as circuit 1 remains closed. When

Fid 18- 4

¢ircuit 1 is opened, Filgure 16-%, the
meter naedle swings to the left and
then returns immediately to the zero
point, indicating that a momentary cur-
rent flow in the other direction haas
pecurred, There is no further movement
of the needle as long as circuit 1 re-
maina open. Placing a meter in clreunit

Gl
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1 which is called the primary ddireuit,
wnill help to illusirate the relatisn
tetween the action in this clreuit and
the action in Cireunit 2, which is
called the secondary circuit.

3.02 When the primary circuit is
closed at the push buiton
Figure 136-6, both meter needies move.
The needle of metér Ho. 1 moves from
zere to the right, as shown, and re-
mains in this position as long as the
primary circuit remsins closed, while
the needle of meter No. 2 swings to
the Tight a=s showmn and then returns
immediately to the sero point, The
direction of current in both circuits
is shown by the arrows, It should be
rneticed in Figure 26-86 that the current
in the secondary winding, marked Sec.,
is in the opposite direction from the
currert in the primary winding, marked
Pri. When the primary circuit is opened

MANETER | kearoveTeR)
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at the push tutton {Figure 16-7), both
needles again move. This time the
needls of meter No. 1 returns to %ero
while the needle of meter Wo.2 swinge
for an instant to the left, and then
returns to zero. The arrows show the

e -7

direction of the current in the
secondary circuit at the instant the
primary circuit is opened. The
position of the meter needles and the
arrows in Figure 16=7 show that when
the primary circuit is epened the cur-
rent in the secondary circuit is in
the ocpposite direction to that inm
Figure 166, Tus closing the primary
circuit produces 2 momentary currert in
one gdirection in the secondary winding,
while spening the primary circuit pro-
duces a momentzary current in the
opposite direction in the secondary

3.03 The current wsed in the primary
tirceit in these experiments is
czalled DIRECT CURRERT because it flows
in only one direction. The current
produced In the secondary circuit is
called ALTERMATING CURRENT becausze it
flews first in one direction and then
in the other. The alternating current
produced in the secondary cirenit is
known as induced curremt, and the
apparatus used to produce it, con-
sisting of windings of wire on an jron
tore, is known as an INTRICTION CDIL.

3.0 These experiments show that the

current in the secondary winding
is caused by the action of the current
in the primary winding, As the two
®indings are made of insulated wire,
it is impossible for current from the
primary winding to flow into the
secondary winding, therefore, there
meat be some link between the two clr-
cuits by means of whick energy can be
transmitied from one winding to the
other. This link is explained in the
following experiments,
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k. Imduction and Magneticm

L.01 Figure 15-8 represents an in-
duction coil eircuit, The
primary circuit includes a push
btutton meter and tattery. The
secondsry circuit includes a- neter
orly. The inductdon coil is equipped
with an armature as shown. The
Trimary cirenit is epen at the push
button and there is ne current
fluwing in either the primary or
secondary circuit, as illustrated by
the zero position of the meter needles,
neither i there amy magnetism in the
induction coll, as indicated by the
arrature which is in its non-dperated

position., Filgure 16-9 shows the same
AMMETER
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circuit Just after the primary cirv-
cuit iz closed at tha push button.

The negdle in meter Wo, 1 has moved

to the position shown, while the

reedle in meter No. 2 has moved
momentarily to the right and retumed
to its zero center, indicaling that
‘here wis a momentary Tlow &f current
in the zecendary cireuit. Figure 16-10

shows the primary clrcult still clesed,
The position ¢f the needle in meter

Wo. 1 indicates that current is still
flowing through the primary circuit,
The operated position of the armature
shows that the current flowing through
the primary circuit is still pro-
ducing magnetism in the induction eail,

AMMETER VAN ETER
{
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Figure 16.11 ghows the condition that
exists after the primary. circuit is
opened at the push button. The needie
in meter bo. 1 has retumed to 1ts
original zero position. The armature
has faller back, showing that there ig
no magnetism in the core of the in-
duction ccil, The needle in meter Ho.?
moved momentartly to the left, or in
the opposite direction to its first
movement, and retumed to its zepro
center arain. As long as the primary
eircuit remains open there will be no
further Tlow of current in the
sacondary circuit.

1,02 These experiments demonstrate

that the induced currents ir the
secondary winding are caused by
magnetism because thére is no other
electrical link betwean the primary and
gacondary circuits,
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L.03 The experiments also demonstrate

THAT THT TNRICRD CURHENTS IN THE
SECONDARY TINDING ARE PRODUCED RY A
CHANGE IN ™R STRENGTH OF THE MAGNETTSM.
For example, there is no movemsnt of the
needle of Meter No, 2 exoept when the
etroult of the primary winding is being
opened or closed, or at the same time
that there is a movement of the arma=-
ture. TIn other woards, current waa pro~
duced in the mecondary circuit at the
time the armature was pulled up, or
when the stirength of magnetism waas
being increasead., Current was also pro-
duced in the secondary cireuit when the
armature was released fell back, or at
the time the strength of tha magnetism
was being decveased, There was no cur-
rent flowing in the seconaary during
the time that the armmature remained
stationary in elther its operated or re~
lpased position; that is, when the
gtrength of the magnetism remains
gongtant, thers is no current produced
in the secondary circuit. '

5. Effect of Varying Current Flow in
TTimaEz

5.01 In the experiments just 1llustrated

the gircuit of the primary winding
was first ¢losed, producing magnetism,
and then opened, reducing the magnetism
to zere again. The induced currents
were produced by the change of variation
in the strength of the magnetism, A
change in the strength of the magnetism
may ba produced by varying the amount
of current in the primary eireuit in-
stead of opening the circuit entirely.

5.02 The current may simply be reduced,
thus weakening the magnetism,
or 1t may be lnoreased, thus strengthen-
ing the magretism, The current flow
can be varied by using a rheostat in
place of a push butten in the primary
circuit. This 1s illuatrated in
Figura 16-12, The induction coll is
indicated by two coiled lines, repre-
senting two windings of wire placed
close together, The iren core iz shown
af two vertical lines between the two
coijed iipzs. When the rheostat arm is
in the position shomm, the resistance

Auusrzn

FIG, 1 -32

in the primary circuit is high and the
amount of the current is low, As the
current 1s low, the magnetism it pro-
duces in the iron core will be weak,
The pasitlan of the needie of meter
No, 2 indicates that there is no
current flewing In the secondary cire
gult, In Figure 16-131 the same cir-
cult is shown., The crocked arrow
indjcates that the rheostat arm is
baing moved to the right, While the
rheostat arm is moving, the current
fiow is inereasing. This means that
the strength of the magnetism in the
coll 1s also being inereased, and the
needle of meter No. 2 moves to a
pesltion at the right of zerc. The
needle remains in this pcsition as
long a= the rheostat arm is in motion
and 1s being moved at the same rate.
If the rhpostat arm becomes stationary
50 that the primary current is ne
longer being increased, the neadie No.?
Will drop back to zero. No further
movement of elther meter needle takes
place until the rheostat arm is moved
again. Figure 164l shows the effect
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FIG -

of moving the arm back toward the left,
The primary current is teing redaced,
and the magnetism weakened, The
needle of meter Ne. 1 moves gradually
back to the position it occupied in
Figure 16-12 due te the reduction of
current in the primary circuit, While
the rheostat arm is moving, thus re-
ducing the primary current snd conse
quently the strength of the mapnetism,
the needle of meter No, 2 takes the
position shown at the left of zers.

If the rhezostat arm stops, the primary
current will remain steady and the
necdle of meter No, 2 will return to
the zero peint.

5,03 These two experiments show that
there is a current induced in
the secondary winding only while the
rheostat arm is in motion; that is,
while the amount of currernt in the
primary winding is reing varisd.
This is another way of showing that
the indured current results from a
change im the strengih of the magnetism.
IF THY ETRENGTH OF THTW FRIMARY ZURRENT
IS SHCCESSIVELY INCHEASED AN DECEFASED
THT SECONTARY CURKEERT IS ALTERNATING AS
IN THE BXPEIRIN-NTS WHERY THE FRIMARY
CIRCUIT WAS OPENED AND CLOSED.

5.0L A word spoken inte the trans-
mitter of Fipure i6-1% is
faintly keard in receiver I. This is
explained by the ract thal the primary
winding of the induction ceil acts
like a retard coll and oppotes any
fiuctuation of the current through
itselfl. Howaver, wken the secondary
eircuit is closed a word spoken into the
transmitter is distinctly heard in
receiver I and also in recelver 2,

e

RECEIVER
3

FIG W -12

{(Figure 16-16}. Tris indicates that
CLOSIKS THE SECONDARY CIRCUTIT MODTFIES
THE RETARDING EFFECT QF THE T IMAHY
WINDING,

RECEIVER
1

5.05 The tmo pairs of line wires

shown in Figure 14-17 are parailel
and close to each other for considerable
distance, A word spoken into the
transmitter may be heard to scme extent
in reaceiver 2 as well as in recelver I;
that is, the varying of the current
flow in pair 1 induces an alternating
current in pair 2, Just as a fluectuating
current in the primary winding of an
induction coil induces an alternating
current in the secondary winding. In

RECEWWER

FIG Ik -:T
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- Figure 16-18 the conductors of ‘pair 2
are interchanged.at thelr nidpeint and
there ia no crosstalk,  This may be -
axplained as follows: © Suppasethat the
gurrent flow in pair 1, Figuré 16«17
iz inereasing in the direction indicated

o by the arrows; then an' EM. ¥, is being

irdueed in pair 2, as iwlicated by the
arrows, - However, if the conductors of
palr 2 are crossed back and forth, as

e in Figure 16-13, the TM.F,'s induced:
. -An the ¥arlous seetions .of pair 2

- nedtralize each other so that no
curvent, flowsy o

Transformer Construction

s,

6.01 A transformer consists
essentially of two insulated coils,
known as the primary and secondary
windings, wound over a closed iron
magnetic ecircuit. A simple schematic
diagram of 2 transformer is chown in
Flgure 16-19. In the manufacturing
process many refinements are added
to the simple transformer, to increase
its efficiency. The purpose of the
closed iron magnetic cilreuwit is to
insure that most of the mapnetic field
set up by the a—c supply in the primary
coil, wil}l cut the turns of the
secondary winding and induce an e.m.f,
in this winding with as little loss as
possible,
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} _6;6é€iThe eiﬁ#f.”iﬁdﬁded in the S

secondary will depend upon two.. -
things, namely, the mumber of turns

" in the secondary and the stréngih of.

the magnetic: Tield produced by the . -
primary. However, thé field strength -
of the primary depends upon the number -
of turns in the primary and the voltvage.
applied to it. Therefore, the e.mil. "
induced in the secondary of a trans-- =~ "
former depends upon the voltage .
applied to the primary and the turns
ratlo between the primary and the

segondary windings. P

6.03 Thus if there were twice as many
turns in the secondary as were
in the primary, the transformer would

- step up the voltage to twice the

applied voltage. Similarly, if the
transformer has half as miEny turns in
the secondary as in the primary, the
transformer would step down the voltage
to half the applied voltage, The
following formulia can be used to express
the relation between the turn ratio and
the voltages:

Secondary or cutput voltage = Turn
ratio x primary or input voltape

)

N
1y
B, is primary voltage, DBs is secondary
voltage, ¥p is primary tumas and Ns
is secondary turns,

tn

6.0k For example: Gould a trans-
former that has an applied
voliage of 110 volbs with 2310 turns
on the primary and 210 turns on the
secondary be used to run a small
electric train using 10 volts?

Thus: Np= 2310, ¥semic, Ep=10,Fing Zs

T M
= = alts.
Np 2310

The answer would e #Yag",
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7. Current Relastionship and Transfer

of Fower

7-01 A transformer does not generate

power, but merely transfers ii
from one ¢irceuit to the pther. Any
voltage change due Lo the transfer,
means an inverse change in the current
values Lo maintain the balance in
power hetween the two circults,
assuming the transformer 100%
efficient. Therefore, the power
supplied to the transformer muat equal
the power drawn frem it or,

?p = Epx Ip Py = By x Iy

Where Pp + Primary Power

Ps = Secondary FPower

Ep = Primary Voltage

Eg = Secondary Voltage

Ip = Primary Current

Is = Secondary current

Np = Number ¢f tumms in the
Primary

Ng = Mumber of turns in the
Secondary

Therefore, the relationship of the
prinary and secondary currents, to
the turn ratio, will be Just opposite
to the relationship of the primary
and secondary voltages to the tarn
ratic. Vhere the voltage relation 1s;

Es : Ep : : Ng 3 Np (direct proportion),
the current relation 1s;

Ig, Ip s 2 Np
Thus a transformer will increase
the voltage at the =xpense of the
current in the secondary, or increase
the current at the expense of the
voltage. ®xamples of this are the
ignition coil with high veltage low
current ouiput, and the arc welder with
1ow voltage high carrent output.

7.02

7.03 From the above equation, it
should be seen that the current
in the secondary circuit controls the
current in the primary circult. That
is, if the resistance of the secondary
cireuit is decreased, thus increasing
the current flow in thes secondary cir-
cuit, the current flow in the primary

:+ N3 {inverse proportion).
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circult would alse increase, or if the
resistance of the secondary circuit is
irorensed, decreasing the current flew
in the secondary cirguit, the current
flogw in the primary would also be
decrensad. Therefore, the current flom
in the primery circuit is governed by
the load aecrosa the secondary circuit,
and the greater the load, (less resis-
tance in the secondary ), the greater
the current flow in the primary cireutt.

8, Loading

§,01 If the sesondary ie short-cir.
cuited, the primary acts as If

it were short-circulted, and if the

secondary is opened the nrimery acts

as 1f it were opened, The reason the

primary circuit acts as 1f it ware open

when the secondary is open, is due to

its high inductance and may be ex-

plained as felleowe:

Since Iinduced e.m.f."s are always
oppotite to the inducing e.m.f. the
secondary voltage of a transformer
must be opposite to the primary veltage.
In an inductive ecireuit, the c.e.m. i,
developed ls opposite to the applied
m.tm.f, Therefere, the c,e.m.f. and
the secondery voltage must be togethsr
as tkey are both opposite to the
applied e.m.f. With the secondary
voltage producing no current flow,

and no maghetic field to oppose the
magnetic fleld of the primary circuit,
the c,a.m,f. in the primary clrcult 1s
thus zt 3 maximm whsn the secondary
circuit is open. In an induetive cir-
curit when the c.e.m.f. ic at a
maximum the current flow is at a
minimum thereafore the current flow

in the primary is at a minimum when
the c.e.m,f. is at 1ts maximm,
Suppose the secondary circult were
claosad so that a current would {low.
This weuld produce a magnetic fleld
that would oppose the magnetic field
produced by the primary eirouit,
tharefore the effective field would be
reduced znd the c.e.m,f. would in turn
be reduced. A greater current flow in
the primary would be the result of this
reducad c.e.m. f.



