ace

enough diagrams to make the text meanin

the instructor as part of the teaching proc

tatior supply any required additional material.

een asso ated Each chapter has a summary of the salient points

y the contained in that chapter and this is followed b} bath

ssed.  exercises and self-testing problems. There ﬂrﬂ_a'tuﬁi_:

. _ of 621 such items for the student to exercise his or

s given in SAA/SNZ her mind as an adjunct to the learning process. Thesa ‘
are unchanged from the previous edition, -although'

is often give both aform 1 the self-testing exercises in Chapter 11 have been |

same item, so that | had rearranged to ensure the dcoreo of difficulty increases

 in selecting which as progress is made. | |

ssible | have used the

G

bove volume. Different ~ ACKNOWLEDC.1!

9ful, whife
€SS would,

ave their o The modifications incor. his fifth editionof
Vi s and this puts me  Electrical Principles for thr rades are the result
f knowing that | cannot of the work of many ins 1 most Australian
) states. The work compri ard work
tions to the general text  undertaken by them in o eir normal :
some of the duties. Thanks to John St vdney Instituteof.
n TAFE), Bob Moore (Yeronc . .= of TAFE), Steve
Brooks (West Coast College =), Pedro Batsiokis i

(Regency Institute of TAFE), /i e Franco (RMIT), | |
Kerry Bellingham (North Point irstitute of TAFE), |

john Ferguson (Southern Queensiand Institute of |
TAFE), Doug Grant (Swinburne TAFE) and john
Coleman (Barrier Reef Institute of TAFE), all of whose
comments and suggestions were valued contributions
to the revision process. Without them, the book
wouldn’t be what it is.

The organisation, production and SUCCESS of
such a book is due to the hard work of not only
the editors but many other staff members of
McGraw-Hill Australia, particularly Jennifer Speir
k  (Developmental Editor), Leanne Peters (Production
s Editor) and Karen Enkelaar (Freelance editor). T_h?"_k
you all for your good work, advice and support; 1L#
greatly appreciated.

Jim Jenineson
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1.1 INTRODUCTION

To understand many electrical ponciples, students should

have o llu_lfkl_]lﬂum'l Iry certaln basi mechanical prine
ples. This background i i requires thi adoption of

wstem of fundamental untts and any devived units that
muay arise from the system . 1t & often necessary for stu-

dents to have the nlilhh' i ll"rrmrpuh'lrr- Lthese units inl
other mqulmd forms v some mathermatical prewcess. I
addition to knowing the usual hiosic mathematica

processes, an understanding of graphs, graphical solution
methods and trigonometry s also required lor electrical

studies. This chapter considers the units of measurement
and mathematical processes that will aid the studv of the
technical subject matter in the remaining ¢ haphers

1.2  BASE UNITS (SYSTEME

INTERNATIONALE)

There are six base units In the intemational metric system
Systtme Internationale (51, although there are many
derived units of which the more relevant ones will be ,Ii,uh
With In section 1.3, An additional unit called o Suple-
mentary bose unit s also relevant 1o the material in this
book. 1t 15 the angle of rotation and s referred 1o as
plane angle. -
For Interest, brief dofinitions af these units are qiven
here. More exact definitions are 10 be found in the
Standords Australio publication AS.ISO LOD0: 1998 The
Intemattanal system of uniis (81 and ils applications

Mulre

| { g

Kllogram

The | ]
he kilogram, it defined s the amount contained in

1000 mill)ilitees of
A UL pure water of O0°C, 1s now the ITI5s
mmmiﬂl P"-‘ﬁﬁ' of Piﬂuﬂ;um S ass ol a

Y

Wﬂpﬁ’;ﬂﬂdlﬂﬂw et Cel :_aJ:
= e nperature expressed in .

[

The intervaly sﬁm* C and K are Identical

Ampore

. h j

I conductors of infinite length and HEglig i) b
L N e

il 'Fvll'.‘r. '."".iu.t”“\li l]}" 0 fl”.'.hllit Ii'u‘-'irli I I

In free s - ol melpp NN
tors « .I.mr ¢ 1 ampere Procucey hnlwn— from th '.:.' —
S A force equal 1o 2 « 107 awter CON o,

‘Wilon RIGT

()11

o conductor. A mmm o

1
’ Kelvin
A kelvin is the unitt of tomper

the triple-point lemperatire

for absolute 1 '
‘mperature
P s,

Candela

The candela is 1/60 of the
0.0001 square metre of o full
perature ol solidification of P

b !
lighting [ .

o o u 1
radiator at th E'EUE'};“[MI_
latinum. Wﬂlﬂ'ﬁ.. S

Hljljh’]" S E
A radian is the angle -

% between two ra "
mark off on the cirey @ radil of g Clrele o ik :

mference an ¢
the radius of the cirele reequal fny Jey i iy X
h our othe

T'hese base units, from whig r e :
:}1{1y iJ[J* derived, are used 1o measire quun"ﬁ;‘uw" wd i
tur.}* {.EJHHII’.IIEHHJIY in magnitude, o avold ve 'ﬂhﬂl“ :..-E 5
:}m;.tll Haures, prefixes fepresenting multiples ﬂ!:fl 1uhm %
ples are often used. The multiples and sub I ; ll!; .
listed in Table 1.5, | =
I

1.3 5| DERIVED UNITS [

x-al :
The six baslic units are not sufficient to cater for oll il H

tions that arise in measurement I : !
] - Denved units pre
lor all ngn-hasir situations, Most derived uﬁim-.tj.-m}fjﬁ!ﬂ 1
Lhree basic units of length, mass and time In vuﬁaiﬂ-nﬁﬁ;ﬁ"
i ln.t.:tlnn:.. The units used in this book can be subdivided
r;:;; l.hrf:.- groups: mechanical, electrical and magﬁﬁ'fft;"
althou e exan o
Gh It must be realised there are many MOrE exan- F-J'

ples than those listed

bems In Fronce under spocial condi- '

Ly 131 Mechanical l
A mcond Iy an intory Newton .
- | of tme '
V192631770 asc 3 tortesponding, fo . - .
i o 15 5ty o s he e i, hn a0

L . o fauses an acceleratio j 1) per S
per second, el > I . ;
" I .
.Mfu'*lh.ﬂumu :}1““' 1 '; II
e T ——— pressure that occurs when o force of 1 newton 5=
o w B -y :Qm ~ Applied 1o an aren of 1 square metre. . |.  :
, . - nas J‘Wﬁ"" o~ a =
vl ngme "imsﬂﬂ . Energy and work S T
N e el Wien a force of 1 newton i applied over o disuncesl
e m o Lmete the work done or energy expended is 1 foule
! ! 1 'ym 1 mﬂ ! Ly O
1 ' 1 e 4 m Dt

in

Sl |

"
=

[
T I 'I' - ll Cat
Wiy = -
. ™
4 l!"1l‘-"l"| ATE
e 2o radie
e Sl

. 5 " = N
of wration is muasure:

||||||

Tahie 1.2 o Derived mechanleal anins

i! . 5

Quantities v m |
ool o 8 Ut A webery
force I rewtor "F:‘:ﬂlj 20100
pressure o nases) - Yels- T ol ‘= .
eHery BB A id joulle I Ao isa 4{?‘, | webher | -
R R ' degree Celfius ¢ Hery! = v e
angular velocity® ) radians per second rad/fs Ml'm ;.h_ 3 “r““:.”ﬂ. il
volume V cuble rietres 3 ductiince - yolt I b

* innccardance with ASINZS 1046, angutis setarlt) for practical cases
can also b eapresiand ag revalulions Pt miniutie and sbbeted 85
tfmin s

Volurme

The unit ol valume (s based on the unit of length and Is
the cuble metre. 1tis a large unit and for Hguid measure
the HMire 1S used: 1000 litres = 1 cuble metre. The itre in
turn has IS submultiples such as the millilitee: that is,
1000 ml = 1 litre.

134
Watt

A watt unitis the power used when energy Is expended at
the rate of 1 joule per second.

Electrical

Coulomb

A coulomb Is the quantity of electric charge transferred
each second by a current of 1 ampere (nominally equal to
6.24 = 108 glectrons)

Hertz
A hertz Is the number of periodic oscillations per secand
(frequency).

Volt

A volt 15 the potential difference existing between two
points on a conductor carrying o current ol 1 ampens
when the power dissipated is 1 wall,

Farad

A farad Is the capacity that exists between two plates of o
capacitor If the transfer of 1 ¢coulomb from ane plate to the
other creates a potential difference of 1 volt

Tahle 1.3 » Denved electiical units

- Quantities . Yl 5
Physical Quantity  Unit Upit
qg.hmp I gymibol  pamg symbiol
power Cr w
charge Q0 coulomb e
frequency ] Derte Hz
potential S . Voo

4 Wn.aﬁﬂty:: - {: tﬂfﬂd* [ 2
R -II. e e e ol T eSS =R

Ini

chonging uniformly

ofive force (e.m£) of | yolt |

Tabile 1.4+ Derived misgnetic unit

a -
| L "
SRR *I 1, . .

134 Multiples a

large or small, In.
venient 10 handle, multipl
Forexample, if the resistance ¢

Is measured at 15 000,000 ohms
refer to this value as 15 megohms
(Dmlb'ling'.'ﬁf:bﬂﬁ" iGN shms {5

-
R v 5 - . = r.l"|_| .
- e e i 1l e

It 1» easter ta refer 1o the output of a |
125 megawarts (1253 ;:J._aj'-?::;;‘?ﬁf-ﬁf‘
““l! l:if cﬂpﬂﬂm W’ti_w i _f::_'._“' s L

farads or picofarads. .
1 4
M

L e i | . X
T.bi. 'l‘_’ ‘-Is‘*m '. : . 1‘: E.:j,!:': v .lil' :E <
r-H.l l.l"' 1y il Tk i

- il b gy ol

giga (W
lﬂB’Qﬂ 106 .
ko 10
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Moo many sillimetres are there In 147 melres (L97 m)/
The puediy 'milll” from Table | S represents one-
thotssitndrhy thereiore the number ol mitlirmetres = b

auyriber of mehes x 1000 That s, 1.47

Example 1.2

How many farods are there in 123 presionans (125
Fromn Toble 1.5 It can be ss2it (hal there are
L0000 GO0 OO0 pivatamds in ane famd. Theredorn

{2571 DOC000 000 000 = (1.000 D02 DO 125 fards

The corsentente of the former figure of 125 pF 15 sell

Frind et

1.3.5 Scdentific notation

Another method of overcoming cumbersome rows of
Dgures 15 to nolate numbers to a value between 1 and
10 multiplied by 10 10 some power. For example, 6 800 000
van be expressed as 6.8 » 107, and 1250 @5 1.25 = 108
rForvalues less than unity o similar method is employed:
0:0025 = 25/10 D00 = 2.5 = 10~

00000047 =4.7/1 000 000 = 4.7 » 10

14 WORK, POWER AND ENERGY

The three terms work, power and eneray are dlwavs
closely associated but are separate and distinct entities,
Work is done when energy is converted from one form to
ancther, for example, from fuel to heat.
Power is the rate of doing wark
Eneray is the ability to do work.
Work

When znbif-l? 5 moved through o distance by o force
ﬂﬂﬂmgm ik wrk sdone. That is, if o force of F newtons
ugh g distance of | m, then:

]jﬂrk = Fil foules |

Example 1.3

A f[f-ﬁ’_?hﬂ‘ I{HIE\T Is B rad &y mMive o
Bosanntal surface Fing the rl.;lu[-
n:i‘ﬂ::-f"s': 190 5 = So0;

T :
fom m;:’::f’mg “&;il&:-;!led Power It can be found
- ]n"‘“ﬂﬂ" S DY the time i seconids, and

M_Wunu & 15 = Wi twatts):

box Sm wlonga
of wark dotie.

Lmﬂmaﬂ}:- |

< OO0 = 1470 mmu

. E-fﬁﬂ or a rate of doing work, power in

Energy

T'he potential to do work can |
' _ ¥ found fy . .
plied by its time of application; that is. iy POWer o

eNergy = power x time

Fit
= - loules

that is, ( energy = £l joules ’ .I:I
|

Y

There is a direct equivale =

nt in g M)
where the power rating of an ﬂi!l:llmn?ﬁ ﬂ?ﬂt?c?] %’ﬂiﬁg "
time 1t 15 switched on gives the electricgl ene Pil!dlm& . !
It is then mare common to express the vulu?}g;uﬂw |
be wvery large) in groups of 3600000 I N hiﬂl“l
(Kilowatt-hours). For more details. see ' gh"‘“*':-I. )

section 2.9,
147 Torque

Torque is the term used to denote the effect of a fore o

ducing or tending to produce rotation of g bgﬂ?_"a ,FE I

point. Common examples of torque are ﬁghiéniﬁ' i .

with a spanner or turning the steering whe pls o ]
o

LA

-
-
u

heel of a.car
lTorque can be present whether there is actual ruluh*ﬁl;g:
: J
I ;
1
o

only a tendency to rotation. The actual value i:iT‘tarq
due to a force acting at a perpendicular diﬁtﬂﬂ&ﬁﬁﬁﬁl
axis or pivot (see Fig. 1.1), L

torque = Fr newton-metres

1
T="Fp il I';
(S ¥
10
o - B
ful
| i -
] gl
I ]

o

1 .7 F% .

ﬁg'l.ﬂ"' 1.1 Tﬂfqu&

" |

When the restraining forces are not :'lT >
turning moment Fr remains simply that. However, i fhe
turning moment is great enough to overcome e
forces, the torque can still be found from 7 = Ffr; butatthe
e time it must be remembered that the force s T
Icting over a distance, and accordingly work is Dl
done. For situations like this, where the movet ent s of8
rotational type, it is usual to consider sp @:;

ince moved, and since speed &

more operative term; that s, power is
I‘I“I ' :r!.m Il I

or rad.s 1.

A radian s the angle subtended by on arc whose length

is equal to the radius. See Figure 1.2, where:
angle @ = 1 radian
and r = radius = length ot arc

<k

Figure 1.2 = The radian

Since the circumference C is found from € = 277 it follows

that there are 25 radians in one compléte revolution:

360" = 27 radians

If the rotational speed is given os n rad/s, the angular

velocity is proportional to 2an. In electrical terms, the

tional speed n is equivalent to the frequency fin hertz The
angular velocity in this case is 2xf. Angular velocity (2xn

or 2nf) is often denoted by the lawer case omeqa, ox

@ = 2rn|lor| w=25f

From this, the rate of doing work {(power) tor a rotating

body is found:

P = 2xnil = wl

where P = power in watls
n = revolutions per second (r/s)
T = torque in newton-metres (N m)

velogity; that is, the andle through which rotation occurs
within a given time. In physics and related electrionl work,
angular velocity is expressed in radians per second {rad/s

= eestalla A pEC
cxampie 1.0 _
A force of 130N (s "’:’ o 48
tong i order fo ghten o niks £
upplied tothenut, 5
torgne = Fr = 15004 = GONmM
B e

- 2 E_q' L. = i
Find the 1orgue exerted by o % KW électric mot
pperuting at 1440 fimin, &

P = of =257 - ¢
that s, 3000 = Eilﬁﬁﬁg‘mﬂ% Al
.= —

271400

sili== =

— Pl

Losses in a machine Bl

1.4.2 acl
The electric motor in example

wotor. [n both mechanical and
are losses that can bavs n im
windage and other forms, of %
Power in excess of the output higs to be Suppied H6
system to compensate for these losses. '.i
The action of friction in ¢ausin :-:Jh:_. SES
be considered bad, b eCaise Sorms T
the use of friction for the satis
‘mechanical system. A simple
and bolt, where the fMAction between
Without friction the nut wat .%y?g
would come loose with litle effort
reason, losses do exist a .
overall system. s
Power put into the system eqt
losses. This statement can be e A
= o e

TR

B
]

£

Tola-

- I_‘I “. -
must oe
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ouges © e pows el o8 o pevrensage e Der
Sy, Thes iy called e effaciency oF the syem )

The maxs! wmhad for ERGEDCY & 0 promounced )
ond s cxpeenind a8 o Dumber folivensd By the pes rrPf
ﬂﬁﬁm eiiciency can be expresied os =i,
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15  SCALAR AND VECTOR
QUANTITIES

Bl auntstie - .
-w-.m{:wwmmem e

. %m:‘mm Wit which no direction

B iy Ve sscigled (e
. W'w-’ . . €4 mamw, volume,
Mun.-ﬁf‘w'mm“‘a vedocity, secelerotion,

b

g

A number and a unit are sofficient 1o __ .
Mzl quantites ﬂrev—mmm{rﬂ Con h;m “ —
arithuretical means. For example, 5 Loy « 34 ey,
Bseoonds, or 1 km > 26 km =35 kmm o PEORAE

152 Vector quantities W
UTiiike scalar quantities, vector goants 7
locztonily specified withowt g.i*-"in; th;r:]:m =
das o quantity and a onit. A vertor Pusntity --'n.'
wented by o straight e, which when drown '"“:!n':‘ B
i abir W represent both mogriTudes andg ;- 'S
any _rr&ﬂhe'm:ml cases the vector quaniity i g w 1
et of measurement being o derived Unit boged o i
ength and time Weight, the grovitationg) she Rl
between two bodies, &s g special coase of force: 'ﬂlt_ 3 L
kilogram:, 15 used [0 measure mass, while the Wﬂ.: | .:"J"II
ton. i used for force and weight. It s c{ﬁ‘m'ﬁ .
prarpose Of thils work to use force as o meons of sximmi
methods for solving veclor problems. The chase e, g
of a force are shown in Figure 1.4 Ly

Figure 1.5 « Two forces 2cing on 3 Sody

ty Pythagorus’s theorem. The theorem wos femulated n cu's
sround 540 BC by the Greek molhematicon Pythogosas. L

| Pyithagoras’s theorem stafes that in g right- '

angled triangle the square on the hypolesuse B
' is equal o the sum of the sguares on the other -
fwo sides, 1!

