Afhraludj-lng thischagdar, the shsdents will beabis to:

& Defineand cotoulato oloofricTield strongih.
[Lise F = gF lor Ine [ome un & chamge in & elecdnc fold, Use & _hﬁ- lumlcw.ehi I'Eld slrength
cfthaunlfarn flald betvoon changod parallal plakas]

@ Dagcfibs thaaffact of 4 uniform slectrc fald on tha moton cct‘mnrqndpm,r. )

& Giate that, for 8 point outsics 8 sphencal conduchor, the chame onthe amg@mwuwnﬁdnmtu
be 3 pointcharge atits centre . ! r

@  Explainhaiw 3 Famday cagaworks. gl

[by Indusing Intomal ﬂmﬂcﬂnldﬂhtmrkhuﬂu’dwnld‘aﬁm ﬂlnlnf‘hlmmﬂmnm] aleciric

fleslds] g |

Stete and apply Coulomb's law. A X

F=k“'—“* hrlmmmmmmmmawh}'ﬂaqﬂ:&[ﬂﬂﬁ b=l |

@

Usza E =§ %- fortne electicfiald Bturgllduphﬁ‘iqpfﬁt charge In frea spaca.

Uas, for urwmrl—mrrmn conductar. me d:ﬁi’%aalnn i=Anvd. [whemen g the numbar of chargs
camarzparunitveluma) 3

State and use ¥ =W/, )
Shmandmur"'n;ﬁ" i'RmP""I}’«?R

"\\
Slataanduse § = P—

Stara that the racletanw uﬁ} Iiaht depandent resistor {LOR) decreases pe tha light intensity
Incraaees. r M

“Stena mnmm% destcrbethatitis a conesquancs of consanvation of charga.
Shate Mhdfsmdluwund desciibe thatit ia 8 conaeguence of consarvation of ensrgy.
Uza KirchhofFs iaws bo soive simpis i revitproblams.
Slale m@impﬁr'mlﬂuﬂ Inepolenliomedes a5 a medns of omparing polanlial dilerences,
Enplainihs useofagahanomaterin nulimatiods.,
Explain the uss of thermisions and ight-cepandant resistons inpotential dvidess
[t provide & pofentlal difarence thatls dependant on bsmperature and light Intanatyi
Explainthe intemal reslstance of sources and s consequences forexternal cicuiis.
Explain how inspachors can aasly check the rallabllity of @ coancrete bridge with caroon fibres as the
fibrees cord uct alectriciby:
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e know that magnitude of the charge on an electron is equal to that of a proton.
Thechargaonaprotonise’ andthatonanelectron e & isvaluels; e =1.6x 107
C where C (coulomb) is the Sl unit of charge This charge (e) is the smallest amount of
free charge thel has besn discovered. Charges of larger magnitude are built up on an

object by adding or removing elecirons. It is the minimum amount of charge that amy
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paricde may contain. Thus, any amount of charge g isan integer multiplaof 2, i.5.,

g=Ng where N isaninteger
Elactrosiatics Is the study of phancmena and propadtlies of elecirlc charges at rast.
When charges are in motion, we callit as.an electric cument.

Charles de Coulomb (1736-1808)

Coulormnbr's megor aontribution bo sgience was in the feld of eleciostabios and
magnetlam. Duing hia [Felime, he alaa inveatigated the strengths of matena and
detarminad the forces thatefect on beame, thersby, contributing ta ihe fild of etructural
machanics. In e feld of argonomics, hia ressarch provided o fundormentsd
understanding of fhe vways in which peopie Gan Dest dowork,

9.1 COULOMB'S LAW e i

92 Pheic 1) -

Coulomb’s law B a fundamental prnciple in g . b
electrostatice that quantifies the force belwesn two H.,:' e
charged objecis. The first measurement of the force i iz ..,]
belween eleciric charges was made by a French : ’
Physicst Charles de Coulomb in 1874, Coulomb’s law is s i

essential in understanding the behaviour of charped ,m{“_:.._..", 1'.'_ -4
pariicles and theinteractions that govern manyelectrical | . _ i
phenomens. On the hasis of thase measurements, he k i
deduced alaw known as Goulomb's law. It states that: Flig. 8.1

The force belween two-point mzfges is direclly (a)Repulsive fortes babwesn ke
proportianal to the product of the: rn.ag'liudﬂ of charges charges and

and Invargsly proportional to tha ‘Bquare of the distance (b} allwslve forces batwasn
between them. it ismaﬂm‘mﬁmjhr expressed 35 unlike: charges.

Fo “% ur-._f'*- k";—‘} R T

whare F is the magnitude of tha mutual force that acts on each of the two peint charges
g.. 4. and ris the distance between them. The force F always acte along the line joining
the twa point charges (Fig. 9.1}, k is the canstant of proporiionslity. Hs value dapends
upon the-nature of medium ketween the two charges and systam of unils in which 5 g
and rare measured. If the medium between the two point charges is free space and the
system afunits Is 51, then K Is reprasentad as

"""‘in"lg';' e )

where &z, is an electrical constant, known as permitfivity of free space. In 31 units, its
value is B.85 x10"°C* N" m’. Substituting the value of g, the constant

A & . i
H—‘m:' Q1P NMC T
Thue, Coulemb's foree in free space is Doas an ainchmsic s
_ 1 aua, st batwean a charged
= T and an uncherced?

4ne, rt
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&g stated aariler, Coulombe' forea Is mutual force, it maans that f g, exerte a force on 4.,
then g, also exerts an equal and opposite force an g, If we denole the force exerted on g,
by q, as F,, and thaton charge g, dueto g, a2 F then

P R R e L

The magnitude of both these two forces is the same and |s given by Eq. 9.2, Torepresent
the direction of these forces, we introduce unit veclors_ If 7, is the unit vector directed
from g, to g, and f., is the unit vector directed from g, to g. then

o ﬂa%;" {5.5)
Fis é%h {9.6)

The foroes F,,and F,, areshown in Fig. 9.2 (a andb). Itcan be
saonthat F, = - F,,, 50 Eqs. 9.5 and 9.6 showthat,

F.=—F.
The sign of the charges in Egs. 9.5 and 9.6 detemine b
whether the forces are atiractive or repulsive. Tabls 9.1
Wea shall now consider the effect of medium betwean the two Material &
charges upon the Coulomb's force. If the medium is an Vaouum 1
insulator, it is usually referred as dielectic. |t has besn found  Arfatm) | 1.0008
that the presance of a dielectric aiways reduces the ENTRTONSR, SN | e
electrostatic force as compared with that in free space by a ::hr:t:e :’é’i
certaln factor which Is a constant for the given dielectric. This o -0 i
constant is known as relative permitlivity and is represented e, 4010
by =. The values of relative permitivity of different diefectrics  Mica 375
ars givanin Table 9.1, Paraflined paper 3
i p . e Plerslglase 340
Thus, the Coulomb's force ina medium of relative permiittivity = 254
& I8 Qiven by Tafion 24
AT 1 g 0.7 Transfommer ol 71
N e e Water (distited) | 785

Itcen be szen in the table that &, for iria 1.0006. This value is so closa to one that with
negligible error, the Eq. 9.3 gives the slectric forca In air,

| Exampia .1 || Thrae paint charges g, . and g, are lying
in the same plane as shown in Fig. 83(a). Find the
magnitude and direction of the net foreactingon g,

{ Solution ) e/

i ol - 8

Forte on g, exerted by g, is atiractive. Lot it be £ iis ﬂf}l:;[: r=018m 60
magnitude is given by Fig. 9.3ia)
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L (@x10°N m* G*H40x 10°CYBO107C) _ o

o 015 m)*
Forca on g, exartad by g, is also aftractive. Letitbe F,. Itz magnituda is given by

7 £ E '
Ea‘-“E"gF"" (9= 107 Nm® C){40=10° C}50 = 10FC) — 1250 N
A {0.12 ) A
To find the resullant of B, and F,,, st us make fres-body diagram, & Fa
rasolving F,, intoita rectanguiar componeants, we have ®
uF
Fa=RyeosE0’=1250N 2 0.5 = 625N o I““' ——
E,=F,3nB0° = 1250 N x 0.86=1075 N (RO P,
The x-componant of resuitant F is L. Fig. 0.3}
Fo=Fo+F,c0860° [ C=r== S
= AVen de Grasff gererator is an vedroststic generator which
= tU N #0ZuN uses @ moving belt o sccundete stectne charge on a hollow
F,=1585N mital ygmntm?ﬂwfgj\mﬂeuwméaﬁ?mgww%
3 HME 1 ALETE! - | CUITER R, 1T YRR INYe
y-component of F |s: byanAmpdcan physicielRebert J. Van de Graffin 1920,
= 5 The patentlal diférence achleved In madem Van de Graafl
i i ga’le'r:atﬂrs CET rEach 5 mg . & tanletop ver:lun carl
g ! roduce of the: of 100,000 yolte and
Magnitude of F is given by gmm“% it :g::mm i f“;":‘““ ""I"Wﬂ"'
P 2 o A pulley dtivesan insling bstt by ash poinbsd maial camb
F JF, +F," =1875N whl_:ﬂ:nshaangm Tnmlﬁa =$ﬂrg powver supply.
For direction of F: Electrons’ mre removed from the beft, leeving it poskively
' charged. Asimillar comb at the iop allows the net positive charmmo
E 1075 o spread o the dome.
tand =—-=—— =088 Why da the hairs lift when VAN DE GRAAFF GENERATOR s
E 1585 . guched?

Tharefora, 8 = 34" with theine joining gy and ge.
9.2 ELECTRIC FIELD STRENGTH

Wa have leami thal a charge experiences zn L
alactrostatic foresin the prasenca of other charges. Let i3

ug conslgdara'postively chargad object Q. If we place 3 // o

small charge +g at point A, it will experignce an t A

electrostetic force F due to the chargs Q. Thus, an
alactric fleld |s sald to axlat at point A. Coulomb's law
suggests that the field gets stronger as the paint A gets Q;P
closerto Q 2= represented in Fig. 9.4. The strengthof the a

fiald ata position is known as its intensity at that point. Fig. 94

The eleciricintensity of tha field or simply slectricfield atany paint iz defined
asha forca axparienced by a unit positive charge placed at that point.