8.02 A study bf Figure 16-20 will

show that the prester the curw
rent, flow in ‘the secondary, the greater
15 the rials prediuced by the secondary
ana the greaster the secondary Ileld
the smaller wiil ba the primery field,
aw the two. fields are bucking 2ach
other, Therefore, the c,eim.f, will
be smaller, and as it is this c.e.m.f,
that 1imits the current flow in the
primary cireult, the primary current
will increaze when c.e.mf, 15 reduced.
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9. Tranaformer lLosses

9.01 Transformers sre not 100%
efficient, They will not
transfer energy from one circuit to
ancther without energy losses
otcurring. There 1x some resistance
in both the primary and secondary
coils, emi the current in passing
through these resistances produces
heat, which repregents a ecertain
amount of cnergy loss, commonly
called copper leosses. All of the
linng of force produced by the prlmary
copil do not cut the windings of the
secondary ccil. Therefore, some of
the magnetic field of the primary im
not used in indeeing the e.m.f, in
the seeondary. Thig represents a
loss, as the coupling is less than
unity (100%}. The iron core, which
i5 a metallic conductor in the
magnetic field of the primary, has
currents {eddy currents} induced in it,
and since the iron is a hipgh resis-
tance cenditter Lthese currents cause
the core to heat, Thls caunss an
agditional Joss in the transformer.
£1) of theae josses munt he supplied
hy the primary source of power and
the pomer they consume is not avallabla
at the sscordary of the trapsfermer,

Large transformers, however, are very .

efficlent, over 90 percent of the
input power bolng trangferred tg the

socondary cirenit.

9,02 Eddy currents are those currants.
' which are induced In masses of
matal, whenever the metal is moved in
4 magnetic fteld or when the field
roves through the metal. These
currenbs are always in such a direction
as to oppose the motion producing

them (lenz's Law), These currenis are
tpually of ralatively small intensity
but may be enormous. They alse in-
volve an 1°R loss which may te con-
giderabie. Since eddy currents tend
te flow at right angles to the di-
rection of flux the resistance of
their path and the Intensity of their
g.mf.'s can he reduced by laminating
the metale in whish they tend to Flew,
Laminating is done by constructing
cores in laysrs of thin strips of
metal, approximately 0L to .03 inches
in thickness, sach layer insulated by
paint or enamel, A laminated core
offers a mich higher resistarce to

the flow of eddy surrsnts than s core
of selid conetruction. A1l large
volumes of mebal that are subject to
considerable eddy current less are
laminntad,

2.03  Another lnss occourring in
bransformern 1s that caueed by
the continual changing of the polen
in the core »f the trapsformer, e
knott Lhat enerpy is required to
1ine up the moleeudes in a plece of
iren or steel, Lo produce a
permanent mapnet or an electro-magnet.
It ie also obwlous that arnerpy would
be required to shif t these solecules
around, if it were dapired te domap-
netize 1%, Furtheormora, it would )
AEain require enaprpy to rampapnetize
the metal with polen opposihe Lo
bthose originally produced,  In all of
these ohangng 2 certain Tricting
nould develop batwesn Lthe molpsyleg
that would make thejr ROV omiert, sﬁm5~
what difficult,  This frietien iﬁ -
merament ia ralled hysterasisg.
”Y?tﬁfﬂﬁiﬂ Yhon, e moleoular
Frictian, Hepn HOTE i5 nacernary by

T vt prmer I .
Feynrna L rapnstiom sl 4 cloen of



hard steel than is required to re-
verse the magnetism of a soft piece
of iron of the same dimensions. The
amount of work Increases as the re-
luctance of the material increases.
When the flux of a magnetic cireuit
reverses many times a second, the
hystereszis loss becomes of conse-
quence, though it is uswally very
small 25 compared with cutput of the
apparatus., This power lost by
hysteresis or melecular friction
appears as heat and serves no useful
purpese. In comstructing magnetic
circuits that are subject to hysteresis
loss, great care is exerciszed to
select grades of iron that have Low
hysteresis loss; that is, those that
have low hysteresis casfficients or
cohstants so that the losses in them
maybe maintained at a minimum, The
best anregled transformer shaet steel
(silicon steel} has a hysteresis con-
stant of .00l as compared to cast
iren which has a hysteresis constant
of ,016. Obviously, the silicon stesl
is best suited for transformer or
amature cores,

9,04 Transformer losszes are minimized
as Tollows:e

a, Resistance losses are reduced by
using low resistance copper
windings,

b, Core design and sige will deter-
mine the amount of flux leakage.

¢, FEddy currents are nearly
eliminated bty using laminated
steel for cores.

d, Hystaresis losses are reduced by
the use of silicon steel.

10, Transformer Types

10,0). Depending upon the use for
which they are intended,
transformers are designed in many

types.

10.02 OCpen core transformers are
gquite common in the form of
induction coils instaliled in field

and some desk type telephones. The
familiar ignition cell is also an opsn
core transformer with g high step up
ratio. In an open core transformer
the core is usually a straight bundle
of lron wire or laminatlons with the
magnetic clrcuit completed through the
air.

10,03 Most low loss Lransformers

are of the closed core type.
In the newer iype telephones, the in-
ductlion coils are appearing as closed
core transformers, &11 power traps-
forrmers are of the closed core type and
some ol them have more than one map-
netic path.

10.0L  Auto-transformers ars trans-

formers with a single winaing
rnd hence do not separate the load
circuit from the power source,
Usually the entire wincing is used
for the primary, ame certain predeter-
mined portlons ¢f the winding are used
to satisfy the secondary voltapge re-
quirement. There is a direct metallie
connection between the primary and
secondary circuits. Figure 16.21
11lustrates a closed core auto-
transformer.

e AR

. 45 -2k

10.05% Air tore transformers are used

when small coupling is desired
betnween the primary and secondary cir-
cuits, as in some radic woerk. Ailr
corg transformers have no iron cores
to cause hystereais losses, which 4in
the hipher radio frequencies would be
prohibitive,

10.06 Variable inductors are merely

transformers. Ona type uses a
sliding centact on a winding. The
inductance of this type is varied by
moving the slider, and in effect it ia
a variable ratie aute-transformer,



1l.

Another type has a movable coil within
the primary coil and the bucking or
aiding action of the inner coil varies
the inductance of the primary ceil.

Yariable inductors are used to limit
the current in a-¢ ¢ircuits without
pover loss in a resistor.

Repeating coils and Induction Coils

11.01 Repeating coils and induction

colls are terms used to de-
signate certain types of telephone
transformers. A telephone transformer
1s generally called a repeating coil
when it has & low ratio of trans-
formation, and is not used in con-
nectlon with vacuum tubes, where the
terms input transformer and vutput
transformer are used. An induction
coil 1s the special name given to cerw
tain types of repeating coiis which
generally are associated with telephone
sets and use either the straight core
or shell type of constructicn,

11.02 According to their mechanical

construction, repeating coils
may be of the toroidal shell, or
stralght core type.

1i.063 The core of a toroidal type of
repeaating coil consists
generally of a ring of silicen steel
laminations, or pressed permalloy dust
rings. The windings are uniformly
applied to this eircular core by

means of a speciszl winding machine in
which a eircular shuttle threading
through the center of the core is used
to hold tha wire which is wound on the
core by means of g motor driven annular
part of the machine. After the
finlshed coil has teen impregnated to
make it molsture-proof, which 1g
usually effected under vacuum after a
baking peried, it is sealed or potted
with rosin into a pressed steel cup of
a cast or sheet lron case. This cover
makes the coil crosstalk proof and

provides a protection against mechanical
injuries,

12.0h Wken the steel cup is used, the
coil is generally mounted on a

wooden bpse which is slotted on the
underside se that the lead-in wire may
be placed in these slote and sonneetad
to terminal c¢lipa on the end of the
board. Repeating coils of the 75 and
77 typet are examples of this type of
construction, Figure 15-22 showa a 75
type repeating coll, consisting of two
coils on a common wooden hase, The
cover has been removed from the front
¢oll to shew the constructien.

SCHEMATIC DRAWING
FOR ONE COIL ONLY

by

&3

.

& 8
E) 7
FIG. 622

3 TYPE REPEATING £OIL

11,05 The cast or sheet iron case as
8 housing for tha coil is used
on repeating coils of later desipgn,
sueh as the 62, 7L ang 93 types,
Thess coils are intended for relay
rack mounting and are made in either
single or double units, The windings
terminate at 5 phenol fihre terminal
Strip in front or the case, or =c

soldering terminals in the rear,

Figure 16.23, See

100



SCHEMATIC DRAWING
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'
WIRIHG DIAGRAM
FUR ONT COIL OMLY

FIG. 16 -23
62 TYPE REPEATING COIL

11,06 The core of a shell type re-
peating coll consists of
silicon steel or permalloy laminations

of various shapes similar to those
shown in Figure 15-2L. & number of
these laminations are riveted together,
forming hutt Joints when assembled.

Two brackets and acrews are used to
held the parts together. The windings

N R 7 N
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are generally on = spool which fits
over the center leg of the core. The
gl and 120 type repeating colls are
examples of this type of constructien,
Ses Figure 16-25,

11.07 Another type of lamination
shown in Figure 16-2L is also
uzed for some repeating ceils and a

number of input and output transformers.

This type is slitted on ome side so
thet the, cénter leg. may. be passed
'through the® form “wound 0011. In
assembling;such-a core, tge slitted

s 2. SCHEMATIC
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FIG %-232
F4 TYRE REPEATING COiL

11.08 Shell type repeating colls are

genarally enclosed in a sheet
irocn case suitable for relay rack
mounting, with terminals on the mounting
aide,

11.0% The straignt core type of re-

peating or inductiocn coil has
an open magnetic circuit core of
silicon steel strips. The windings
are brought out to fterminals attached
to the spoolbead, Examples of this
type of construction are the 62, &3
and 72 type inducticn coils and 20 and
110 type repeating coils, See Fipure
16-25,

11.10 Another example of the straight
core type of construction is
found in the 103 iype repeating coil
where a laminated core and cross-talk
proof cover, similar to that of an "HY
type relay is used. Hepeating colls
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of this type ean be mounted inter-
chanpesbly with flat type relaya or LO
type resistances.

11.1) 4 shell type induction ceil
used in oparator's telephone
circuiss 1s shown in Figure 16-27, It
is enclosed in a rectangular metal
cage lined with steel for cerosstalk
shielding rurposes, Induction coils

of this type mount like relays and re-
place the old open type on new 1in-
stallatlenas,
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Fig. e - 27
ITh TYPE ‘HOUCTHN CONL

11,32 In general, most repeating colls
may be claasified as battery
supply repeating cells and phantom re-
peatang ecolls, Battery supply re-
peating colls are, next to the sub-
seriber's induction coll, the nost
commonly used transformer in the tele-
phone piant. One of these coils ia
used in every conversalion between

two subscribers in the same cormon
battery office, while two are necessary
when the Bubscribers are in different
offices, They are called battery
gupply ¢olls beceuse the direct cur-
rent, which is necessary for the opera~
tion of the transmitter, is fed

through the winding of these culls,
Repeatling colls are necessary to pre-
vent the battery from short-circuiting
the volce frequency currents passing
from one subseriber to another,

1oz

ntom repeating colls are usged
1. iﬁnthe telsphonc plant to ob-
tnin an additional telephone chgnnel
or phantom circult for two pairas of
conductors knewn as side circults, By
this means three conversatlons are
carried by four wires, thereby making
a saving in the mumber of wires re-
quired for telephone service,

12, Shielding

12,01 Transformers, repeating coils

and induction coils are normally
shielded to protect them from stray
magnetic fields, Interferring magnetic
fields are found where numerous pieces
of electrical equipment are grouped
together, To control these fields
shielding ls used.

12.02 Soft iron may be used Lo pro-

tect an object from magnetie
lines of feoree, by placing the oblect
in the center of a circle formed by
soft iron, Any magnetic lines of
force, near this combination will take
the path of least reluctance through
the 1ron cirecle, therefors not dis—
turbing the object. From this example
a sbtatement can be made to the effect
that seft iren may be used Lo distort
a magnetic fleld, Any substance that
n{fered Iess reluctance to the magnetic
lines of ferce than air could be used
for the same purpose but not as
effleciently as soft iron,

12,03 The principle of shielding
apainst stray magnetic fields
1s 1llustrated in Figure 16-28.
Shlelding is used to confine a
magnetic finld as well as excludes.

AT




12,

Ol Anothar type of shielding used
is the 2lectrostatic shield.

Zhis'shield-is used-to prevent
capacitive coupling betwesn adjacent
windings of relays transformers ar
induction coils.

1z,

13.

10,

05 This shield normally consists
of 2 thin non-magnetic metal,

uestions

What is the purpose of = trans-
forrer?

Of what does & transformer consiat?

Iz the ratio between primary and
geceondary valtage the =ame as the
ratic between primary ard secondary
turns’?

When the secondary is open, what
limits the current flow in the
primary tircuit?

Is it possible to have the secondary
voltage lower than the primary
voltage?

What Is done in a transformer to
reduce the power loss due to eddy
currentsT

What 15 done 1in a transformer to
reduce the effects of hysteresis?

Can the power taken from the
secondary ever excead the input
power?

If a certain transformer has.a
primary e.m.f. of 1000 volis and
an output of 50 volts, how many
turns of wire are there on the
primary for each of the 200 turns
.on the secondary?

What type of transformer has a
single winding?

11. Name feur things that cause
transfermer losses.

12. %hat controls the current flow
in the primary circuit of a
transformer?

13. If the key in Tigure 16-29. ig
held clesed, will the armature
of the relay continue to be
attraciad?

AMMETER

N

< | ) w

*J #RI
1 |
ot SEC.
24 VHTS
FIG. M5 -2

1L, Will hoth meters .show a reading
the 1nztant the kay 1 closed?

15, If the key is held closed, will
both meters show a reading?

16. What is a repeating coil?

17. Vhat material makes & good
magnetiz shield?

18, Give two reasons for shlelding
an object.

