Chapter 12 (2 Year Physics)

Electrostes

IMPORTANT QUESTIONS WITH ANSWERS

Q # 1. What do you know about electrostatics?

Ans. The branch of Physics which deals with the chaageest is called electrostatics.

Q # 2. State the coulomb’s law.

Ans. Statement.

The electrostatic force between two point chargesirectly proportional to the prod
magnitude of charges and inversely proportiongihéosquare of distance between th

If two point chargesd,’ and ‘q,’ are separated by a distaneg then the el

‘F’ between them is expressed as:

q192

F=ks

1

t of the
e .\w‘
%ﬁatic force
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where k is the constant of proportionality, which can Bpressed a&)o

4 g

whereg, is the permittivity of free space and its valuéim& 18/85 x 10712 C2N~1m"2,

Q # 3. Write down the vector form of Coulomb's |
Ans. The electrostatic force* between two poin&é
419>
'y

F=k—

Heref is the unit vector directed fro
Q # 4. Show that Coulomb force i

Ans. Coulomb’s force is a mu

then q,’ also exerts an e

‘Fy,’ due to chargeci"&@ 0z
A

Proof.

" exerts electrical forceFy;’

Fi, = —Fy

which

Q’Q

_ 1 q192 o
F21 AmTe, T2 er ---------------- (1)
-1 @%s
Fi, = amey 12 12 (2)
Ast,; = — Iy, so the eq. (1) becomes
_ 1 @920 =
F21 T ame, 12 ( 1'12)

If%iz represents the direction of force from chargg to ‘q,’ and T,
repres

>

eg," to ‘q,’ is expressed as:

orce, it means that itharged,’ exerts a force on charge,”’,

nd opposite forceqn * If charge g,’ exerts an electrostatic force

on charge ¢,’ and, then

1 is the unit vector

ent the direction of force from chdrge to ‘q,’, then

Fy)
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By eq. (2)
Fy1 = —Fp;

This expression shows that Coulomb force is a nhfituee.

Q # 5. What is the effect of dielectric medium onlectrical force, when it is placed between two
point charges?

Ans. If the dielectric medium having relative permittivi'e,’ is placed between two point rges,
then the electrical force will reduced by-times. The expression of coulomb’s forc;%e aen t

point charges, when the dielectric medium is pldusteveen them, is expressed ?\

__ 1 @4 /\
4mege, T2 ‘ .

(Definition) Dielectric \
An insulator, placed between two point chargesefisrred as-gli tric.
(Definition) Point Charges Q

@

point charges. ‘\‘\
>

(Definition) Electric Field
The space or region around any charge;\it whieletts forces of attraction or repulsion on
other charges, is called its electric field. ‘\\

Q # 6. What do you know about ‘Electric'Field Intersity’? Also derive its expression.

The charges whose sizes are very small as con@ﬂjeg distance between them are called

Ans. The electrostatic force per u st charge, apecific point in the electric field, is called
electric field intensity.
If *F is the electro force acting on a test chdrg’ at a point P’, then electric field

intensity E’ is expresse

F
E=—
do 0{
Elec Id intensity is a vector quantity artd direction is same as the direction of the

force. &.

Q# @d out the expression of Electric Field ltensity due to Point Charge.

Consider a point chargg’*as shown in the figure below

If ‘F’ is the electrostatic force acting on a test chdyg’ at

’/n/‘
F

e

a point P’, then electric field intensityE’ is expressed as: . /;/ P
q r .~
F
E=— - 1
. (1) .

By Coulomb’s law, the electrostatic ford® between point chargeg”and ‘q,’ is expressed as:
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1 a4,
AT gy T2

Putting value of F’ in eq. (1), we get

1 4904
E = (4nso r2 r) _ (i)( 1 ﬂf‘)
do qo/ \4mey r?
E=—-2¢
41 £ 12
This is the expression of electric field intengitye to a point charge. \
Q # 8. Write down the properties of electric line®f force. \

I)  Electric field lines originate from positive chasgand end on negative charﬁsf_f
i)  The tangent to a field line at any point gives direction of the electrlc ensity at that

point.
i)  The lines are closer where the field is strong, lthes are farthésr art where the field is
weak.

iv)  No two lines cross each other.

¥ S\ e
Y
Q # 9. Write a note on f ng.
i) Xerography ‘Q
The cop ocess is called xerography. The mamponent of photocopying machine is a drum
which is an a m cylinder coated with layesefenium.

inum is a good conductor but selenium is a pbonductor. The positive charge is spread over
the s @um The charge will remain on the surfzfodrum as long as it remains in dark. When liggtis on

m, the electrons from aluminum pass throthgh conducting selenium and neutralize the positive
charge.