Elactricintensiiy is a forca, so it iz a vector quantity and iz usually denoted by E. It can be
obfained by tha relafion:
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In vector form: E =1— r

g

From Eq. 8.8, the unit of eleciric intensity |s newton per coulomb N C. The direction of E
isthe same as that of F. The Eq_ 9.5 can also ba wrilten as:

F=GE oo (8.9)

amd g, = 4.0 pC are separated by a distance of 3.0 m, as .y
shown in Fig 9.5 Find the spoton the line joining the two N
charges where electricfisld is zero. Fig. 9.5 =Tt

| todwtlon | Batween the two charges. the fields condributed by them have cpposite
directions, and electric flald would be zeroat a point P, whera the megnitude of E, aguals
tc E,. In Flg. 8.5, lat tha distanca of B from g, be d. A1 B &, =E,which Implles that:

1 a S "
dne, (30-d)  dae, o ,
o 4 & 5
;gf;,[“ﬁ: i ";2“ C  ord®¥ed—3=0 whichgives d=+1m,-3m

There are two values of d, {he negative value corresponds to a location off to the right of
both the charges where megnitudes'ef E, and E, are equel bul direclions ars same. In
this case E, and E, do noet cancel at this spot. The positive value comasponds to the
lecation shown in e figure and is the zero filed location, hance, d=+1.0m.

(| Erempls 9.3 [ A projon experiances an electrostelic force squal o its weight at a
particular pointin an siectric fisld. Whatis the field Intsnsity at thet paint?

Meass of proton=1.67 x 10™ kg and charge, e=1.6x10"C

Hisomsiten] \

Using e il
g e
Bubstituting the values,

| Ewampia 92 | Two positive pointcharges g, = 16.0 uC 'I¢..'°f_;.|
: )

o

or

_ 187 =10% kgx98ms”
16107 C

E =1.0%10"NC"

Electric Figld Lines

Avislal representation of the electric field can be obiained in tarms of eleciric fiald lines,
an idsa proposad by Michaal Faraday. Electnic fiald linss can be considerad aa a visual
rriap used to represant the direction and strength of an alectric field around a chargad
object. As electric fizld lines provide information about the electric force exsried on &




I ohpics -

o — g —
-@“'ﬁhrﬁﬂ'—_!‘ Electrostatics and Current Electricty [

charged object, thasa lines zre commonly called “electric lines of force”.

To introduce electric field
linea, we place positive
tesl charges +g, each of
rmaxgnitude ¢, at different
places but at egqual
distances from a positive
charge 4 as shown in
tha Fig. 8.83. Each test

charge will experience &
repulsive  force, as
indicated by arrows in
Fig. 8.6(a). Therafare,
the electric fisld craated
by the charge +qg is
direoted radially outwerd.
Figurs 9.8(b} shows
corresponding fisld lines

)\__)'IL 4g,

» 5 '3,

P

[} il

Figa.6 s

{a) A poskive test charge +o, placed anywhers In the vidnity of a
posiive polnt charge «g we:[nﬁ&a a repllEve foice diracted
v gl ly oubward * - ;

[0) The: gleciric field lings are directed radislly outward from the

posithe poind chungn +o.

which show the flalg

direction. Figure 8.7 shows the eleciric fiald lines In the
vicinity of a negstive charge —q. In this case the lines are
directed radially “inwerd”, because theforce on 8 positive
test charge is now of atlraction, indicating the slaclric fiekd
points irward.

Figures 9.6 and 9.7 represent two dimensional pictures of
the: figld lines. Howeaver, aledtric field lines emerge from
the cherges in three dimensions, and aninfinite numberof
lines could be drawn.

The electric field lines “map” also provides information
about the strength of the electric fleld. As we notice in
Figs. 9.6 and 8.7 that fleld lines are closer to each other
naear the charges whars the fisld s sirong while they
continuously spread out indicating 8 continuous
decrease in the field slrength,

The number of lines per unit area passing
perpendicularly through it is proportional to tha
magnitude of the eleciric field.

The electric fieid lines are curved in case of twe identical

gaparatad chargas. Figure 9.8 shows the pattam of Ines
associated with two identical positive point charges of

Flg 8.7: Tha slectric fiskd inas ans
dirsctad radialy Insand trvahds a
nagattva polnicharge

Q \:\:}; /
i

)

|

\ NN
AN
Flg.B.B: Thg slecinic fiold linas
for bwo IBenlical opposie polnt
changes.

1117,
1z

Bl \‘N
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aqual magnilude. |t reveals that the lines in the regicn f /’E‘\ i
batwean twao ks charges ssem to repel sach cther. The \ 1Az | #
bohaviour of two Kentical negatively charges wil ba ‘\lh / \\ /
exactly the same, The middle region shows the presence AN

of azera field gpotor neutral zone.

Figure 6.8 shows the electrc field pattem of two opposite
charges of egual magnitudes. The field lines starl Trom ( F 1A
positive charge and and an a negative charge. The / \«\E, g.f 1
electic field at points such as 1, 2, 3 is the resultant of p— ﬂm;’wm
fields created by the twa charges at these points. The L ey
directions of the resultant intenStics is GIVEN by The ot rrt iy arisa
tangents drawn to the field lines at these points.

In the ragions whera tha fisld linas are parallel and
equally spaced, the same number of lnes pass par
unit area and therefere, field is uniform on all points.
Figure 9.10showsthe field lInss between the platea of a
parallel plate capacior. The fleld & unlform In the
middle region where field lines are equally spaced.

Ve a2re nowin a PD&"ﬁDI'I o aummarize the F.II'DPH‘HEH of
electnc fieldlines. :

1. Electric field linas originate from positive charges eig0.40: In the central region of &

and and on negative chargas. parallgl plate cepagilcr, the eloctric
) fiedd Erms ara parsliel and everndy
2. The langent to s field lina al'any point givas the spaced. indicaling that the slecric

direction of the elechic fiakd Hﬂhﬂtpoil'll. fighed thiere ha the same magniude
R and direchon &l pomis.
3. The Iines ars closer where the field iz strong and the

lines arafarther apartwhers the field iswealk. H Do you knove? “

4. Notwolines crosseach other. This is because E hes il B
only cne direction al any givan point. If the lines

cross E could have mora than one direction. \
9.3 ELECTRIC FLUX
When we place an slement of area in an eleciric field,
some afthelines of force pass through it {(Fig. 9.11). The
number of tha field lines passing through a cerain -
alamant of area Is known 2s electric lux through that
arga. It is usually denoled by Greek lefter ¢,. For A
axample, the elechric flux §, through the area A ia 4 while
thafluxthrough B s 2.

In order to give & quantitative meaning fo fuwx, the field  Flg® 11 Electic fux through a
surlsca normal o E.
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lines are drawn such that the number of field (ines

—_—e Sm—
passing through a2 unit area he!d perpendicular o field
lines at a point represant the intensily E of the field at ——r3 —

i A E
that point. — g [
Usually, the element of area is represented by a
vector area A whose magnitude is equsl to the —— = e
surface araa A of the element and direction Is slong 3 <

normal o the area

In Fig.9.12 (a), area A is held perpendiculsr tothe fielg 7813681 Maximum
linas, then £4 lines pass through it. The flux 4., in this
caseis:

§ SEA b S

In Figure 9.12 {b), area A iz held paralle! to field lines
ard, as s obvious no inas crose this area, s that flux
b, inthiscaseis:

Figure 9.12{c} shows the case when A is neither
perpandicular nor parallel to fisld lines but is inclined
at an angle & with tha flald E. In this case, we have to
find the projection of the area which ig perpendicular
to the field lings. The area of fhis projection
{Fig.9.12-c}isAcos8. The flucd, inthis caseis:

¢, = EAcos ...comnen(8.12)
The eledtric fux &, throdgh a patch of flat suface in

terme of E and A isthen given by Fig9.12{e)
$u5EACOSE = EA ......(8.13) 3
whiars 0 ig the angla betwaen tha fiald lines and the o 4

normalto the area. Electric flux being a scalar product,
is & scalarguantity. lts 8l unitis N m* 7.

Electric Flux Through a Surface
Enclosing a Charge

Let us calculate the eleciric Mux through a dosed
surface, inshape of a sphare of radius r due toa paint
charge g placed at the centre of aphere as shown In
Fig. 9.13. To apply the formula J, = EA for the Fig.e.15; The totel electrde Aux
computation of eleclric flux, the surfece areq should #ough the surace of ihe- &phan
ba flat. For this reascn the tolal surface area of the O '0dchamegatitscentieis g,
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sphere is divided into n small patches with areas of magnitudes AA,, A4, A .......... "
AA respectively as shown in Fig. 8.13. The direcion of each veclor area is along
perpendicular drawn outward to the corresponding patch. The elecldc intensities at the

centres of vectorareas AA, ARy, ARy AR BrE E, E E,, ........, E, reEpectively.
According to Eq. 9.13, thetotal flux passing through the closed surface is:

Q.= AA+EAA+E AR o PELARL L (9.14)

The direction of eleciricintensity and vector area is the same at each patch. Moreover,
1 \

|E|= Ed=|Es|=mm= |E, =E:E% s O18)

Since E is parallel to vector anea &, therefore, B = 0% (Fig. 9.13)
g0 for sach E.AA = EAcosD
=EAcos0e = A [ cosl® =1}
$, - EAS +EAA+EAB+..co. + EAA,
~E (AA+AA +AA —..nn HAA )
- E (Total spherical surface area)

e
o

s34 e X
&, : e S v (DL16)
Mow Imagine that a closed surface S is enclosing this
sphere, Itcan ba sean in Fig 8,14 that theflux through
the closad surface S Is the-sarms as that through the sphare. So, we can conclude that
total flux through a closed surface doss not depend upon the shaps or geometry of the
closed surface. |t depends upon the medium and the charge enclosed.