19. Name two types of shlelding.
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CHAPTER XVII

TELEPHONE TRANSMITTERS

1, Rheostat Anelogy

1.01 Fipure 17-1 shows a rheostat, a

devire consisting of a piece of
wire hsving considerable resistance
wrapped around a bakelite ring, and a
metal arm with a bakelite handle, The
arm may be turned so that it will make
contact with any turn of the wire. The
symbol for a rheostat is shown in
Figure 17-2.

FlG. 17-1

itz 1 -2

1.02 In the circuit represented in
Figure 17-3, the amm is well tn
the right s¢ that the current has to
fiow thromgh a consideratle length of
the resistance wire. On ihe other hand

igure 17-4 represants the arm well to
the left so that the current {lows
through only a short length of the wirs,
The meters indicate that much more cur.
rent fiows in the Jatter case than in
the former. Devices whese resistance
may be adiusted o control gcurrent flow
aré hnown as RHEQSTATS. The one shewn
abova 1p of a commen type,

P
! T
- - oLTS
B VRIS TR l AMME FER i
? {D‘* 10 1 ®° g
3 S/
s o ; [~
Fi, 17-3 FiG. 7 -4

1.03 The telephone transmitter is
another type of rheostat,
Figure 17-5 shows the esgential parts

of a transmitter, and Figure 17-6
shows these parts assembled. In
Fignre 17-7 the transmitter is shown
connacted in g eireult,

MCVING FRONT

. “ELECTRODE
HLK MCMERMNE 8
Trm
BACK
CTROUE CHAMEE

MEMERANE
| COPPER LEAF

MEMEE R

-DRPHRAGH DLAPYEA G
FIG 17-5

FiG 7.7
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WILLIAMETEN o 2-'_ M R
' ©.7. 7 '2.01 From the foregoing it is evident
that for the proper operation of

8 telephone transmitter an adequate
battery supply 1s necessary.

2,02 Currents ard subssquent voltages
rasulting from the transmittar
action in a telephone circuit must
always be considered as varying D.C.
| Therefore, by the uss of suitable
g, i7-8 transformers {induction colls} the
R transmitter voltages may be stepped up,
stepped down, or matched to various
1.0 If the diaphragm is moved inward ather unite 4n the telephone plant,
as in Figure 17-8, the pressure
on the carbon granules is increased,

thereby lowering their rssistance and 3+ Questions

permitting more current teo flow. On

the other hand, if the diaphragm is 1. Hor does a rhesstat contrel current
movad outward, as in Figurse 17-9, the flow?

pressure on the gramules is decreased

so that their resistance is increassd, 2. VWhy mst the sheet metal uged for

transmltter dlaphregmste thin?

-MILLIAMETER J. Why is a transmitter battery supply

necassary?

Lo If the varying voltagea resulting
from the operaticn of a telephone
transmitter, are impressed on the
primay of a transformer what

. would result in the secondary
properly terminated?

Then ~ word i= zpoken inte the trons-
mitter, the diaphragm vibrates in
uniascon with the speakers vacal organs.
This results in the resistance of the
trancnitter being varied accordingly.
In turn, the varying or "modulated"
current flow through the receiver
causes the receiver diaphragm to vi-
brate in unison with the transmitter
diaphragm and reproduce the word
spoken, {Figure 17-10).

-— i

A W

b} — -""':I'Js — )'ff)’/
#16, 17-10

105



CHAPTER XVIII
TELEFPHONE RECEIVERS

1. Mapnetic Uparation

1.01 Pigurs 18-1 showe a permanent
horsm-shoe magnat with its poles
nepr the canter of a thin sheet iron

i - Figin-2

matal diee, ¥nown se a Slaphrapgm,
Pigure 18-2 indicates that the pull of
the magnest cauees the diaphragm to
bend down, In Figure 18-3, the
rermanent magnet hae been replaced
mith two coils. When the eircuii is
open the diapghragm is zgtralght, but
when current fiowe through the colle
in either dirsction, it i¢ bent down.

TR LI oA
L/ i ¢ ]
1t a
P4 Tomr — Jeb
g EEEJ s
I T W 1 o 3

/N
I .__’ﬁﬂzzzﬁl |

Figure 18-4 showe the coils arsund the
ands of the permanant magnet,

1,02 fCurrent ip now {lowing in such =
directisn that the colls tends
Yo strenpthen the permanent magnet and
the diaphrapgm iz bent down more, How-
sver, when the current flews in the
other direction the coil tends to
create poles opposiies to those of the
parmanent magnet, (Figurs 18-S} Thia
partielly nevtralizas the effect of
Lhe permanant magnet mo that the disg-
phragm 48 allowed to straiphten out
more than when no current iz flowing.

MAGHET AND)
pitan o
L Sl

Fid 1g-4

156



1.03 The combination of diaphragm,
permanent magnet, and coils Just
described comprise the esaantlal
elements of the telephons receiver,
It will be noticed that WHEN CURERENT
FLOWS THROUGH THE COILS IN ONE
DIRECTION, THE PULL ON DIAPHRACM I3
TRCREASED; BUT WHEN THT CURREKT FLCWS

I THE OTHFR DIRECTION, THE FULL IS
DECHEASRD.

1.04 The moment the key in Figure 18~6

is closed, the pull on the diaphragm
produces a loud click, Likewise,
when the circuit is broken a similar
elick is produced. (Fipure 18-7)

CLICK

CLIcK

FIG. 12-7

1,05 TFigure 18-8 shows a transmitter,
receiver, and battery in series,
When the transmitier diaphragm bends
inward the current flow is increased,
This increases or decreases the pull
on the Teceiver diaphragm so that its
curvature 1s changed accordingly.

LT

Fhen the tranamitter diaphragm movea
oubward, the current flow ia decreasaed
and the receiver diaphragm movesa in
tha other direction., (Figure 15-9)

Fito i8-9%

1.06 When a word 1s spoken into the
transmitter sheown in Figure
18.10, the diaphragm vibrates in
unison with the speaker's voice. This
current is varied accordingly so that
the receiver diaphragm 13 caused to
vibrate in unisen with the transmitter
diaphragm, thus reproducing the sound
of the speaker'!s velce, I tmo trane-
mitters and twe receivers are in-
cluded in the ecircult, two people can

talk to each other, (Figure 18-11)

Qﬁﬁﬁ = )

VOLTS

il g o= 7y

FiQ, 1@ -10Q
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2 Sunmary

2,01 In the preceeding paragraphs the
_ receiver unit has been shown
directly connected to the transmitter
battery supply. In actual practice
however, the receiver is comnected in
tha telephone. circuit by means of a
transformer (induction coil}. This is
tione to avoid exceéseglve current {low
through the receiver.

2.02 Tn the same sense that the
transmitter generates varying
D.C. voltages which may be more
efficiently utilized by the use of
transformers, the recelver has been de-
signed to operate from varying voltages
Impressed by the secondary winding of a
transformer (induction coil}.

. 3 + Cuestions

1. Vhat are the three'essential
elements of a telephone receiver?

2. If current flows through the coils
of & receiver and the diaphragm
mll is increased, what will happen
to the diaphragm if the current
flows in the other direction?

3. Will the diaphragm of a receiver
bend, if the current flow through
the coils are increased of de-
creased?
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CHAPTER X¥IX

PRINCIFLES OF VOICE THAMSMISSION

l. Ceneral

1.01 This chapter covers the general
transmisslon features of a
series telephone cireult, local
battery telsphone circuit, cormon
battery telephone circults and
principles of anti-sidetone, These
circuits involve the basic concepts
discussed in previous chapters.

2. Simple Series Telephone Circult

2.01 Figure 19-1 illustrates s simple
series telephone eircuit.
Yormally this circuit is not used for
telephone transmission. Howaver 1%
does serve to illustrate the bhasic

principles involved,

TRANSMITTER RECEWVER
1 3
A WOLTS
s — o pfp=t
Fig 18-1

2,02 Since all circuits must b=
analysed in-two ways, D.C. wise,
{statically}, and A.L. or changing
D.C. wise {dynamically) we will first
analyse this circuit D.C. wise. The
D.C. equivalent cireuit for Figure 13-1
45 shown in Figure 19-2, It can be
seen that the transmitter is represent-
ed as a rheostat and the recelver as a
fixed resistance. The receiver may be
represented as a fixed resistance {not
an inductance) because this 1s a DO,
circuit at rest. This statie {at Tagt)
D.C. circuit analysis will enable us
to ezleulate if necessary, the total
current. flowing.

—
TRANSMITTER l T ., RECEIVER
{RHEQSTAT) {RESISTANCE)
BATTERY
3VOLTS
2 — ol
FE. 19-%

2.03 In order to consider the cireult
dynamically {in motion) it is
necessary Lo use a changing D.C. or
A.C. eguivalent cireuit (Figure 19-3),
The transmitter is represented as 2
rheostat and the recelver as an in-
ductance. The receliver is represented
as an inductance because this is a
pulsating D.C, eireuit. However, the
inductive effect is negligible by the
deslgn of the receiver, Speech,
causing resietance changes in the
transmitter results in current changes
in the receiver. Current changes in
the receiver result in changing
voltage drops across the receiver.
The transmitter and hbattery may be
considered a pulsating B,0. generator
with 1ts output acress terminals 3
arid L. Tha voltage output of the
transmitter 1s being directly im-
pressed across terminals 3 and b of
the receiver and the voltape variastions
of the trensmitber will cause corres-
ponding voitage variations across the
recaiver, In this ¢ircuit the recelver
and transmitter sre directly coupled
to one another.

] 2

TRENSMITTER RECE WER

BaTTERY
3 WOLTS

L .
FlG 19-1
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INOUCTION

TRANSMTTER 1 cout. 4

con 2 TRANSMITTER 2

PRI

BATTERY
3 VOLTS

RECEIVER 1

3. Local Pattery Telephone Circuit

3.01 Figure 19-k 1llustrates a local
battery telephone circuit, This
circuit gets its name from the fact
that the battery supply to each trans-
mitter is local. The dynamic circeuit
equivalent of Figure 19-4 is shomn in
Figure 19-5, A dynamie eircuit
analysis of Flpgure 19-5 43 as follows:

{a) The voltage variations of trans-

mitter 1 are impreased across
the primary of induction ¢oil 1 when
the transmitter functions.

{t) Transformer action takes place
from the primary to the secondary
of the inductiosn ¢oil 1 thereby im-
pressing voltage varietlons ascross
recelver ], raceiver 2 and the

SED, SES.
in

RECENVER 2

secondary of induction coil 2 in
saries,

(c) The voltage variations impressed
' across the recelvers cause them
to function.

(d} The voltage varlations impressed

across the secondary of induc-
tion eoll 2 yesult in veltage varia-
tions across transmitter 2 which
sarve no useful function. From the!
abova dynamic analysis it can be seen
that 1if a person talks into trans—
mitter 2 he can ba heard in recelvers
1 and 2, The induction coils in this
clreuit prevent D.C. from flowing in
the receiver circult. This lecal
telephone circuit 15 sometimes used
for private service but is not used
In regular telephane service.

MOUCTION HNOUCTION
TRANSMITTER 4 cox. coiL 2 TRANSMITTER 2
[AHE OSTAT) FHEQSTAT)
oL, SEC sEC, PR
BATTERY
& VOLYS
' . . B
RECEWER RECEWER 2 -
UNDUCTAMCE) {INDUCTAWCE )
Ftd -1
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B GATTERY
2% YOLTS
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TRAANSMITTER &

Lk, Common Battery Telephone Circuits

1,01 The common battery telephone

circuit 1s uvsed for regular
telephone service and as its name
implies, has its D.C. source, a comnmon
battery for 21l instruments.

L.02 4 common battery telephone cir-

cult is shown in Fipure 19-0,
It can be seen from the D,C, circuit
analysis that proper transmitter cur-
rent is flowing in the transmitters.
Homever, a dynamic circuit analysis
(Figure 19-7) shows that a short-
circuit exists across the twe instru-
ments cireuits because the common
battery is assumed to offer zero re-
sistance, Transmission in Flgure 19-7
is then {mpossible.

-] «%j
!

TRAMSMITTER 2

Fid 13-8

4.03 1In order to overcome the short-
circuit existing across the two

instrument ¢circuits as shown in

Figure 19-7, tmwo resistors Ry anc R,

may be installed as shown 1in

Figure 19-8. A dynamic circuit

analysis of Figure 19-8 4s as follows:

(a} ¥hen transmitter 1 1s functioning
voltage variations are impressed

upon the primary winding of induction

coil 1, resistor Ry and resistor Rp

in series.

{bv) Transformer action takes place

from the primary of induction
coil 1 to the secondary thereby im-
pragsing voltage wvariations upon
receiver 1 which results in sound in
the recelver,

NBUE TION INDGCTION
coiL 1 ColL 2
RECEIVER 1 ([" TRECDVEH 2
-
= Y INDUCTANCE)
{INDUCTANCE Y org - - E o

2EC ‘ PRE.

TRANSMITTER
i

(RHEGSTAT)

i

TRANSMITTER
e

| {RHEDSTAT)

r

FIG 1g-7
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— {INDUCTANCE)
(NOUCTANCE!
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BATTERY
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TRANSMITTER - TRANSMITTER
2
¥
(RMEGETAT) Re (RHEOSTAT}
FIG. 19-8

(¢) Voltage variations across the

resistors Ry and together are
impressed upon transmitfer 2 and the
primary of induetion coil 2.

{d) fTransformer action takes place
from the primary to the secondary
of induction coil 2 thereby Impressing
voltage variagtions upon receiver 2
which results in sound in the receiver,

(e} The voltage variations across
transmitier 2 serve no useful
purpose,

From the above dynamic analiysis com-
plete transmission takes place from
transmitter 1 to receiver 2. Tt can
be seen that if a person talks into
transmitter 2 he can be heard in re-
eaivers 1 and 2. The instrument cir-
cuits in Figure 19-8 are coupled by
resistors Ry and and the instrument
circuits are sald to be resistor
c¢oupled, Normally resistor coupling
is not used for telephone transmissioen.

THDRC TION

h.OL One of the three common battery

telephone circuits now in use
is shown in Figure 19-9, This eircuit
is normally used for P.B.X. service.
A dynamie cirenit of Figure 19-9 is
shown in Figare 19-10. The dynamic
circult analysis of Figure 19-10
parallels that of figure 19-8, How-
ever, the shunt path of resistors Ry
and Ry togather is eliminated by
using inductor coils 1 and 2, As a
inductor eeil blocks A.C. and chang-
ing D.C., the removal of this shunt
path affords better overall trans-
mission. Another advantage of con-
necting inductor coils in the ecireuit
iz to block the D.C. generstor's
changing D.C. from the instrument
eircuits, A dynamic eircuit analysis
of Pigure 19-10 is as follows:

(a) VWhen transmitter 1 is functioning
voltage variatlons are impressed
upon the primary of induction coil 1,

the primary of induction coll 2 and
transmitter 2 1n series.