The light from lamp transfers an image of the pagéhe drum. The dark areas retain their positive
charge, but light area becomes conducting, lose plositive charge and become neutral. The drurects
negatively charged dry ink from toner where itlstito the positive charged areas. The ink fromdhem is
transferred on to a sheet of paper on which theimeat is to be copied. Heated pressure rollers iielhthe

ink on to the paper to produce the permanent pfitite document.
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page to be copled - face down

toner cartridge
containing black
toner dust

paper on which the \
heated rollers image is printed %

printed image

i) Inkjet Printer
The inkjet printeuses electric charge in its working. The ink iséaf o small nozzle and
breaks up into extremely small droplets. Duringrtfight, the droplets é:t}\orough two electrica
components, which are the “charging electrode”‘@edlecting pIates’Q
The charging electrodes are used to charge thdroplets d&re not needed on the paper. The
charged ink droplets are deflected in to the gtessed surface) by the deflecting plates.
The uncharged ink droplets pass through defleqai x '}strike the paper. When the print head

moves over the paper which is to be inked, thegi@ rol turns off the charging electrodes.

Charging Deflection plates F
electrode |
...... b S ot
fCterescsesnsnn v = —>
] e E—— %
Nozzle of h
printhead Gutter - :
c‘m Papey
controt. . J

Ink
Mty

Y
Q # 10. What do you kn’@/xabout electric flux? Desdre its different cases.
Ans. The number% field lines passing through sadearea is known as electric flux.

Instructions from computer

T :ﬁzduct of electric field intensity and t@carea element is called electric flux. It is
a scal %ﬁatity and it is denoted by a Gree&réit. Mathematically, it can be expressed as
Q&% g . R (1)

WhereE = Electric Field Intensity

A = Vector Area
Eq. (1) can be written as

&, = EAcosH

@ is the angle betwedf andA.
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7l 4 | A
| e=0 __Le=%
£ o g 2 AN 2
A — o

Case 1If the vector ared is taken parallel to the field lingsthen the electric flux will be

¢, = EAcos0 =EA (Sincens 0° = 1) \

Thus the electric flux through an area element malimaximum, when thiis I taA.

Case 2.If the vector ared is taken perpendicular to the field linEshen the bék\&gﬂux passing
through the body is given by

P, =EAcos90°=0 (Since cos®) =

Thus the electric flux through an area element \wé Q when theéE and A are

perpendicular to each other. d)
Q # 11. Find out the expression of the electric ﬂupassirl%qgh a surface enclosing a charge.

Ans. Consider a closed surface in the form of a sph{erh@s r’ which has a point chargg™at its

centre, as shown in the figure below: (b
We want to find out the value of electt rough this \
close surface. For this, we divide the té\il\suarfmea of the \

sphere into n small area elemema ,AA; ....... AA, . The

electric intensities  correspondi to the area ehlam

AA;AA, ... .. AA, are E{ By ¥......... E, respectively. Total

flux passing through a clo urface of sphere is
®, = Ey. A+ EOAA, + ... ISR, W 1)
The dir t&&electric field intensity and thector area is same at each patch. Moreover,

because of s‘&al symmetry, at the surfacelafrep

_ T | q
|E ﬁIEzl ......... == |En| =F = 47'[80 r_2 (2)

E/@&pn (1) will become
@, = EAA, + EAA, + + EAA

=EX(DA; + Dy + ... +AA,)

=EX (Total spherical surface area)

1
= = X 4mr?
41T & T

o, = L

€0
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Q # 12. Describe the dependence of shape of clogdace on electric flux

passing through it. /\

Ans. Consider an arbitrary shaped close surface endgasisphere which

contain 4-q’ on its center, as shown in the figure below 4 | .
It can be seen that the flux through arbitrary sldlaglose surface is K
same as that through the sphere. Hence the tosattffough a close surface <

does not depend on the shape and geometry of cdostacte.

Q # 13. State and explain the Gauss’s law.