9.4 GAUSS'S LAW

Suppose point charges §. G, Gu----...., are arbitrarily
disiributed within an arbirarily shaped dosed surface_ as shown
in Fig. .15. Since ¢,= g/, 50 the electric flux passing through
tha closad surfaceais:

Fig: .14

9 T 0 4 8
4, g 1 % [ e, iz 6
&, =E1:w.!q, S T A TR o ¢ i ]

4 = B% x (Total charge enclosed by dosed surface)

b= A s AT
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where Q =g, + g, + g, *...coeeeoenn ¥, 15 the total charge endosed by dosed surfaca,
Efuation 8.17 ia malhe matical axpression of Gauss's awwhich can be slatad as:

Thetotal electric fiux through any closed surface
is 1/, times the total charge endosed init.

Applications of Gauss’s Law

Gauss's law can be applied to cakculate the electric intensity due to different charge
configurations. In all such cases, an imaginary closed surface iz considered which
passes through fha paint at wihich the elecinic intensity is to be evaluabed., This closad
surfaca is known as Gaussian surface. ts chaioa is such that the flux through it can be
easily evaluated,

Az an example, let us find the electric field at any point outside a sphere on which a
charge gis placed.

TheField of a Charged Conducting Sphere

Cansider a conducting sphere of radius R containing a charge . We know that
all the charga s distributed unlformiy over the surface of sphare as zhown In
Fig. 2.16. We can also condlude from the spharical symmetry that the eleclric field is
redial everywhers and that its magnitude depends only on the distance r fromthe centre
ofthesphera. Thus, the magniiuda £ls uniferm over a spherical surface with any radius r
concentric with the spherical conductor. Therefare, we take our Gaussian suface as an
imaginary sphere with radius rgreater than the radius R of the conducting sphere.

The area of the Gaussian sphere is dnr’, and I
because E is uniform over the sphere, the
total Aux through the whole surfacs willbe:

Elatiric flux #, SEA=Exdnr?
By Gauss'siaw, total fiis:
.,
§. = 2.
Therefare Exdnr® = Ei
_q 19
or E T B dne”
a: 1 g
o= E 4z, g2

This showa that the field et any point outside the sphere is the same g3 though the entire
charge were concentraled at its centra. Jusl outside of the ephere, where r==1, i.e.,

1.9
=l i g898)
Invector form; E=—1_ 9§ where 7 is ihe diraction of E,
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9.5 ELECTRIC POTENTIAL

Figurs 9.17 shows two oppositely charged parallel =~ +] +] +
plated which producs auniform slactric Reid.

Lat us consider a poeitive charge g which |5 allowed 1o
rriceve iy this uniform elechnic feld. The positive charnge
will move from plate B to Aand will gain K.£. lfitisfobe
moved fromAto B, an exiemal force is neaded to make
the changs mova againat the slachric fisld and will gain
PE. Let us impose a condition thal as the charge &
moved from A to B, i is moved keeping electrostatic A= —1_—1 1= _—| —¥
equilibrium, i.e., it moves with uniform velocity. This + Flarea?
condition could be achleved by applying a force F equal and opposlie to gE at evary
point along its path. The work done by the external forca against the electic field
increases slectrical potential energy of the charge that is moved.

Let ¥, be the work done by the foroe in camying the positive charge g rom Ato B while
keeping the charge in equilibdum_The change inits potential energy Al = W,

or Y e minins L I

whara L}, and L, are dafined to be the pctentigl energles atpointz Aand B, respactively.
To describe electic field, we introduce the idea of electric potential diference. The
potentizl difference between two pointaAand B in an electric fleld |z defined as the work
done in camying a unit positiva charges from A o B while Imaping the -::I‘Iama in
e
AV =Y, -V, = MU

] q

E
+
-
&

™

— 8

P

............... (9.20)
where V, and V, are defined a= eleciric potentials at 1]’
points Aand B respectively. Electric potertial energy 1~
diffsrenca and eleciric potential difference betwaen ———————
tha points Aand B ara related as:

) An ECG records tha “woliape”

AU=gAV ... oo, (8.21) tWaBh: paints on human skin
gerented by alecrical procass i the
Thusg, the potantial diferenca between the two points  hesrt. This ECG s made in running

can be defined &5 the difference of the potential nﬂsﬁlun providing Information about
anergy perunit charge. tesanrl's perfor et under slioss,

&g the unit of PE. is joule, Eg. 9.20 shows that the unit of potential differance is joule per
coulomb, Itis callad volt suchthat,

1 jouie

ol ———
vol 1 coulamb

~49.22)
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Thatis, a2 potential difference of 1 volt exisis betweaen bwo points ilwork dong inmoving a

1 coulomb positive charge from one point o the other, keeping elecirostatic equilibrium,
|z one jouls.

In erder te give a conceptof elechric polential at a point in an electric field, we must have
a raferance to which we assign zero alectric potantial. This point is usually taken at
imfinity. Thus, in Eq. .20, if we take point A to be atinfinity and choose V=0, the electric

patentialat Bwill be V = “F';ﬂ . Generally, i Foint w0 ponder| B
W Why is it advised to wear
Ve s (023 rubber soled shoss while
aq handirg eleciricappliances?

which states that the electric potential at any point in an electdic feld s 2qual to the work
done in bringing & unit positive chargs from infinity to that point keeping it in electrostatic
acuilibium. So, the potential at a point B alweys relstive to potentisl at infinity. Bath
potential and potartlal diferances arescalar quanities because both Wand g are scalars.

Electric Field as Potential Gradient

In this section, we will establish a relation betwesn eleckric irlensity and patential
difference. Let us consider the situation shown in Fig. 9.17. The electric field between
the two charged plates is uniform and its value is.E. The potential difference between
Aand B is given by the equation:

Ve -v,=wf. SR (-7 | T G (ol Spha fgth

whara W, = fd = -gEd {the negative sign Patendial
is neaded becauss F must be applied Difesnce
apposite to gE s0 &s to keep it in

equiliru m}:Et: this, Eq; 9.24 becomes: M\ j’W’V\ﬁwW\ﬂﬁﬁmﬂﬂﬁM ||

W, —V, == Fg
q Time ————
ore—-Yectil_ &Y .29 T ECG (ABnomal)
If tha platarn. A and B are separatad by

Infinttesimally small distanca Ad, the pier~
Eg.8.25is modified as:

AV . —~ 28,
E=- P e 1 13 —‘“Iu-"" “'—'—'—I.J_ —?“4,'
The quantity AV / Ad gives the maximum Ths —

value of the rate of change of poteniial :
In giecircencophalography the polontiadl deferonce
with disianca because 1he CNarge Na8 cuged by the slectricel activity of e brain are used

heen moved along afieldline inwhich the  for disgnesing sbnommel behaicr,
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distance Ad between the two plates B minimum. ILis known as potential gradient. Thus,
the electric field intensity is equel to the negative of the gradient of eleciric potential. The
nagatlve eign Indicates thattha diracticn of £ |2 along the dacraasing potental.

The unit of electric intensity from £9.9.26 is voltmetre (V m™) which is equalto N C' as
given balow:

wolt il joulsdcaulomb _qNewiorxmelrs | newton

1 i =
maire metra metrs "coulomb coulomb

=1NC"

|1 Bxample 9.5 1| Twa paraliel metal platas are 1.0 cm apart. Thess ars connacted io a
battary of 12 voits. Find the magniusds of slsciric fleld Intensity betwesn them, -

¥ sotation
Hera, AV=12V, Ad=1.0cm="1x10*m,E=? Y
Using theaquation g-=-="

Ad

Substibuting the values,

12V

E=
1:0° m

=1z00vm’

An electron is released fram the negative plaie. Determine ils velocity as it reaches the
positive plate. Mass of eleciron = 9.1 x 10 kgand charge=g=e=1.6x 10" C.

[ sotvtion b

The slactron is repelied by thenegative plats and atiracted by the positive plate. It wil

be zctelerated towards posilive plate. Therefore, its RE. will be lost that will be
converiedintoits KE. -

Lossof AE = GdininK.E
AVcw ='% my’
Submitting the values,
12Vx18x10"C --%u 8.1 % 107 kg x »?

v =42x10%n’s"
or v =21%10%m &’

9.6 ELECTRON VOLT

We know that when a particle of charge g moves from point A at potential V, to a point B
ai potential V; keeping elecirostatic equilibrium, the change in potential energy ALf of
particle is:

All=giV-V) =gAV. . . .......[027)
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If no external force acts on the charge 1o maintain equilibrium, this changs in PE.
appears Inthe form of change In K.E.
Supposa charge caried by the particleisg=g=1.8x 10™C,
Thus, in this case, the anergy acquired by the charmge will be:

AKE.-gAV - eV - (1.6x107°C){aV)
Moreovar, assume that AV=1voll, henca,

AKE= gAY =(1.8x107"C)x {1voli)

AMCE= (1 8x107%)x (CxV) = 1.6x107"1

The amount of energy egual 1o 1.6 x 10"J is called one electron-volt and is denoled by
1 eV. [tis defined s "the amount of eneryy ecguired or lost by an electron as it raverses
a potential difference of one voit”. Thus, '

BV = 1.6% S - & | W
18V = 1.6x10™ {9,281

[ Example 5.6 [ Aparticle camying a charge of 2efalls tﬁmugh a potential differenca of
3.0V, Calculate the energy required byit. :
{selwtion}  ¢=28,AV=3.0V
Theenergy acquired by the particleis:
All=gAV = (2e)(3.0V)=60eV
AU =6.0X1.6x30%J=5.6x10"J

9.7 MOTION OF CHARGED PARTICLES IN A UNIFORM
ELECTRIC FIELI}

Two oppositaly changed parallel metal pliales produce uniform slactric field betwasan
tham. The direcllon ofelaeirie fleld (s from positive to negative plate. Apasiiive charge g
placed in the fiekd will move in the direction of electric field whereas a negative charge -g
willmove oppositeto tha electricfield, The magnitude of electric force acting ona charge
gis repressnted.in Fig 2.18 ghven by

F2GE ovorerrienr e (5.28) ey, J_
whora £ s the electric Inlenslty of the untform | 1a{ (Lq S .
electic field. If V is the polential difference | 7 Tm
between the plates and d is the separation of | —————————
plales, then

T o Fig. 9.18

- 'd-ﬁ MEAIA ANAE A RS AR AR 1

Te undarstand the effect of uniform alecmefisld on the motion of charged pariclos, let us
gonsider an eleciron placed between the two plates. The electron accelerates towards
the pogitive platedue o afores Factingon it
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Forexample,let V = 20V, d =2.0em=2 x 10" m,the magnitude of £ will be:

E d 2% 100m 1000V C
The acceleration farthe electronwill be given by
F=mg
or a £ -
m m

The charge on an alactron g =e=1.8x10""C and mags of slectron m=9.12 10" kg. 5o,

181070 C «1000 v G 2
&= = 1.76x10%m
9.1%107 kg %
If the alsctron is released from the negative plata, the valoaity gained by it when it
regches positive plate can be found by the third eguation of melion.