COR# lhg;.ltinzcu
RECEIVER 1 -
¥ BDE GENERATOA FECEIVER 2
INDUCTDR i, 1 TO CHARGE BATTERY .
T e I :
- | ] * a » H I“L...J
z——] Y = E
- T4
I leUC‘!Oﬂil H .
] —h
T e -— vty ?
: | sarreny '
o T OB VLTS
Mp——s e

YRANSMITTER i

16, 1m-9
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INDUCTION

cou 2 RECEIVER 2

INCHICTOR

{RMEDATAT])

0C GENERATOR | =
TO CHARGE BETTERY R “ SEC. UNDUCTANCE)
£
1

BATTERY
15 VOLTS

TRANSMITTER 2
{ RHEJSTAT)

¥1a.

(b} Transformer actlon takes place

from the primary of induction
coil 1 4o the zecondary thersby im=
pressing voltage variations upon re-
geiver 1 which resulte in sound in the
recelver.

{¢) Transformer sction takes place

from the primary of induction
coil 2 Yo the secondary thereby im-
pressing voltage variations upon re-
ceiver 2 which results in sound in
the receiver, ' '

{d} The voitage varistions across
transmitter 2 serve no useful
purpose,

INDUCTION
AECEVER conL

9 -10

From the above dynamic analysis it can
b seen that if a person talkz into
transmitter 2 he can be heard in re-
celvers 1 and 2, The instruments in
Figuré 19-10 are coupled by inductors
{Inductor 1 and 2) and the instru-
ment eircuits are said to be induc-
tor eoupled.

4.0% Another common battery telephons

circuit is shown in Figure 15-11
and is normally used in manual and
panel type offices., A dynamic eircuit
of Figure 19-11 is shown in Figurel$=
12. A dynamic circult analysis of
Figure 19-12 1s as follows:

INOULTION
Cole 2

—

[+

b Afé‘“‘

FART QF
REPEAT
oL

TRANSMITTER
L

T PART OF
REPLAT
CoHL

TRANSMITTER
s z

L

FIG 19t
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TRAANIMST TER
2
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FiG 192

{a) When tranmmitter 1 funstions

voltage variations are impressed
upon the primary winding of induction
coll 1 and two windings of the repeat
colls in series.

(b} Transformer action takes place
from the primary to the mecondary

of induction coil 1 thereby impresoing

voltage varistions upon raceiver 1

and the recelver functions.

(e} Transformer mction takes place in

the repeat coll and voltage vari-
atiens are Impressed upsn transmitter
2 and the primary of induction coil 2.

(d) Traneformer action takes place

from the primary to the secondary
of induction coil 2 thereby impressing
voltage variations upon receiver 2
which functione,

{2) The voltage variations upon
tranemittar 2 serve no useful

purpose,

From the above description it can be
seen that 1f a person talks into
tranamitter 2 he will be heard in re-
ce¢lvers 1 and 2. The repeat coil
assamdly 1s installed at the central
office., The instrument circuits in
Figure 19-12 are sald to be repeat
¢oll {transformer) coupled,

.06 fThe third common battery tele-
phore circuit ia showm in
Figure 19-13 and is normally used in
X-Bar type offices., The dynamic cir-

cuit of Flpure 19-13 1s shown in
Mgure 19-1k. In Figure 19-14 the
capacitors allow A.C, or changing D.C.
to pass and the lnductor block ALC.
and changing B,0, The dynamic ecir-
cult analysis of Vigure 19-14 is as
follown:

{a) ¥hmen transmitter 1 functions

voltage vardiations are impressed
upon the primary winding of inductlon
cail 1, the primary winding of in-
duction coll 2 and transmitter 2 in
geries,

{t} Transformer action takes place

from the primary to the secondary
of induction coll 1 thereby impressing
voltage variations upon receivor 1 and
the receiver functions.

5. Principles of Anti-Sidetone

5.01 In order to understand the
principles of anti-sidetone it
becomas necessary to ntudy a aimple
sldetone circuit, Sidetone is the
tranemission and reproductions of
sounds through a local path from the
tranomitter to the receiver of the
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HECSIVER

same telophone station. Figure 19-15
shows a typical sidetone circuit, The
caprcltor prevents unchanging D.C,
from flowing in the receiver and the
secondary winding of the induction
eoil prevepnts the transmitter from
shunting the receiver and secondary
of the induction coil D,G. wisz. A
dynamic circuit Figure 19-15 is shawm
in Figure 19-16, A dynamie cireuit
analysis of Figure 19-16 is as follows
for transmitting:

(a) The voltage variations across the

transmitter resulting from speech
are impressed upon the secondary
winding of the induetfon coil and the
recelver in series,

{(b) The voltapge varlationa across
the receiver result In sidetane,

(¢} Transformer action takes place

betwesn the secondary anc primary
of the industion coil with the second-
ary and primary acting ss an zute-
transfermer, thus the veltage variations
are stepped up before being impressed
across L1 and L2,

o L ta 0

i

‘ INCUCTION COL A
F g L W

i Lt 1 11 l

i 7 T =3 l

PP ! sEC i ! i

RECEIVER o

{MBUCTANCE ) CAPSEITOR |

TRANSMIT | !

RHEQS TATS t ] i

FiG 19-16 ‘

A dynamle circuit analysis of Figure
19-16 is as follows for receiving:

(a) When the transmitter at the far
end functions voltage variations
are impressed across Ll and th

(b} The voltage variations across

11 ard 12 are impressed upon a
series-parallel circuilt combination of
the primary winding of the induction
ceil, the receiver, the transmltter and
the secondary of the induction coil,

{¢) Auto-transformer zction takes
place from the primary of the
incduction coll to the secondary and the
voltage variations across L1 and L2 are
stepped down before being impressed
across the recelver and transmitter.

(d) The voltage variations across the
receiver cause it to function.

{e) The voltage variations across the
transmitter serve no useful
purpoese.

From the foregoing it can be resdily
seen that z person speaking into the
trangmitter results 4in sidetone, and
complete speech transmission. Room
nolse picked up by the transmitter and
reproduced in the receiver through the
sidetore path tends 4o mask the in-
coming speech and the leoudness with
which the telephons user t{alks into the
transmitter is influenced to a great
extent by the loudness of the sidetane.
4 reduction in sidetone will result in
a receiving improvement beczuse of the
reduction in the room neoise reproduced
in the receiver and g transmitting im-
provement inasmuch as it 4nfiuences the
telephene nser to talk more rearly at

& normal wplume,

5.02 The "sidetone reduction” eircuit
iXlustrated in Figure 19-17 was
designed to reduce sidetore. This
circult is merely a modificaticn of the
sidetone circuit ang it places the re-
cedver and capseitor directly acruss
the secondary winaing of the induction
coll. This circuit rzarrangement re~
sults in lowered sidetone but reducea
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the tranemission efficiency of thre
cirenit to a point where it can only
pe used on short subscrider lines.

The dynamic circuit of Figure 19-17 is
chown: in Figure 19-18. A dynamic cir-
enit analysis is as follows for trans-
mitting:

{a) The voltage variations scrocs the

transmitter are impressed across
ihe line and the primary of the in-
duetien coll in serles.

{v} tlo auto-transformer action is
present and reduced transmission
results.

e} Transformer action takes plice

frem the primary %o the secohdary
of the induction coll and voltage
yoriations across the receiver result
in lemered sidetone,

The zidetone in the recaiver is
lovered because voltage variations
zeross the primary winding of the in-
duction coll are weaker due te ne
snto-transformer- action. Therefore
the voltage variations induced in the
secondary of the induction coll re-
zgdt in lower sounds in the recelver.

P, teq

NDUCTION COIL

S
:;Ec l._omjémﬁ
1

TRANSMIT TER RECEIVER
IRHEDSTAT) Lo EE
[INDUCTANCE )

Flz -8

The sidetons reduction c

ircuit 1
field modification and is being ::é:
placed by the anti-sidetone circuit,

5.03 The anti-sidetone circuit was
developed to provide improved
transmigsior as well as improved =ide-
tene reduction. Figure 19-19 shows a
typlcal anti-sidetone circult and 1t
ean be seen that the suto-trarstorper

!._s rresent z& 1t was in the original
sldetone cireuit,

The capacitor prevents unchanging D.C.
from floming in the recelver and the
secondary and tertiary windings of
the inductien coll. The capacltor
alsg prevents the transmitter from
shunting the recelver, and the second-
ary and tertiary windings of the in-
duction eoll .G, wise,

MI-A INCUCTION Coil
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Figure 19-20 shows a dynamic cireult
of Figure 19-1%, 4 dymamlc clrcuit
analysis of Flgure 19-20 durlng
gransmitting is as follows:

(a) The voltage variations across the
transmitter resulting from apeach
are impresszd upon a serles - parsilel
combination of the receiver, tertlary
winding of the induction coll and the
secondary winding of the induztion

coll.

(£} The voltage variatlons acrose the
wransmitier are also impressed
aoross the lip® and’ the primary wincing

of the indution coil in seriss.
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{c} Transformer action takes place be-

tween the secondary and primary
of the induction coll and they act like
an auto-transformer, thus the vollage
variations are stepped up bafore being
impressed across the lins.

(d} '™e voltage variations across the
tertiary winding of the induction
coll are & function of the dimmetly
impressed variations from the trans-
mitter as well as the induced varia-
tions from the primary and secondary
windings of the induction coil.

(e} Duo to the design of the tertiary
winding of the 4induction coil
the induced voltages and impreased
voltages are of the same magnitude
but are in opposition to each other
and this resulis in no voltage varia-
tion acrosg the receiver as the ra-
ceiver 1 in parallal with the
tertiary winding.

From the foresgoing it can be seen that
the magnitude of the impressed and in-
duced voltages across the tertiary
winding determine the amount of side-
tone reductien.

A dynamic¢ eircult analysis of Figure
19-20 durlng receiving is se followns:

(a) When the transmitter at the rar
end functiona, voltage variations
are impressed acroas L1 and 12,

(b) These voltage variations are im-

preaped upon a series-parallel
combination of the primary tertiary
and recelver, secondary snd trans-
mitter,

ky La‘r
IRGQUCTION IO
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(¢) The woliage variations across
the tertiary winding are &
function of the directly impressed
voltage variations resulting from the
transmitter st the far end as well aa
the induced voltage variations from
the sacondary and primary windings.

(d)} As in the tranemitting conditlen
the Induced voltages and impressed

voltages in the tertiary winding are

in opposition to each other, However,
unlike the transmitting condition the
voltsges are not of the same magnituds
and this results in voltage variationa
across the recaiver.

The difference betwecan the recelving
and tranamitting condition lies in

the fact that the impressad and in.
duced voltages acroas the tartiary
winding cancel in the transmitting
case and do not cancel in the re-
ceiving cane. In tha transmitting
case the induced voltage from tha
sacorddary to the tartiary, which ia a
function of the impressed voltage
across the secondary is very strong
dus to the fact that the transmitter
which is generating the imprasaed
voltage variations is directly con-
nected to the secondary winding., How-
over, 1ln the receiving cass the fx
pressed voltage across the secondary
winding 1s weak. This 1z becauns the
transmittar which 1s gensrating the
impressed woltage variations is at the
far and of the circuit and 1is sctuslly
Separsted from the secondary wirding
by the rasistance of the line.

5.0k Figure 19.Z1 shows 4 drawing of
two anti-sldetons instrueents
connacted throuph a capaciter central
affice circult, Filgure 19-22 shows »
dyniamic veraion of Figura 15-2].

6, fTuestiona
B i 1 T T

1. Phat ta a series talephone cireatt?

2. Of what use s o e, squivalent
cireuit? Varyirg D0, ar AL,
cireuir?
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3.

b,

5.
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ANTI-3IDETONE INSTRUMENT |

How is a battery represented in a
dynamic circuit? Why?

Can the transmitter be considered
a pulsating D.C. generator? Why?

¥hat iz a lacal battery telephone
‘clrculit?

¥het 1s a common battery tele-
phone cirenit? '

Give three methods of coupling
useéd in a common battery tele-
phons aystem,

How 15 an inductance represented
in a dynamic circult? Why?
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9.

10,

11.

12.

13,

1k,

B —

—
ANT-SIGETONE INSTRUMENT 2

¥hat 13 sidetone?

What is the disadvantage of &
sidetone reduction éircuit?

Why was the anti-sidetone cir-
cult developed?

¥hat are the acvantages of the
anti-aidetone circuit?

¥hy 1s sidetone raduced 1n an
anti-sidetone eircuit?

Fhat would be the result if the
tertiary winding - ‘of g -anti-
gldetone instrument were apen?
If the sacondary windlng mere
short cirouited?
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CHAPTER XX

VARISTORS

Genaril

I ————

1;

1,01 Varistors are VARiabtle resTSTORS
and derive thair name from the

[first three lettlers of the word waria-

tje and the last six letters of the

word resistors.

varistors mre clzssed as "metallic
rectifiers® or as "erystal rectifiers"
quch as the copper-oxide, selanium,

or germanium crystal rectifiers.

111 classes of varlastors are in genergl
rade of semi-conductors, that is,
pateriale whose cenductivity lies be-
twaen that of conductors and

Insulstors.

%, Copper-Oxide Rectiffer

2,01 The copper-oxXide rectifier is a
sandwich conaisting of a layer
of cuprous oxide on copper,

Thesa cealls are produced by heating a
copper disc. in a furnace to a tempera-
ture of about 1,000 degrees F and then
quanching it in water,

This treatment produces a thin fiim of
cuprous oxide with an outer layer of
tupric oxids,

The cupric oxide is removed leaving a
thin layer of cuprovus oxlde on one
tlde,

tontact with the copper-oxide surface
ten be made by holding a lesd disc
ggalnet the oxide surface under
pressure or by elsctroplating a nickel
toating on the surface of the oxide.

These dises are shapped like washers
ind ore assembled alternately with
itad waghers oh a bolt so they can be
tlamped tightly together (with a

12

pressure of 500 to 2000 pounds per

aquara inch) to seoure
contact. £ood alectrical

The lead nickel or other condueting
matarial applied to the outsr surfacs

of the oxide is known ss the "outer
contacth,

¥hen a potential ta applied between
the copper and the cuter contact, 1t
is found that the current is not pEro-
pertional to the spplied voltags and
that it depends on the direction of
the spplied potential,

Such a pombinaticn offers a low re-
sistarce path to current flowing frem
the copper to the copper-oxide but m
high resistance path to the current
flewing from the copper oxide to the
COppeET.
2,02 A complete assembly is inown ae
a "varletor and the mumbar of
discs necesaary in each assembly (or
stacks) is determined by the voltage of
the current to ba rectified and the
number of stacks which must be con=-
nected in parallel is determined by
the amperage output deaired.