Ome of the best-kniown examples & the triangle with -
sides in the ratlo of 3:4:5. It can be 'seen from Fgure 1.6 ]
that the square on the hypotenuse (5% = 25} s equal o v
the sum of the squares on the other two sides:

3Z +45=9+ 16 =25 =5 T v
thatis, 5% = 3% + 4¢ | |'|I_|
VP L reee7 - e

L

1.5.3  Forces acting at point _
Where more thon one force octs oo ¢ ody simuliges.
ausly, the forces can assist or oppose one another, G .
are familiar with the situation of the bicyde and the ‘it |
or ‘nead’ wind, but the probiem can be more comoliestd
with o wind blowing from neither of these two dissctions
The cyclist then has to lean ‘against’ the wind to.continge
on o desired puth. o situation usually assocloted w
furning. A similor situation exists with o cor in o G
wind. The steering wheel has to be held ot an ongelis
counteroct the side forces. In effect the cor is ool :
Being steered across the road to countercot ﬁiesidﬁ S =
ard the resultant motion is olong the road, 1 > drawing two forces oul &
The resultamt value of two forces goting on 0 body 41 \ - Eﬂ‘ﬂPlEﬁIE_ Lo
depends on the angle between the directions of the fores | | . = i
o3 well as their respective muagnitudes. In Figure 1.5[aL
s added directly to F, as a straight arithmetical oddifies
m[he Tesultant force is P_" + Fy fie ndingutﬁﬁ i
G 1
Similarty, in Figure 1.50b) the resultant force &, ~ B
and will act in the direction of the larger force (ie. ridind

X h

_r_‘ A

I 7k - B L q.. _' " B
| i . mmm ﬂ?ﬂ-- W

il

int6 ¢ head wind), In Figure 1.5(c), the simple arithmets direction indiex

cal process cannot be used 1f Fy and F; are octing at BaE= b : T e e scale to which _ S )

angles to each other, o logical line of reosaning comed Examplel®  common method of constraction ¥ Thob

suggests that the combination of £y and F, gives a feiie T fimues (F, and F,) oeh of. 26 N act atTight angles to ares with the aid of compasses, as ts

ant force Fy acting in the direction as . each.cther on o body, Detenmine the valug of the o=

- vesultan( force (Fg) acting on the body T
= VEZ+ 62 R

Figure 1.6 » Pythagoras’s theorem
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o pmethvod ks used extensvely in ChapterS for
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Example 1.10

Teets forves o 8 N and 3 N GET SR RVGTVE FME 9 PR
it om amgle of €U Defwess e 1
T Py TR avertnt af The POINT ol 5% el 1.
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Rgurs 1 % « force Sogrem for sxampie |

156 Vector palygon method

e paratsiognum mvethad fot finding the resultant of twe
Kves hecome: more cumbersome when W 3 used to solve
probiss fnvolving o greater number of forces. The
potvaon method provides an eover approach in obtaining
@ Tesaliont when thrve or maore forves are invoived. In
Chispies 3 2 & wsed for solving values of neutral carrent
o Threephase Goems :

b graphicel method for finding the mesuftants of
mmm VST f0 be drown out 1o scele on the
S ﬂﬂg:ﬁde The vectors can iv ;E?m-*!?

_ mwﬂ he mrzqilnmtm O magnitade and
SErecion . DY i the distance between

e o
mmhmmm:mmﬂme Rast

5 e ' 4

I :ll'”lll-—ﬁ—l
' = S

g

vector. Note that the amowlieads of e \
gressively along the diagram ungi) the
(pomting in the opposite direction). 1
diustrated with an example.
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As o the previons exampie, the veXtons ane dnawi
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mple 1.12
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1o scale with due regard & their direcnion frany poins O
g, LAt s then drown ot panstiel to Ky dnom s
;‘T'I;Ii“ (). s AN 'Ft-gurr.- 1. 1100y, On e end lﬂ'F'E. draw F;
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1.5.7 Vector components
Vectors can also be edded by @ method of separating the
vector into horizontal and wentical componeats
Figure 1.12{a) shows the same forces of Figure 1,10 -
redrawn with the addition of vertical and horizsontal axes.
The dotted lines at rght anales to the axss ndicate the
right-cngled components of each force. Force Fy can be
described as being made up of two rectangular compa-
nents: OA in the horizontal plang, acting tothenght om0 =
the orgin O and regardad as having a positive value os m_
indicated in Figure 1.12(b); and OB in the verticol plane,
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hypotenuse A The reverse is true for sine values: sin 0" = 0 dnd sin %0°
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. . e L 9 . I o = 1 .
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Figure 1.18 = Vector rolating i the four quadrants

In Fagure 1.18, two rectangular axes are shown €1ossing
cach other at the engin O in a similar fashion to
Figure 1.12. By conventtion, vectors are constdered to rotate

Chupters 8 und 9 for single- and three-phase drcuits. The
wa axes are alsy conventionolly known as v and y axes,
with positive values to the right and upwards from the
origin 0.

ILa rotating vector R is shifted 30° in an anticlockwise
direction from the reference axis to position Ry, the hori-
2ontal component Ox, is equal 1o R cos 30° and the verti-
'f;}l_ companent Oy, = Rsin 30°. Effectively, for angles up to
AL nangle Ox R, i$ o normal, nght-angled triangle and
5 treated as thal in section 1.6.1 1t has normal sin, cos

and tan values and is the trian
gle between the rotatin
vector and the nearest horizontal axis Q

' Yenen K is rotated thrvugh 150" from the |
AR N the relerence axi
'. :mTMm- Ba. the horizontal and vertica) mmpun'e.nt:
1 i now Qx ety “taand+yy. The rght-angled triangle
': 30°, m'_in;ﬂﬂli’:éﬂ‘l' the enclased angle of 180* - 150° =
. and 180 e o M0drant, For angles between 90¢

anticlockwise from a zero degree reference as shown. The These are
sume convention relates to electrical quantities, as in  for the three ratios in each quadrant.

cos 30 = -cos 150° =
sin 30° = sin 1507 =
tan 30" = -tan 150" =

o :
X Relerence axis
(+x)

l (Rcos 30° = H.cos 3300

Quadrant 1

Quadrant &

™

n A

= = I:
e Ul ey, N g —

—os 210°F = Cos 33@ .-. -
-sin 2107 = -sin 330°
tan 210° = —tan 330°

18

illustrated in Figure 1.19 and show the sss

R

+r |
|.i
§in+ Sin+ -
cos— | cos+ ‘
tan— lan+
Quadrant 2 Quadrant !
o) ¢
!
sin - sin-
cos— cos+ .
1an+ tan-—
Quadrant 3 ‘Quadrant 4
¥

quadrants

Figure 1.19 » Trigonometrical ratia sighs or polarities in S
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Figure 1.21 « Diggram lor exampte 1.18
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s V45t = (-28)° |
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twa axes are alo conventionally known as x and y i -l
) axes, : o Rectand
with positive volues to the sight angd npwards from the . Table 1.7 & Netiatiy
unlgm() sin+ sin+ - B ‘
dh:.:umm&:f“ vectar # is shifved 30" in an danticdodwise cos— COs + I
an-from the reference axis to position Ry, the hor- tan~- {an 4 ' q
m'““"’“l’““““l Ox, is squdl to R cos 30" and the verti- | II.I
?u'mp‘"?em! )y = Rsin 30° t'ﬂwtively. for angles up to Quadrant 2 | Quadrant 1
p triangle O, R, 1 6 normal, right-angled tangle and {
um \‘m:;m insection 1.6.1. 1t has normal sin, cos s &= G E Figure 1.21 s D (or example 118
- j fi - i } i | = |
e and )s the mt:;?ie betwesn the rotating . ¥ . it B S
w m“ mu; Sin - =7 J , . "
hmrﬂi wmﬂ‘-‘“a‘h 150" from the teference axis cos= | coss . fa ft . [ PR ;EB = 46222
M horizontnl and vertical components tan+ | tan- . : ol | .
: : -':ﬂmﬂ ¥y Tl:m Aghtangled trangle | i 3 i ? Fromm the rables, this represents g angle of 3185
e with a{mﬂ *nng’l& oimv 150" = Cuadrant 3 Qumﬂm 4 B The angle from the relgrence Vocion s
__l-linr #lusummw A6l - 3189 « 328117 |
u betwesn the oy The Jength & con be calcdlated from trigonometsiol

m*.ll. as b
A

Flgure 1.39 » Trigonometrical ratio slgns urﬂnhﬂuﬂﬁfﬁp vinhies or by

Guadrants.

Bow NASE & (22%)

=\ 2025 + 784
== _..l, B ) .- il ‘:_'.-.:- g ) P ticul con E S ls Lor ¢ .". . .l'm
T Pl -_J..r, it g 29 N adting at an angle of 226:397° 1y the reterence 0X)8 v IS = =53 ubity -
s r:. and: ol LU it g . DS & ~ I
- r, ‘5 B
o il 'imﬂ ""?I f Ty L5

I i [

anak

e OHAY

I
ST
L °N




skl T ks Bow thye Elocivicay Trmies

F B0 M w1

e el S — = . i

"-l
-

29N M 8T

Vector Giegram
tnat necasaarily
&5 wtata)

S e e c— e

Fegmes 1 25 = rale eSeclian

wre 1.22 » Force Ggram for exsmpte 120 . Al TP~ P aNGr T,

e - Tmeidays, & 5 06 25 8 & 9 s 5
at peEght (e, 0 2 40 53 A0 &5 S I W

1=

i

ategs lro o ke o fosinion @ P 1 22 Dhsionsliy o plens’
Soes mot grose i o were dopm Jnd oo Yur noe 4
ayodisst | ;,rr"wh e @ seenirad of e fmmm mﬁ
A=) diuld et e piged 30 5 eaneh dass 5 ""'""!z“ Ve |
(duiste e graadint st desdy crowts of Seplant, ool el o el
Fuzure £ 26005 anbety.
The si=ge in Fguee |28 Sfow Grdden incsaes of i
sl in e witlz 95 desneiiheg of guisey CUns o o
rakan fo ensure Mot poisit ghoflicd Ga = gnply oo fmned’ e
sty (R1e Troe of cure SEmpEelE G s metnme iy el pm

o

LY
e T"-""'" T p———

L

Tidad i v ouni (et

ik

Eﬁﬁﬂam:mnec&mmmmmm‘
mﬁhmmmmMMA a0
be fifted imw an gvailshis mﬁmmﬂmm---—
mmmmmdmmm;;w
Hnnﬂmmmmwmum . :
Amgwxﬁ.ma 3= ﬂ-:J-'!.""'.
o cam be destroyed without the zesn refierence | |
S m Fgur= 1 25g) sppedrs & show o
mmawwwmﬁm-am

¥ -;'-"‘-1.’__':.“_ ". '.m WEW m i
s e waek, the 2ot nmihﬂiﬁgn

S @ gmph. Nooe lﬁlm

uuuuu




] ] ~r “"I.

-||‘!I41-:"|-i'-|-|--.-|.lb {1 tiil

Potrite A a8 oon the girap 1L

IFdehing 11 ol ||||..' TR T
Cake 0y ool Thie g n o ked b il ol

|'|It_|
i
e 1ehceteidd "'”“.

U Ehy i

R 1t'| 1 111 ! ‘l"r I

||']""f'|lrr||-
14 1T i {Ii fh
| ] I!"I}
Vsl sl | LAl il ' ' ML HIVENRLIOIs (11 NOWIIn the Al
Lo | | ' 1 [ Ul I I'“I'MI;.
i 1 1 :
e the ( ' ]"'-:”IIII']I'”\ ll' Vil “’ll'\. I\-'l’l'l"t. .lj'
|‘| 1 g 31 i 'l i ¥ [f
- N G ST T o s | | L 3, 130 1. ani | I:;'I "pl\_\
Tl | | | il |
FLLELER i
i 1ol
I "
Ty
Al
| |
oo "l | y
i 1[" ] II 1 d"'
:
{ ] ._vf
| M i | ! ol ’ I
‘ ’ [ '
) | A | | | |
il i i ” . | 4
* 4 | ' |I ' |
4 el |
et |
8 ' | JI , .l {1 | on i IJn
i
. WITRRL W o Moot noyrs 16 D oo mlod
YRIG® ooy {11
Phiruie \ " . i | ".|I”|-'I|l-u1' |'IHHrI‘|'~ |I"I“|"t“||t"|1r|_
i I |I|j-
AT 1A & Mo .1,_H.“_|”"1|
LHECH g L megalitroy |
ey ameEnth .
& e . — - =
LB LTI (T ‘ ———
LI I"-||.n|.- r
WK N m .
) I
: Al . B
J0
BT i
i
= _1'
§ i K
1 *U I} |
100 .
L i 8 "
" ‘:f
T
I
] (
1
MK
v I

M A My d A Y
Mmﬂhu
v Tl

B N D

i
AUR L0 = Vit oy fusply

iiiiiii

¥

AN |
(W TR J I ll,‘
WM [ | ?
fohEA

i’ |

() r | 2
A I r_ { i I i i i i i !. >

LR LR

AU AT PO s O el

(i il ik i s i)

1.3 '®

Sy e 'F'I

e S0 method of dits o
witldwitle stancdired with ve
[ here
WP pleentary

A ometde systgim ondd s
iy Tew excaplions

Ao only s ompin units in e syatem, plus one
From these low units thore are auny denyed units
meehanical, alpctiical, and magnetic

(e systerm his standard multiples and submultiples wat
ApPECHie names

Sclentilic notation 18 an agproved method o exprassing

guantities

o WOEK, proawer, engrgy apd Lorgue arm Cimpanani uf the

aystirny and apply o eleckacal and o Panical syatums
Al e hines have [osses, Hlcienoy 5 the ratio of the gl

andd o il villiios rumr-'.r.ﬂ?i sty as o percentage

a Any lorce can ke expressed as @ value and having

thred Lo

[ Coanvert the followlig 16 the units indicated

| 3 & 7R Py to ks
125 |t
1400 KMy to Mgz

OO iy tor kim
258D KMo im
A5 043 MW L W

'l Expaross th following nummlaees i s wintiie notalin
| 267 D0 1OnSH
{) 01 ()
250 (1 002G
|4 Chonge the pumbers Nutmdd el ram sl it
notaticn o regula ST LAY
ol = 10! s Az o« 100}
1.2 = 10° 0o 10!
(.4 = 10" a.75 10!

-

Flypuire

N L ) *-.'q_ e | L‘D'ﬂﬂll.- F.I

1.0« Pie graph with ‘sxploded” section tor emphasts

. R

My hanjcal forces are saprassodd as veclors, l, -"
4
I

Elnctrical forces are axgiresios) (i Lesms ol w l

Conthimations of farces give fiae 1 8 resultant fﬁﬂ:&ﬂ#

A resultant foree can be MIUM#d b}l lﬁm

weale, with due #Pgallﬂ Iullﬂﬂgﬂl anck dh‘tﬂhﬁﬂt r, .|'I| I
Rewultant forees can also be dotermitied by caledl:

rectangulan quantities with the aid of tHgonometys

Trigpomamet iy is o mathematical systemy W-hﬁ'l

expressed n ters of fatios of the sides of & friargle #Tu

Cuantities S .-Gi

A graph 18 o pictorial representation of )

Craphs have axes, and ucaiﬁlqr't.hm ﬂﬂ- '
Graptss can be draven (Sl wiys
infarmation s L e conveyed

A Caloulate the gmount of work dood if a foree of SON

hos 10 be exeitedd 10 move o body a datace ob s, i,

5 What power (s being used i e operatio: i

{

prroilem 1.4 abave was g e
(a) 53¢ (h) 304/

\ Ive wastk done n shifting o blsck aF stoel 2 iy
S10 1 What forge bas to be exeiigd on chM?

A oter cyeli is prshestarted: against tﬂmﬂm a st

-

4 uiitarmy speed of 5 miy 1o 4§, i the powses
expenied s 6040 W, what foree way Being, mrud
ap tho motor cvele’s Randte Dax?