2a8=v? -y’

Hers S=d=2x10"m,v=0, y=v=7?

Putting the values in the above eguation
2x1.76x 10" ms* x2x10°m=¥

ar vi=T.04x10%m's®

or v=265x10°msg’

9.8 PATH OF A CHARGED PARTICLE

The path of a charged particle i detsrmined by the "
alectic field in the region. The path s typically
siraight if the fiald-is uniform and the charged @-l .
partidle is moving along the field, However, i a '
charged pardicle eners perpendicularly to the T
uniform fisld between tha oppositely charged

parallel platas with 8 cerlain velocity as shown in e . - —
Fig. 9.19, it will not go straight. Its path will be
parabdlic just like a projectils thrown horizontally ST TS

in the gravilational field. The harizental
companent of the velocity of the charged particle
remalns constant whereas vertical component le
accelerated due to the electric force. E}-T“'" &

Figure 8,19 showsthat a positivity charged particle (b)[= = = = = = = == =]

is atrmacted towards the negatively charged plate
and thus undergoes defleclion in that direction. Fig. &.19

..
.
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Cn the other hand, & negatively charged particle is atirscted towards the positively
charged plate and axperiences defaction inthat direction.

8.8 SHIELDING FROM EXTERNAL ELECTRIC FIELD

Ar English aciantist Michaal Faraday invanted a atructure in 1836, called Feraday cage
or Faraday shiekd. Faraday cage is an enclosure that blocks the extemal electric fislds in
canductive malerials. It acts like a hollow conductor whers devices orobjects can be put
for protection from electrical external fields. Any alectrical ehock received by the cage
runs through its outer surface without causing any harm inside. The electric field inside
the holiow conducior remains zero,

Te undarstand the working of Faraday cage, suppose that a plece of conductor (say
copper) caries a number of free electrons. Each electron will experience a force of
repulaion because of the electric field of its neighbouring electrons. A3 & consequencs,
all the electrone rush to the surface of the condudior. Onee static equilibriurn is
astablished with all of ihe axcess charges on the surface, no furdher movement af charge
ocours. If some electrons shift from the conductor o another object due to ficion etc., a
net positive charge appears on the surface of the corductor. We can say,

Al equilibiium under electrostatic cenditions, any
axcess change rasides on the Surface of a conductor.

MNow consider the interior of the hollow conductor. The excess charges arrange
themselves on the conductor's surface predisely in the manner that the total field within
the interior becomes zem. In other words,

The conductor shields any chasgewithin it
from electric fields outside the conductor.

Te eliminate the interfersnce of external
flalds, circuits ere often enclosad within metal
boxas thet provide shialding from such fislds.

Flgure 8.20 shows another aspect of how
conductors alter the electric fieid lines
created by exernal charges. e S

The linss are alterad becaussa the eleciric fisld Just cutsice the surfaca of a conductorls
perpendicular to the surface at equilibrium under electrostalic conditions. If the field
ware not perpendicular, thera would be a componant of the field paraliel to the surface.
Since the free slectrons on the surface of the conductor can move, Ihey would do so
urder the force exerted by the parallel cormporent. But in reality, no electon flow ocours
at ecuilibrium. Therefore, there can be no pamlle! component, and the eledric field is
perpendicular to the surface.

The prnciple of Feraday cage demands a material that conteing a lot of free electrons
that can mova freely to the surface of the materal, Only the conductors have free

e -

[ ¥+ 7+ % 7]
.
L
|
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alactrons wharaas insulators do not contain frea electron, sotha insulators can not ha
usadto construct Faraday caga.

A .good exampls of Feraday cage in our daily life ig that of cars. The chassiz and hodias
of cars protact pacsia insida due fo its matal framed structure during the thundarstorms.
The slectical charge travels over the matal surface of the vighlcle Inte tha ground and
prevent the passengersinsida.

A metal body of the microwave oven acts as a Faraday cage. Thus, thay prevent the
microwaves in an oven frem expanding inte the environment. Metal frame of 2n girplane
also acts as a Faraday cage. When lightning strikes an airplane, sleciricity is distibuted
along its matal frama surface that keaps passengars and all devices insida the aiplane
safe.

9.10 ELECTRIC CURRENT

Usually, itis said that slactic cument is the flow of change. Let ug gee what actually flows
in 2 conductor, The charge camiers arethe free electrons, When the ends of 8 conductor
are conhectad to & battery or some other source of potential, an electric field is sel up at
avary point within the conductar. Tha fres electrona a:qmriama a forca inthe direction of
—E and thay start moving. Ag the fres electrons are bumping ameng the atoms, so they
are not accelerated in a straight line under this foree. They keep on colliding with the
atoms of the conductor. The averall effect of these collisions is 1o transfer the energy of
accelerated eletrons to the |attice with the reslit that the electrons acquire an average
veloeity, called the drift velodity in the direction of —E. The drift velocity is of the order of
10°m &, This drift velocity of slectrong forme the slactric current, The slow diift velocity
does not mean that it takes long ime for an eleciric current to set up. We know that as
soon aswe switch ON a bulb, itlitup immediately.

The reason |s that on luming the switch ON, all the free electrons In the droult start
drifting. They repel the neighbouring ones and the dislurbance propagates along the
wire almost instanianepusly. Thatis why. the electric current is setup very rapidly.

If a net charge & passes through any cross-section of a conductor in time ¢, the current /
flawing throughit is:

™

f = *f e A

The S1 unlt of current Is ampeara (A) and it & the curent due 1o flow of one coulomb
charge per second through any cross-seclion of & conductor. if the chargas move
around & cirouil in the same direction et all imes, the current is said to be direct ourrent
(D.C). For example, battaries producea diract current. If tha charges move first one way
ard than tha opposite way, changing diraction in ragular intervals, the currant s said te
be allermating current (A.C). Mostly the elactric generators produce A.C. The eleclricity
supplied to our homes, offices, factories ete., by power stalions is anA.C.
Conventional CGurrent

As we now understand, the electric curment is due to flow of electrons through the metal
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wires, bul early scientists believad that eleclric current was due io fiow of positive
gharges. The scientists have kept the convention and teke the direction of cument flow o
ba thadirection in which positive charges would move. We call it conventional current.

Conventional curent is hypothelical flow of positive charges thal would heve the
same effectin tha circuit as the fiow of negative chaerges that actually does occur.

In Fig. 9.21, negative electrons arrive at
the positive terminal of tha battery. Tha Device
same effect would have been achieved it

an equivalent amourt of positive charge )
has |eft the positive terminal. Tharelore, Conventlonal Elattaon |
we can say thal the conventional curent eurant L I
flews from positive terminal towsards the __,)l

negalive terminal of a battery. A H
conventional currant is consistant with

our garier use of a positive test charge for Flg. 8.21

defining electricfields and potential. The direction of conwventional cumrent is always from
a point of higher potential towards a palnl of lowsr potential that is from the positive
tarminal towarde the negative tanminal. Noew onward tha current | always means tha
comventional gurrent.

9.11 CURRENT THROUGH A'CONDUCTOR
Consider a segment of the current camying

conductor heving length L and sree of eross- < = 2
gaction A. Tha voluma of the segment is AL, é—e -5 —0
as represantad in Fig. 922, et n ba tha g e O . BN

number of charge carriers per unit volume, | «—O . o 'C—Efe—ﬂ
then total number of charge camiers in the y «—8 <@

sagment at any tims are nAL. If the charge on
acharge camlar |& g, the total change prasant
inside Ihe segmentat anyinstantis:

QETALY ooroeerrrr e (932) E ]

Usually, the charge carriers in a conductor are ¥ Flow of wrentis diractly proportional

tothe potentiel diffarence,
free elecirons which have negativa charge, $ Flowofheatls drecly Sl

Suppose that charge camiers move towards left the lemparaturecliferance.

face of the segment when a potantial differencels ¢ Flow of fluid Is direclly progertional to
applied across the conductor. Then electric the precaure differance.

current ia set up in the conductor directed . @ For your information -
towards dght face. Assuming that drift veloclty of ) iow of charge, pressured
the charge carries la ba v, the time taken { by all  into matlon by voltage and hampensd by
the charge carriers orginally present in the  resislmos,

Flg. 9.22: Negative charge canfers
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segment toexitthrough the lefl face will ba:

L
==
By definition of the cumrent ¥
fa—
Putting tha valueof O and tinthe above equation, we have
f nALy
=
¥
ar FopAVG i (088 )

| Exampis 1.7 |1 A copper wire has a cross-sectional area of 2 x 1 __:rﬁi and camies a
current of 3A. If the number of elections per unit volurme is 8.5 x 107 m®, calculate the
drifi vandtynfma electrons In the wire. Charge onan nluctrqnh*‘l 6x10° « c.

'FS-G'IHT.I'P“ e

=3 A A=2x10"m" n=H.5:1D”_m‘.-'f.- ¢=1.Ex1ﬂ"’{:, ="

Using equation, AN
1= Amyg
3= {2x1ﬂ‘m'}{&5ﬂn‘9m‘)ﬂ1 Bx10™C)
v=14x100ms!