Broedly, one disc is required for each
1 volta of rectified cutput and 1%
inch dise will carry .2 to .L amperes
depending on whother fins are placed
between the disca to dissipate the heat
gererated by their operatlon.

The direction of greatest current can
be remembered if a person recalis that
copper has a great number of frea

glectrons and if a negative potential
is mpplied to the caopper more current

If g megative poteptial is applied to
the "outer contact and the oxida,
there being few free electrons in a
gemi-conductor, there will be compara-
tively little current fleming.



2,03 Figure 20-1 shows the eymbol for
a ¢opper-oxide variator.

The symbol for the varistor was made
when currént flow wes assumed to be
from poeitive to nagative and the
arrom was assumed to point in the
direction of the greatast current
Now.

Since we nre now assuming current
flow is from negative to positive
tha grestest current flow will be
against the symbol srrow.

COPPER /-LHD
- +

CURRENT AND ELECTRON FLOW

e

Fia 20 -1

2.04 Filgure 20-2 shows the con-
atruction of a ecoppercoxids
varistor,

2,05 When 0.2 volts is applied in
the conducting directlion of a
copper-oxide varietor disc 3/k of an
inch in diameter a current of
approximately 0,003 amperes will flow,

If the potential is increased to 0.3
volts the current flew will increase
to about (.020 amperes.

The copper-oxide vaeristor has a cur-
rent carrying capacity of approxi-
mately 0.2 amperes per sguare imch and
with speclal cooling this value may be
deubled or tripled.
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3, Theoty of Operation of Coppei-Oxide’
Varistorse RS

3,01 In passing from the copper to ﬂiﬁ_..{-

outer contsct, the current must
cross the inner junction between. the
copper and the oxide, and tha :'outer
Junctien,

Experiments have shown thét the con- .
ductivity in the body of the oxide

and the outer contact obeys chin's law
snd that the non-linearity in the ¢ur=
rent voltage relation is due to the
peculiar nature of the conduction at
the inner junction,

The vhenomenon of non-linear voltage-
gurrent relations in some substances
at the junction of dissimllar sub-
stances has been known for a long time.

Farly in this century many materials
were employed in "wireless" reception
which exhibited highly polarized nen-
linear characteristics.

These materisls consisted of a lump of
some mineral such as galena, silicon,
iron or copper pyrités, zincite, borite
or silicon~carbide,

In the process of signzl detection
thege materials made up one side of &
eircuit while a feeler wire called

a "catawisker" bearing on the matsrial
was connected to the other terminal,

The free electrons moved from the

crystal to the metal peint bearing
upon them,

The more stable operation of the
vacuum tube detector replaced the
eryatal detector.

L. Application of Copper-Oxida

Regtifier

4.01 The reetifying unit consists of
four amms, each arm containing
a stack of copper-oxide dises or two
or more in parasllel if the output is
greater than one stack will supply.
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jng hals-of the A.C, cytle current
Eﬁl flow-from the secondary of the
anaformey (Figure 20-3) to

inal 2, through the rectifying amm
w3 the D.C, output load (or
wttery) to 1o through the rectifying
ym %o l; and baek to the other end of

the Muﬂd&ry a

aring the other half of the A.C. cycle
wrrent flows from the secondary to L,
ough the rectifying arm to 3,
the D,C. output load to 1,
mrongh the rectifying arm to 2 and kack
to the secondary.

t; will be noted that the rectified
arrent durdng each half cycle slways
fies from 3 to 1 1n the same
direction.,

w‘,—o.c. WTPUT ~

Fig 20-3

k02 Copper-oxide rectifiers are used

for charging small P,B.X. and
Untral office storage batteries,
tharging emergency celis, filament or
fate supply 4n small repeatar instal-
latione and other gpplications where a
'8l output 15 pequired.

L9 the elreuits shown in Figure 20-4L
o and Figure 20.5 gre just alike
topt that a copper oxide VARISTOR
ngﬂdﬂd #cross the receiver in
by T 20-£, The voltages produced in
. ;:ctfi_ver due to the operation of
. insmitter are too low to cause
Tciable current to flow through the

¥ o
m't“_ffq'-.-_._'ﬂlua, the presence of the

‘varistor 4p the
- Hppreciably aff

143

circult doas not,

ect transmission, How=
er voltags 1s tonnected
g2 of a variator, 1t
conductor,

Bver, if a high
to the terming
8ctE as a good
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L.0L When the battery sepply to the
inductor in Figure 20-6 13
openad, the coll dizcharges as indi-
cated, producing a loud click in the
receiver, . However, when the battery
supply in Figure 20-7 is epened, a good
part.of. the discharge from the goll
goes through the varistor so that
practically no elick 15 heard in the
recelver, #hen the coil and capsciters
have reversed the current flow the cur-
rent will them flow through the other
half of the varistor.

naT TEAY KLY

Y ) £aPACITOR {
i "-"°_|ZS|%"”¢""'1 i T ~|
. T LI g e
L"I' ! AVLTE b4 -t H i‘C’..CCH

) l £ ﬂ t

TRANGWIT TER Vo L
[ INOTOR, i i oprELeER
H N c.-:;'i;_ i,_
! H i
H i
| — 4...:__.__.._...:_.-_.
flG X6
T MT.T[.RY “«g LAPREITOR l__{w;
. A = e » o -
‘Eﬂo-’ijé\gs . \._q:'_-,‘;:f_ i ; 1'
L/ Tl
— K, ULl
TRANSWITTER 3 e e
b koucToR S B ¢ arceva
i sdl] uARISTOR'] {I
H " :d l'
I B T
Fig &7



5. Sizes ang Types of Copper-Oxide
Hectiflars

5.01 There are many sizes and types

of copper-oxids rectifisrs to
mest the various purposes for which
they are suited.

Most of these are of the full wave
typs and are provided with secondary
taps and a means of switching to them,
to control the output,

Yhers it 1s necessary to filter the
ripples or noise a small choke coll
is cormected in the sutput cirecuit,

The smaller sizes of rectifiers are
enclosed in rectangular mefal cases
sititable for shelf mounting.

The larger sizes are enclosed in a
tetal case suitable for mounting on
frameworks,

Wost types have. an output of 1 ampere
and a few have outpute batwesn 1 and

3 smperes.

One type used for trickle charging
emergency cells in large pomer plants
has an output of 6 dmperes at 10 wlts.

6. Aping of Copper—Oxids Rectifiers

6.01 A copper-oiide varistor changes

ity resistance to current flow
with changes In surrounding {ambient)
tempgrature and age.

hging, however, causes the varlstor
to increase its resistance in the con-
ducting direction and decreasee it 4n
the non-conducting direction.

The aging effsct occurs regardiess of
whether or not the varistor is 4in
opeirtion but is accelerated 1f 4t 4a
operated in a high surrounding tempera-
ture,

Te Selernium Reetifier

7.0l The selenium rectifier cohsists
of diaks of nickel-plated stosl

or elumimum that have a thin coating
of selenium on onte sids,

When the selenium is first applied it
lias a black polished surface but this
is changed to the gray crystallre form
by a ssrise of hest treatments,

Thias spelenium surface 1s then sprayed
with an alloy to form the inner
Junction and it iz bstwoen thiis
olectrode and the selenium where th
barrier laysr is formad, -

The gprayed alloy 1s the good Cofi
ductor snd the selenium the semi~
conductor and the frse electrons pass
through the btarrier readfly in the
direction from the alloy to ths
solenttin,

7.02 Figure 20-8 shows the symbol for
a selenium varistor,

7.03 Fipure 20-9 shows ihe constriotion
of a selenium varistor.

SPRAYED —_ STEEL
LEGY
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SURRENT AMD ELECTRONM FLOW

Fis. 20 -8

SELEMILUM
ISEMI - COMNBUGCTEN)

g TED
{000 COMBLGTOME

£
X

LONTACT

The melenium-coated washere Are agsem-—
blad in stacks 4n much the same wWay
as copper-cxide washers and the hook
ups in which they are umed in cireyits
are the same,
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Sinne the rnctifyfn,; actinn
in tha anlpw%-_ﬂn toatant wank
and dows met require 5 wasber of ya
Lo complate the contact to e ;a%haa
suriace it 15 not NECestEry by P o
gunh heavy wrescures in the staow w
assemtlies as in the COPIETretxide
stacke,

Expansion amd eontraction of

iy wroli iy
Proitzelr

-l".ai‘
assemtly and mounting stug trwralopre
do not ehange the electrionl oontact

igher plate temperstures are e
missatble with the selentum rectifier,

Indivicduel selenium dieks ocperate at
arout three times the voitage of 5
copper-oxide disc,

The selenium rectifier resuits in ,

smaller lighter and more afficient
rectifier than the copper-oxide,

B, Cermanium hHectifisr

“R.01  The permenium waristor iz a

: arystal rectifier, or orystal
diode, it har a cartridpge type con-
. structlon and the arcearance of a
S onewwatt fixed resistor,

- A tungsten feeler or caiswisker beers

upon a thin dise of optically polished

- germanium soldered to the end of s
"'sire; _

The garmanium dise is prepared from
pure germaminm powder mixed with a
smail amcunt of tin.

Tﬁa powder .1s,melted ang when it hoas
‘a crystallized ingot results
£y intn wafr»rs a6 mikli-

e ith ungst&n" Fminal is made
1ec,trons move in the

rof -the  semi~con-

xy’few free

PLASTIC BERG - -

gﬁta"l, but when . t-hE_

In the copper-oxide varistor, we had
J?“P fres olectrons move more freely

rom o the metial (copper) into the semi-
::m‘edm:tcr {cuprous axide} when the
rebal 18 negative,

In the germanium crystal varistor we
fird the free electrons moving more
fyeely when the seml-conductor
Lgermanium crystall is nepative,

T™his phenomencn is not raadily
sxplainabile,

The crystel rectifier iz smsll in
aize and light in weight,

8,02 Figure 20419 shems the symbol for
4 permanium varistor,

A.07 Figure 20~11 ahowns the zone
struction of a germaniuym varis.
tor.
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It consists of n large humber Qf‘_
granulee of eilicon carbide bonded
together by a ceramic.

Eack silicon-carbide granmule touches
its neighbors in only a few small
contact areas,

The electrical characteristics are
determined largely by the number of
these contacts,

Fhile any one contact may rectify to
some extert, the overall character-
lstie shows practically no rectifica-
tion becguse there are numerous con-
tacts in series and in parallel,

9.02 In comparing the characteristics
of varistors made with stlicon-
carblide and with copper-oxide
respectively:
The current through the silicon-carbide
varistors does not depend on the
direction in which the voltage is
applied. The ratlo of the resistance
nt high and low voltages is between
100’000 and s 1,%0,0% which ia about
100 times es grent as for the standard
copper-axide varistor,

The current through the silicon-carbide
varistor never varies as rapidly with
voltage as it does for most copper-—
oxide varistors, The copper-oxide and
silicon-carbide types supplement each
other; the copper-oxide type is used
essentially as a low voltage varistor
while the silicon-carbide is a high
veltage varistor,

9.03 Figure 20-12 shows the symbtol
for a silicon-~carbide varistor,

FiG 70 .52
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3.
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10.

11,

12.

13'

14,

Questions
Yhat 1s a varistor?

In general, what are varistors'fﬁ'r
made from? .

In a copper-oxide varistor is the

current proportional to the
voltage?

Does the current in a copper-oxide
rectifier depend on the direction
of the arplied potential?

If the current through copper-
oxide rectifier is small, what
direction is the current flowing?
If the current is large what
direction 1s the current flowing?

¥hat 1s the symbel for a copper-
oxlde varistor?

Will the greatest current flow be
against the arrow of the symbel
for a copper-oxide varistor?

What are copper-oxide rectifiers
used for?

What trouble would a short

cireuited varistor in Figure §
cause?

*hat are the advantages of a
selenium rectifier over a copper-
oxide rectifiar?

How is a germanium varistor made?

In which direction wiil the
greatest current flow in a
germanium varister?

¥hat 13 the symbol for the
sillcon~carbide varistor?

Doea the current through the
silicon—carbide vartistor depend
on the direction in which the
voitage is applied?



CHAPTER XXI

THERMISTORS

1. General

1.01 Thermistor iz a contrzction of

the expresaion "Thermally
sensitive resistor'. fThermmistors are
made in a variety of forms from mix.
tures of certain metszllic oxides
pressed into diske, extruded into rods
or formed into beads. In all forms
they are herd and durable, Suitable
aelectrical contacts are attached to
these forma, Thernistors are pro-
duced with resistance values ranging
from a few ohms to severasl megohms,
They can be made for use wherever
termperature variations exist or can be
produced. The variations in tempera-
ture may result in three ways:

Externally by the change in ambient
mperatura. Directly as when eurrent

is passed through the thermistor,
theraby heating it. Indirecily, as
when current controlled as desired is
passed through a small heater
assocliated closely with the thermistor.

2. Directly Heated Thermistor

2,01 The 1A thermistor is of the
directly beated type., It con-
sists of a small bead of sintered
uranium oxide in an evacuated nitrogen
f£11led glass envelep enclosed in a
fibre tube with metal end caps which
act &s temminals. Figure 21-1 is the
symbol for a drectly heated thermistor.

{If suffictent current ia
“a 1A themnistor to result 1N LAeCettos
ation of 15 millimatts at 75°F. 1te

/60,000 ohms Tesistance decr

ts. passed through
't in the: dissie

3.

to & value of about 2,200 ohms,. The .
" following Gata shows the heater gur-
_rent,_and theralstor resistance. for

Lo,000 ohms to a new value of 20,000
ohms., This is a ratio of 3 to 1. Vhen
75 miiliwatts iz applied the resistance
decreases about 59,L00 ohms to a new
valus of 600 ohms. This is a ratlo of
100 %0 1. Since the thermistor can not
be heated or cooled instantly the rd-
sistance of the thermistor will not
change instantly in response to a
change of power applied to it. Thia
effect can be utilized and controlled
for time delay applications.