\ Twao (arces of 150N and JU0N act at w qurﬁ?

to sach athed lhll‘lg e 1Hri|l#mlﬂﬁ\

Ll.a-r.l_ 2 =5 )
- Lru "- I

_r



=

1o
h il
|
. 45
1 A i
10 T
in 1
|
] | Al ;-\'
o b his
=4
|'.r et
' X

he summarised by

ese facts vl

| "'lhi.u..-.:l'*l-"'l-- LECUC again ’.Hh'h' LAY | :
vt CArcidl a fall of | niial ii"“"""“""tihﬁ li.""-l"n'tu
MUAT : . 1 b % (e
| AR TR i et L T N i ¥
rhe voltags appl sen NS ‘]””“l'llh.
Aol altage drops In the cir S
'h. ]fl.h !\hhtl" ! | “:r TI1L_|I [«
| . |

1 -L'\.|.'|“l.'1i!'~":1!'-\'k II - hhr‘kilfll‘”\ L

oltage g

iVl

o hraic stim of the 1-,1!'.‘11'1.;-: irans ”r,‘_.“”d 1
LE ) If -.I Ly --:-" -'IIIII-I-:{':II ‘i.f'l'l-'.l.
3 ;: 7 {1l - !: !! i il
- [~
H. (2B, M3 ﬁ‘
s ( diaai ) l_-'-,,1|'l1;-|: i
! 1
-! r L] L]
Conditions for series circuits—
summary
Resistance 1]
I
D .
Rl Ry # Ry & 'y 4 r.:
Curren;
”ll'n; . ;
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Hhere are two methods for finding the power consump-
tion ol a arcuil
Obtain the power consumption for=ach resistor and
add those values to find the total

Obtain the total resistance, total voltage and curren!
antd then use these values 1o find the total power
consumplion

g |

Each resistor s taken individually and the values used in
the calculations apply only to that resistor. To use Ohm’s
law or the pawer farmulae, two quantities must be Xxnown
[he resistor value is known, so gither the voltage across i
ur the current through it muost be known

-: i{“t T H_: r -L':_L

|..'||.|.:

= 10 + 20 + I8
= 406 41
Voo 240
1' _ lh. [_'l.i. ! — . _; A
hh"hll 4:."

that 15, all resistors have 5 A flowving through them (a
MIes circuit)

Power consumed in 10 Q resistor

Pe= I°R = 5 10 = 250 W

tower consumied in 20 £ resistor
P=1"R =5 %20 =500W
Power consumed in 18 0 resistor
P= PR =52 x 1B = 450'W
fotal power = 250 + 500 + 450 = 1200 W
Mathoed 2
Riowat = By + Ry + Ry
= 10 « 20 + 18
= 48

s oY i . Sy Y o

st applicable i this iype of

n AL O i b LA E

Ihis second method gives the 1ol powes, but not the
Individual power ratings as in the first method.

in o circuit with only one current path, any break in the
arcull will couse all current o stop flawing: Circult power
consumption is reduced to zero and the full supply valtage
appears across the ends of the open drguil, Where more
than one series resistor is involved, the voltage pcross the
treak may exceed the onginal voltage drop across ndis
vidual resistors. The circuit will remain Inoperative until
the cause of the open circult is found and rectified.

A partial short-circuiling of ong of the cerles resistors 1S
equivalent to presenting o lower resistance to the suppiv
source, ond current fiow will increase. If the short-cireuit
oCcurs nearér the supply source, the currént flow could
then increase te a value that might couse damage to the
arcull or 1ts conductors. If the drouit is fitted wath cireuit
protection, then under normal conditions the protection

will operate and the complete arcuit will'be isolated fram
the supply source

4.4 PARALLEL CIRCUIT ANALYSIS

Parallel circuits are multiple circults; in that they have
more than one current path between the two terminals of
LNé power source

Fhe major differ=nce between series and paraliel cincuits
is illustrated in Fgure 4.12. In Fgure 4.12{a) only one
curren! path is shown, while in Fgure 4.12(b) It can be
seen that the current from the source divides into sevemal
components when the parallel secnop 18 reached and
recombines again to flow to the source. For each path
I = V/R, where R s the resistance of that path.

+ O =
_____ —_— o —————
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\
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(b) Parallel circuil
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144 Conditions for parallel circuits—

summary
Resistance
1 1 1 1
Rl R R SRy
Current
Ivaral = Iy & Ig + Iy &+ .

Valtage . o8
The voltage across the parallel section 18 constant
across each resistor in that section.

145 Power in parallel circuits
The total power consumption in parallel Graut can be
found by addition of the individual poweE mnmmplmns
of eauch resistor in the circlit, The tnm]_ can be found in
cither of two ways, G5 with series circults:

Adid the individual values.

Find the total resistance, then the total cuyrent, and
calculate the total power directly, Both methosls ate
shown tn example 4.8
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operaling cotls of devices such as donfractors, relays
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be lurther manipulated by varying the number of turms
a1 'a Coll, or by using different oy PeEs ol magnelll cores
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5.4.1 Magnetic fields around a

straight conductor
By sending a current through a piece of stralght wire
passing vertically through a horizental piece of card-
hoard covered with iron filings, a map of the magneti
field around the conduclor can be seen (Hg. 5.7), &
compass can be used to indicate the direction of the lines
of force, which form concenltric circles around the con-
ductor. If the direction of current in the conductor is

Battery

=N

-~ Direction of
gurrent

S Fingers point in
direchon o
Nux aclion

(a) The right-hand thumb rule

TR LS nw:;rw-'"
1

reversed, |he pattern of the (ilings remaias unchangetl, o
mdicating ho chonge in the position or strengtit of the
magnetic flux _ _
However, the compass will now peint in the apposite:
direction, (ndicating that the lines of force are now acting
in the reverse direction around the conductorn =
A simple rule can Be Jeamt ta help determine fnwhich

direction the lines of force adt for o given dirsction af
ourrent Now: '

Right-hand thumb rule—stralaht conductor:

Grasp the conductor in the right hand, as

shown tn Figure 5.8(a), with the thumb

pointing in the direction of current fiow. The

| fingers point in the direction in which the
magnelic force is acting.

The strength of the magnetic figld around o straight
conductor depends on the value of the current in the con=
ductor. Doubling the cwrent results in double the feld
strength. That is, the feld streength is propertional (o the
current strength. However, the neld strengthe is not
unifarm throughout the magnetic feld; the furher away
from the conductor, the weaker the fleld intensity.

542 Magnetic field within a loop and

a solenoid
If a straight conductor is bent to form a loop, §s shown i
Figure 5.8(b), the strength of the fux inside the leap s
doubled.

By winding the conductor inlo a <ol of many turms, the
field strength is increased in proportion 10 the number of
turns in the coil.

Figure 5.9 illustrates the convention by whitch the direc-
tion of current flow is indicated. If an arrow is imagined
in the conductor as pointing in the diection of current
flow, ‘and cross-sections are taken at the point and the
flight of the arrow, they would resemble symbuls {a) and
(b). The cross sign represents the flight of the arrow (Gnd
also the current) moving away. while the dot represents

(b) Magnetic tield around a loop

Flgure 5,8 » Ditection of ragnetie igds created around. conduzlors by 3 et Hiowing through them
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the point.of the armow approaching, and indicates current direction: ot t
flow towards an observer -
Fiaure 5.10{a) shows how the | around two straight
inAUCToTs ITving curment in the same direction unifes = i -
= fmrt - -
ferm @ single Hlux around both conductors. This action X
|l ml occur il the current in each conductor 50 oOppo- ~
sle directions, as shown i Figure 5.10(b) SEen 7 )= N
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it-all the separate fields sel up oy eacn coll tum. Asa N v direchon
resull the Aux inside the ¢ it will b proportional to the Sm—— e
numbsr of tums in the oo

wWitn ralErendce 3. 10id), note that the flux
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magnetising influgnce is neoded This farce.
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an ,'-h-- tric clrcuit and is the talal megn
o set up a lux in a magnetic elrealt

rod, o
called the
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54.3  Forces between straight conductors
carrying current

Figure 5,12(a) shows a cross-sectional view of Iwo canduc-
tors “”-71..-”1” currents in n[tlnrnitr diree tikms. The
farce between the two conductors
and hence tend to repel each other

As the current strengths are increased. tt

IHnes of
Uin the same direction

e force t_nl'j[-Irui.
sjion will tend to move the conductors apart and reduce
the compression of the two fields

Canductor movement will occur when the magretic
force of repulsion exceeds the physical forces Holding the
conductors in position. This situation can oocur in practice
with !uun'}.“-t"tll'rr*nl swilc I'I_th"ﬂl and l'n:li_hin-?rt,; and pre-
cautionary measures may be needed. The effects dre not
undesirable, and electric motors. measuring
instruments and  tractive-type electromagnets depend
upon these forces for their operation

Fhe force between conductors carrying current in the
same direction causes attraction between the eonductors
(Fig. 5.12(b)).

It follows that if the currents are flowing in opposite
directions a force of repulsion will be created. The maqgni-
tude of this force has been mentioned briefly in section 1.2
where the ampere was defined as the current that would
cause a force of 2 x 10-7 newtons per metre between con-
ductors placed one metre apart

Combining these factors praduces the eguation:

alwavs

F= 2% 107 ftfz,-'.a:J

|
B —— o

where F = force between conductors

A

I1I5 = product of currents flowing
1 s = distance separating the conductors in metres

F
I
)

1]

{a) Repulsion belwean conductors carrying curreni
in opposite directions

Figure 5.12 » Forces sxerted by conducton camying @ current
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Because the magnetic field is created of dyht angles o
the conductar, placing a conductor in o magnetic field af
ngitangles to thol conductor will alse enable the creation
of u force when a current Is possed throuah [ (See
Fig, 5.13.) The value of the force con be found fram:

| Fo= 81 |

| —

where F = force in newtons
B = flux density
| = conductar lenath In metres
L= eurrent in amperes

5%

R

Farce

Figure 5.13 = Creating 4 lorce with the inteaction of twa
magretic felds
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(b) Attraction belween conduclors carmrying current in
the same direction
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Example 5.7

5.6 MAGNETISATION CURVES

5.0. 1 Magnetisation curve for a
non-magnetic material
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Relenence tothe 801 curve in Figure 5.15 shows that whet
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qIveT VS, the ratio BIH, where thi
...1'.: of B and H are those thot apply tor that POriCuoe

dues of Hux density, It can be shown that for o

dinsity, ¢ 1s equal 1o

innsity

he abave statement may be proved by appiying 1
hasic magneltic equation in the (ollowing mannes
e
{
R
FIVY q = BA (section 5.5.4) and

K. it A (section 5,5.5)

|
Hy subishifution
INU, A
|
INU 1o/
JAL = = 0
IN/I (section 5.5.2)

A

INBEC M
H
sinee'H
B = Hu pig
3
i

Fromysection 5:5.4:

Or iUy

Hy permeability ()
| i
that 15, Il i o=
|

H

[uble 5.1 gives values for 8 and H for iron, 111S pussible
1o use these values to calculate permeability [or eac I it
ticular flux density and magnetising lorce In Table 5.2,
values for i have heen calculated from the given values of
gioand H.

The values ;ﬂ' -“l h:‘wr heen |!I'.!|,|t’1l llt']tlill\l '-.'f.ll'll.r"-. of H
i1 J'h,jliru 5.15 ta give the i curve. I can b seen that
the permeability curve rises steeply o d peak, Beyand this

Table 5.2 » Permpability values derdved from magnelisation ligures

H 100 200 300 400 500 600
i 004 012 040 090 100 | .06
f v 24 ﬁ o ~
/ | —
M § 58 '8 g 8 B8
o o = o & o
g a1e. 477 1038 1290 1591 1408
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nt of maximiun permeability the curves SMpes away

quite rapidly. This indicotes thot P‘.’ﬂﬂ{'ﬁbj“w betrnes
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magnetc saturaion

5.6.4 Comparison of B/H magnetisation
CUrves
Flgure 5.16 tlustrates e magnetsation cup'es I'L'rl_' silicon

A

e, cost el gnd cost iron.

he following points should be noted:
The materials tend to Become mugnetically soturoted
in e regiom that .';-.r:--mi}undi- with the centres of the
kriees” ol the respective curves,
When the value of H is in the lower ranges, mudly
gricater flux density will be produced o Silicon Steel
compared with cast siget or cast iromn.
Sillcon steel saturates at o slightly [ewer value of flux
density than cast steel
Cast Iton saturates at much lower values of flux
than etther sillcon steel or cost steel, It is also
much harder Lo magnetise than ether af the ahove
materials

density

' B
Silicon steel

14
) 5 4 Cast stesl
-_:‘1 |
o 10
=
c 0B
Sl
F 06 ]

|
04 4 Cast wron

ok Ingicales regions on cunves
al which saturation OCturs

T T T ] v L,
0 400 BO00 1200 1600 2000 2400

Magnetising lorce H (AUm)

Flgure 5,16 » Comparisan of B/H magnetisation curves for

ferromaanehc matensts
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Polarised relays

Ligy

584
One form of {_hﬂ-_.'i'!"-" d 15 the reverse-current Tehe
with its normal magnetc | olanty contn iled by a 'a'q_-.hu;-f'
aperated coil; however, itis Qish subject to the influgpe
a _-.!;—T..m.._.;ﬂ.;.ra_:h-:i cail. Should the current How {n &
arrect direction, both voltage and current coils prodi
fuses that act in the same direction around the
comiman II'u,l-‘_I_d"-"”'. circuit 1l the current should flow ik
reverse direction, i tendsto '_ll".'“-"zl.ltl.il"li.'“ht' tne iron orEas
allows the control sprng Lo release the armature; sointe
rupting the flow of reverse current through' the A
A commaon example of this form or relay is the resens
current cut-out in automohile battery-charging circus
[t 18 shown in Figure 5.23
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Anem.l

GENERATION OF A VOLTAGE

. cun be ynduced 1 g conductor if it cuts arises
by lines of force. The following combination of facss
[I_'i“-'lfi;l:i i3 Flr-_.uj:‘w-r'_- un i _[n_! |_.1rr ”“5 Means

*  tonhdudtors
*  magnetic field

relalive .
‘ative motion between conductor and field.

Magnitude of an induced e.m.f.

-i'u:-u.;Jll-ii:ltL[ IL'I‘:-H;] I-“(hmu'l e.mt, depends on the ml“.f i
””m]};: it ( tl ux-linkages, This in turn depends ot ih:
the n'luu- | :.u?u LCLO, t1lt=,- quantity of flux and the rafe &

Yemotion. A flux linkage occurs when one ue
e conduitor

The Cof '
nu:I:'r:h“ Otinduced e m.f. varies directly with the:.
r ol conductors conneated n serfes. An

e ST .
1] in:“ _lﬂ_ l_'l{- number of conductors will “‘w‘“ )
FEasein the value of uultﬂgl?- :

It BN i - |
e value afindured e m £ varies divectly with €

QULOLtY of UK. An trcrec _
Intreass in '-.rnl_‘ug‘:' nerease in flux will tuumfl:’h

The valuy

T

ol Hux cuts QOSSO
i

3

b

. !
Hinducid e m f. varies directly with !

A coll oF SO0 tums has o [H-Lmul'l':-"l‘-.

Non-magrain: dristance
phece 1O preven

A '__F-'rlﬂ

Moahie pontact

SHH IR -

L] !Jf]i'{' --F‘
—
I il -

™ Finerd contant

———————— CANTen <od

) - == Yotage cod
M~ % -
. = e s |
Magnelic field
I.,._I._-rn._' 5.43 " T'.1'="-II rvwne-currant reiny TRl

rale al which fux IHIL'-IH schanoe. The mate of

chanage In tum depéends on the rate of Elative motion

hetween the conductors and the muagnetic held
[he preceding three factors can be related as follows:

change in Hux

A = N
fime change
' AD |
thatis, | V.= N I
l Al
I' e —— —I

where ¥V = induced voltage
v = flux change in webeérs
Al = time change in Seconds

This is the mathematical expression of Faraday's law

induced e.m.1,

——— - e _ - R

| The value of the e.m.f. induced in a circuit

| depends en the number of conductars in 1hi
circuit and the rate of change of the magnelic
flux linking the conduclors.

Example 5.8

i 1 iF U TS has :?_;' VRN s Wwh [l |
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'h.!‘l
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\ i
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{ |q}_-_
G 0000 B
uals

Example 5.9

L sudch that 0.2 Wh cuts aonoss the ool in-4
4 J],l:t

Al
500 =« 0.2

Vo=

of

mugned moved inte

It has heen seen that an em.l. can be produced By
thermo-couples (Ch. 2), by chemical actior (Ch 3} and
the relative movement between magnetic ines of oree
conductor. This third methad of dynomically
induced e m.f. is undoubtedly the maost important method
and hos quite a long and innovative history. The em.f 55
produced by the confinuous MOVEMERT of 1 conducior m

magnetic field. The method and magnitude of the
induced woltage is funther discussed’in Chapter 8 secticn
8.3.4.

and o

592 Lenz'slaw
Current flow that resulls from an induced emf will
produce a field about a conductor in which the emiil s
induced. The direction of action of such an induted figld
is defined in Lenz’s law:

The direction of an induced e.m.f. is such that
the resulting current flow will produce o
maynetic field which tends to oppose the

'\ priginal motion causing the induced e.m:f
L " il

This is the electrical counterpart of Newton's third law,
which states that

Actian and reaction ere-equal and opposite.