(!

9.12 OHM'SLAW - -
When a potential diffierence Vis applied across the ends of a sonductor, a current fstars
flawing through it The Ohms law slales that:

The currant fiowing through a conductor i diractly preportional
lo the potential difference applied across the conductor,
provided thareis no charge in the physical state of the conductor.

Mathematicelly,
f¥ or VWV x|
or V = IR [9.34)

wheara R is & constant of proporionality known a3 resistance of the conductor. The Sl unit
of raslstanca ls ohm danoted by tha Greak capltal lather omaga (02), and Is cafined aa:

The resistance of a conductor is 1 ehm If a current of 1 ampere flows
through itwhen a potertial difference of 1 voltis applied across 18 ends.

9.13 RESISTIVITY AND ITS DEPENDENCE UPON TEMPERATURE
It has been experimentally seen that the resistance R of a wire is directly propertional to
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its langth L and invarsely proportional to ite cross sectional arsa A. Mathamatically,

L
R
D o

or Repk o (@35)

A

where p{rho) is a constant of proportional ity known as resistivity or specific resistance of
the material of the wire. it may be noted that resistance iz the characierstic of a
particular wire wheraas the resistivity is the proparty of the material of which the wire is
made. From Eg. 9.35, wehave :

_ HA
p=BA e (930)

The above equation gives the definition of resistivity as the resistance of a metre cube
of a material. The 5! unit of resistivity is ohm-metlre (A m)

Conductancs Ie anothar quantity usad to describe the elocircal proparties of matarials.
Infact, conductance is the reciprocal of resistanca, ie)

= 1 R W 5
Conductance Res e G H.Gm&wmnﬁurstanue.
iathemalically, conductivity, o {sigma ) is lhe reciprocal of resistivity (o), e
o= l....,.-....,.-............{9.3??
P %

The Sl unit of sonductivity is ohm”m™ or mhe n”. Resistivity of varisus materals is givan
In Table 9.2. It may be noted from Table 9.2 that siiver and copper arg two bast
conductors, Thatis the reason; most of electric wires are made of copper.

The rasistivily of a substance depends upen the Tabie 8.2
temperature also. ltcan be explained by recslling _Substance | plami | o)
thet the resistance offered by & conductor o the _Siver 152x10° | 0.00380
flow of electric current is due fo collisions, which _Copper | 159x10% | 0.009%0 |
the free elocimons encounter with atoms of the _Sod 227w 107 | 000340

lattice. As thie temperature of the conductor rises,  Aummum | 265x 107 | 0.00380
the amplilude of vibration of the atoms in the Tungsten | 500x10° | 0.00480
lattice increases and hence, the probability of  Ion 1.00% 109 | 0.00520
their collision with free alectrons alac increases.  Platioum 1.00 = 102 | 0.00520
Cne may say thal the aloms then offer a bigger Constanion | 40.00x 10 | 0.00001
target, that is the collision cross-sechon of the  wercury 94.00 x 10 | 0.00081
atoms inergases with temperature. This mekes radwoms | 1000z 107 | 000020
the collisions betwsen free electrons and the “Toman 3Ex0° | 000005
atoms in the lattice more frequent and hence, the  ~Ggmranium | 0.6 o086

reslatance of the conductorincreases. Silican N3350 .07
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Experimantally, the change in resistance of @ metalic conductor with temparature i
found to be nearly inear over a considerable range of tempenalure above and below 0°C
{Fig.8.23}. Over auch a range the fractional change in rasistance per kalvin is known a3

thetenpemture cosfficient (o} of resistance, i.e.
ﬁ: E Ru
= SRS AN EENBAREN B IR RS AR ' E
L Rl {6.38)
where R, and R, are resistances at temperatures
0°C and ¢ °C respectively. As resistivity o depends upon
thetemperature, Eg. 2.35 gives

R=gt and R, =p=....089)

Bubstibuting the values of R, and £, in Eq.8.38, we have

i (A
gt

whens p, is the resistivity of a conductor at 0 °C and g, is
the resistivity at 7. Values of temperature coefficienis
of resistance of some substancas are alzso listed n
Table 9.2. Thera ara some substances ke garmanium,
silicen, etc. whose resistance decregses with Increase
in temperature, thesa substances have negative
tamparature coofficlonts,

PR —p
L L]

=20 G0y Tz 4D Ao0
o0 —

Flg. 823 Varation of nesisthity of

Cu with Esmperstusa

._ ¢ Far your infarmatian I
|nspectors can essily check the
ralisbility of & concrete bridga
made with carbon fibers. Tha
flbers conduct slectrichy. I
sanzors show that slectricel
reselstancs Is Incraasing over tma

thafibers are ssparating bocauss
of cricka,

(Example 0.8 [ Q.75 A current-fiows through an Iron wire when a dattery of 1.5 V Is
mmmntn.-d across its ends. Thﬂ length of the wire is 5.0 m and its cross-seclional areais

25x107m Gumpmmhemmmynfmn

i solution

The mslslanmﬂﬂmmcmba calculatedby Eq.9.34 e,

S 7

Thamiéﬁiﬁtypdkunofwhiehﬂmﬁmismadedisgﬁv&nhy

ﬁ"ﬂ 200x25x10" m
L 50m

-1.ﬂ x10'0m

El"nfv_v_.pw 99 [ Aplstinum wire has resistance of 10 O st 0°C snd 20 0 st 183°C. Find
the valus of temperature cosffliciznt of resistancs of platinum.

i salution§ R,=100 R =200, =488 K-273K=193K

Temperature cosfliciant of resistance can be found by
R-R, _ 20p-108

1 _518x107°K"

=

R.f  106t< 193K

193 K
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8.14 ELECTRICAL POWER

Caonslder a circuit conaisting of 2 battery of emf £ connected inseries with a resistance R
{Fig.9.24). Asteady current fflows threugh the circuit and a steady polential diference V
exists between the terminalz A and B of the resistor A. Terminal A, connected o the
positive pole of the battery, is at a higher potential than the terminal B. In this cirouit the
battery is continucusly lifing charge uphill through the potential difference V. Using the
meaning of potantial difference, the work done in maving a charge Q up through the
potential diference Visgiven by r—s "
Work done = W= Vx Q... (9.41) 3

This s the energy supplied by tha battery.
The rate at which the battery is supplying electrics|

anergy is the power outpul or slectrical power of the  ZF v %
battary. L'aing tha definition of power, wa hava N
Energy supplied O
Electrical power = ——————— = ¥V —
i Tim taken t ;
Since = ? ¥ B
The sbove equation can slsobe written es: :&wémi‘f;ﬂrﬁ,fm‘ it
Elgctricaipowar = Vi........opoiiee. . (9.42) NI AN A

Equation 9.42 le a general reladon for power delversd from a source of curment /
operating on a voitage V. In the circult ghown in Fig. 8.24 tha powar suppled by tha
batiery Is expended or dissipated in the resister R. The princgiple of conservation af
anargytells usthat the powar dissipeted in the resistor is elso given by Eq. 9.42,

Power dissipaed P=V/{
Alternative squation for calculating power can ba found by substituting V=IR, 1= V/Rin
turnin Eg. 242

P=Vi=(RI=1I'"R

ar P=Vi=V(W/RI=V/R
Thus, we have three equations for calculating the power dissipated in a resistor,
P=Vl , P=FR

It ¥is exprossed In volts and 1 1n amperes, the power s exprassed In watls.,
8.15 ELECTROMOTIVE FORCE (EMF) AND POTENTIAL DIFFERENCE

Wae know that a source of electrical energy, say a cell or a battery, when connecied
across & resistance, maintains a steady current through it Fig. 9.25. The cell
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continuougly supplies energy which is dissipated in the resistance of the circuil.
Suppose when a sleady current has been esiablished in the cirouil, & charge Q passes
through any cross-section of the circuitin time ¢ Duning the course of motion, this charpe
anters the cel| at its low potential end and lesves at its
high potantial end. The scurce must supply ensrgy Wi | £

the positive charge (o compel it to go to the point of high T R

potential. The emf E of the source is defined as the
anergy supplied to unit charga by tha call.

i.a., E o dDAG) Fy- 8,20 Elcctioties g
Q of g call .

It may ba noted that electromaotive force is not a force and we do hﬂt measura it in

newtons. The unit of emfis joulefcoulomb which is volt (V). The energy supplied by the

cell to the charge carriers is derved from the conwersion of chemical energy into

electrical energyinside the call.
G

Like other componenis in 8 circuit, & cell also offers some
resistance. This resistance Is dus to the slactrolyte present Fig. 9.36: An squbvalant eircat of
betwasn the two slectrodes of the cell and |s callad the = oell of erf £ and intemal

internal resistance of the cell. Thus, a cell of emi E having 'S5=En®

an inlernal resistence r is equivelent to a source of pure £k
amf E with aresistanca rin series ag shown inFig. 8.26. o
Let us consider the performance of acell of emf £ and e Fr\,
internal resistance 7 &s shown In Fig.8.27. A voltmeter of %
infinite resistance measures the potential difference |
across the external resistance R or the patential ’.
difference V scross the lerminals of the call. The current 1
flowing through the circuitis given by s
E R
B Fig. 8.27: The berminal potential
Lort E=IRtk.......(9.45) difference ¥ of a cell s E—.