Indirectly Heated Theymistor

3.01 The 2A thermister is an indirectly
heated thermister. It consists

of a heater and a thermistor, It is

mest uselful where electrical szeparatlion

of controlling and controlled elrcuwlt.

is needed. The heater is alze useful

in thermostating the thermistor so that

the thermistor can be usged as a di-

rectly heated device, without undegir-

able effects die to ambient temperature -

changea. Figure 21-2 is the symbol for -

an indireetly heated thermistor. L

Fig, 21 -2

The heater has 100 ohms resistance and

the maximum contiruous current is 25 .. ..
milliamperes either A.C. o D,C, The ~ ' -
thermistor has 2,800 chms wher ne cur— .. ==
rent, 18 flowing at 77°F. When about 2 -
millfemperes flows through the heater. .
the resistance of the thermistor drops.




& milliamperas - 1000 ohms
8 milllamperes - LOO ohms
10 milliamperea - 200 ohms
12 millfarmpares - 100 ohms
14 miliiamperes -« 70 ohms
16 milljamperes - LO olms
18 milljiamperes - 25 ohms
20 milliamperes - 18 ohma
L, Summary
(a} Ohm's law is obeyed if the

temperature of the element ia held

constant.

{b) The unique preperties of &
thermistor are due baslcally to

the high negative temperature coeffi-

c¢lent of resistance,

{e) No rectification occurs in
thermistors.

{d) Resistance changes do not in-
atantanecusly fellow changes of
applied power but depend on the re-
sulting temperature change.
{e) When the power is suddenly in-
creased from one value to &
higher value, the resistance begins to
decrease rapldly at first and then
more and more slowly until {%
dpproachea ite new steady value.

(f) At low currents the voltage across

the thermister is proportional to
the current, at somewhat higher cur-
rents the voltage doem not lncrease as
rapidly as the current,

5. Questions

1. How are thermistors made?

2. The variations 1n temperature may
result in threes ways., Name them,

3. What 1is the symbol for a directly
heated thermistor?

h. Yhat is the symbol for an indirectly

heated thermistor?

9.

10.

128

What are thermistors used for?

What registance will a 1A thermis.
tor have if 15 milliwatts of power
is dissipated by the thermistor at
750F? .

¥Whzt does a 2A thermistor consist
of? .

What 1s the resistance of the
hester of a 2A thermistor?

What is the resistance of the
thermistor at 77°F with no current
floming through it?

If 20 milllamperes flow through
the heater what will the thermis-
tors resistance be?

Rhen power is suddenly increased
from one value to a higher value
what happens to the resistance of
a thermistor? ’



CHAPTER XXII

FILTERING

1. Introduction
e

1.01 In telephone transrnit.ting and

recelving circuits 4 congt
t
+ . supply is Necessary ang ot
may be uszed, ? battery

1,02 Another method of obtaining a
eonstant D0, Supply is by the
use of & DLT, generator and a filtar,
The output of a D,C, gererator is
pulsating D.C.. See Figure 22-1,
filter {s used to smooth aut the
Pulsations or ripples so a8 to give as
nearly a constant D,C. as posaibla,

A

APERES
LE
+ ]
DIMECTION

o Tiug

N L
— 2
DIRECTION

Fig, 22 -1

2, Capacitance Filter

2,01 Flgure 22.2 1llustrates a
typical capacitance filter,
In Figure 22-2 the capacitor stores
enargy while the output of the genera-
tor is rising and returna energy to
the circuit while the generator output
is decreasing, The effect of the
capacitor on the pulsating D.C, output
is 1llustrated in Figurs 22-3. The
shaded area illustrates the filtering
actlon of the capacitor which resulte
in a more nearly constant D,C, The
effectivensss of this filter depends
upon the value of the capacitor and
the slze of the load.

This type of filter is used where the
D,c. sﬁply' does not have to be too
well filtered and where the load is

not too great,
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DIREGTION 'y
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J. Inductanca Filtay

3.01 Flgure 22-L 11lustrates a

typical inductance filter, In
Figure 22-k the inductor stores energy
in itz magnetic field while the
genarator cutput 1s rising and returns
energy to the circuit while the
genarstor ovtput is decreasing. The
effect of the inductor on the pulaating
D.C. output is similar to that of the
capacitor shown in Figure 22-3, The
ef fectiveness of this filter depends
upon the load snd value of the in-
ductance,

INDUCTOR
{CHOKE COIL]

oc * RESISTOR
1LDAD)

CENERATON
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k., Capacitance and Indectence Fiiter

£.01 Tn actua}l praciice most fillers
conzist of 2 contimation of
capscitsnoe and indocltance. Figore
£2-5 f1lustrates » typical indoctance-
capacitance filter whick combtines the
effects both corpopents, The functions
of the compepents in this £ilter oire
cult is basically to delliver energy
when the cireuitl peeds It and with two
cogpanents this sffect is additive,

T L T
D S

i

p

i

& j—  moxxme ¢

[y ETAOEE OS] §

7 i

O ®

- i
FILTE~-3

If even more filtering is necessary
more seciicns of Inductames zpd
capacilance mey be added zs in
Figure 22-5,

acuimmnt for generating direct cor-
rent, sech as molor-gererators snd
reotifiers, Iintrodeces ripocies or
mise in their cnipat it is mecessary
that f1lters be expicyed to Xeep
"Laliking™ circuits free from such
cistrabances,

Filters conprise a combination of im-
dpstance anc capacitance which may
raoge in size and iype from x swall
cof} and capeciter to care for the
cotput of a sl rectifisr, wo o a
Jarge coil weighlngy one or $two ions
associzted with a group of condansers
to f%er the talking currant for z

i
¢
g'm s large cemtral office.
GAFLTNE oy
-
i

.02 In telephore plant spplications

the B.0. geverator Is conpocted
8s shoam in Figrre 22-7. Doe to the
lox internal resistance of the hatiery
the D.G. polsations azre ty-passed
shich provides more filterimg,
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&, Twmestions
5. Aopiiestions

5.0 The direct cirrent required in a
ceniral offies £331s into two
clazses, "signslicg" cuorpent, whick is
used o cperate g11 the varioms iypes
of electro-mechanics) zpparatve seek
as relayz, ete., and Ttaiking™ current
xbick suppiies the mediun for voics

Qs Wbgt Jimdte the effsctiveness of
3 capacitor whan goed x5 a Tiliar?
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CHAPTER XXIII

SUPERTMPOSED CI'RRENTS

1. Types of Currents

1.01 Figure 23-14 Trepresents
graphically the current flow in
Figure 23~1B, ¥n Figure 23-7B

IHETARNT CIRCUIT
5 I3 OPENED
DIRECTION »
w ]
= H
AR
3 = TEME
d 4
=
_ 2 INS':'.;HT GIACYIT
GIRECTION CLOSED
3
FI5. 25~ 1A

MLLIAMMETER

FiG. 2% - 18

battery has been reversed so that the
current flows the other way, In both
cases, the current is spoken of
simply as DIRECT CURRENT. TFigure 23-
24 - the direction of the current is
represepted by its position belaw the
gero 1ine and the current is said to
be flowing in the negative direction.
The current in Flgure 23~14 is flowing
in the positive directionm.

3
DIRECTIGH g
INSTANT CIRCUIT
EI 13 CLOSED
SE0 TIME B
38,
=
"] z
PIRECTION emeort ——
3| wepgeng

FIg.Z3 =28

MILLIAMMESER

l—

Lo o

|
L .‘:_Mﬁ&c-J

FiG. 23 - 28

1,02 The current represented in
Figure 23=34 1s being varled,

due to the steady operation of the

transmitter, and iz known as

FLUCTUATING DIRFCT CURRENT, If the

battery polarity was reversed, in

Figure 23-3B the fluctuations would

be illustrated below the zero line

in Figure 23-3A due to the reversal in

current flow.

R AVaVAVAVaV Vo VoV

DIAECTION ©
=]

0 TIME
3
RecTIon
3

FIG &3 =34

B & 1



1.03 Tha current in a eircult which is
~ opened and closed periodisally
18 represented in Figure 23-lA. Ve
spagk of this as INTERRUFTED DYRECT
CUREENT or DIRRCT-PULSATING CURRFNT,

DIRECYION
Tia¥utala
FIG.23- 48

T MILLIAMMETER

1.0L ¥lgure 23-5A represents the

alternating current produced in
the secondary cireult of Figure 23.5B
when the transmitter diaphrsgm is vi-
brating steadily.

DIRECTION

Eij TIME

ONE
CTCLE

FIG, 23 = D

W% - )

Fig, 23-38

T EL- TN

1,05 A battery has been included In

the secondary circuit of
Figure 3«6. When the transmitter
dlaphragm 1s vibrating there are two
E.M.F,'s tending to ¢ause current to
flow in the secordary circuit.

50

FIG. 23-5

Figure 23.74 1llustrates the battery
current, Flgure 23-7B illustrates
the transmitter induced current and
Figure 23-7¢ illustrates the sum of
these two currents, It 1s the sum of
these two currents which results in
the total current in the secondary
elrcuit and is known as the Effective
Oerrent. Figure 23-8 represents the
current which flows in this cireuit,
Current produced in this manner is
refarred to as SUPERINPOSED CURREMT.

CIRECTION |
a
BIRECTION |
BATTEAT CURRENT
FIQ. 23 - Ta
DIRECT 00
PLUS JW
DIRECTION |
TRANMITYER I F D
CURAENT
Fig. 24 - T8
DIRES FiON "W
-1
iy o
DIRECTION

EFFECTIVE CURREMT

Fi3. 23-7¢
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It may also be referre
ﬂuctuating direct cur:a:i: as&u
poesd curyent, 1e & cnmhina.iiu he
and D.C, {n whicy & ameunt, “ana %
polarity of sithep the 4,1 or B
determineg the tharae Atis op il

te
Evaph representing tham”:ﬂt.ic of the

CHREGT il

§

T - N W

XRECT(ON

Fit 23-a

1.06 F‘l__g'uri 23~9 11lustr
& typical superimpose

eircuit n!‘PthR tﬂ‘gauéegnf ildtagrrtzrli:.-

elther negative or positive battery

MAY be combined with the A c, from tha

generator by uparatins the proper Ikey-

Fii. 23 n 9

Figure 23-10 illustrates graphically

the current which will be produced when

Key #) ia operated and 1a referred to
as "suparimpoaed poaitlve eurrent”,

O AYavaY

DIREG VION
Fig 23710

he graph of Figwre 23«10 the
iﬂm'&gtagdpiq 'G! ﬂlﬁ‘ U-Gq U{!ml.}illﬁd ara
of different valuea than those of
Figure 23=6, These valuaadaiﬁ the
yppreximately the ones uge
:gf:phana plant and are detemined by
the fupotions they muat pexform,

ates haatcally

REYILT
5 Mo

Flgure 23-11 11lustyatas graphically
the ourrent which will bae produced
when Hey #2 {5 aperated and 15 re-

ferrad to as "suparimposed negative
purrent”,

WRECTION
o
DRECTION

fIs @ -1

2, FReasons for Superimposing Corrants

2.01 Superimposed currepts are used
in the telephone plant for party
line selactive ringing whish 18 des-
eribed in Chapter XXV. It may be sald
that superimposed ringing current im
used to perform two functions over ans
cirouit, Superimposed ourrent is uped
to seleot the correct subscriber on m
party 1ine oircuit and then ring the
tells, (Chapter IXV) In ecireuits
whera party selectlon ia not accomn
plished by superiwposed ringing or in
& single lire, the superimposed oure
Tent 1s used Lo ring the bell and
operate a B,C, "tripping relay" in the
nentral offioe. In most ocages the AG.
compenent 1s separated f{rom the D,C. at
the subpariber aet by the use of a
capacitor, {Chapter XXV, PARAORAPH 6)

3, Queationa

1, How 1s ihe direction of owrrent
flow in a edroult graphically
illuvetrated?

2. Make a graph iliustrating A.C,
ourrent. flow,

» MKake a graph illustrating a come-
? bination of AC, amd I, Gy ourrent.

i, Wpat s the name given to thia
ourrant flow?

5, W1l poaitive superimpesed current
graphioally sppear above or below
the zerc limet

6, Wnat two thipge ia suparimpossd
gurrent. weed fort?
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CUAPTER XXIV
RS ALEMENT COLD CATHODE. TUBES

1, Oeneral

1,03 A gas lled cold esthods tube

conaliets of Lhres electrodea
in an atmosphere of gas in an
anvelape, By virtue of the non-
aonduating and condaoting properties
of the gas, the tube tay be used foy
ab followst

A voltage regulabox
A ralay
A ractilfiee

For eertain purpossa cold cathoda
tubes pospress advantagss over vacuum
tubes ae followa:

No filsment surrent required.
Ho ourrent drain until they
start to perform thair

mhﬁ t iﬂha .

typieal gar fidled cold cathods tubes
afe as followsy

2
I
353

Thens tubeg are being used more and
more extensively in the telephone
plant Ard the moert important applice-
tion Lo date is in the four party
ringing clraukt where the tube taken
the place of & ralzy and capacitor.