The application of Lenzs law is tllustrated in Figuses
5.24 and 5.25. Figure 524 represents downward move-
ment of a conductor through o magnetic field as o result
of mechanical force acting in this direction. This down-
ward mevement thraugh the field will induce an em.Lin
the conductor and the resuiting current will create a Cir=
cular magnetg field around the conductor

For Lenzs law to apply, the induced field must cppose
the motion, To do this, the direction of the induced Held
must be such that the following reaction will ooy
berween the main and induced fields:
| The main field will be strengthensd below the

conductor and weakened above it

3. The resulting magnetic force should then act
upwards in opposition 1 the motion of the
cunductor
If the above conditions are to apply, it is necessary
for the induced field to be in the anticlockwise direcion
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5.10

Inductance i85 the OF a crant that enables

N :Th B |
InatCed it

e.m.f. to be
An inductance ©0il ‘has the propeny ol inductant: =
thatl it 15 designed 10 gener ite an e.m.d
in proclice, vanous name

5 are given lo coils thoy &

5. For example, the inducgns
in auomotive ignihon systems is known o=

.'_1.41\-.5'_":_‘_.1'!‘ inductance col
coil used
ianition coil. In other crcuits they can be Known o
hoke. For the purpose of this section 1t Is proposed ths
they be known by the general term ‘inductors’, having s
property of Inductance.

5.10.1 Inductors

The value or guantity of inductance in an inductor i
funiction of the number of turns in the coil; the magrs
effects of the core; and the flux density at whichiitis opes
aung

At very high frequencies (50 MHz and above i |
example) core losses are a cause of concern. Losss s
become prohibitive at high frequencies, so a choice of i
materidl is an important one - i

Al power-line frequencies. metallic cores have odyds
lages, while at radio frequencies, iron-dust cores bt

reduced losses At still higher Irequencies, air-cored (o
are essantial

AUr-Cored Illdu."[n"_:r-‘_

Aan |JJJ."1.:|";“:‘.'J |ndUI_-|r1r \}11rmh.ul 15 ..;I-h."‘-‘t;rrn ”1 F]gurﬁ" 5.3&{“ L

-

This is the general symbol for all inductors. The s
-:E.mm_l # lour half-loops and, only if more informatins
[RqUired is an Indication of the core type given.
Iron-powder COTEs

»ometimes coljed
wlodtured from
loting bondin

lrTite cores, iron-powder cores are 8s
very fine lron powder mixed with un-iﬂ?

thapes. Owi 4 '_“*&*Jium and allowed to set in p ot
s t}n;-th- BGto the small size of the particles, iron Je#
Y reduced, Theéir yise. however. is still. 1

Mucn lowep frequenc
Hans{omers,

: ,
fsr{; E:{;‘;ﬁ;ﬂm’ “arn be used a5 cores up to about & 5
“d!mmbl;; 5 {t‘nrm_] von-powiler core posiﬂﬂﬂ-if.‘h
' minl;m W Unit can be nined to resonai=es
0-be seen tﬁm"cﬁ Of the core. In rod form, HECE

NG syt o radios as o componentot
: - - ]

m il Pk e
P O are i e i sl o

& than air-cored nductos

I rans

i 1"V

reduce fron losses mainly ot power-line

R G T

Symbol

(a) Air-cared inductor

Symbol

(b) Iron-cored inducior

-

,:H,. e 5.26 * [nductors

power-line frequendes and in special-purpose inductars
operating at higher requencies. ,

To indicdte an iron-powder core is being used, the induc:
tor svinbol shown in Figure 5.26 would have a dashad or
broken line added above the four [Gops.

Iron Cores :
lron’ cores are available in two types—laminates and
solid. Solid cores are used for direct quirent pole-pieces, o
in the rotors of synchronous machines where ".h*' m-a_h{
netic polarity does not change. The induciance vl ur{e u.-;:
associated with this use is usaally 50 high Flmt the po ,L.}
are restcted 1o frequendes helow qppmmmuwh‘ S I‘t.;..
The iron losses are prohibitivily high if the ntugnv i
polarity of the pole changes at a higher frequency:
Laminated cores and transformers :::E ]:Ilj:'l,::::f:ll :l:
greater detatl in Chapter 14, The cores s

Spectal types of ferrous muatetials have been developed 1

ficrors urd resagreEEvEy

duce thewe losses further, Some laminalions o mﬂﬂ!!
into packs and prefurmed, and then Siress relieved to form
what are commoenty called ‘Crores’. It 8§ 6 deSaipive
ferm relating to their shape, .

Everyday mild-steel shestinig can Be used e moke lorm-
nations for smaller transformers, but for lasger distsitni-
ton transformers the more expenave elecirical sheet-steel
alloy is used. The special stes] allows higher flax densities
and a smaller iron core for the sume pOWer Gutpul Creing
to the lower iron losses there 1s o lesser problem with heat
generated in the cores. .

If it s necessary 1o indicate that an 105 Core has been
used. the inductar symbol is modified by adding a solid
lin® above the four loopa of the inductor 'i:nr"l'ﬂb'l:‘L This is
shown in Flgure 5.26
5.10.2 Unit of inductance
The unit of inductance is the henry. It is defined by the
AS/NZS 1000 Srandard oS

s henry is the inductance of a closéd cireull'in
which an e.m.f. of one volf is produced when the
electric current flowing in' the circull vares
uniformly at the rale of one ampere per secand. |

I

The basic unit is the henry and it is quite common D use
submultiples of the unil such as milli-henrys {m_H_: and
micro-henrys (uH). Multiples of the hensy ore virtually
unknown because of the lange physical sizes mnvolved.

In Table 1.4 the general symbel for inducionce Wos
aiven as L, for which the units'were henrys (H)-

" [f an inductor has an inductance of L henmys and the
current changes from iy to iy mol seconds:

average rate of change of aunrent

Al - iy) :
- =~ gmperesisecond
!

average induced e m.L

- § = rate of change of current

(i — Iy)

that is, V = L———
T ar|

o 'V =L Xt

where L = induciance in henrys
v = Induced e.m.f In volts
v/ = change In CuTent in Gnmperes

Af = time interval in seconds
Example S0
Huctor of 1.5 H ie malized

% hti.-il.‘ " llh-

1<t B YT

It

3 xS
" _I 3
. T T - W Hh"ﬁ, " wr




LF
—

Example

=
— - -
] = re
= e -
- - e T T
- i =y
— —
i
J—
‘ﬂ
| —
——

\2) Fedd surrs

¢ 103 Self-inductance
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| dencty of the surroundin held will also INCTegse »
~ leads to crowdin Hlh ) loree and resulie m‘: il
v for the feld to ¢ xpana culwards iTOm the E'.':}
or thus causing relonive movement betweeg faa
nductor This condition is tHustrated in F;@un_-.-:kgf-,:‘
linder the condinions (lustratéd i Figure 5.2?:-».‘.
ductor is fixed he field is moving, It is -‘.um-;u
. + to consid [t InAUCIOr moves Felgii...
he field when determining ne direction of -'n{JU-':i'-(j;.;
Relative conducior movement is in the direction ik
By 1e DrokeEn anEomw ‘HL?}
] Vhen iment floe ! conducior 11:;_'-.'_1'5-.155.5 T
lensty also degreqsss, and the magnetic field '%n.':-
AtTac e relative movement in this case 15 Oppdess
direction and s shown (0 Figure 5.28 ‘
The mlative movemen! beétween conductor and i
thatl resulls from anment changes in the '.*'.:"l"ldl.lflﬁf"t-
nduce gn em.i o the conductor. This induced e
eSS airectly rom currenil change within the soméns
sactor and it s therefore known as a self-induced ép
A arauit in whach selfinduced voltoges ooour Is s
nave e property of sell-inductance. r
N INgUCoTs, the property of self

e property of self-induction i5 inhema

ms. A

8 Conductor i which

Surrert i of fipod valiys

their methed of construction. When power is applied, the
maanetic Held bullds up and In doing o producs
arated voltage thal opposes
When the

5 0.0

¥ls
I 'J:T;||I“1‘l '.'NIIJ_.,-P:_

curren! from the power soures redchs
e o L | ad

aoady value, the relative movement of the field ceaces
andc 110 induced |'~Ilu-:h_ IS generiited]

hen the power is swilched off, the current has to
reclyce 10 2ero and so the m 5'-,”';'7“ field hos toy

ollapse

produced in the

\VWhile ikl

s decredsing, an induced
wite direction and this s

mdJi. i
OO ":.-'1""'*"‘ Lhe gacreosn

1 Factors affecting the value of a
self-induced voltage

ction 5.9.1 it was stated that the »

: vaiue of induced

ltoge in general depends on flux strength, the numbet
of conducors and the relanve of '-Tl.h"ul:l ""'-’T'.‘.'-_'-'_i"!
them. These same lactors alsa affect the value of g wlf-

induced "-If?n‘)r_:gi-g
Ihe mclusion of Gn jifon Core within o coil greatly
increases the field strength produced
through the eoll. C

1 - - v = ¥ i ool wr e L - ¥
much greater self-induced voltages than colls

wWhen o given current
oils with iron cores will have

without iron

Because the value of an induces voltage is dependent
n the number ol

induced voltage produced by a

I fums connecied 1N senes

the s=lf-
coll of many turns will
be greater than that produced by a coil of fsw tums
An increase in the number

increase in self-induced voltage for a given rate of change
f current Mow, The reazon Tor this is that the fux around
any one conduclor culs that
others -.li':'."

af turns in a col! will give an

not only conductor, but

The value of any induced voltage depends On ine rote o
motion, or the rate of change of 1
chanpe of flux linkages that cause sell-ingucsd voltage
-iz{:;r_:c,i*.- in turn on the rate of change of ouarent
maore rapidly current changes in vailue or direction, the
greater will be the self-induced vollage

A good examiple is provided by (ompanng the condi-

- r

nons that apply during the making and breaking of dn

-

f flux linkages. Ine rate of

Tha

N - i EAE o
inductive drouil. The collapse ol O magnets field sur-
rounding an indudor occurs much more rpadly ot switch:

ing off than does the building up 4urnng swilining on
Figure 5.29 illustrates the relative directions and values

of Induced voltage during ‘circait break” and ‘ool

make’. The following important polnts should be RO

The self-induced voltage Gpposes curtent bullc-up

during switching on

The moximum value of self-induced voltage during

swilching on 15 less than the appilie vollnge.

The self-induced voltage alsy opposes current

collapse at switching ofi

The valué of seil-induced voltage is greater al Greui

break than circult moke, and can be many 1imes (he

vahie of applied volloge.

5. The greatest values of self-induted voltage Oocus al
podnts where the current curves bave the staxpest
slope. Al these potnts the e of change ol current 15
aredtest.

o

b Where there Is no current chare, there s no sil-

U rleninirs, vl laym i

i Nole I
( Mammm vailue of
ndused valtags (V1)
| 4E e cureant colapass
¢ can te mahy mes
greater Man thy
' appled voltage V]

Voltiige and Gufrant

Tme

Wy T
Vit T ¥
- Tam Y

ncreasng || constans

| cofapeng

- - e - =

r " [

|V oppozes /| V 2603 L'fr’ TOOLEES "']
S S,

on ot

Figure 5.29 » Eluss and ditections of sellinduced voltages jor

fifterent currsrd conuiMicns

The rate of change of cument oF vollage has oo connes-
ion with the octudl of current of voltoge. In
Figure 529, for instance, when the carrenl f s at s
moximum value, the rate of chonge Is zex0.

The hinh seif-induced vopltoge, which ocours dusing
breaking of the circuit, will tend to maistain curment flow
because 1ts direction of action opposes the collapse of the
current. Thers will be a tendency o an arg 1o logrm 688
the contocts open. and In proctice it IS necessary (o use
special devices to decrease this ardng effect. |

When opening highiy mductive arouils i s neteslisy 10
ase 0 bypass drcuit through which the high seii-induced
vedtone may be discharged Reference 20 Figuse 5.29 will
show that this Induced voltoge con reoch volues many
times the normal operating voltage of equipmend. This
could easily lsod w follure of the drculf insulation. i pres
cautions are not token This ‘bypass’ ancult Is asually
coilled a snubber Groult. The effects of switching off inoucs
live circults are referred 10 &5 ‘commutation’. Some of the
circult componerits ane shown in Fgure 530

Figure 5.3(Xa) shows the reloy; Fgure 5.300b) shows o
diexde connected across the oot 1t is suilable only for d.L.

value

circuits and s connected such thal oo current Tiws

throuah it in normal operation. On switching off the
reiay "l;ru_- self-induted Solloge jhat olxempts 10 l.ﬂ.'p
the current fowing i shorted out by the dinde. Floures
5.304c), (1. (8} show varations of srubbing Croults with
other compunents such os inducton, résistoes. and
capaciions.

5.10.5 Time constant
An inspection of Figure 529 shows thet Ihe appied
voltoge 15 Gt @ moximum when swilched on. but the

current flow 1akes o period of Time to reach its moXimam

valse Stmilarly, when the cireuit & switched off. the
o

e e

e



grealer than i 1_‘]'|.F'I||.l.'1 '.-l'.lql-.'rl
Open-circult '

AeECrease; 1h

Hl';' 15 .0l “’:l'

'-"'|1|I1||.11I"1~, HEIVLl

the
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o - - L
i J}
]
|
| |I '
|
In iy
i . = - -+ S -
ol () (c) (d) (@)
Figo | = Iy} i wient voltages when switching et indupctive clrouits
cHYreA Ao ISttt rap to wereoses 5,106 Energy stored in a magnetic field
5 1. ¥ 1% ll i P i - = - % 3 5
APV ’ } - 1O Il the orcing referred (o above 15 allowed to oCeur
n b ¥ 2T A ¥ i 1 i . o - I'0
W HATL 0 fave @ lme G CWOEN IEIS  qyprent will Aow. Because a current flows, enemgy |
1 : e bay (1Y COnstar 1 " : : - ! )
i ' tSHTTERL SUpply: The Hime canstont - gypended and this energy can only come from the My
: 1o ¥ '
] netc neld.
Eniergy stared in a magnetic field is:
W ==Ll |
W L 1} ntin 1 T > = i 1
; lucta it henn where W = energy in joules
" 151 Inducty L = inductance in hentrys
I = current flow in amperes
FUREL R pressian i can | en that the greater the ey
T I M thee lomwear istance thi lonaes “'”t”.
1] |
"I' [ 1 ) .-!'- » v
. _ Example 5.12
150 L iIl I P i1 INSTANT 1F ;'lu:-"-,\'f"!-:'., '”I‘ “”“.
! . i 7 [ i« & L F Ad LTk} \ 1 i Sasiu OF LS L) i t 1 11Eryia
e g Lo SAMACEE) UL O3 peraont ot nnal value, : _ . : * * {4 LATRTR
3 Tne same el mie Thof the rmeEnt wotlc [ake | v il
¥ — . 4 . : . | - {3 il i - ‘ L
Il CONINUEC 1O rcraas 11 1S '-.”'!Iri! Taie. tWCause 1mis n : aatlll s LG LR LL
. NETOLE 0 MOreéase slow dOwWT un nnally "t':'lnﬁ ’ I i} el [ |
0 L ‘I:. : £l ) e d | 1t i
Y nEe Juil period of tme i dpproxsimately hve
nes o= long as the time | instant s Fig. 531
Ll ent o decreasing, (U des easts al the same
easthedncrease. in /R seconds it reduces to 37 pEroent o
OF the maximum value (the diecra cn S s - OA] =5
e o r| | l_ the d LIRUSE S DAt Tt IS ”'l'l‘: inl (L ' I
Y TR dEdrease Inoaurrent tand flux) which canses
IMGUOSD VOIGEs 10 be gonisntad wi itk e - _
) geneniated with values many Hires /

Bocause of o usualhy
exist  with
SParking referredd Lo ariier o
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5.10.7 :
17 Mutyal Induction between
conductors
‘ M mutual in
when vanation of ¢
A0 (VT e |
Necessarny 1o ha
Lonductors,
, Flgure 9.832 <hy
n'{‘iiﬂcl in -.i.m;.\:::: o _I"imlh'-l conductors, AB Iy o
i 1 4 Switch and battery. The u:undbl‘_m‘.'?_'
e milvoltmerey form a sﬂpﬂﬁm"

The lg
luction s used to describe the elfed
in uur:ti?tl'}*'w N a conductor causes ﬁﬂ.
Ve ¢ Jdhbouring conductor, It 18 not

- Un electrical connection between the

f Imimest i
QCCOrdig e :::{I::* ‘;}i’:l’;ﬁh s closed, current will build up
: . - CUIVE shown in Figure 5.31.
AR, Lhe feld ahout AB/s in
¥Ill produce an fndiced:

ﬂ
et o

(e) Current switched off; lield collapsing

Flgare 5,32 « Mutua) induction betsveen parafiel conductons

in conductor CO. This induced voltage will act n the
direction shown' in Figure 5. 32(a)

Figure 5.32(y) shows the condition that applies WhgD
the current flow in AR is ut a steady valge, The fleld sun
mu;u“ng AB will be atia lixed strenath and no induced
voltage will occur in €0 . .

Figure 5.32(c) shows what happens "”"“"‘"‘""Th.”w
switch i opened. The curent flow in AB will collapse and,
in ﬂl.‘l"ll'lu 30, W“I catIse ““- ﬂ"m about AR also to ;-._ﬂ.hl.!.lu'.
This will induce a valtage in'CD in the direction shown

Congluctor AB is termed the primary winding because 3
i connected to o source of powen Conductor CLVIS teEm i

o~

T

e ey et Mﬂr'
» r

the secandary because it has an c.m £, induced in ity the
magnetic fux fram the primary. ' S =
Fhe terms are still applicable it multi-nam colls wer
used instead of single conductars, Note that {f conducto
LD had the power connectsd (o it it would bethe primar

winding, and conductor AB would be the secandan
winding becouse it generated the Induced emf.