Here gy Vs he teeniol

patential diference of the cell In

ther presence of current /. When [t £ }: g
the switch 5 is open, no current

passes through the resistance. Lz/;*-j-.'_
In this casa, the volimeater reada e ik
the emf £ as terminal voltage. i

Thus, terminal voltage in the ‘i‘_xh.-"’f_-;;i’ » R
presence of tha curment (switch = ANAA-

A voitmater conrected azrose the temminals of a coll masaures:
{El'l\vl} ;vuuld be leses than the emf (6} T M O Tt 58]l oy Fonns EE.
bll' . (b} the teminal polental differencs on e cosed crouit
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Lel us interprat the Eq. B.45 on energy considerations. The lefl side of this equation is
the emf E of the cell which is equal 1o energy gained by unii charge as it passesthrough
the call from its negative to positive terminal. The right side of the squation gives an
account of the utilization of this snargy a2 tha curmant passes the circuit. It states that, as
aunltcharge passas through the clrcult, a part ofthis energy equal 12 irls dissipated Intg
the cell and the rest of the energy is dissipated into the external resistence R. lLis given
by patental drop {R. Thus, the emf gives the energy supplied to unit charge by the cell
and the potential drop across the vardous slements account for the dissipation of this
energy intoother forms as the unitchamge passes through these elements.

The emfis Ina “cause’ and potential difference is Its “affect”. The emf is always present
even when no currentis drawn through the battery or the cell, but the petential difference
across the conductor is zaro whan nocurrent lows throughit.

\Emapie 290 | The polential difference between the terminals of & battery in open
circuit is 2.2 ¥ When itis connected across a resistance n{fﬁﬂrﬂ, the potential falls o
1.8V. Calculabe the clment and the intarnal resistance of the Cattery.

Wl Solution | :
E=22V, R=500, v=1av

WWa havetocalculzte fand r
e vy 1BV :
V=R or = = =EI'J—fi‘;' fﬁ.aﬁa
Internal resistarice rean be calculated by using
E=lf+ ,i'r
22V=18V+0.26Axs
or r=110

9.18 KIRCHHOFF'S RULES

Kirchhoff'srules ane two fundamental principles in circuil analysis that help o detemmine
the cument and voltage in elecirical circuits. They are particularly useful for analysing
complex circuils that canroi be simplified by Ohm's lew and seres or paraliel
combinations.

Kirchhoifs First Rula
Itstatas that the eum of all the currants mesting ata paint In tha clroult s zer.
P&, =0 {946} ._;. For your infermation __..

ltiz a convention that a cument fiowing lowards apeint A node =@ pont in an alscine
is taken as positive and that flowing away from & point ""'ml““'“h I e 8vo oF e
is taken as negative. '
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Consider a situation where four wires meet at & point A 4\

{Fig.9.28). Tha currents flowing into the pointAare {, and £,
and curants flawing away framtha point are f,and £,
T—TE

According o the convention, currents §, and L are
positive and currants §;and J; are nagative, Applying

Eq. 648, wa have /H/ij_/ "'1\_1\1:

LL+{-L)+{d)=0
or FRE T B S U (- ¥ |

&

Fig. 9.28: According 5 Kirghholf's
Using Eq.9.47, KirchhefTs firet rule can be stated in  1°ruls 4, « = f + L.

othearwords as:
i . Poyou know? [

The sum of all the cumrents flowing towards a s 8 ST
paint is equal to the sum of all the currerts T o
flowing away from the poirt. 1Ots o releranc node.

Kirchhoff's firat rule which ie also known as Kirchheff's pointrule is amanifestation of law
of conservation of charge. If there is no sink or source of charge at a point, the total
charge llowing towards the paint must be equal tothe iotel charge lowing sway from it.

Kirchholf's Second Rule

It states that the algebraic sum of voltage changas in & closad circuit or a loop must be
equal o zero. Consider a closed ol reuit shown in Fig. 8.28. The direction of the current
Newing through the circuit depends on the csll having the greater emf. Suppose £, is
greatar than E, 8o the cumant flows in counter clockwise direction. Wa know that a
slaady currant is equivalant toa-contlnusus flow of posithve charges through the clrcull.
Ve aleo know that avollage change orpotential difference is equal to the work dong ona
unit positive charge or energy gained or lost by it in moving from one paint lo the other.
Thus, when a positive Charge & due to the current { in the closed circuit {Fig.2.28),
passas through the cell £, from low {-veto high potential (+va), it gains energy because
work is done on il Using Eq. 9.44 tha energy gain is E.Q. Whan he cument passas
through the call £, , it loses energy squal to - E,0 bacause here the charge passes from
higgh to low potential, In geing through the resistor A, the charge Qloses energy equal i
—iR,Qwhera /R, is potential difference across .. The minus sign shows that the charge
is passing from high 12 low potential. Similarly, the loss R -
of enargy whiie passing through the resletor R, Is IR, &, Wy (L—
Finally, the charge reachas the negative terminal of the
cell E,, from where we sierted. According to the law of —— m
conservation of anerngy, the total change in ene gy of our i S
systemn is zern. Therefore, we can write: &
EQ-IRQ-EQ-IR,Q=0 WA

Flg. 2.29%; According o Kirchheff's
or E,-IR,-E~-iR,=0.......(948) n.!laE.r-!ﬁ.-';;g-—fﬁ,E:ﬂ
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which is Kirchhoifs sacondrule and it states that:

The algebraic sum of potential changes in a closed circuit is zero,
Wa have sean thatthlz rulels simply a particular way of stating tha law of consarvation of

energy in electrical preblemns [ a0
Before applying thia rula for the analysis e Signa for £ and { e
of complax natwork, It Is warthwhlla to

E
thoroughly understand the rules for I_. > +| —

finding the potential changes. S =

(i) If a source of emf is traversed from E=tE Bk
positive o negafive ferminal, the o A P AAAA—
potantizl change is posilive. It is —_— P SRR
negative in the opposite direction. V=g | ¥=-IR

{ii) Ifa rasistor is traversad in the direciion of current, the changa in potanial is positiva.
Itls negative Inthe opposite direction.

|| Examsple 9.0 1)) Caleulate the currentz in the Ihraa i

resistantes of the circuit shown in Fig. 8.50.

It
Fl'stwa wlect two loops gboda and ebcfe, TiIE l‘.ﬂmm '

af ioops is guite arbitrary, but & should he slch that f

aach rasistance ks Included at laast onga In the selected =n, A= Wﬂv R«"‘W-
loops. E.=4w. E, =0V, A,=50
-~ Flg. 8.30

After selecting the loops, suppose a current /, is flowing in the first loop and £, in the
sacond |oop, all flowing in the same sanss. Thess curments are called loog curents, The
actual currents will be calculatad with thair help. It should be nolad that the senss ofthe
current flowing in all lecps should essentislly be the same. it may be clockwise or
anticiockwise. Here wethave assumed it to be clockwise.

We riow apply lﬁrﬂahnﬂ pezond rule to abtain the equetions required @ caloulate the
currents thfm@‘%amsmﬂanms W first considertha loop abeda. Starting at pointaws
follow the ioop clockwize. The voltage change while crossing the bettery E, I8 —£,
because the cument flows through It from positive fo negative. The veltage change
across R, = R,. The resistance &, s common to both the loops § and {, , therefore, the
currents §, and [, Bmultaneously Aow through it. The directions of currents |, and |, as
flewing through &, are oppesits, so we have lo decide that which of these currents Is o
be assigned a positive sign. The convenlion regarding the sign ofthe curent is that if we
are applying the Kirchhoff's second rule in the firsloop, then the cumrent of this loop i.e.,
{, will ba assigned a positiva signand all curents flowing opposita to |, have & negative
sign. Similarly, while applying Kirchhoffs second nde in the second loog, the current 1,
will ba considerad as positive and /, as negative. Using this convention the current
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flowing through &, Is {i, - L) and the vollags change scross Ia i, - LJR,. The voltage
charge across the battery £, is E.. Thus, the Kirchhoffs second rule as applied to the
loop aboda gives
—E-LR-{L-LR+E=10
Substiluting the values, we have
—40V-_L210Q-{f-LxMD+60V =0
20V-10Qx[h+3(L=1)] =0
or 45 =35Le2V0 ' =2A . D
similarly, applying KirehhofPs second rule fo the loop ebofe, we have -
—E—(-1)R—LR,+E =0
Substituting the values
=G0V-(L-1)x30N-Lx19R2+30V=0
—10V-15Qx[L+2(L,—4)=0
Bh =0 = 2B =24 vt (ii)
Solving Eg.{iyand Eq. {ii} for /, and [,, we have.
[, =086Aand ,=D.22A

Knowing the value of loop currents f, and .i’}«the actual current Nowing through each
resistance of the circuit can be detarmined. Fig. 9.29 shows that |, and £ are the actual
currente through the reslstances R, and R, The actual current through R, I the
difference of /, and {,and its direction isalong the larger cumrent. Thus,
Thecurrantthrough &, =1, =2!3 A= 0.88 Aflowing in the direclion of [, La., fromato d.
The cumrentthrough R, = I, =4,=2/3A- 2/0 A=0.44 A flowing in the direction of /, L.e.. from
cio b,

The curmentihrough Ry =), = 2/9a= 0. 22 A flpwing Inthedirection of §, e fromfioe.

Proceduresof Solution of Circuit Problems

Aftar solving the above problem, wa are In a position to apply the same procedure to

analy=e other direc! curtent complex networks. While using Kirchhoff's rules in other

problems, itis worthwhile to follow the approach given below:

{i) Drawthe circuit diagram.

(i} Tha choica of loops should be such that each resistance is included at least once in
the salectad lcops.

{iii) A=sume a loop cument in each loop. All the leop currents should be in the same
sansa. kmay be aither clockwise or anticlockwins,

{iv) Wiite the locp equations for all the selected loopa. For writing cach loop equation,
the voltage change across any component iz positive if traversed from low to high
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pobantlal and It 13 negativa iftraversad from high to low potantial.
{v) Solvethese eguationsforthe unknown quantities.