The tubes iinted opérate on the wdvne
principlos, They are similar in
gemaral consbruction of their bulbs

ant aleotrodea and differ malnly in
thalr baeen and terminele, They
differ alightly in thelr operating
voltages. The glass bulb of each is
coated with apecial black paint to
prevent light getting in the tube

which would effect its operation,
Figure 2h-1 showe the symbel for a aold
ecathode tuba. The black dot in the
symbol indieston that the envelope con—
talns gas.

i, BNOHE
ELEGTHODE

CONTROL, oo
ELECTRODEY

i 24 vl

2a ‘I‘habﬂ

2,01 Cold oathode gon filled tubes da-

pend for their operation on the
gonduoting ond noneconducting propor-
tien of a gas, Under ordinary conditions
gasos are non=oonduoting but, when
ioniwed they may become conducting and
vopain 4o 4o long aa sufflclant voltage
is applied,

If one or wore eleactrons have been re-
moved fyom an atom of gas ae may
happan 4f the atom has bean Hit by a
rapidly moving electron or gtom, the
remadning part of the atom will be
poaitive charged and {o called a
positive ion, Should an electron
attaoh iteelf to a neutral atom, the
atom will be nogatlve charged and ie
called a negative lon, The proveas in
which ions are formed 1o called joniza=
tion, Ordinarily in gas there sre a
faw lons present and 1f a voltage is
applied betwoen two clechrodes in the
gas there will be & winute ourrent flow
ragulting from the charges carried by
tha drift of free wlectrons or of
negative lons towerd the positive
electrode, and the drift of the positive
ions toward the negative electrode.
Thie current flow fs extremely amall and
is not gtiservable with ordinery instru-
mantea,

If the potential) difference is low the
veloelitles of the iona and siactrons
are lox amd conplderable recombdnations
of electrona and ions take place aeo
that only & fraction of the lons proe-
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ducidireach the elect
rent 18 small, Tnerea

potential increases th:isgleZtizpliad
the electrons and at a certain o:ﬁuf
tial difference, which depands E nn-
the composition of the gas, the 5:1
clitles of the electrons may be. -
sufficient to cause electrons to ba
completely detached from the ntoms in
their colllsione. Thasa atoms becoma
positive lons and move toward the
negative electreda (cathode), Should
they strike 1t hard enough to knock
off a sufficient rmumber of electrons
lonization will proceed rapldly
causing a pronounced increase in cur-
rent flow, The voltage at which this
condition occure is called the
"breakdown voltage” and it varies from
€5 to BS volts, depending on the
individual tube.

rodes and the U=

Under certain suitable conditions of
gas pressure and voltage difference
between the electrodes, a2 large cur-
rent may flow betwsen the electrodes
this current being carrdied principally
by the large number of elecirons
libverated by the bvorbardment of the
negative electrods. With conduction
occurring, the voltags batweon the
electrodes may be decreased appreclably
below the bresgkdown voltage before
conduction stops, The lowest woltage
at whichk conduction continues is
called the "sustaining voltage" and
varies from &0 to 75 volts. After
conduction has stopped 1t is neceseary
to raise the voltage to the breakdown
voltage 1n order to etart it again,

The foregoing description explaine why
at low voltage, gas tubes are non-
conducting and become conducting on
the spplication of z sufficient high

*i_rol-tage.

3. Description of Operation

3,01 The elements of a 333 type tube
are shown in Figure 24-2. The
gemi-circular eslectrodea ara goated
with an setivated surface of barium
oxide to facilitate the release oOr
emipsion of electrone. The central
electrode which projects through a
glass sleeva ip the anoda, The bulb

CONTROL, ROL
ELECTRODE ELECTRODE
.
ANOOE, CONTROL AP
GLASS
SLEEY aap
¢
COMTROL__ | CONTROL
ECECTROOE i ELECTROOE
GLASS ENVELOP L] - QA3
WH O ] &l
COATING
\ _
Eﬁ[ﬂ
FIG. 24-2

ls filled with a mixture of rare gases,
mostly neon at low pressure. If a
voltage i3 applied between tha semi-
circular electrodes and gradually in-
creased, no current will flow untll the
breskdmm voltage 4s reached, about &5
or 85 volts, whon the tube suddenly be-
comes conducting,

Under this condition the gaz is lonized
in the tube and if the ancde 1s at »
pesitive potantisl greater than the
sugtgining voltege, 1t will also be-
come conducting., To cause the ancode to
conduct current without First breaking
down the pas between the semli-clrcular
electrodes would require a voltage of
about 130 to 200 volts between the
anode and one of the semi-circular
glectrodea, Since the semi-circular
electrodes are able to start con=-
duction through the ancde circult with
2 lower voltage than required at the
ancde, they are called control slect-—
rodeg,

Sometimes m diatinction 1s made be-
tween tha two control electrodes and
the negative cne 1s called the cathode
and the positive one the control anoda,
the gap batween the contrel electrods
1p ealled the "control gap” and the gap
batween the control electrode and the
anode is celled the "msin gap"., Bacaune
the control electrodes have activated
gurfaces and becauvss their shape 1s not
the sama as the anode, the currenta
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flowing in the main gap depend on the
polarity of the amode, If the anode is
positive, a large current may. flow but
1f 1t i= pegative, much higher voltages
are required to produce the same cur-
rent, %he anode will concuet only 1/20
as such current when it is negative as
when it is positive.

3,02 A 55 volt battery is cennected

to the control electrodes in
Figure 24-3 and the meter shows that
no current flows.

35 VOLTS
1E-J3)—

Fi3. 24-1

3.03 k 70 volt battery iz connected to

the control electrodes in Figure
2h-Y and the tube will ionize or "glom",
The current flow is small, of course,
becaguee of the 100,000 ohn resistance.
It is dmmaterial as to which of the
conkrol alectrodes 1s positive,

s,

- -~

ML LIAMMETER
} o ®
70 VOLTS T
njs-1| o o
Fi. 24-4

3.0 Tt will be noticed that the
positive terminal of the 85 volt

bettery in Figure 2L~5 is connected to

the anode and that no current flows.

FiG. 24-%

When the control circuit is closed in
Figure 2L-5 the tvbe will fonize and
currant will flow aé¢ross the control
gap and then across tha main gap to
the anode throvgh the main c¢ircuit.

ale-Jaje=

FKG. 24-8

I the main cireuit battery is re-
versed so as to make the ancde negative
only 1/20 of the current will flow in
Figure 2L-7 as flomed in Fipure 2L-6,

e wOrTS
= [[Iae ]|
viy




b, Application

L.C1 Fipure 24-8 shaw

subacriter cirgy
cathode tubeg,

& a b party
it using celd

Boforring to Figure 2L-§
ing firat the +Tip Party
auperimposed ringing '
:;zut;hu tipy the ring
tubes connected to the

of the line will break dowp 2:}5 gﬁ:
will pass o very small ourrent in their
respective control gaps, this current
baing limited by the reaistences,

and gconsider-
Af positive
eurmnt is appliad
Yoing groundoed,

At the +Tip station the ringar is
poled to oparate on pesitive currant
and aince the anode is comnected to
the tip, the main gap will pass
sulfigiant current to operate the
ringer. At the -Tip station however,
the fute has its anode connected to
ground, whlch is negativa, and 1t
will not therefore nllow any appreci-
able current to flow through the main
gap of thls tube and the ringer,
Furthermors, the ringer ls poled for
negative curprent on the tip and will
not oparate on positiva current,

From the foragoing it ia avident that
cnly the ringar at the +Tip station
will operate and that the -Tip
statlon draws veary littls current from
the 1ine. The ring stations are
inoperative when ourrent is applied to
the tip side of the line as the ring
side of the line is grounded,

T

4,02 Yhen negativa auperimponad
ringing currsnt 13 appliad W
the tip of the 1line, ground being
positive, the +tip statlon ringer will
not operato ainco the maln gap passes
very little current ana the ringer
1s poled ngainst the gurrent, Both
tube and ringer at the =Tip station are
hewaver, polad correctly in this case
and the ~Tip staticn ringer will
operato. The oparation 18 almilar for
the ring parties when positive or
ragative superimposod ringing current
ig applied tc the ring aitde of the
1ine, the tip side being grounded.
The oporation of the ringers in this
syatom iz substantially that which
would be obthined on pulanting cur-
rants, na the raversals in pelarity of
the A.C. ringing veltapge are at too
low n potential to affact the ringers
avon though they may in some cnges be
aulflclont to cause a momantary die-
charga in the tube, For oxample, at
the +fing party station whan negative
superimposad ringlng ourrent ia on
the ring side of tha lina the anada of
the tuba at this station is at &
nogative potential equivalent to the
affactive voltago of the superimposed
battary and during the positdve cycle
of the A,C, ringing current the
gffective potential across the main
gap of the tube 1s roughly equal to
the 4,8, rinping volltaga minus the
voltage of the super-imposed batiery
which iz ordinarily too low a veltage
to cousa & bragkdown,
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2 0000 T HG000
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8

%pstim R

'-Hc:-lr many elamnts does . cold

" gathoda tube have? Wiat are their

- - niames?

2

3

Te
8.
9

10,

1l.

What is the central elsctrode which
projects through a glass sleeve
called?

Wny is the glass bulb coated with
special black paint?

- What is the bulb Filled with?

What is the purpose of cold cathode
tubes?

What do cold cathode tubes depend
on for their operation?

Define "breakdewn" "voltape,
Define "sustaining voltage™.

Where 1s the "control gap"™ Where
i3 the Waain gap"?

If the anode is positive doas a
large current flow?

W1l the ancde conduct only 1/20
a3 mach current when it is= negative
as when it 1s positive?

138



CHAPTER XXV

PRINCIPLES OF TELEFRONE SIGHALING

1., IMal Funetiong

.01 In a manual telephone syctem the

subseribor tells the number he
desires to an operator who selects the
number for hlm and connectn his 1line to
the 1ine of that number or who, in
larger systoms, connectoa the 1ins to a
trunk to a dlstant office and repentn
the nunher he desires to another opora-
tor vho selects the line for him, In
auwtomatic systems, the sequence of
oparations is scmewhat pimilar but the
eperations are performed by electro-
mechanical switches,

1.02 Since an electropechanical gwitch
cannot respond to the voice of
the subseriber as an operator can, it
is necessary to provide a means for
the subscriber to tell the switchen
what number he wants. This mechanism
is the "dial" (Figures 25-1 and 25-2).
Most peeple are now familiar with the
oparation of the dial, The subscriber
Fats his finger in the hole of the dial
in which appears the letter or fipure
which he wishes to tell to the switches,
pulls the rotating disc arcund until
his finger sirikes the stop and lete go.

FrROMT DF Dial

MUMRER PLATE

LS

Hean or DiaL

Gorranos ADIUSTING

Canz

Qrr Nomway,

3 ApuuaTtivg
ConracT Arm gl

Y Orr Honmad
Colracte

Fif}-25-2

1,03 A spring rotates the disc back to
its rormal position and in doing
a0 gimply opene and oleaszs the sircult
of the subscriber's line the number of
timos indicated by the finger under the
hole into which the subseriber puts his
finger, It munt be remembarsd that
that 13 all the dial does -~ 1% upens
and clopes the eircuit of the sube
seribar's line a certain numbar of times,
A& iittls governor in the back ol the
dial controls the epeed of the rotating
disc and assures that the opening and
:loeing of the oircuit is uniform and
regular. By performing this operatien
the propar number of times, the sub-
geriber tells the switches the central
office in which the deslred line 1s
locatsd and %he number of that line.
It should be noted that rotating the
disc with the finger in the hole marked
Hzero" opens and ¢loses the circuit ten
times. This, then, 15 the way in which
the subscriber tells the switches what
pnurbar ha wents.

1,04 In Figure 25-3 the "line pulsing
ralay® is operated at the
central offico from a circult through

tho primary winding of the 1014 in-
duction coil, the transmitter and the
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pulse contacts of the disl in the sub-
seriber set,

If the subpgriber wishes to reach the
zerg operator the dlal in restoring

to norzal will cause the pulse contacts

to open and close tan times.

The opening and cleosing of the dlal
pulse contacts will cause the "line
pulsing relay" 4in the central office
to release apd operate ten times,

The "line pulsing relay” in re-
leasing snd operating ten times re-
lays this information to the "pulse
counting circuit" and sutematic
equipment functions to establish a
connection to the zero aperator,

In a similar manner other ¢all combin-
ations can be establiphed.

THRDUGH

|
F=
I SWITCHES votys
|
|
|
|
|

1|l-o-|l|l|l|l-0

CENTRAL. . OFFICE

Fig 25-3

1.05 With the pulsing circuit

through the transmitter as in
Figure 25-3 the life of the trana-
mitter will be reduced.

To eliminate this condition tha eir-
cult 45 as follows: When the dial
1z moved off normal g pair of off-
norma: contacte in the dial make and
the transmittey {5 shuntad out of
t.hehpulsing path aes shown in Figure
25~-4.

1.26 In ordar to oliminate the dial

¢licks in the receiver when the
dial 1s restoring te normal a pair
of off-pormal contacts in the dial
break and the receiver is out of tha
circuit, After dialing is complete
the off-normzl contacts restore the
cireuit to nermal.
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1.07 "Tha avgrage Subscribers dial
is designed to operate pt
about 10 pulses per sacond,

2. BOZZTRS

2.01 Another telephone signaling
device is the buzzar, Thers
are two types of buzzers, A.C. and
D.G. Figure 25-5 ghows the circuit of
8 simple D.C. type buzzer. When the

pusbwbutton switch is operated the
current flows through the ¢oils of the
electromsgnets, causing the srmaturs
This re-

te strike the pole pieces.
sults in an audidle sound,

D

Fifl 255

As the armature moves to strike the
pole pleces the eleetrie olrouit is

oponed at the ccntact and the ¢lectro-
magnets are demagnetized.

Demagnetizing the magnets sllows the
retractile apring t¢ return the
armature to its original position,
When the armature returns i$ again
completes the circuit - the nagnete
are ensrglzed - the poles are struck
by the armature - the circuit is again
opened at the contactis. This action
is repeated rapidly resulting in an
audible buzz.

2.02 TFigure 25-6 jllustrates B
general purpose buzzer. Thie

buzzer is arranged for either ».C. or
4.C. operation. When operated on A.C.
connections are made directly to the
electromagnets. On DhCe the buzzer
operatea on gelf-interruption over ita
back contact in series with the wind=
ings. On A.C, the armature is moved

by the voltage excursions each half
¢ycla and returns to normal at the zere
point of each half cyele. A.C. Opera-
tion of a Yhuzzer resulis in & sound
which is a funetion of the A,C. fre-
quency.

LOAES
A RACATN
AR TURE
AFRING

TUA
EN’IIJQ“E
SPRING

FIG 256

3. RINGERS

3.0l Tha telephone ringer or "hell"

is vaed to indicate the presence
of an incoming call. All ringers c¢on-
gist of twe electro-magnets wound in
serles aiding ané mounted on a strip
of soft iren. The armature is pivoted
veneath the magnets with a slight air
gap betwsen the ends and the respective
magmet coxes,

A permanent magnet is attached %o the
sof't iron strip above thea electrge
magnets and extends to & peint under=
neath the armature, This permenent
magnet by induction gives the cores of
the electro-magnet & normal south
polarity, and the ends of the arwature
a nerth polarity. The center of the
armatura, therefore, is a south pole,
The diagram shown in Figure 25-7
illustrates the polerizing action of
the permanent magnet.

5,02 In Flgure 25-8 a clapper is
attachad to the armature o that

at one end of the armature travel it
will strike onc gong, ond at the
other end of travel it will strike

the other gong. The armaturs is
normally held in the position shown
by the spring known as a blaeing
apring. \hon current flowa through

14l



Diggram illustrating
getien ¢ a rirger

FIG. 25-7

the coils in the direction shom, the
armature is merely pulled tighter
apainst the stop screw, Vhen the cur-
rent flows in the direction shown in
Figure 25~9 the armature is rotated
until the clapper strikes the gong on
the opposite side., When the circuit
is opened, the spring rotates the
armature to 1its normel position and
the clapper strikes the gang on that
slde, (Figure 25-10) By successively
opening and clazing the switeh in the
propeT direction, the bell may be nade
to ring.