2105 Mutual induction between coils

This effect will be mare easity understood |f reférance |
mode to Fgure 5.25 where it was shown that a vollng
might be induced in o fixed coil by moving & permansy
magnel into the aoil. When the magnet was withiraws,
valtage of opposite palarity wos induted.

Consider what happens if the permionent magnet
replaced by an inductive cotl, as ilfustrated I Figure 53
The secondary coil s in the same relative position as th
coils ilustrated {n Figure 5.25. The primary coll, howeve
replaces the permanent magnet

In Figure 525, relative movement between oil ar
magnenc flux was achieved by mioving the magnet. T
positions of the primary and secondury coils Shown |
Flqure 5 33 are fixed, but relative movement between 1
fux of the primary coil and the inductors of the secon
ary coil results when the current in the primary
changes in magnitude or direction.

When the current is first switched on, the Held produg
by the primary coil will hove the palanties shown
Figure 5.33(a). Note the polarities in the secondary O
and it will be seen that this comesponds with those show
In Figure 5:25(a).

For steady values of curment in the paimary coil the
will be no relative field movement and (herefore |
induced voltage in the secondary coil (Fig, 5.33(h)

When the curment is switched off, the primary heéld o
lapses and the Lines of force agoin move it relaton ot
mductors of the secondory coil. The relative divection
movement will, however, be opposite to that wihkich ap)p
during switching un. and the polarity of the induced w
in the secondary coil will alse be reversad as Hustrated.

5109 Applications of mutual inductance
The principle of mutual inductance i usad in generat
high voltages in induction colls. An early version of |
induction cotl was called the Ford eoit because it Huslﬁﬂd
provide lgnition in an early model car {the T model Fard
In an induction <oil, an ormature 5 magnetic
vibrated at aTapid rate by the curment fiowing through't
primary winding. Contacts attachsd o -=lhg wibrati
armature then make and break the current to the prima
winding, causing « rapid change in the fus lnkag
coupling Lot windings, By virtue of the hru!mm
turns wound on the secondary winding, o high veltage
mduced in that winding, It Is namnal praciice to- cann
a capacitar across the opening and i‘.’fﬁﬂ.ﬂiﬂ i#nm:.
reduce sparking. An induction coll fs showr in Figure 5.
Later car igaition systems Mmﬂﬂtww
which (s based un the same principles. in WW‘H@
the cugrent s interrupted rapidly ot precise times.
cam-apemted switch. This breaking { the ¢ ITeT
primary. coil causes o rapid change in the flux ik
hotween the primary and Mﬁlmﬂﬂ'!mﬂﬁﬁm'

_ ll’
e TR




- ';\lcl.;r.\"'

(a) Currenl building up

[b) Current steady

Flgure 5.33 « Wulisl wnduchion between S aE ol
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tromuobile !
The trend 18 to replace the points method of ':'.-.'“th_ I
winding curit nt with an eléctronic l”ﬁ]]t I
pt the without moving Lnﬂlm
control g reased reliability with rediy.
osts and extends the operating life uﬂf-

I‘{'lut"‘l'[t:?h'll'lll'-.' .
n sysiem many e |
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e "frlll‘l-"it"‘
Tt il CLLITY 1t 1
IIL Il

Flectronit iwes 1nct

Gnite et ’
Onpe car man ufacturer curenuly UsSes Impulses fmﬂ- 1

v mounted on the front of the crankshaft 1o tiggar
=il Many sfationary engines use q "“Tl!.rf

ignition £
system with {lie Con ll:'lﬂ‘l.l ns ma Uf"lri_i,’l LIkthHgnl mﬂn{j,, y

the flywheel |
further development 13 aimed at eliminating the ds

'|“Iu|tur entirely, and replacing i with separate lgnitie ‘
ils for ¢ sach oy linder or palirs of cylinders.

At present the most common use for mutual indugs
¢ in transformers. Instead of interrupting the priman
current with contacts, an plternaong "u’UI'IIU,t_ 15 uplﬂlmt
the primary winding. This results in an uilErnmm
current flow ‘-*.hlah 18 COnunu lt“"g Lhﬁﬂf_]ll'lg n hg{h mba} L
nitude and direction. It eliminates the need fora sySteme
polnts which are subject to arcing and have a limited |
The two windings of the induction coil in Figure 5.34 0%
the primary and secondary w nndings of the transiorms
These are shown linked by the magnetic flux.
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Figure 5.3 ° Basic induction coil
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Figure 5,35 » Carignition systerm

= A magnet has two pales (north and sauth) and lines of

force exist in the space surrounding it |
= Lines of force are assumed to act outwards at a northy pale

and inwards at the south pole.

= Magnetic lines of force form clased loops.
o Mﬂgnztli:: lines of force take the i fine of least resitance and

never cross each other. s =l
« Mag rmtic lines of force existing ﬂUI;&'IdE the desired mag-
nﬂ:ic g re called leakage flux

' i bl epel each ur--uht[kz poles atfract.
m gl\ qthg ﬁﬁéﬂ;m‘e'in ulﬁarrmgnatic mate-

_: '| ‘l-n. !\ %
I I
L S

: ‘Nu mﬂteﬂat tan be a

Fetramagnetic materials hawh@h*ﬂmﬁ permeability
and are termed mugnenﬁmatrﬁl@; _'-L. s —-=
Materials which are used for [ ent magnets
called hord, while those that G w

exhibit magnetic properties but lo
is removed are called soft mate _, :
The degres of magnetish In mag
casily changed and is. used in el
Magnetically hard. mmmm
magnets.

Magnetism. apparent. inql
torce has been tzémwgdts (i .| ed.
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letly explain wihat i meant Dy e bierrey moanet e
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Alpcent miagnetic materialy, Leplain sy this & s
P | Threes Taginl -If e A1 Ll 564l fiduced
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salue OF apllsiriciurea @il
Riietl JAte T meanirg of the e mulaa)
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fance. WhHAL O meaint by [hd Wy orimory

Petermine the mom !, necessicy Lo create a flux of
(2 Wh i a maagnetic core which has a reluctance ol
2000 At/Wb

F-TESTING PRO

A maqnetic circult has a reluctance of 750 AUWD
rhe coll, having BOO turns, carrdes 0.5 A Find the
wotal flux produced

A magnetic clireuit has a reluctance of 75000 At/ WD
Ihe total flux produced Is:0,01 Wb, Il there are
1500 wens on thecail, Nnd the valoe of current
Lieing drawn

521

A magnetic creuit vas a reluctance of 1200 At/'Wh
and 4 ol Nux of 57 Wb, The circult current is
costrictod to 1.8 A. Calculate the necessary number
af turns on: the coll

he mean length of 8 magnetic path s GO0 mm.
The cross-sectional area (s 8O0 mme#, The relative

Toble 5.3 » Magnetametdr (st resully fan problem 5 24
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Core initially cemagnetised, Lingreasing in prositive direction

Current [ ih amperes 0 0.1 0.2 |
Flux density 8 in teslas 0 0.17% (.55
in positive direction but decreasing in value

Current Lin amperes 1.0 0.8 U.f.:l
Flux density Bin teshas .35 1.32 1.27
i negative direction but increasing in vilue

Carrent [in amperes 01 02 0.4
Flux density B8 In teslas W02 0.1 0.7
I in negative direction but diecreasing in value

Current fln amperes 1.0 08 -'ﬂg?
Flux dengity @ in teslas 135 -1.32 -1,
bIn pasitive ﬂlrhcﬂunzanﬂ-.-ngpl_n inereasing in value
Current £ in ampares 0.1 0.2 ::;:
Flax density 8 in tesias -02 0.1 '
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mitaal 'F1I,1IIF tantef

What Frappens swhien a highly ingluctive et s
tuickly openéd? What agiverse eilecl couldh sl

Iresim 1.!||| !
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'If

permeabifity is 600, Determine (he reluctanee of the
magnetic path,

In a test to determine the characteristics of a |
ferromagnétic material, the following procedtice was

used:

A sample of the materal was placed in a
magnetometer and readinegs ol compass
deflection ware recorded as the carrent was first
inereased and then decreased ity steps for hoth
ponitive and negative directions of current flowr.
The readings of deflpction were then converted
inte terms of Tlux density in the sample and

Table 5.3 was compiied,
Using the current as the magrietsing foree, draw the
hysteresis curve af these results and detormine the
values of residual magnetism and coarcive force far
these conditians,
0.3 0.4 0.6 0.8 1.0 -
0.85 1.0 1.2 1.3 1.35
0.4 0.2 0
1.15 0.95 0.55 .
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§ 25 Aninductor hasa current flawing throu
When the current is reduced 1o zero n 1.8 5, the © y gind the flux densil
e : p‘__*qt.._‘-"\.'.
voltage appearing across the coil terminals is 22.5°¥ 80 cm= F i

30 A maanetc flux of 9.5 mWDb is present in gp
= = arl ”!-
Nl

red splenold with a circular cross-sectioy
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gh it of 4 A

What is the inductance of the coll? 5.31 Find the inside diameter of a Cift ular solenoid
526 A 12H inductorhasa resistance of 300 1. Wwhen which there is @ 't,"‘-“']”'“?m Huxobill mwh .:.n
working on a 50V supply, 3 voltage of 500V flux density of 0.85 1 ;
appears AErOSS LS rerminals each time ILis switched 537 The i‘l"lﬂt_',tﬂt:'li'ﬂi"i'_-i force in an iron ring is 1500 A
VAU

nsity of 095 1 FEI'.I.i :!\“. rala

off Calculate the tme taken for the current 10 | iy creates a flux O
Ekwnn;ﬂ[ﬁ.lit‘_\ for these conaiions

decrease (o ZEM0.

527 An inductor of T Hhas a rosistance of 1.1 §2 5.33 A long splenoid O 0.8 m has a current of 2 A
(a) What is ils tme constant? flawing through a €oil O ZAU L .r * -.‘ M
(b) When switched an, approximalely how long:wil magnetising 10r¢ ef B

the current take 10 reach its maximu value! 534 An ignition coll has an inductance of 3 Hand |
528 Anignition coil af O 36 H inductance draws 3 A current of 2 A flowing Wher s cose
= If the current has L0 reguce | . -.: !

when the engine s stationary Calculate the energy

stored 10 the cail’s magnelic fhield. calculate the inauced vOitayt in the coil
. . l_,.-r""'__-- g
529 Calculate the flux density 1n the air gap ol a ] i II._
permanent magnet if Ihe pole piece 155 ¢m = 4. L i 1
and the tatal flux in the air gap is 1.3 mwWb. ~ -
d y
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. : have Lhe same vallage ;
. - Cﬂp"c'wﬁ In-pﬂm“ﬁl t to parallel resist 2 aCross i
a Ehpaﬁim'aremmndunmg electiodes separaled HER gne in a similar 135 Hﬂgt'h I- 1|:: scitor w Iﬂi il
: : s - . rqje on each Capdtild | B ]
aating mediurh cal < d&eh_‘ﬂm;;a_ e whose amaunt quantity of chard Pend: o g
Capadi can store an electnc © arg _ ; capacity:
= e mr:n the ¢rosssectional area of the plates AR . €+ G #
separation Capaditance s also affected by the '“5'1“'[3';':3 Gl = =1 ™ e
e . s 6:1) _ " s (lepenaing «
material used ta separate the two plates (Table 6.1) _ Capacitars ¢harge at a ra :": ! pending on; the gnies
1 > circull resistance. 4
ity of charge Q= VC. voltage and the circe ey
. uty il r's ca aci.nrn:anhélﬁuﬂd from the NG constant-of 4 resistance/Capacilor combinai
= #paml[ﬂ.ph[e(apﬂcﬂﬂ capatii o The tme PHESEAR T il
equanon: iy series is the time taken to charge up NE capacitor o 4
= P per cent af the final n-clllﬂl;.lf‘_f.”“' ~*F!*1“"'-"'f voltage) '
= d _ When charging, 3 {_‘;]I_'}.].Ll[:_}l' EFLJFN:« i EIT-. 7010 "*"-'-‘l.l.':.':__
There are various methods ol assemply, depending an the while the charging gurremt starts | 3 m{::-.,.mum vl
i : G rice g |StANCE i NE VOIlage Orae
u¥ tended use of the capaator, the voltage rating, the depending on circuit ré ::15 a af . | .m.t Qradiy -
g, itance requi.réd snd whether it is to be us=d on a.L ncreases but the charging current gradually decrease
Capa*ﬂ n £ . J g f 1[1[4,‘1)“ is foundc traom
: o Theume gonstant of « A - —
or d.¢. or both. . / o = SHEE ;
. - | di =5 across each r o & — ; 2%
= Capatitorsn senes have polental dlﬁere_nl:::*. .[L = L RC :
and the sum of these is equal 1o the applied voltage. g : ; |
\ capacity 15 abtained from: - The energy stored in a charged caj 15 1ouNnd from el = . = = ==
) 1 > )
. i_1_-_r—__-.-.1—-—+—-—-i-——+ e “::],1{'1.u
| Conai. G G =
f ; Cha C : deliver lel WCks and sh
« [Each capaciterin SENes hg; the same quantity of chargeds o Charged ca?aut_f::rh LTH iﬁ;;“. ; and s
‘I the total charge for the orcult: pe discharged beiore handiilg

Qe = Viotst Cioted = iy = Vat

T A Bl 7 equi |
pi  m—— [ equipmen
6.1 Find the equivalent capatitance of an B uF capacitor the maximum voltage the co vould

and a 33 uF capaclor connected (n senes withstand

6.2 Find the equivalent capacitance of an 8 yuF and a 6.10
16 uF capacitor connected in parallel,

Find the time constant of sHing
3.3 uF capacitor in series with resistof

63  Two capaotors, each of 27 pf, are connected in

L
—_—
—

Calculate the time constant of

S1s5UnNg |
series with a 100 pF capacitor. Find the circuit a 27 pF capacitor connected ir th an BZ M
capacitance resistor,

64 A 27 pF capaciton s cannected in senes with a 6.12 A 500 uF capacitor is connected ac with'a
0.1 uF capacitor. Find the circuit capactance. resistor across 24 V d c. What » the value ot

55  Determiné the amount of charge held ina 100 uf the resistor if the voltage across | pacitor roseil
capacitor al a voltage of 100 Vd.c 15.1 Viin 34 s?

6.6 it the quantity of charge heid on 2 1000 uF 613  A33 uf capacitor reaches 63 pet 1a
capacitaris one coulomb, what would be the ""-"'E‘i'-'“ﬁ'f' In 15 5. Calculate the valus the series
veltage across its terminals? resistance in the circuit

6.7 Three capacitors of B uF, 16 uF and 100 uF are 6.14 A time constant of 1 D' <ic reaiired. Given a
connected in senes across a 100 Vd.c sypply, tapacior ol 33 uF, find the .,'_,,!1_. f cpries resistante
Calculate the effective capacitance ol the circuil and required
the voltages across each capacitor, 616

21 -ﬂgctﬂalf-" i LREren - - | | 4

6.8 Capacitors ol 2.2 uF, 027 uF and 0.01 uF ar et ine energy stored in a apacilt

st L : : Uk are oltage of 100 v
v sertes, Find the equivalent circuit -

capacitance. If the circu . 6.16  Ffind the e ; i«

/ Uit is then (o be connected = EDErgy stored in a capacitor if it has 2 G5
ACFO3S 3 ZSQ Vid.c. supply and the 0.01 yF 1ance of 1000 1iF and a terminal voltaqe of 1000V
capatitor fails by bﬁ'ﬁming sHortclrc 617 : al voltage ¢
the potential difterences ; =lfauiled, calcutate Find the amaunt of 00 1]

FENLES across the other two. Lapacitor i it L olenergy stored in a 100 4
69 Thweed ufFc o RS charged up to a potential of 24N
- ok 3 dpacitors, each rated at 600 V, are Eslimate the maxim : - f10 3 potentie _
| connected in senes. Find the gircyit ' disch; Imum instantaneous current
: Lapactance ang YN3rge possible if it
1 =

o . racletance
ol 0.25 () 15 le‘if.}‘idri_jf_‘d into a resisia




7.1 INTRODUCTION
Mrevious chaptemn have Introduced Ll Wl concem
concerning electnoal et Tir T L CErdune
WENT SROWN 10 CONSISL O Throe Daasi i - .III 1l
al lectrlelty and o -..-,,1-.;h Wl W | W thi ayes
and the lisadl |

The lood sl Bad torese s il barcicteriatle It ¢ ”.IIII
b resistive, (ncducoe W capactt il
be 0 mixture of any OF il e

For o 1oad TO operale | | T ' Lhi
eovuiree and the oo D Wy | et ot T, Lo cormect
voltaae had o be applied, and the 1o had 1 be 1N gotd
working orcer. Ui then would U mount ol
CUTTeENt LW, etared] by the individoal 1o