Statement. It states that the total electric flux through athgsed surface is equal}i%z[;roducfof
0

times the total charge enclosed in it. /}
Explanation: Consider point charges, g,,qs, ... .- ... q, are spread in a CI@ surface S as shown
in figure: Q’x
Electric flux due to chargg, = @,=2 d)
€o
Electric flux due to charge, = @,=% Q

Electric flux due to chargg; = ®,=2 .‘\‘\é.«'?
92

. _ 1; oo
Electric flux due to char,= ¢, =
x 0

Total flux passing through the closed su‘?éis

¢e=¢1+¢2+®3+®n
91 92 43
Dp=—+—F+—+ . (—
& & & N T
1
¢e=g><(‘h+‘h 7@ ......... +qy,)
b, = Ei X (tot rge enclosed by the closed surface )
0
1
®, = PP (1)
WhereQ = @ qz + e + gy, is the total charge enclosed by the close surfegeation

(1) is theamathématical form of Gauss’s law.
Q# 1&

w the Gauss’s law is applied to find outlectric field intensity due symmetrical
ge-distribution.

Zgln order to find out electric field intensity due tifferent charge distributions, a Gaussian

surface is considered which passes through the abimhich the electric intensity is to be evaldate

Next the charge enclosed by the close surface lilated and finally the electric intensity is
computed by applying the Gauss'’s law.
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Q # 15. Calculate the electric field intensity duéo a hollow charged sphere.
Ans. Consider a hollow charged conducting sphere ofusatit’ is given a positive charge?’, as
shown in the figure below:

We want to find out electric field intensity atipb‘P’ inside the hollow charged sphere.
For this, we consider a spherical Gaussian sukfditeh passes through the point

It can be seen that the charge enclosed by thedizausurface is zero. Then by applying the
Gauss’s law, we have

P = =0 e (1) Gaussian Surface
Also + R

R - S 2) . 3
Comparing eq. (1) and (2), we get +

&, =E.A=0
AsA # 0, o'

ThereforeE =0 Q i
Thus the interior of a hollow charge sphere ise8 rg(;‘gegion.
Q # 16. Calculate the electric field intensity duéo an in?@lé sheet of charge.
Ans. Consider an infinite sheet charges as shown ‘i below. Let the uniform surface charge

density iso’. .

We want to find out electric fie%iy‘\nsity atipb'P’ due to this charge distribution. For
this we consider a cylindrical Gaussms rface.

~\§
Q

X ox A \a

¥
+
x ¥

r x x ¥

+ o & Gaussian - >
¥ x ¥ sAUSSIA = e =y
r o ¥ * ¥ 4 surface - SJ -
ql_'- AN a G > f .

- %

\ |

AW Vs Vs

r y b=r— » I'. Sl l G l'.
ks + + ¥ - = -

r  xx - e e
£ ¥ L4

+ + - -

A ¥ +

) - -

* - + -
We divi e cylindrical Gaussian surface intethparts i.e§,, S, and S5, where

Q& S1 = Left cross sectional area of cylindrical Gaussarface

: . N . +
S, = Right cross sectional area of cylindrical Gaaissurface - : +
*
* & 2 i &

+
S3 = Area of curved of cylindrical Gaussian surface :
SinceE is parallel to the surfac®, so there is no contribution tc E@ﬁ g
.
the flux from the curved wall of cylinder. Whiledflux through the two = + .
+
+

+
+
B +
flat ends of the closed cylindrical surface is \N

®, =EA + EA = 2EA -----mommmmmme- (1)

whereA is the surface area of flat surface.

*ij
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The charge enclosed by the Gaussian surtgamh be find out by using the expression:

J=%=>q=aA

Applying the Gauss's law,

&b, = é X (total charge enclosed by the closed surface )

Comparing eq. (1) and (2)

| N
264 = —x oA N
i 600

2¢,

This is the expression of electric field intengitye to infinite sheet of charge. /\/\

In vector form \b

O-/\
E=—Tr

T 2¢g, @)Q
where ¥’ is a unit vector normal to the sheet directed afram it. Q

Q # 17. Calculate the electric field intensity beteen %qppositely charged
plates. ‘\

Ans. Consider two oppositely charged plates ‘A’ %e placed at a very smal
distance as shown in the figure below. Suppo

density on each plate. '\N

We want to find out electric field intensity at poi‘P’ due to oppositely

e magnitude of surface charg

F + & + & & * ¥
{
A 4
|
|
1

;*ﬂ-——'&—i-
charged plates. For this we cons% Gaussidacsum the form of a hollow box el
represented as QRST. =

As the field lines arallel to RS and TQ siodE&aussian " -
surface, so the flux thrébg these will be zerousTthe total electric (—\ G
flux through the G@(&m surface is the flux pagshrough the side & . |_
QR,i.e., g g
+ >
%: A e (l) g+ .
The ¢ enclosed by the Gaussian surfacean be find out by FR>
. P
‘he expression: -
q i —
= — =cdgA T »
o n =q=0 . i \g
Applying the Gauss’s law, + . [l
&b, = gi X (total charge enclosed by the closed surface ) +H > s
0 |
1 ¥ .
G, ==X (0A) s (2) 4 -
£ -+ >
Comparing eq. (1) and (2) + g
\= -
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1
EFA=—X0A
€o

g
b=
This is the expression of electric field intengitye to oppositely charged parallel plates.