3.03 In Figure 25-11 current is flow-
ing from Battery "A" through
both windings to ground, as indicated
by the arrows. The fiow through
ringer 1 is in the direction to cause
it to operate, tut ringer 2 is con-
nactad reversed so that its armature

isnyﬁrely pulled harder against the
stop screw,

Thue, when key "A" iz opened and
closed ringer 1 wil} operate, but

ringer ? will remain silent. However,
Batlary "B" i3 connected reversed aa
tompared to battery “A", mo thal when
key "B' i3 opened ane vlosed ringer 2
operates and ringer 1 resains silent,
{Fipura 25-312)
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Table 1 indicates the effect in esch
ringer when elther battery is con=-

nected. Such ringers are said to be
polarized,

Ringer 1 | Ringer 2

Battery "A"|Operates Current flow

in wrong dir|

Battery "B "Y|Current
flow in
ong dir.

Table 1

Operates

From the preceeding paragraphs it is
evident that one bell or anoiher may
be selected for ringing by the polarity
of the btattery spplied. This polarity
is sometimes designated as positive or
negative current. In actual practice
the battery and key combinations
jllustrated in Figures 25-11 and 25-12
are replaced by super-imposed negative
and positive ringing current.
{Chapter XXIII)

3.0L Two types of ringers are in use

today. They are the unblased
ringer and the tlased ringer.

PERMW ANENT unmt}'

PERMANENT uaum.;

143

3,05 Unbiased ringers are intended

for use on alternating current
only. When alternating current passes
thru the magnets, the magnetism set
up by the pernanent magnet 1s
strengthened in one coil and diminished
or overcoms in the other on the first
half cycle. The armature now tilts to-
warg the core having the strorgest
magnetism and the clapper bali strikes
ons gong. As the current is reversed
on the next half crecle, the other coil
has the greater attraction and the
clapper tall strikes the other gong.
Sea Figure 25-13 which shows an unblased
ringer.,

soNG CLARPER BALL

#
PEQMANENT MALHNET

F' b

3,06 The biased ringer is used in all
cases where super-impessd cur-
rent {direct current superimposed on
alternating current) is used for
ringing. The tiased ringer is con-
structed like the untiased ringer ex-
cept that it is equipped with a
biasing. spring to hold one end of the
armature against the respactive magnet
cors. See Figure 25-1h, A pulse of
the proper polarity will overcome the
pull of the spring and pull the arma-
ture against the other core, ringing
first ope pong and then the other as
the ermature is released and returned
to the blased side. Pulses of the
opposita polarity would, of course,
have ne affect on the ringer. This
makes it possible to ring either ef
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two ringers on one wire by choosing
the polarity of pulses tc be sent out
or any one of four parties when two
ringers are rung from either slde of
the line as in the case of the four
party full selective system.

3.07 A riased ringer of a more recent
design, coded BlA, is shown in

Figure 25-15. The permanent magnet

of this ringer is U shaped and the

Conventionzl retractile spring has been

ARMATURE leij?rNEG
N ARM
e \
) o
&
BIBSING CLAPPER
SPRING RoD
MAGHNET
oy —
N
NGTCHE‘;S .- 3 FE::?I'?EETHT

FV
- Leanrea Ry

BALy

8IA R:NGER
FIG 2% - 1%

h.

S.

replaced by a cantilever type biasing
spring arrangad for 3 gdifferent
tension settings. The gongs on this
rinper are mounted vertically and are
provided with excentrically located
mounting holes for obitaining the
necessary c¢learance between the gong
and the ¢lapper ball. BElA ringers are
principally used in telephone set
mountings and 1n telephone sets,

Individual Idne Ringing

L.01 Individual line ringing is the
process of gignaling ome sub-
geriber, Fipure 25-16 illustrates
the ringer connzcticen for an individual
line, Superimposed ringing current is
applied across the tip and ring of the
individual llne, The ecapacitor in
geries with the ringers bleck the N.C,
and the ringers are energized by the
A.C.

'-@L-z
o

CAPACITOR |~

lo
i

x
[

Iwe_Farty Selective Ringing

5.01 Twe party selactive ringing is
the process of signaling either
two sutearibers gn 3 line, Figure
£7-37 illustrates the Tinger con-
mections for 4 typilcal two party
srlective lime, To sipnal the tirp
Firty surarisposag ringing oo :
applicd across the tip of the line and
Eroinit. T siynal the Ting rarty
superitpesed rinping current is arTlied
aereas the ring of the lire anc ground,

is
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6. Four Party Semi-selective Ringing

6.01 Four party semi-selective

ringing is the proeess of
gignaling more than one subseriber
on a line., Figure 25-18 1llustrates
the ringer conmectlons for a typical
four party semi-selecilive line, To
signal parties 2 and 4 superimposed
ringing current is applied across the
tip of the line and ground. To sipnal
parties 1 &nd 3 superimposed ringing
current is applled across the ring of
the line ang ground,

6,02 In order that only one party

responds to the signal coded
ringing is used. Coded ringing is
process of applying one long pulse
or two short pulses of superimpesed
ringing current aeross the tip or ring
of the line and ground, In four
party semi-selective service two
parties will hear coded ringing, but
only one party will respond depending
upon the code.

7. Eight~Party Semi-selective Ringing

T.01 Eight party semi-selective

ringing iz similar to four party
semi-selective ringing wlth the ex-
cepticn that four ringers are con-
nacted from each. side of the line to
ground. In signaling a subseriber
coded ringing is used.

8. Four-Party Full Selective Ringing

8,01 A complete deseription of four-

party full selective ringing 15
given in Chapter XXIV, paragraphs L.0l
ang L.02.

9. Questions

1. Briefly, how does a telephone dlal
convey the desired telephone rumber
to the central office equipment?

2. ¥i11 an A.C. buzzer operate a D.C.?

3, Will a D.C. buzzer operate an A.C.7

L. Wrat two types of ringers are -in
use today?

5, When is the blased ringer used?

6, Describe individual line ringing.

TIP
RING .
FACITIR
GAPACITOR —}—' uncﬂon:“(t-_h caPACI 'I‘CIR“_}-' cal
INGER IWGER INGER
Twd ™WO
oME ORE RING Ak
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it on T8 0N RING
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.lnco’ 59} 131, GCode Ringling, 145-
" 4.C. Current, 89, 90, 13%. Coin Relny, 60,
A.C. Frequency, 14l. Cold Cathode Tube, 134,
A,C, Voltage, 81, 89, Cozmutator, 72.
Alr Capacitor, 76, Compess, 44, 52.
Alternating Current, 29, 90. Gompound Ganerator, 74.
Alternating Current Generator, Conductor, 2,
o8, Control Electrode, 134.
Alternation, 69, Goulonb, 79.
Amneter, 6, 12, 15, 18, 25, 40. Counter, E.M.F,, 83, 97.
Anmonium Chloride, 6. Crosstalk, 95.
Azpere, 12, 15, 19, 85, Current, 2, 15, 64, 67.
Ampares, 40, ' Current Flow, 2.
Ampere Turn, 51. Cyele, 69,
Anoda, 134.
j.nti-Sida_t.one, 109, 114, DASHPOT RELAY, 58,
Armature, 45, 54, 68, 72. D'irsonvel Galvenometer, 63,
Artificiﬂl Hﬂ-@ﬂt, Adee D;ca’ 5,’ .9.
ﬁ.t-clm, 1" 2’ 134' B.G. Generatror, 9, '?2-
Auto Traneformer, 99, 116, Diaphragm, 104, 106,
Dielectrie, 78,
BAR MAGNET, 44. Dial, 139,
Battery, 5, 13. Differential Windisg, 57,
Biesed Ringer, 141, Direet Current, 5, 9.
Breakdown Voltage, 79, Discharge, 5, 9,
Buzzer, 141, Dry Cell, 5,
GARBON, S5, EDDY CURRENT, 61,
Carbon Granuls, 105, Elecirods, 5, .9,
Carbon Block Protector, 38. Flectrolyte, 5, 9,
Cepacdtence, 76, 79. Electromegmet, 50,
Capacitor, 76, Electromotive Force, 1,
Capacity, 1l. Electrom, 1, 5,
Cathode, 134, Electron Theory, 1.
Cell, 5, 9. Electroatatiz, 103,
Central Office Battery, 10, Elements, 1, 5,
mla‘rgel 1". 9’ ?9. EaH.F.t, 5, 9, 12, 15.
Chemicel Energy, 5. Energy, 1, 5, 32.
Cheke Coll, 85. Externsl Reeistance, 6.
Cirenit, 18,
Cloaed Cireult, 83, FARAD, 79.
Closed Core, 99, Fiold Wagaet, 72,
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Field Rheostat, 72,

Field Ainding, 72 KERCHOFF'S LaW, 19,

Filter, 129, * Eilowatt Hour, 35,
Flux, 52, .
.Forc;, 32, LAMINATED CORE, 50,

Lenz's Law, 84,
Lefthand Rule, 50,
Lines of Fores, 46,
Li.'l'.‘.ﬁ, S'IJ.b'a.’ 1390

Lead, 10, 74, 97,

Lo¢al Battery Telephone,

Frequency, 47,
Fuse, 38, 40.

GALVANOMETER, 67, 72, 76,
Generator, 32, 67, 72.
Germanium, 121,

18, 1o,
Grasstonper Fuse, 41 Lobessoney 44
MAGNET, 44, 50,

HEAT COIL, 8. Megnetic Fleld, 44, 50.
Heat Enﬁr&'ﬁr, 39. Magnetic Flux’ “" 50,
Helium, 1, ¥agnetic Force, 44, 50,
Heary, 85. Magnetiec Pole, 44. 50.
Horseshoe Megnet, 44, 53, Magmetiam, 44, 50.
Horaspower, 32, Yagnetao, 73,
Hydrogen, 1}, 5. Main Frame, 38,
Hydromater, 10, Main Gep, 136,
Hyateresis, 61. Manganese Dicxide, 5.

Manual Office, 113,

IGNITION COIL, 90. Marginal Relay, 50,
Induction, 67, 83, 90. Matter, 1.

Induction €oil, 18, 83, 90, Mechanlcal Energy, 32.
169, Mica, 78,

Induced E.M.F,, 67, 83, ¥lerofarad, 79.
Induced Cursent, 57, 83. Milliammeter, 6, 25.
Tnductive Winding, 83. Nilliampers, 6.
Inductance, 83, Milliwatt, 127,
In‘iiﬁdﬂﬂl Li-na’ 139. gi;ﬁ::l&;alg

‘ - ] -
Ihﬂzﬁgtisn’z?’ * Motor Generator, 130.
Tons, 134, Mutual Induotion, 90,

Jonization, 134.

Ir Drop, 18, 35.

Iron Core, 52y 70.

Internal Resistance, 5, 6, 12,

¥etural Magnets, 44.
Hagati?e,, 1, 5.
Nagative Battery, 5, 9

131.

JOULE, 33 Negative Charge, l.
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Negative Current, 1, 7.

Negative Potentlsl, 1,

- Non=gonduator, l.
Ropeindustive Winding, S&.
North Pole, 44, 50.
mlﬁuﬁ, 1-»

OnM, 15.

Chmmater, 66,
-'ah.n‘s Iﬂ', 15;
Open Circuii, 83.
Cpan Core, 9,
Orbit, 1.

PARALIEL GIRCUIT, 12, 1%.
Barty Line, 144.
P.B.X, {Private Branch
Exchange}, 10, 1i2,
P.D. (Potentlsl Differeuca),
Peymsnent Magnet, 4d.
‘Parzability, 48,
Farmalloy, 53.
Palarity, 44, 51.
Polarized Relsy, 59,
Porcelain Block, 38.
?Qaitim, l’ 5.
Positive Charge, 1.
Pasitive Current, 1, TA.
Positive Potential, 1,
Potanticmeter, 26,
Porar, 33.
Primary GCell, 5,
Primary Circuid, 90,
Primary Wicding, 57.
Prottm, l.
Probtoeter Bloek, 38.
Pulsating CGurrent, 74, 131.

RECEIVER, 26, 104, 106, 109, 139,
Rectifier, 121, 134.

Relay, 50,

Reluctance, 47, 50,
Rapoating Bm’ 903 109,
Residual Magnetdsa, 44, 0.
Resistanca, 3, 15, 18,
Rﬂsistnr’ 18;

Retentdwity, 44, 5Q.
Rhﬂ..uamt. &3, ?3, 10&..

SECONDARY WINDING, 90, 109,

Selected Ringing, 131,

Selenium Rectifier, 121,

Self Inductance, 83.

Self Induction, 83.

Semi-ponductor, 121,

Semi-selective Ringlng, 139,

Series Circuit, 12, 14, 18,
22,

Series Cenerator, T2.

Saeries P&rallal, 22,

Shielding, 47, l02,

Shert Circuil, 97.

Shnn‘t, 25, B4

Shunt Generator, 72.

Sidetonﬂg 1090

Sideions Reduction, XO9,

Signalling Current, 130,

Silicon Carbide, 121,

Silicon Steel, 93,

Sine ®ave, 69,

Selenoid, 58,

Scuth Pole, 44, 50.

Specific Gravity, 10,

Split Reciever Test, 26,

Step-down Transformer, S0Q.

Step~up Transformer, 90,

Storage Battery, 9.

Storage Cell, 9.

Sulphuric Acid, 9.

Superimposed battery, 13, 139,

Superimposed Current, 131, 139,
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Superimposed Negative Current,
131’ 139. .

Superimposed Positive Current,
131, 139.

TAIKING CURHENT, 130,
Targent. Fuse, .38,
Telephone Circuit, 38, 109.
Termlnal, 5, 9.
Tertiary Winding, 57.
Thermistor, 127,
Transmission, 109.
Transmitter, 10, 109,
Transformer, 90, 109,
Tranaformer Cora, 90.
Trickle Charga, 124.
Tripping Reley, 133.
Trunk, 139,
Two—party, Lii.

UNRIASED RINGER, 143.
Tranium Oxide, 127.

VARISTOR, 121,
"Ja.t‘ying D.tct’ 1080
Volt, 1, 5, 63.
Voltage, 1, &, 63,
Voltage Drop, 18, 63.
Voltage BRegulator, 134.
Voltmeter, 5, 63.

RATT, 32. _
Watt Hour, 32.
Wattmoter, 32.
Wheststone Bridge, 18.
Winding; 54, 90.
Work, 32.

ZING GHLORIDE, Se
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