When O cardull or s rkitig properi) sles
have to b |Ken | setifv the problermn. This Iinevitanly
b Lequapn { 1o find the

| LV L pim in he rostored 10

i 1 TR i1nng i

i ! ' gdlod] can DE sEmpid
ind ooy fCOmpiex ) more involved esting
Al nlmiant L

UIT INDICATORS

Much of the availabi julpment is fittedd with indicator
TistL B clrow 1h ] c atterition o the fac thaot
' ndifion i e o oLUgnts and
ML et [ ind  indicallons Ore
I 11 T
ey mosl it Incicator dn provigae el
nt indicotons. For example, o steady alowing red
indical gy I i thal power s gvatlable ot the
) ed eguipmer nclica with a flashing func-
Hion s désigned o aftract altention ond miaght indicate
! (1 §RGTer o |
NOULEN. MO Vel fitted with many of thess
Hahts, Indlcator lights provide a visual conlirmation of
power, othees dndicaly such functions as lock of ol PrS
e, hah temperature, ol brake atd, and W torth
i I AR, Ancuoator . i

5 ahow qreen when its
wanding geor 1s up. Below o critical helaht, or slower than
rieal speed, they flash red and are often accompanied
Dy an audiple worning nolse, The indicaton ane mednt 1o

atimnct o pilat dttention and warn that all is not well and

A tanding shotkd not be attemptod. Howeye

Indicators
CARCFI LA

CUNNUS prevant an .ll'rlrl’_lli_lili' ]'-Jlullhri

Ihl“:,' CLin
wier thatl a ilg-':l.h m e sts

oy
I ERd e torre inomind, he WEVEer, that o o CEINSCH, On
mdicttor Hght LR

Laari '_'.I:_I.Iiu'"' 1IFI“4=* i I”I'hll“”.'-' !'!” ) u;n“h_

Power s avalluble

Power \s ol avaliahle

it 'v'-"II!'-Jh-{ wmreraiure Hos biten reached

i » § ¥ n

N vk NG Emperature hos ricet IH’I'H P hl:rJ
A taull has ocourrd

7.3 SIMPLE VOLTAGE TESTING

EQUIPMENT

Aoy Testing equipmaen! useéd

wa by a technie

weant to e lask, 1 negds to fae i ngey to be

mlutlwrl'y" “mple i

reels to b

¢ and as wi reliahle

many cuae

AT '
1 s
s inclicalion: M

ol wi

series test lamps

7.3.1
1 ks sl ! . o L 1 \
A foxt [Gimp & ane ol e rmost Iment WY unis fus
| (b s used to test f
iechniclan. 1 T the

glectricas Py

saltades It can indicalb tne circutl ""“”-‘ll' T e
ind the probability €3 AL e cireuit is infogs up »
e test point '

'1iH"|-|'L'.HI””|'1"I"- voltages (240 V and 415 ""Jullr,-d!n
sricountersd by technicici the

les] I-H'H[H. i
torily on the higher volt
]fir*i.l'“”'l'*"r”"r” 1 .‘J'"'"" nin |.H._|I”|. l,-" 1 | ey -':'l.n ’th. !‘}

mnected in Seres

ks
7
W
Un the odd socasion Wi

el

480 V supplies are encounter d, the two OMP, unit w
r||I 'H.
It {5 imporian that

- ”“].!I['I nf 'l.'."”*'—”"; ebifat
lamps are <

satisfactory
both lamps be identical (n Bl
wattaae and veliage, When non-ldentical lamps ‘*"i‘uh? .
the smaller wattage lamp Is in danger af falling, owin U
axcossive voltage. The smolier watlage i-:lll'l[i (ways ha
the highest voltage across |

Two leads are broughit out o act as test leads, Si
|'|-!4-||1|-ill', lethal voltages

dare being tested, itis NeCesin &
that i

insulated accordingly. Bared b &
utripped for actunl conlact with live terminals should iy
kept as short as possible to prevent accldental contadtmg
other Hve terminals

the leads b

The two lamps are often mounted on a base |)|U|J.' Witk
a surmound of Insulating material lor convenience o
lamp protection. Another form of protection Is o mous
IwWo batten holders back o back Inside g shon ]‘fﬂgth*nf
plastic conduit, The ends of the tube can be coverala 8
otherwise, as dictoted by the user. However, the lamg

need (o be seen by the user, because no audible indicatis §
IS glven

-

it should be noted that the essential components o

ensure reliability they miust be protected against mechos
icnl Llljlfllr,i;:Hj -

It b5 alse good practice to test the lamps on Q. Knoee
sulfce ol power before accepting that a clreuit hos Aes
POWET applied, On 240 V, the In?n;_n will not shine with
ull brilliance, although for a1l practical purposes they ol
be at almost fyl) brilllance on 415 V. With experlences
lechnician can pee lamp brilliance as a roughquide (ot
-,'u!lf.lqi' ol the tegy I“ji”i : '

W bt |
l“l’_ tey) ll]'lnlll*r are ".I,rnphl Un(] !-Jrl-lf_-l"'(” "'1“1{:% t}f“ﬂ

Plguee 7.1 o Teat lampsy
Lohiicted

COnsting af twis 240 V. 15 W |
I Setigs -

S

!
]';"-"i'"' made of thin f_ihl‘rx with enclosed filaments, B i

eguipment thelr fragility moakes

them vulnermble and
shole reliability rather questionabls

;3 Single-filament test lamps

Another version of the test lormp has been the intréduction

al o singl filament fest lamp mounted in o "h"'-|‘|.*1~'.l'l'|
Aibiber housing [ Vi I'f'|ll-|rr-|ii|1 h-mp I£ a spaclally Pro-
duced rough-service lamp ol the 240V, 15 W, Pydgmy style
Incorporats d in the housing s 4 4000 €} SETIRS resistor,
which givis it a working range of 110 V1o 500 Vace The
complete unil and lead are douhle-in ulatai)

(v differs Lream the Lest |'.-‘HJ§I'. discussed previously in
rhat one probe 18 ancintegral part of the lamp i‘ua:ri';ll‘.-i;
[he unit Is held In one hand and only one ‘.,l,'[“']rlﬁf[l'u’i
lend is required, Provision is made [or storing the wan

dering lead In the main Body of the unit it i wonth
ahserving that the makers also recommend that the unif
be lested on g known power source belore [--|~.'-1”H O il
recding

7 3
f i k]

Vibrating testers
Commonly called by the name Wigaer or .-'I."llH;!i'E_“" testers,
these hype
facturers ond made on a commercial basis

Rather more substantidl and slightly more complex
than o pair of lamps in series, they can withstand far
rougher handling, Handled correctly, their lile expectancy

v of testers have been adapted by several monu-

(s many vears, The construction of one version isshaown in
Figure 7.2

The coil wound on the spool has an impedance of

approximately 2500 £2 and limits the current (o less than
100 mA on 240 V

As with low wattage test lomps, this can be a limiting
factor in some circults, A high series-resistance fault can
easilv be missed when testing clrenits and eguipment with
such low currents,

With the version shown in Flgure 7.2, the test eads and
probes are loose and can be eastly damaged. In o lulf'r
madel the body of the tester tends to be rectangular in
aross-section Pflet.u‘m is made for tucking the leads Into
the body of the unit when not in actual use. A llhin_l
version has one probe bullt into the body of the unit so

ac)

() Complete assembled unit

Hygure 7.2 « Vibrating ype vollsge Lestet

IESLIAN T e |

thot only one probe 14 free (o be shifted from contact point
Lo contact point

The vibrating tester is relotively small ond portabie 18
vibration can be felt and héard 18 also gives a visual indi
cavion uganst o sale. In terms of voltage, the reading is
VETY approsinmate and h‘r“ no mwons accuyate, IF is ﬂw
und rellable, particularly for those engaded in mainte:
nance work where the technlcion must frovel from oo e
0D, Fhe ester recicds bolh o.c and d.c. up t_l'-‘ “““09‘-“ ."f

500 V—usually on different scales maulded in the body of
the lester

734  Electronic-based voltage detectors
With the advent and development of modern elécionies
the vibrafing tester hos been: almost completely supér-
seded hy a more compact battery powered design that is
ighter and smoll énough 0 M comfortably into a shirt
packet. Many of the liter designs do not éven have an
an/off switch, By rouching the ends of the protes together
or putiing the probe on (0 4 volluge source ey autemi=:
ically turn themselves an. After o set period Gf inGEBVIEY
they turn.off

Made by several manufacturers, the testers mostly cover
both a.¢. and d.c. voltages to about 600 V. There ane as
many variations in desion as there are munuioeturess,
Some register o voltage as a digital réadout and might
indicate voltage polarity, while others simply have d bar
of indicating lights. Some models automatically select a
voltage range or even switch 10 a ‘continuity reading
mode. Well insulated, they are designed to protect the user
up to abour 1000 Y

7.3.5  Plug-style testers
The plug-style tester is designed for Austrolion-typs itﬂl"l.-
dard three-pin sockets, Three nean lamps are mounted in
a protective package of hardened plastic Inouse i simply
plugs Into a three-pin sockel, which s then switched on.
Various combinations of neon lamps Hght up, indicating
the condition of the circult and the connections o the
soCket,

The lamp combinations are shown In Figure 7.3. Since
one neun |uﬂlp indicates the condition of the Eﬂl‘lhiﬂg

Return :P‘D““-—--W_ |
spnng *1"1, Mum. "
qb
Gt Soft-iron
(1 LA ——"core
(L
Spool b o
h""'"i_,t_,.,r_::!
A Bdc
Solanoid e it 5
i
q
1P
e 1
(b} internal canstruction

. Bl e
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Liva/neutna

revia] el

| [ | Faulty liva
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Fleyuys Y. 3 = Lamio «ondin i 1057 M-
svstermn the unit innol be used in those rare sthuanons
-|.1iI7. % A CORRETITYE L :!i:j-\.-.l.!..l,‘: 1 f.!'n!‘-_.,'.-il"‘-ll'i'IT'l".'F
) | v S S
AL lest ! had shibutton installed, which
'-‘!'Il ;' el Lty I NleaRkage current O et any rl""n!l.'!
1l ' | | el

] I I Vil vl and size acoord-

| AT i i 5 Probabliv the Dest-

Lnown version s the small neon tube with o series resistor

maoulded Inte the handle of o screwdnvern Some models

hove o metal cap on the end of the handle, others do pm

nelal end of the scrowdriver is placed in contact

hu 1\ sl | he capacitive gltect of the

hand he han provides the return path to

(el ne curment throogh the lamp s so small that no

101 K el [ |

A lube will sither glow or nol, There are no

' brtliar 1ne way ol estimoting o voltage

il th 1 Leontact, In bright sunbight stis difficult '1”
Ume Al e neon s alowing at all

L other neon ibe voltage testers, they are subject

capaciive and inductive eflecs. They will sccasionally

o I e presencee ol

radio frequency field radiating

d Transmitier without actually being in contoct with
i

1T

uiner fneon Hght versions

vivennl vanations of the neon esier am availahle r".lmri
Iroy L LU T [ RU l"|.ill|_' mest use . I

I.‘\.II -4' o
mindol Res jeads Line

a4 neon lamp built into cack probe. Under
Grain O 1|,pl|“l|”. |.'|'|r I”””r.:._ 'ﬂ.’]“ Ill_”;l “.“jl{u.“n .

vinllao ] - ; = - ’ i
Nage when thene 1 imerdly an Inductive o l..l'l['luf_l?i\.r

' I v

i !1,‘ N r|'||‘u_1 il '-.IPT-I.I:‘ LT F
ALk L Crsitns lll‘uﬂ hove hics {
Grornsihios ses built into

|. |

meon volfage indicators

A sty Aialos "
tEO01 Leslan compnsing four neon

1 ¥
LTl Im an ”’i[”[n!ﬂ tn "H}rii.h' a
indicaton

lamps way, AnulGe.

: MO aecunmie
The neon I-“.":I],".'!- bad 'l.t.“.h'.'i[l_nf vuhl;”‘“ﬂg‘i’
ST

feaistons and the wube ‘thal eny

utted gk -
upprasimation of the e anl:uq;f ;;mmu : lﬂd_‘lf.ulm o
0N 1o SDOV. For exe \ nps gl

vated voltage wonld be betwpen 50 e the Indl.

(5 'r.‘-ff‘.!l olserving thay the maker
SEAT e testest an a known
it coadings

A m.('lmmund '

POWUE SOy peas Befon t‘!““ thy

73.7 Logic probes

Ancther form of valtage tester 18 the [l"',‘.,lll. prohe Wﬂh .
duent of more and more loglc circuits I"'{'il‘jr £

T 0 Uy T
:111‘4111"] 1".(1”"-1” |~.__-.1.-.| I avshems, |I‘H_|'|.l !I!u-tiu]‘-_, m!]llir:ljl

i« bpcoming more Lommorn The probes are Made foy :
v I 3 " l'
Al ;'H,lﬂ"'l“'-”h' .Iﬂii cannal e s LI 11 '.I“'”'f'n.” E'}'L“[

\nce t\.i.!i}‘. as ol oA "i‘llill-" I.'.:"HI.I-'I_ tnrr--

malnent :
A loglc probe can he selt-powered with h*lll(‘l".[ﬂni-
be powered: iy the circuil under test with Hexibe |'E:'|L‘

and alligator dlips. In/general the probe consig)s 0F e
cultry driving two light-emitting diodes, One |5 Cl‘|Uu;.-
green, the other red E
| Logic Circiiits derive their output voituge from Eilkss
having o valtage or not having ay Ul!i.li_]i al Specific [EJ'I":'-
n thelr cncult, These points are classified as belng h]::.‘
ogic 1) or low (lagic 0) without a specific ‘l.-'l_"ll[rjgi_:hﬂ;l]
moant :

For example, the green diode 1in the probe migh: Qs
indicating that the ¢ircuit 1s low at the point the Profs
touching. All this means is that the voltage at that POl
will ' be in the range 0.8 V o 1.O V. The value may Iy
positive or negative, If the probe is touched at.a PAiint &
the circult and the red diode glows, then that pointinih
circuit Is classed as hiagh and indicates a ‘r'ﬂll{lgé T
between 2 VYand s Y

The logic probe will operate satisfactorily at 20 MH
which Is a far higher frequency than power line frequen
cies, The maximum voltage that can be applied 10 a proty
15 usually about 100 V

74  METERS |

10 measure a voltage with greater accuracy than cante |
Achieved with the voltage testers described above, avolk &
meter s used. The lace of the meter is calibrated i“__v;..]!j ,IE
um} the value read off against a scale. Meters are mad ]
witn ‘-‘llr‘!,,'iﬂ!i.j d""':]”;"l{“j. of Acouracy, The l._]rl-"'llter lhl':' ﬂL‘W
racy, the higher the cost, and the more L'nnz that mustbe
taken (o protect the meter. For MOSL pUrposes, meers o :I !

be claxsifiod b :
& :_l_uwllu.l by one of two operating principles The e
| :

moving.coil meters

mnumg-mjn meters,

?-4.1

| Moving-coil meters
Fhar

7. 8
thont ” 4 15 an k*?',l]!(?dﬁ'lj ‘-'lL"\'h" ﬂ‘_f 0 H]{J"-‘i'l‘ll:]*f.ﬂﬂ mm
in the hp?:;:l lhp SeEn that a cofl free to rotate is Euﬁlwﬂ'#.

O permanen) muagnet; The coll ends are ik

nected to (i -
° M suspension syst - can
o A system o that currénl ©

The sspen
et ol
i

HOn- system may consist of one of L
A colled sy
alled o hlmfng 5 shown (n Figure 7.4, Sometime &
adjustable ur;?ﬁflg' the outer end is attached 1o
SN b et that the pointer of the movemet

(17 o e
the meter]s:.::;: 10-align itself up with the zenon

| ]

Maoving coll -
> Col spring

Permanant magnet Parmanent magnst

Fiqure 7.4 * Exploded view of @ moving-coil movement

under tension. The hair spnngs are no longer
necessary so are usually removed. Zero adjustment
of the meter Is achieved by o similar movable arm
attached to one of the bands

It must be noted that a current is passed through the
coil—not a voltage. The current that flows through
the coil is governed by the value of the applied valtage.
The coil sets up its own field which reacts with that of the
permanent magnet and causes the coil to rotate. A pointer
attached to the coil gives a veltage reading against o
scale

The meter movement can only work satisfactorily on
direct current. If alternating current is applied to the
movement, it tries to turn the coil rapidly in the opposite
directions with the result that the coil effectively remains
statonary.

The meter can only operate on alternating current .ll' the
a.c. is rectified to direct current before it flows through the
meter. Owing to these factors, the moving-coil meter
always reads average values ol current.