In vector form

O- ~
E=—TrT
g \
where ¥’ is a unit vector directed from positive to thegatve plate. \
Q # 18. Define following 6 L)
i. Electric Potential Difference ii. Absolute Electrc Potential /\

Ans. b/\
I Electric Potential Difference
The work done per unit charge in moving it from @uint to an oint in an electric field is
called electric potential difference. The Sl urfietectric potentla&bence is joule/coulomialed
volt.

If W, is the work done in moving a test chaqg\&r%pomt A to B in an electric field, then

work done per unit charge from point A to pom ed as:
Electric Potential DifferencaV = —£= ‘\
il Absolute Electric Potential 3‘7\

Work done per unit charg ing it from infintb a specific point in the field is known
electric potential or absolute elec otentihe SI unit of electric potential is joule/coulomb,

called volt. ,&

Q # 19. Show that ele?@tential is the negatevgradient of . i -
electric potential. N _
Ans. Consider itive chargg is placed in a uniform electric | + -
field, betweﬁo oppositely charged plates. Thatemtial | -
dlfferenc ween A and B is expressed as: v =0 —_ B
Q ~Vp = (1) J

WhereW, is the work done in displacing a test charge fpmimt A to point B, against the
electric field.
Wy = F.d = Fd cos180° = —Fd
« F = quF andd is the displacement between point A and B.
Wyap = —qoEd

The equation (1) will become
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AV =V, — Vy = ~228
do
AV = —Ed
AV
E=- @)

If the plates A & B are separated by infinitesimamall distancér, then the equation (2)

will become

T ® N

The quantityi—‘: gives the maximum rate of change of potential weébpectto distance

which is called the potential gradient. Hence, ¢hexctric field intensity is the r?i ive gradiefit o
electric potential. The negative sign indicate tihat direction of£ is along t}b creasing potential.

From equation (3) indicated that the unit of eledield intensity is Vnil. \

volt newton
Q # 20. Prove that 1 p— 1 P — 0)0
_ volt _  joule/coulomb
Ans.L.H.S.= 1 2oL g Joute/con Q

joule -1 newton xXmeter " % 4]
meterxXcoulomb meterxcoulomb ,\‘\

newton

=R.H.S.
coulomb
Q # 21. Calculate the electric potential at a go@&) a point charge.
Ans. Consider two points A and B in the'\@ctric fieila point chargey as shown in the figure

below. The distance of points A ande frgm’ poirargfeq arer,, andr;,, respectively.

g
We want to fi electric field intensity at ppP which is at the distanegrom point charge.

The maggfuple of electric field intensity at pdis
1 q
= - 1)

Q&G = Mmeg 7

ConsiderAr =1, — 1,
=71, =1, +Ar
As r represents midpoint of interval between A andd, s

Ta+Ty _ Ta+Tq+Ar _ 2rg+Ar
2 2 T2

r2 = (Zra+Ar)2 _ Arg2+Ari+argAr
- 2 - 4

As Ar is very small so neglectingy?, we have
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,2 = (Z‘ra+Ar>2 412 +argAr
2 4

=12+ 1,Ar
Substituting the value dfr
r2=r2+1r(m—-1)=1l+1m —12 =10
Substituting values in equation (1)

1 q

E= — & - (2)

471'80 Tal'h
As electric field intensity is the negative gradiehelectric potential, therefore

Fo A _=U=Va) _ (Vo= V) \\

Ar T (rp-1a) | (rp-Tg)

Putting values of equation (2) /\g

(Va_ Vb) — 1 q
(rp—7a) ameg rarp
©

o= Vo = Gy e Q\
Vo= Vo= gl ] © &

This is the expression of electric potential défece bétween two points A and B. to

calculate the absolute electric potential due poiat char x&pa’mt A, the point B is assumeda@b

infinity (i.e., V,, = 0, andr, = « ). Thus, the equatio ill become
- a4 |1 _1
Va_o_émso[ra 00] .