9.17 WHEATSTONE BRIDGE

It is an electric circuil. The Wheatstone bridge
circuit shown in Fig. 5.31 consista af four
resistances R, R, &, and R, conrechad In such
away 50 as lo form a mesh ABCDA. Aballery is
connected between points A and C. A sensitive
galvanometer of resislance R, is connected
betwaen polnts B and D. If the swilch S Is
closed, & ourment will flow through the
galvanometer. We have to determine the
sandition under which no cumant flows through
the galvanomeler even after the swilch is
closed. For this purpose, we analyse this cirouit
using Kirchhoffs second ruls. We consider two
lcops ABDA and BCDB and assume s E
anticlockwizse loop cuments [, and £, through the ™ 1
lcops respectlvely. The Klrchhotfs escond rule
as appliadioloop ABDA gives:

R — =Ly R~ R=0. .. (9.49)
Similary. by applying the Kirchhoff's sécand rule to loop BCDB, we have
R — bR — (= 1) By =0.............(9.50)

The currant flawing through the galvanometer will be zera if, [,— ,= 0 or J, = 1. With this
condition Eq. 9.51and Eq. 9.52 raduceto:

Flg. #31: Whealsione bridga ciroiit

Ry = By {B.51)
and ANAR =R (952)
Dividing Eq. 9.48 by Eq. 2.49, we have —
TS e B e f Fofnets pandert
LR Why is & thme pi ead
_éRz £ hsygellemt:;pﬂ?c:a?
As 4, = I , therefore,
Sy (0.54)
R, R,

Thus, whenever the condition of Eq. 9,564 is satisfied, no current flows through the
galverometer and il shows no deflection, or comvarsaly whan the galvenomedtar in the
Whaatstons bridga circuit shows no deflaction, Eq. 2.54 is satisfind, If we connact threea
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resictances R, R, and R, of known adjustable values and a fourth resislance R, of
unknown value and the resistances R, R, and R, are 50 adjusted that the galvanometer
shows no deflection, then from the known resistances R, &, and £, , the unknown
resistance B, can be determined by using Eq. 9.54.

8.18 POTENTIOMETER

Apotentiomatar ls malnly used o compare potential differences and to find the value of
anunknown resistance. llworks on the principle of Wheatsione Bridge.

Working of Potentlometer

Polental difference is usually measured by an instrument called a-volimeler. The
volimeter is connected across the two poinls in a circut belween which potential
diffarence is to be measured. |t is necessary that the resistance of the voltmeter be large
comparad (o the circuit resisiance across which the volimeter is connected. Otherwisa,
an appreciabla current will fiow through the voltmeatar which will altsr the circuit current
and the potential differance tc ba measurad. Thus, the volimeter can read the corract
potential difference only when it does not draw any cument from the circuit across which
itisconnected. Anideslvoltmeterwould have an infinits resistance.

However, thers are some potential measuring nstruments such as digital volimeter and
cathode-ray cscllloscops which practically do not draw any current from the drcull
bacause of their large resistance and .are thus very accurate potential measuring
insiruments. But these instruments are very expensive. A very simple instrument which
canmeasure and compare potential diferences accurately is a potentiometer,

& potemtiometer consiste of a rasistor R in the form of & win on which a terminal G can
slide (Fig. 9.32-a). The resistance between A and C can be varied from 0 to K as the
gliding conlact C s moved from A to B, If

a battery of emf £ is connecled across R le R 3|

{Fig. 8.32-b) tha cument flowing through it is r,

{=FE/R. Ifwa represant the resistance batween _JC =
Aand C by 5 the potential drop betwaan these 1) et

points will ber f=r BER. Thus, as C is moved
from A4 to B, r varies from 0 to R and the E;
potential drop betwesn A and G changes from
O F.

Such an amangement alao known as potantial
divider can be used fo measure tha unknown A
emf of a source by using the circuit shown in
Fig. 8.33. Here Rizin the form of a straightwira |,
of uniferm area of cross-section. A source of
patential, say a cell whose emf E, is 1o be
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measurad, is connectad between Aand the sliding E
contact C through 2 gelvanometer G, It should be
noted (hatthe posiive tarminal of £, and that of the
potertial divider are connecled fo the same paintA.
If, in the loop AGCA. the paint C and the negative
terminal of £, ars &t the same potential, then the
two ferminals of the galvenomater will be at the
same patential and no current will figw through the E /;J--,“
galvanometer, Therafore, to measure the potential 1 (T
E, tha position of C Is so adjusted that the N
galvanocmeter shows no deflection. Under this e85

condition, the emf E,, of the cell is equal to the polential difference between A and C
whose value ErRis known. In case of a wire of uniform cross-seclion, the resistance is
proporicnal to thalength of the wire. Theralore, tha unknown emfig alae given by

r £
E=E—-=E% ... . [955)
i R L t v

whera L is the total langth of the wire AB and ¢ is ils length fram Ate G, after C has been
adjusted for no deflection. As the maximum potential that can be cblained between A
and C is £, so the unknown emf E, ehould not exceed this value, otharwise the null
condition will not be abtained, |t can ba sean that tha unknown amf £, ig datemingd
when no current is drawn from |t and therefore, polentiometer is ane of the most
accurate methods for measuring potential

The mathod far measuring tha emf ofa call as describad above can ba used to compare
the emfs £, and E; of two celis. The balancing lengths £ and £, are found separately for
thatwo eells. Then,

51:&% and E, =E%
Dividing trﬁsamaqumbns, wa hava

wE Lt

E T i
S0, the ratio of tha amisizs equal to ratic of the balancing lengths.

9.18 USE OF A GALVANOMETER

Aqalranometer i an instrument for detecting a cument, We are not going ta discuss its
internal structure and how doea It work, 'We focus only on its use. It is often used In null
mathads o achieve precise measuraments in electical circuits, The null method
irvalves adjusting tha cireuit until the galvanomsler shows no deflecion ie., a zamo
regding. This indicates thatcertein required conditions are metin the cireuit. Inthis stata,
the sleciric potentials at both ends of the galvanometar are the same. Although a
galvanomater has its cwn resistanca, but at the null raading, its resistance doas not

]
1

PR (- =)
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come inta play. The reason is that, in this condition no cument is passing through it. The
null method Is widely used In bridge circults such as Wheatstone and potentiometer
selups,

As we hava shidiad in the pravious saclion, the null method is used t mesasure an
unknown rasistancs in the Whaatstone bridge circuits. The galvanomatar is connsctad
between the mid-points of opposite sides. The variable resisiance is adjusted untl the
galvanometer shows no deflection. At this point, the bridge is balanced and the unknown
resistance can be calculated using tha ratio of the known resistances.

In & potentiometer, null method is used to measure an unknown voltege by comparison
with 2 known reference voltage appliad across the resistance wire of the fotentiomster.
Agalvanomeater and a jockey ars used to make contact along the wire, Al null point, the
potential diference between the jockey and the end of the wire aguals the unknown
voliage. The pogition of the jockey ives the measure of the unknewn voltage,

There are some advantages of using a galvanometerin null method.

1. Null method, eliminates the affect of the galvanomeatar's internal resistanca on tha
measuramentresuling in more acourate readings.

2. Galvanometars are highly sansitiva and candetect vary emall currents of the order
of 10* ampere

3. "No deflaction’ indicates a direct and clear condition of balance making it easier to
idertify the null paint.

9.20 THERMISTORS o

Athemmistor is a heat sensitive resietor. Mast ’
thermistors have nagative lemparature £
coefficient of resistance, i the resistance /
of such thermistors decreases when their =

tamperature & increzsad. Thermistors with /
positive temperature coefficient are also 7
available.

In tha tharmistors, resistance decreasss as
temperaturé increases. This iz because
increaaing temperaturs provides moare
energy fo tha charge camlars (slactrons o . i .

holes), enabling themn o move more freely . ' ﬁ
and thus reducing resistance. 3

Thermistors are made by heating under high

pressure semiconductar ceramic made

from mixtures of metallic oxides of

manganese, nickel, cobalt, copper, iron, atc.
These are pressed inlodesired shapesand 79 9.35:Typas of themistors

Flig. 0.34: ThermEios sysmbois
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then baked &t high temperature. Different types of thermistors are shown in Fig. 8.34.
They may ba in the form of beads, rods orwashears.

Applications of Thermisiors
Temperature Measurament

Thermistors are used in themometers, and aelactic devices such a&s air conditicnears,
refrigarators, heatars, microwaveovans, incubators, ste.to monitar temperature,

Thermistora with high negative temperature coafficiant ars vary accurate for measuring
low termparatures espacially near 10 K. The higher resistanca at iow temparaiune
gnables more acourata measursment possila.

Thermistars have wide applications as emperalure sensors, i.8. they convert changes
of lemperature inta electrical vollage which is duly processed. For.éxamale, thess are
used in coolant temperature senscrs in aulomobile engines to prevent the engine
overheating and in digital thermomeatars.

Temperature Compensation

Thermistors ara used In clreulls whera temperature changae could affect performanca.
Such asin oscillaters, battery charging circuits and' power systems.

Inrush Currant Limiting
Thermistors are used to limit the initial flow of currentwhen a device is firstturned on.
Voltage Divider

Thermistors are widely used as voltage divider. Aa
ghown in Fig. 9.36 when tomperature of a thermistor
increases, its resistance decreases, This decreases il s
tha voltage drop across the thamistor. As & reautt, the | f ordar oi ko
potantial at point B Increasee that can be used to
trigger a circuit connected to it. In case of a fire alarm,
the use of a thermistortuma the NCT gate low when it
gels heated. The output of NOT gate goes highand  Fig 836
turn= the siren OM

9.21 LIGHT DEPENDENT RESISTOR

Light dependent resistor (LOR} s a reslstor whose resistance decreaseswith Increasing
light intensity. Due o this property, it is also known as pholo resistor. The LDRs are
typically made from semiconductor material like cadmium sulphide. The meterial is
depceitad in a spacial pattern on an ingulating plate,

Working Principle

The prnciple usad in an LDR is the increass in the conductivity of tha material on
exposing it ta light. In darknass, the semiconducior matarial hag a few free elecirons
{charge carriers) resulting in high resistance. When light photons hit the material, they

+II—
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transfer enargy to slacirons in tha outer orbils, thus, making them free to conduct
eloctidty. This dacreases the reslslance of LDR. Tha amount of light hitting the LDR's
surface determines the number of free elections. Conversely, less light results in
lowering the free electiona, thua, making higher resistance. This change in resiatance
can bs measured and usadin circuits to sanse light lavals.