/4.2  Moving-iron meters
Figure 7.5(a) Is an expladed view of a moving-iren meter
o illustrate its operating principle. In practice th"f AL
struction fs'slightly different and is shown in Flgure *f-ﬁ'th_‘
There are two magnetically softiron vanes in the move-
ment, One vane fs fixed and the ather pivated and free h‘f
rotate. A pl}““'_‘r attached o the moving vine Inoves
acrass a scale as an indicator _
When an electric current is passed through the coil ml.:h;
the fixed and moving vanes are muagnetised and have ““1
poles at adjacent ends. Like poles repel *’}“-'h othe L“l“
the movalbile vane moves away from the fixed vane: 1 :E
attached pointer then indicates a value against « ‘;“ '
brated scale. A restraining spring provides ‘TLE'“"Q
lorque so that the vane movement can be 51"'_[}'"“. neter
Like the moving-coil instrument, the mnvinu-hrsu:l IF ﬂ:"
IS current aperated. The curent that flows thmut{ ﬂ: L
i5 goyimed by the applied voltage, As avoltmeler T &
Impedance is very low when compared with the TEqUies

vane

(a) Exploded view

Figure 7.5 « Moving-iran meles moverhent
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¥ 101 6 moving-coil meter, 0 Series e
Sumilgr les the meler to be used as G 10 ”r =
=il S s .
noy 3 .“ SENES resistance of 1 MO enables the b ™
YO Bllscg)e fating of 1000 V
1 r J - I
-ii*.l.l'lli:::hjru}tmn meters used as voltmetens B S
e mrmgfiﬂ Unce the full-scale carrent YRS
. i - : L ,
TEstitogy crin fance of the movement .un_l_l

.5 Extending the range of ammeters
The operating current of an ammeter is l_g.-'.-.r'.t-relll‘. very low
1 ¢ :-_;'-.1: adequate sensitivily for measuring small values
of current. The internal resistance ol the meteris aiso Kept
as low as possible 1o reduce the voltage drop acmoss the
meter itsell
To measure values of current higher than that required
aive full-scale deflection, a resistor called o shunt is
l“|1JL-_-~: in parallel with: the meter. It allows some of the
current Lo bypass the meter. Any fixed » alue of cument
llowing nto a parallel cireult will divide acconding to the
resistance of the paths: The less the resistance Lhe greates
will be the current flow in that path. 1t is better explained
with an example, using the supie meter movement as thiat

in example 7.1

Example 7.3

A . r ¥
L 13 LT | 1T I 1 .u_

L _4,..-+—-r Tt
= =~ | 1A
1A . J ‘;.....__1
o={ =
'*-_“ - i

Figure 7.8 « Circuit tor exampie 7.3
W rupikatdl (e e
The tntention is o bypass 994 @A v x4 flam
with B s leaving oty g maXinunl 4
thivagh the meter.

e

v the meler e in
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NS il
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ireville Luge neross the paralle; w
twn ol 1he thres values

ppiy Ghrns law gee inown. (i nas eitesady

d A mst IFRpkss e fmetes)

Example 7.4

leg ! ment has o ullscale asflechon turent of

T rernol restcranes of 40 L Colcaiute the

witiee (o extend the metvr rangeto
. prudos o That of P s,
1 N TEaTe
|
i

. 3 45

In proctical =TS, 1o extend the range of an ammeter
1000 times
with the meter
of the meter movement _

Ilt:rx'imf-::ln.l be appreciatad that the values indicated on the
meter scale have (o be commectx!t for the nEN IRRge of the
meter that 15, at an ndicatsd half-scale reading Of
0.5 mA. the octual current would be S00 @A,

o shunt resistor must be ploced in poruiel
v psistance will be one-thousandth that

For some meters. and particulany do. e shunts of

vorv low values of ressmana o requirad. Small e in

resistance cary leod to much bigger ermars I cunent i

s, Moving-iron meters on a.C. ofteriise a specal ype e ol

rransiormer wlied a curent trunsdformer K elimnate e

possibility of shunt caliteation e o conjuaction with

s,
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Meters have been made for testing |
rents that make no electical contact with the Crcuit

7.5 NON-CONTACT TESTING

oaltaoes and Qur

under test. Sevenral verstons i he markel
7.5.1 Voltage testers
A commercialty made unit that senses Volta and (oes
not relv on lamns or vibrating =solenoids 1s a aevice sk
tive to the electrostatic fields praduced. D) the circuil
voltage. 1t is the basis of the finder used to lacate live.con
ductors buried in walls | . o, Most units
give ' both cudible ana visual signiis

The anits are battery operated and intorparate o sell
test check, which should be used regularly as a safety
YRGS | 1 1 | MNEL Tl-f|-!|.'\
7.5.2 Current testers

Lurrenit 1ester: i NG TN [T CIeT WHATIOLLS ames moest

alledd 1ong tosters
clamp meterns, Cup-on 185ers ink-test melers and so on.
iHon metlers are generally used 1o measure ul
thout havin ' i | it beinag tesied
MosL med I 1CCUT within 1 gent of full-scale
(i 1l on frequencies ranging from direct current
oabput 1)
'm ialiv the YWETY I I g [ LT '|‘1'I|Ti,r_'.1 i
Lhe repuldsiom Prancinie ol the moving-iron meter while the
e 1sed I mi imbined with o switch to select
ne d sl i nges. These can still be obtained. but
mony other versions are now avallabli

|, Repulsion type movement (a.c. and d.c.)

I_”-, II{IiIIIIr' ng principle was that of the moving<ron
H:1 a1 ‘.--;4.'|. : 1 cdment nangt Were Cnterned tH]. with
EING-IN THOGUIES. Lin Deing placed around the conducto
.1“.“.”_'"_' S R AL Ith created by the current
:\-!I._ l,-:” ”..:-ilh_n]- .1 hr.l:;...,: , r".l meter elemernts and caused
: kl. win with pointer attoched o olate. They

¢ capable of use.on Both ac and d -

r - —
<& Transformer operated (a.c. only)

r}':i":-'f'.l cCurritnl

randaes were catered for
formmer with 1 a P stered for by LSING O lrans.
¥ i L | 11 ¥ 1 a4 oy [ o S 3 E
it I'I:_I Jrlalem I (OO “J“L]{' SWil .'I Ih
= . |

ALY I Lu.ln-l e ol |
; . : W On dig e
prindipie bs shown inFigure 7.9 The basi

LI NS CrT T ey

e o I - :

ne ndlcoting meter could b a direct.
meter by connecling a rect
lorrer « i

: '-.“n*.'["-l.'_illi roted
* ; Hying unit bhetweer the trans

ul | - i ¥

' | utpiut and the meter movement Witha d o

NE SCale then bec \a Lomele

i \ nen bectmes linear, With a movin 1
Wid sdale wie ”l.l,_]l”,_.I“ HHron metle

House, the juws of the instrument w

ever and then e ed araund the chic
Jaws were then allowed (o e

CTe Opened with o
S onductor, The
The maanetic field

St rviae
nrﬂy 1 . “mﬂ'

around th conductor entered the low perinagyl]

of the ratl, and the metey movement !|~».|nllnh'l|1'|l.t‘

to thi tronath of that magnetis leld "inhiﬂ.

' Modern Versions

Current m ol |§ can e switched o indicate Pegk
values for many different way ¢ Ly

and average 10rms :

as {ndloating . values, Some models wil) alsa ;“-"W'n'
clrcutt voltage by mMeasuring the strenith of ”.h.'r
static field around the Conaucion '

The number Ol available fTunctions on

I My
tlevty

+.|II".' une Iy
ol the mh!mmt..}.
: Ly
trengd s IHI' lrm;-
W

'.--!HH!””LHu.

. 1 . : s RTa 1T

THIL testiers 0O |||i_."\:|.'|l|-|,! i I]”““_- | ]1.] Iht h}ntﬂ"
' ,

en. In Figure 7.10(a) g digu
readout modiel 1s (Hustrated. This model s ”“tf"'hllj:rl:
and will read currents In the range 2 A {o 2000 ﬂﬁl;i:.
It can also be used to measure voltages, hoth g.c. andde

has sonsiderable bearing on the price
The range Of ophions is impressive. The

ments to have digital readouts | 1 auti

aperated INQger can e

and resistance values of 40 K2 with a pair ol :
' L Plugsing
|l:".|'..l‘~ - ol

The unit in Figure 7.10(0) has-an analogue readayy g

a pointer which has to be read against a scale, Vani
ale, o 4

vanges are provided by a series of scales; which dre rolled
arovnd e window IE s an acanly instrument and
reads up to g maximum ob 500 A Ta read ‘L'H'Ihhll"w 0or
Fasistance values, test leads are Plugaed into the base of
the unit. A replaceable battery 1S endlosed and the meter
|5 protects d by a tast-acting foge

Other clamp-on meter movements use a Mall«itect
device 1o detect the presence and quantity of cutrent
flowing. The phenomenaon was Hst recorded in 1879 but
{1s 1S NS only become [ ttcal with the fl""‘*'i‘hfl'ill'll'l'll of
intearated-clreult modules

when a current is passed through the pposite ediges of
q thin plece ol toll, a magnete field applled at right
anaoli oy the current will 'Ir!‘-lul;hnl. il l._-...““,.H across the
remaining two edges. This voltage |s proportional to the
current How through the plece of foll. By maintaining o
constant current flow, the voltage produced is directly pro-
]h'l”h"lll'll to the strength of the magnetic field.

Wwhen the magnetic field 1s the result ol a current
flowing I’r'ill1l1'.|h a conductor the device becomes in effect
an ammeter. Electronic circuitry has 0 be employed to
maintain a constant current flow and to m.-.hm;. and
amplify the voltage produced. A separate’ power supply
(ustiakiy hatteries) also has to be used

The method 15 an excellent and accurate one but the
additional components lend to makea meter.of this type
Expensive; Avallable models can be obtained in current
ranges from milliamps to 2000 A Thelr sensitivity Lo low
values of current and thelr accuracy make them deal lor
measuring leakage currents

7.6 POWER METERS FOR
ALTERNATING CURRENT

Power being consumed in a circull ls measured with
o woltmeter, Wattmeters are often constructed with o
dynamomeler movement. This type of movement usually
has two internal electrical circulls

7.6.1 Dynamometer-mnuement meters

An exploded view ol o dynamometer movement is shown
in Flgure 7.11(a), The meler has two clreults, Qne s (o1
voltage, the other for current, The maodel fustrated has o
soft-iron core around which 15 wound a low: resistance coll
to carry the circult current, [his coll produces a muagnetic
flux proportional to the current Howing Hi clrcult, Nol
all dynomometer-movement meters have an lron COre,
some models are air cored,

The meter's second cireult consists of a ol
resistance of high value: This s the vallage circull and
'[”‘:thi.{.‘-‘i q Tﬂt'l{.]lh’”'[ ni*]lI I}n_lpul‘lh’fﬂ‘lul 10 the upp[’ll'tl
voltage,

rhe direct multiplication of voltage and current vaiues
I an alternating current ciraudt 1o obtain a power "r“hf_"
Gar at bigst be only an approximation. With some a-*llmtn-
cal components, the voltage and current can be out ol step
with tach otherand this effect will be discrissed more fully
in Chapter 8, This type of meter construction witly lis WO
magnetic fields takes Into account any digplacement
between voltage and current and gives @ trug power
reccding.

With alternating current

with a seres

supplies, the values of voltage

Moving coil Y+
Power | (responds 1o
source | jgad voltage)/ ¢

L

- S

Fixad coll (rosponds
{0 load currant)

(b) Connections. Tha maving coil with the aeries
resistance R carries a current proportional 1o load
voltage. Meter deftection is proportionsl ta the
product of voltage and current, which Is power,

This meter may be used for a.c. or d.c. measuremanta

Figure 7.11 = A dynarnaveter Miavement

and cuirenl are continually chanding 50 4 frie power
reading (ndivates the average pawer being consumried over
a finite period of time, rather than at ane instant. (See sec-
tlons 811 and 8,16 for maore detailed information.)

Dynamemeter moyements (ind thetr greatost numer ol
applications In alternating current work because they
Integrate both current and voltage values and give a true
power reading with a high degree of gueuracy, The rmefes
movement prinaple Is alse applied ta other types of
meters

While watimelers can be used on direct current, AL s not
the usual practice, Good voltmeters and ammetens sun
give quite high accuraey for direct cument work by muliis
plying the (wo meter yvalues together Figare 7 11() shows
how the meters are connected Into an alternating curent
circult, Dynamometess. anid their applications are dis-

cussed further In Appendix 1

7 6.2  Hand-held wattmeters

Hand-held wattmeters are simitacin sige and shape tu a
multimeter, Battery powered, they operate dlectronically
and provide a digital readout, Range selection 15 by a
rolary switeh, The merer uses rm.s vilues of curment and
voltage (rrespective of the actual waveform and has an
avcuracy of about § per cent of the readout, o fgure which
(s sufiiciently acgurate fora portable Instrument. |
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' . 1 nout at have negative p ortes (from the intemal battery)
|
L ! ' i 1 HiEnnat an e ;-'m'“"'*- ]”‘"t" [ s has to be checks (1 befone
‘ . | i - e auiosms use because ol passibie dir tional ermons 10 current.
:.|. 1 i i It { i {1 1 b nsifve devices sud h as dilodes
{ [ ML 11 iher 1S ons Digital meters, on-the other hand, have constant
- ' | | | [ 1] Ol provids |'s|3-i!I.Ht_':~-!IT'I| the resistance RGeS and Cause no
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values than a digital mstment The diaital deyiee,
i F e A . . 3 -
. . v : - Comparlsr.:m of dlgi[al and because of 1ts circuil conliguration, TOkes an
| ' ' NE aul fmﬂlﬂgue meters appreciably longer time 1o gpond to the new value
i res e " _ : and settle Cgain
. " FOr normal operation the digital instrument 1S miss
: . ; y - '.i‘.'.|.i-",'1|' e mie I 0 _‘_!__..“___---r_ r].-:' melet Ii.i{' g”.:UTH
Al large; s the accuracy 7.10 RESlSTﬂNCE MEASURING

0 CIRCUITS

In previous sections, both parallel and senes ahmmeter

Volimetet (10 V l _ circuits were intraduced as a means of determining volues

‘. d“tn."ah";:'-'uy“ : nie i:;f-:'ruﬁe.,r__ St Hectilor l . of resistance. Both circuits, hOwever, haviee Hmits beyond
f—— | circunts \ | which their accuracy 1S '..!'Ill:"ﬂll't'ltlllh'
|‘I"ﬁ.‘.lt.'__'* | ez Parallel ohmmeter circults perlofin better than SETes
e = | i" circuits for low values of resistance, but as resistance
- t"}"-]-ll—;l- |l values get still lower, ernors can creep in. The resistance al
||] mA | J ) the terminal connections and that ol the leads connecting
‘ ac lde. | s | y [ the resistor under test begin Lo havean up'.”"‘“”hl‘- elfect
.I t| 5i:mhﬁ%w TR ’F — n Similarly the senes ohmmelte circuit ONIPEriorms the
FhOms: 1100 mA — | parallel circuit for higher yalugs of resistaiies hut of
‘ IS 7 resistance values increase, the current flowing through the
- | l ’ resistor and the meter decreases. A point 5 ‘_"‘"'_’l"“_lh'
(R reachied where the meter is no'longer able 10 indicate @
. u_..-;__; I"{ I]:[ ! value accurately.
|0
i egnd L P S - 7.10.1 Velt-ammeter testing

lﬂ*ﬂ For meost purposes d resistance measurement Tﬂ "lf:'
13 M‘“"’ﬂ'ui—lﬁ-wamm pbtained with sufficient acouracy by passind -I-:”;L:t.
o LS | bl ] . artet ‘ |hr_uugh the resistor under 15! and at the ::_-.nt:ﬂm F-

il iraimetan o price o Rl — measuring both the current through und € g
: across 1. The resistange I8 then calculoted by applying

mnst be faken in the

Dhimy's law. For greater aeoraey, G

1-1b .

Flgure 7,21 < Voltaromsler diecuis 18 & e ylisingy -
resrlange

cunnection of the clrcnit Plogure / 31 shidws |
CIECUILS

Ly Figure 7.2 100) the ammater Willxeasues
Nowing throwgh the valtmeter ds will s thiad
reststor. 11 the resistor has o comperatively |
reosistanycs w e o RLLATRLL Ao e volbneter e
iscrepancy’ in ammeter peading cun hie i
example, (H1he gurront flowing through the
1 A and the cureent fowing throtgh the
50 AL the amineter 18 unable 1o disedmin
reudings of 'L A ardd 1 OO005 A

On the other hand, tf the current Howing
cosistor s 100 nA, 0 suitably amimetsr
current flow of 150 j A '.J';;! ' l'l.“] ool gy e
glable percentages wion i resndt I"p_;:[”.l 7.2 110
a more suttable cienll for s Lt
verlues

Flgure 7.2100) shows thie voltmaeter conneel
supply Source The cirpme s faw ooy ond!
flowing threudghn the resistar With this chee
meter reads the -..npph* sOULCE G the sgm: o
chrops Qeross The resistor and e apnemetor in
Vs "’Iu-

For accaracy, with this cieull he volton
reststor must be lur greater than the volfedg
the qrmrieter Assunmiing thoat the ammeter
movement and the internal resistancein s X
drap aEross the metor s ¥ s I8« S0 A L
For bt results the p il across tho resiabor ne
virmes this value, that is, o value around 6l
[ower voltage valued e Eor INCRECses Lol

These methods for obtaingg e intoniie
serious HmEations ol regayds both GEeasroe
ity Two meters ore wupluf,rled artid WS HE
pim:hj:iliiﬁ (op infrodipcing rnem e s
Voltages and currents alws have to e o
resistior and meter relings

i 'ﬁ."H
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“ne of the majer applications: of o bridge megaer
instrument s the locaton of cable faults: The rp»;ju.;ﬁf_{,

betwaen the enas ol conles and the fault can be accurately

medasured and. by calc

ulanan, the distance to the location

Ui the fault can be omainied. The circuit LUNNEClion most
aften used has been given the name “Varey Loop’ Gtter

the man who proposed the

method

7.10.5 Continuity testing

Another variation of the Megaer cr

BEIALA
Relu N LS

lesting the

C-200 MO in

ance ronge 15 0-20 O, g
manutacturer Lo manufact

7.10.6 Care in the use of

A SO0V megger cun car
Waken, when using
leads can give

SOME dnstances; the o
otes tike o paraliel-connected ol

| | INWLY and resistance of conductors
installotion. While the standard medge :
=nes ohmeler for resstonee =

Hi’mu
uney

CUll is Intended for

in an
I operates gg a

ranges of G-100 ML or
MUNUItY tester Oper-
inmeter [t narmal resist.
gh this may vary from

meggers

15¢ ah electrit shock
Inudvenent contact

unless care |y

_ with' the
nmilarly, othe rlm or.an unpi O Clectric ) =
. ¥, other techinlaans hﬂl‘tdﬂng the Shnock
being tested can by affected. \ame Conductors

Underaround cobles 1 (s
g, Megoers generating

L S e e T

figure 7,26 * Modem battery-powered insulation tester

COureas

of AVO h’lEml{gp-‘ q

the purpose. Apart from direct electric shocks from i
instrurnent, there is an additional danger creqated hyr; |
capacitance effects of the cable. This applies particul 1
to armoured or metal-sheathed underground cables |[
The capacitance created by the method of CONStructiog
of the cable enables an electric charge 1o be stored on ‘
cable. The charge 15 created from the d.c. of the m " !
and generally exists between the conductor and thy I
armoured metal sheath protecting the cable, Because
actual capacitance can vary widely from cable to cable s l
i$ usually expressed in microfarads per unit length. O
typical cable has a capacitance of approximaley &
0.2 uF/300 m. Others may have higher or lower capac
{ances, :
AL3000 V, this copacitance relates to an ENErgy store
ol around 9 |. This quantity of charge at this voltage os
cause encugh of a shock to immobilise a technician foro §
tme. Sometimes medical attention is needed. |
Yn an aerodrome, for examiple, there can be many kil =
MELres of underground coble, so the scope for an eledm &
;L'i'l'i*fiﬂ 5 considerable. Even with q compuratively shos &
._:ngt_h O umderground cable this equates to an eneq 3
content atag veltage that can kill. B
lllf:j;:;}i}“:};;ﬂt'i'ﬂmri:udlinga _t.-_ll»;en_ by a megger on ‘lﬂ '
ehould B TE tf]};]ﬂ}b capacitance, the ﬂpﬂ'rﬂw
bt imeater A stallation is charged up to the voligE
"5 1S generally done by extended testind &
ductor for a period of time. The mel &
Ndicates that this has been achiev
stabilises at one value. .
= u“;:';':] ;:;‘:jdmg Itlu: resistance of one B
_ id cable to its sheath, the meges
e pﬁézﬁ:htch indicates a low resistance I’%
Wi lg. With the test the megger readl 2
@ much higher—and more S8

when the reading
For example,
ductor iy

7.10.7
Unider nui?:lzl?np 'Mpedance testers
HOKEIS, M worker con Q10N conditions for leGHS

1999 condiigne -2 B2 £xpected to check the il

th fl'l:lm the | , an inﬂﬁ“ﬂuﬂn ThE muur a:-u o ¢
- sty e v o e SRR -
mi’“-“h&m the m{:‘::ﬁ;ﬂ § Main earth ﬁﬁi:’_k_-,tﬂi. r,!‘-:ﬁ%..

utral is also grounded,

Fault loop impedance testers gre designed 1o aive
(ndication of the Ir‘n]:n_'tlunf_e of theit path SIVE an
rhe tester 1tsell may be a combination of me
nuity tester, and other functions such gs
ation and effectiveness of any residuq) current device in
The lnn[m lest phlci?'k €l i';nr-wn
petween one Ili']u_.'l*;P of the installation and me
the no-fault voltage and the voltage unde
L‘{_T'I']L“”"”"' This is then i_}l‘{'h'l‘k;:,l‘:_{_']

gyer; conti-
t{':il.inr._] the oper-
that installation il
asures both
Fsimulated fault
in the instrument and
provides d reading in ohms impedance for the toop back
lo the supply via the earth retuer -

For safety and residual current devices g good eurth
return is generally considéred a must. Particularly with
the later electronic devices, the testing of the loop impe(;-
ance can cause tripping at least and a possibility of
damage to the device itself. In either case an intermuption
o the supply service can vary from o minor nuisance -m
domestic cases to a major problem |n existing industrial
cases involving safety

711 POTENTIOMETERS

The primary purposeé of a potentiometer {s calibration of
the voltage of cells. However, the device can he adapted to
the calibration of voltmeters, ammeters, resistors, watt-
meters and pyrometers. Strictly speoking it does not
measure anything; instead it compares known values
with unknown values, which can beé referred to a linear
measuremernt.

A sensitive voltmeter such as a good moving-cail instru=
ment can measure the voltage of a cell. However, no
matter how small the currént taken by the meter, there is
always a voltage drop within the cell due to its internal
resistance. Thus the meter will always register a voltage
slightly less than the cell’s true potential.

For greater accuracy, a method has to be used where no
current is taken from the cell when the voltage is meas-
ured. This method is known as the potentiometer méethod
and employs the bridge circuit described earlier. When the

| | \
<
0
00 T O =
A 1-.} B
Tast cell
Is 1
 Standard cell
F
Galvanomeler
(a) Principle

Figure 7.27 « Potentiometer circuits

bridge Is balanced, na current is being taken from the cell |

under fest. The basic circiit is shown in Figtire 7.27(a).

A length of resistance wire is lald out against a scale
and a sliding contact is provided o that it can make
confact with the wire anywhere along ite length. This
resistance wire is shown between points A and 8 in Figure
7.27(a). A variable resistor is connected in series with the
resistance wire and a d.c. supply scurce. The resistar con-
trols the current flowing through the wire and limits it to
d value that will enable the wire to remdin telﬁtivéfy ool
and hence its resistance constant.

If point B is taken as a reference pomnt, the voltage
gradient along the wire will vary from zero (at point B) ta
the voltage of the supply source. '

A cell of known voltage is connected in serfes with o
galvanometer between the sliding contact and point B,
This cell Is usually one called o Weston standard cell (see Flg.
7.28). lts no-load yoltage is 1.0183 V at 20°C. It s a reliable
cell with a constant voltage and is relatively temperature
tolerant. The voltage error is usually about 1 in 40000

A point €, can be found on the length of resistance wire
where the galvanometer will register zero voltage. This'is
noted against the attached scale as o distunce. Effectively
it 15 another way of stating that the length of resistance
wire comresponding to BC, bears a direct relationship
between the voltage grodient along the wire and the
voltage of the Weston cell

The cell to be tested then replaces the Weston cell, (In

Figure 7.27(a) a changeover swilch has been provided.)

A balance is again found by adjusting the sliding contact

(at point C;). By calculotion, these lengths can now be

transformed into the required voltages by simple ratio.

Example 7.7

A potentiameter was used 1o test the voitdge of a cell:
The distance for balance with o Weston cell was foand to
be 77.8 cm and the length for the test cell was 58.3 cm.
Find the voltage of the test cell

S: S Ss Sw
Coarse adjust
AR A Re Rio

d[;-_-g

Standard cell
Galvanomeler

(b) Practical form
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Cadmium sullate
solution
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Cadmium susale sullate
crystait
Mercury
Cadmium and
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Figure 7.28 » Weston standard cEl

amount of electronic equipment is instatled, itis e
10 have a cathode ray oscilloscope available fnr

nANCe PUrposes.

7121 Cathode-ray tube (CRT)

R3
inknown cell yolge = ;;T_h - 10183 =076V
The above descripnion Ulustrotes the prnciple of the
ootentiometer. Modifications have been introduced 10
mmp'ﬁf‘e its use and W men ve \1s peovracy. Most the
length of the slige wire section was increased
something lke 7.m. This made the instrument rother
cumbeeome (o use and cEhbraion tedious, Next the
Wire War 1.1|f_ ol SECTONS, Tequinn lrufll the lost
wction 10 be caltbrated in terms of length
The modern vemsion uses standard wsision, which lake
up for bess voom. The sliding scale (s retained. This can
be s b0 Fgure 7.27 (D). Note olso from the diogram
thiett insiead of 6 varlable resistor 1oy the pawer source,
two adiusichle resistors are gsed: One 16 for ooarse, the
avher fior Bne adhistment Bach comtrols the amoant of
currerd taken from the pOWEr MALTE

~ P . . 3 - - "

oscillascope. 1t consists of an elongated glass |

when bomburded by an electron beam. When
period of time and grodually fade, This time isd

the human eye retains its last image for a sho
At the other end of the tube is an electron gun dé

coaled screen or faceplate. The gun seéction 15 m:
heater inside o metal tube called o cathode, Sur
‘the cathode und on top of it are circular wire-woul
gnds. Between the grids and the face of the tub

7.12 CATHODE RAY metal deflection plates to contro) the electrof

OSCILLOSCOPE (CRO)

In general tesms o cuthode tay osdlloscope presénts an 0 $pot as possible. E!Iertaﬂgum?mfnrm

eertronic sgnal os o picture or graph on o seree. §t Constrictio
mh;wummgedmgamnmmmnfﬂm Wﬂln;c:tngﬂm hea d ot
anﬁmmmheunyuwmiw aill that 10 heat the cathode

Blﬁtt{mm H,f
needs 10 be done is 1o change hot signal into o yplage  Gccelerated W?ng{;:m[ L

and 1t con be examined @ length on d screen.
MBWM?M&&HMTEW "lﬂlﬂaﬂm_ Gl’ﬁh Thl:‘hgqm

a1 thie 19305 and o oped
bewsuse of the Wmm m“m

Mymm
-mmm

The cathode-ray tube is central to the upemﬁnu. . A.‘ e

a glass faceplate at the viewing end and thutl '3
internally with a phosphor compound. This coating g "

" 1}__-..
i TER L

beam is removed, the glowing spot will remain for -_f '_]

to produce the electron strearn and direct it ﬂ?ﬂ

Enmml wontmls on the front of the instrument 85
nal adjustment or focus of the beam (o ens\ “' 3

e

-

L - ol

lHl

|r

tiony of the retentivity or persistence of the soreen, JUlE

lll|-|

-i..

I.

r||'

[1]|i . I'

|1r|

L

Deftection plates
Figure 7.29 » Cathodesay tube
() (b) A similar situatian exists In Figures 7.3
—L "L When o voltage is t‘.l}:iplleu:ir tlt he ot
——l L ] |>— —+ .l—w bl?ﬂm cun hﬂ Wﬁpt ﬂ!!ﬂm g ‘f” U
applied polarity. These are call u_{;_; verti .
i T plates,
fiy applying voltages (o bo M sets
i | time, simultonesus .~'l_ iz
- ,}"’ be achieved, Thisis mmm
tive polarity has been o e
the dyght-hand horizontal g te, T

upper right-hand corner of the scree _r
If the voltages applied to the [p ‘ : alloveed to vary
the glowing spot will move arour "'. "ﬂ”& th @
ages. I the voltuges ettnnﬁ

(€)

el
Iy o 1I|.n.“gil1 8 1,

?_I::h

moved. i L
ThhleﬂdnmthescmnF 4

il fines, 1f the applied volte ;
HV- Milbﬂufudotmarlug.. in

1 |r-1.J Gl b

change s rapid, lhep Teen and i
human eye makes [t ﬁ’?” {1 15 STIOHWI
on the screen. L
7123 Block diagram of -- a‘*’-:‘:-. .1,-__1 .
A block diagram of o CRO ' :
sHows themnualmmwm

1. Vertical amplifiers I
In practice the CRO IW 5 0 .J"ul‘:
mﬁ lmtmfném and to oldte the CHRE

1
f

-r*lh L
<

under test. In MIMHT&’ ‘ ca
a form ol calibration. e signa
_ mnhead]mmdtatqhm
F 30« | and verticol plates defect the electron screen as required, il
LNl :rq::r::-m S By Lsolating the oscllos

1n Figure 7.30(a) no voltage has been applied to either

st of plates and the dot indica tlngthulzctmwm Verseel
remains centred on ﬂléﬂa'ﬂm R '_ e
An Figure 7.30(h) a valtage ™~

of Phw and mnhﬁﬁmuh ..h lqm’

the CRT will continue to gfmﬂm hough the spx :
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7124 Vertical input attenuator
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Figure 2 34 .

typioal tromt panel view of iy

11']”1]!. it AL the exirine lefrshand position of the

thll”'l avitecl, vach yerfical centimetre on the foee af the

CRO peresents S0 VAL the dight-hand end of the switch.

aiaeh contimetre represents 10 mV/em. In both l'hlh'._]funn
fhe 10 Viem switch position has been selecred :

(hie usuad dnput fmps donce of maost wscilliscopes: i

| MO shunted by an input capacitance in the

ange A0-3U pE These values are gencrally aocepted as

indusiey standard and '-‘!~t='|’-tl'u'l.'-1h_- aroessones qre

.lll"li”‘l'

(1A
made o mat h these values. A value of 1 MO does ol
eyl and appres fable loading effect on Mmany crcuits and

vhe capaciions, Conns ted acress the network of reistors
srabitlise the inpul

7125 Horizontal time base

(o NP the pertarmance of an asalloscope, the hori-
santal time base has 10 be colibriated. That is. the time
raken for the election beam to travel across the screen has
(o be Known exat ty. The unit is controlled by an oscilla-
wor in e sweep clrcult module (shown in Fig. 7.31) witha
waiwtootl wavelorm as shown in Figqure 7.33,

rhe time-base control on the front panel enables the
iwl'u-._l afl fime for cach complete gycle to be selected. The
ime can be shottened or lengthened as réquired by rolat
inag the ;'.th switch tar the nme base

In Haure 7,35, o ront-panel layout §s shown for a time-
base switch, In this particular instance the slowest sweep
Hine §s SO0 ms/om; that is, the boam travels-from leit to
right al & rate of one hall-second for each centimetre ol
travel (2 em/s). The fastest sweep time is Q.1 gs/om, There
£ alsg proviston dor an external sweep signal o be
interted inta the osclllosCope Grouit

Timatm
R \ E'm .:\\.:' \;}\‘
W {8
5 20 an
msAdlv, S = N
% | 10 ."‘.
- _“-\-.\ "-1
N x|
10— ""H -3
D0 — l - & |
- iy
%
B
o =
\ 1)
20 -
e | T

flgure 7.15 = Honontal time-tase ool 'Ihgﬁc are- 2% L
Dase Aething s Al an extormal st pokuan

7126 Triggering the time base N
The vertical movenient of the .-],ﬁjmn beqm B contraiksd
by aval tage input to the vpnh:ul mtﬁumhﬂ- The h“";‘:;
10l movement of the beam 15 vontrofied by @ purpose-ti
astillator, s the
Oive conses the beain fo sweep horzontlly across the
screnty: the ather couses the beam 1o vise of fali umw:.::;;
1 the appliwd inpat voltage. The chmbinet st :i‘t': e
two entinely separate sircuits iso groph G
W the osclloscope.

When a CRO 13 1o be used to check the wavelon £
alternating voltage supply, the eycles gmﬁ_..w speat-
ing themselves as long as there 1s an input: Eagh
cycle occurs @ will draw a troce on 1he screem. m :
swieep i controtled, (1 might drow the iapur voltuge: lote

or earlier in the eyule, Tﬁ#.mult is @ meaningless
of lings an the screen. :

I
To enable an oscilleszope ta dmw a groph mmaﬁa"
sense, a trigoer circalt is provided. Fhe trigger controls the

mstant when the horzontal sweep commences (s mavel
oUrnss the screely, :

Trigger circutrs provide the means for the oscillescope to

synchronise the beam mavements. They ensure that the
horizonital sweep always storts at the mstant the vertienl
input reaches a specific voltage. For esample, if inspecting
o sinusoidal waveform, there is only one part of o cyels
when the voltage 1s not only going positive bul isalso pos-
inve in value.

A trigger circult can be adjusted 1o sense this condition
and send a pulse to the sweep circuit so that 1t commenses
its horizontal travel. The fevel of positive valtuge required
can also be selected, for example, going positve and =1 V.
The result is that only one hne 15 swept or repenmd mn-
tinuously on the screen. [t {5 nos the same cycle bat is the
same wavetform traced over and over. The trace appeassio
remain stotionary and can then be examined.

7.12.7 Interpreting the CRO screen :
Most oscilloscope screens have @ transparent cover Rxed
in front of the screéen with o araticule inscribed o it in
centimetre squares. This is the narmal measdrement and
it is usual for the screen te be 8 om high by 10 cm wide.
[f the instrument s calibrated comectly, medsuremens
raken by means of the graticule can be ransipted ino
values

Flqure 7.36 shows two cycles of o sinusoidal waveionm
as thev would appear on an oscillastope Sureett, L
honzontal and vertical reference values. he sin
waveform can be evaluated, N

As an example, use the values set on the vertical tten-
wator from Figure 7.34{b) and the horzontal thne base
from Figure 7,35, This gives the cscilloscope sorven values
of 10V cm vertically and 20 ms/om horizonlly.
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