Applications of LDRs
LightSensors

LDRs ara commonly usad In light sansing drcults such as automatic lighting systems In
homes and street lights_An LDR works just like a switch fhat lums ON at desk and OFF
atdawn.

Camgra Exposure Canirel

LDRs help in adjusting the axpesure lime in camaras based on tha amount of available
light. :

Voltage Divider

Ina typical circuit, an LDR can be a parl of voliage divider, that corvers the resistance

change into maasurable voltage change. This voltage can then be read by a micro-
controfler or other control clrculiry to parform actions based on light levels. A circult Is

shown in Fig. 8.37 in which an LDR is used as voltage A
divider. Inthe dark, tha LDR has a very high resistance as
comparad 1o the standard resistanca (100 kQ) in the High resistance
circuit. Therglore the voltage drop across the LDR is very of ordar of Q)

exposed to light, the resistance of LDR decreasestovery T
low. Now, the volmeter registers a lower reading. Hence, s
the change in light intensity gives rise lo change in LDR LAl

voltags. Therefore, by conrmecting mid-point B to a NOT |
gate, LDR can bs usad as a switch.
Rellabliity of AConcrete Bridge
Inspeciors Gan easily check the relialility of condrate
bridge with the help of carbon fibers embeddedin its slab.
This is possibla becausa of the conducting proparty ofthe
carbonfibers. Let us know step by step how does it work?
1. Firststepisto knowthe elecirical prapeartiss of carbon
fibere. Garkon fAbars are known to be good
conductors of electricity due to their high carbon
conlent.

2. Secondly, we can embed the carbon fibers within the
slab of the concrete bridge during its construction.

large a5 registered by a wvolimeter. When the LDR is + — Eil_‘

+3
Flg. .37

Flg. 5.38: Carbon fibve aheets
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Then we canconnactthem to form a conductors network.

3. Inspectors can check the reliability of the conerete bridge by applying small electric
current fo the carbon fiber network. They can determine the integrity of the concrele
structure by measiring the rasistancs ofthe network,

4. The sensor installed into the netwerk can show whether the alectrie resistance is
changing or nol. If the resistance remains the same over time, |t indicates that the
concrete bridge is maintaining its structural integrity However, if the resistance
increases, it means that the concrets is deteriorating or that the carbon fibers are
being damagad.

Some other methods are also used to check the strength of the mnm‘&te hndga For
example, a type of sensors confinuously moniter strain, vibration. and temparatura.
Internal flaws, such as cracks orvoids am detacted by using ullrasound waves,

A

QUESTIONS _

|l Muitipie Cholce nl.msﬂnns ]

Tick (+") the correct answer.

8.1 Two pointcharges Aand B are maratnd b}r‘i 0 m. If the distanca between tham is
reduced to 5m, the forga axeriad on@ach:”

(a)decresses to halfilz original value -
{blincreases to twice hiunglnalyal
{e}decreases to one qmrtqrqfltsnnglnal value

{d)increasasfour limes tils ariginal velue
8.2 Which glectric nl‘q;gisxi'a'mssihla on a partisa?
{a)2.5x10"C_ -;‘_[bf&.!ﬂﬁ"ﬂ (c)1.6x10"¢C (d)6.02x10°C

9.3 Which diagram best raprasents the sieciric fisld lines around two oppositely
charged garficies?

Y

(&)
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9.4 Whatlsthe work dons on an election by potential difference of 100 volis?
(@)1.6x10™eV (b)1.6x10" eV {c)6.25x 10" oV (d) 100 eV

8.5 Tha poterdial ala point siluatsd sl a digtance of 50 cm from a chargs of 50 pCia:
{8)9x10"volts (b} 18x 10" volts {c19x10°volis {d) 18 x 10" volts

96 Aballofwsight.1 N having & chiargs of 10 PG rémainad suapended batwean twe
oppositely charged horizontal metal pletes. The electdc intensily bebvean the
plates is:

{a)1ONC {by100NC" {c)1000NC (d)10000N C”

9.7 A piece of wire has resistance of 40. I is doubled on itsalf =o thal s length
baromes halfbut ares of cross-saction Is doubled. Its resistance novrwill be:
(2180 {byd 01 ()20 @in

88 Tne current thmough a conductor is 3.0 A when it is a‘lta,pi'md acmss a potential
diffarence of 8.0 V. How much powerls used? -

{al0.5W {by2.0W {19.0W ' (d)y18aw
85 The algebraic sum of potential changes fﬂl A cnmplata drcuit ie zaro. It is the
sEtement ok
(a) Ohm's law A h}@us&'slm
(¢} KirchhofPs first law " {d) Kirchhoff's second law

910 The mdius of curvatura of the ,Jal,h clfa charged parlicle in a unifom magnetic field
lzdirectly proportional to;

{althe particle’s charge : {b} the particla's momentum
(¢} the particle's energy \ {d} the flux density of the field

[ &, Short Answer Questions ]

3.1 How doas a mmrlﬂg canductor |lke an aeroplane acqulre charge as It filee through
the mr‘?DEHﬂhe briefly.
9.2 Define qlﬁﬁtrhlrﬂmltymd electrlc potental.
93A bul-bary is rated at 100 A h {ampere-hour). How much charge can this battery
supply?
8.4 lselactron-volt & unitof potential difference orenergy? Explain.
8.5 Acopperwirs of length L has rogletance /. # 15 stretched 10 double of its langih.
Whatwill be the resistance of the new length of wirg?
9.6 Whydoes the resistance ofa conductor rise with increase intemperature?
9.7 lIsthefillament resistance lower orhigherina 500W-220V ight bulb than in a 100 W-
220V bul?
9.8 Whydoas raslstance of atharmistor changes as temperature Increases?




|

9 Phols |1'[. . @'&-.-‘:':11?’“'-:'-‘ Electiostatics and Current Electricity [

9.9 Which materials can be usedto construct Faraday's cage and why?
Constructed ﬁéip-nn-.sé Questions |

9.1 Electric lines of force never cress each other. Why?

9.2 1s E necessarily zero inside a charged rubber balioon if the balloon is spherical?
Aszume that charge is distributed uniformly ovar the surface.

9.3 Electrostatic force ia 10* times stronger than gravitational force. Argue that our
galaxy ehould be almoet elecirically nautral.

9.4 Anuncharged conducting hollow sphere is placed in tha fisld of & positive change §.
Whelwill bz the net flux through the shell?

9.5 Apotentisl differences is applied across the ends of a copper wire. What is the effect
onthe driftvalochty of frae oloctons by
{i} increasing the potential difference?
(I} decraasingthelengthand H'mtnmpumtumnfthmﬂm'?

9.6 Why the fermina| polential difference of a beltery decreases when the current
drawn from it ig increased?

[ Comprehensive Questions [B]

8.1 Buplain the eleciric potentlal and grove that elactric fleld Intansity ls aqual to the
neqgative of potential gradient.

0.2 Stateand explain Kirchheff's rules.

9.3 Whatis a Whealstone bridge? Explain its working with the help of adiagram.

9.4 What is a light degendent resistor (LDR)? How can this be used as ON-OFF switch
for lighting?

8.5 Whatisa patentiometer? Doscribe its working.

[ Numerical Problems B

9.1 Two unequal point charges repel each other with a force of 0.4 N when they are 5.0
em-apart. Fing the force which each charge exerts on the other when they are {a)
2.5cmapart{b) 15.0 cm apart. [Ans: {a}1.8N (b) 0.04N]
9.2 Aparticle of charge +20 pC is placed betwsen two parallel plales, 10 cm apart and
having a potential difierence of 0.5 KV between them. Calculate the elechic field

bebwean tha plates, and the alectric force exarted on the chargad particle,
{Ang: 5N C7, 100 mN)
93 Theelectron and proton in a hydragen atom are separated {on the average) by a
distance of approximatsly 5.3 ¥ 107 m. Find tha ratlo of the slactric forcs and the

gravitational force between the electron and proton n this state.

(&ns: = 2.3 % 10°%)
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94

8.5

a8

9.7

0.8

a9

9.10

After a pleasant showering, a water droplet of mass 1.2 x 10" kg & located in the
air near the ground. An atmoapheric electric field of magnituds 6.0 x 10° N C*
points vartically dowrmward ir the viginity of the watar droplet. The droplat ramaing
suspanced at restin the air. Find the elactric charge on the droplet.

(Ans; - 1.98 x 10 C}
An alactron enters tha reglon of a uniform skactric fled, with v, =209 x 10" m g™
and E = 300 N C". The horizontal length of the plales is 10.0 em. Find the
acceleration of the electron while it is in the elechric field. How long will it take ta
pass through tha flald? [Ans: 52T x10"ms", 3.34x10"s)
A dise of 10 em® area is placed in a vertioal alectric fiold E=6 x 106N T, H tha
plana of the diecmakes anangle of 30° with the horizontsal, determine the alectric
fluxthrough the disc. (s 2aANmM'C")
A cireular copper rod Is 50 om long and has 1 ¢m diameter. Find the resistance
across its ends. What should be the side of square cross-geclion of a 50 cm lang
tungsten rod if its resistance is the same? [Resistivity of copperis 1.89x10°am
ang that pftungstenis 5.0x 10* om.] : [Ang:1.08x10" 02, 1.52 cm)
The copper winding of an eleciric fan has & resistance of 50 0 at 30 °C, After
runining for seme tims, the resistance becomes 52 (1 How much is the increase in
temperature ofthe winding? [For copper a.=0.0039K™] (Ans: 10.3°C)
During an expariment, a copper wirs of 50 m long and 150 pm thick is hung
verfically. Then & cumrent of 1.A i5 passed aocross its ends for 52 5. Find the
regletance of the wire and the heat dlse|pated during this procass. [Reslztivity of
copperis 1.69x10°Cxm.] {Ans: 47 8181 ,2390.0)
The emf of a battery. 512V, It is connacted to @ 3.6 ( registor. If the internal
resisiance of the bateny is 0.2 £2, whal will be the terminal vollage across the
battery? (Ans: 11.4V)