¢ 1 »
a 41TEY a ------------------- %
The equation (4) gives th vage of absolute dteqiotential at point A. the absolute
electric potential at poin?, which is{@a e distaneefrom point charge will be:

q 1

4mMEy T
Q # 22. What do you kqﬁbout electron volt? Alsprove that 1eV = 1.6 x 10~19].
Ans. The electron v, the unit of energy which &ided as
“the amoun@e gy acquired or lost by an electaben it is displaced across two points having a

potential difference of one voltlt is denoted byV.

Proof: e charge is free to move along the directibfield, it will acquire kinetic energy. In the
p &,t case, the loss of potential enefdy) (s equal to the gain in kinetic energK(. E).
Q AK.E =AU

AK.E = qAV

If g =1.6x1071°C andAV = 1V, therefore,
AK.E = (1.6 x 10712 C)(1 V)
As the kinetic energy acquired by the electron addjuire the kinetic energy of one electron

as it move through a potential difference of onk, v called electron volt. Therefore
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leV=16x10"1¢cVv
Or leV=16x10"1] “CV =]

Hence proved.

Q # 23. Describe the similarities and difference aong electrical and gravitational force.
Ans. The electrical force between two charges is diygmoportional to the product of their charges
and inversely proportional to the square of théadice between them:

e e (1)

The gravitational force between two masses is tijrgroportional to the &@ of their

masses and inversely proportional to the squatieeodlistance between them:

A 6\

Similarities among the Electrical and Gravitatiorfabrce

(1) Both forces are the conservative forces. 0)0
(i) Both forces obey the inverse square law. Q

Differences among the Electrical and GravitatioRakce

0] Electrical force is might be attractive as N ulsive while the gravitational force is

only attractive. ‘b’

(ii) Electrostatic force is medium depe&hand cashimded while the gravitational force
lack this property. '\\

(iir) The value of gravitational c@nstant is very smaliiles the electrical constant is very
large. It is because o r& fact that gravitatioftate is very weak as compared to

electrical force.

Q # 24. Calculate the ch n an electron by Mikan's method.
Ans. In 1909, R.A Milli s deV|sed a technique thasulted in precise measurement of the charge
on an electron. g erimental set up of Millikawil drop experiment is shown in figure below:

Oil droplets

Pin hole

& e i
\ i:ii;::jj;;; i_j _ ._
N & D~
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The setup consist of parallel plates separated distanced. The upper plate has a small
hole. A voltage V is applied to the plates and scekectric field between the plates is set up. The

magnitude oE is given by

An atomizer is used for spraying oil drop thro@ghozzle. The oil drop gets charged due to
friction with the walls of atomizer. Some of thed®ps will pass through the hole in the upper plate
A telescope is used to observe the path of moti@me of these charged droplets.

A given droplet between the two plates could b&psnded in air if the graw% aI force
F, = mg acting on the drop is equal to the electrical édic= qE. TheF, can b justed equal to

F, by adjusting the voltage. In this case we canewrit 6\
Fe = F;q \
qk =mg ,3)0
By using equation (1), we get Q
\Y%

q7=mg . ¢
=q =" (2) \&(
....................... (b

14
In order to determine the mass of the droplet ic field between the plates is switched offe

droplet falls under the action of gravity thrwibh #s terminal velocityv, is determined by timing
the fall of droplet over measured dist%c%. Theg daace on the droplet can be find out using

Stokes's law: b’

F =6émnrv, =mg ..7# @ ............. 3
wherer is the radius of the

droplet, then

m= %m‘?’p ....................... (4)
Hence the equat ) will become,
6nn$§(§ mr3 p) g
e 977Ut

& Knowmg the value of, the mass can be calculated using equation (43. Viddue ofm is
%tltuted in equation (2) to get value of chargm the droplet.

Millikan measured the charge on many drops andidainat each charge was an integral
multiple of minimum value of charge equal 16 x 1071°C. He, therefore, concluded that this

minimum value of charge is the charge on electron.
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Q # 25. What do you about a capacitor?
Ans. A capacitor is a device that can store chargeofisists of two metal plates placed near one
another separated by air, vacuum or any otheratmulWhen plates of a capacitor are connected
with a battery of voltage V, the battery placesharge+Q on the plate connected with its positive
terminal and a chargeQ on the other plate which is connected to its riegderminal. It is found
that amount of charge on one plate of capadta directly proportional to the potential diffeEn

QuxC

Q=cCv \
where( is the constant of proportionality and is calleg&citance of the capacitor. ﬁ?%aue depends
upon the geometry and medium between them. /\

©

Q # 26. What do you know about the capacitance of@pacitor?

Ans. The ability of a capacitor to store charge is emlbapacnance@\'capacnor It can also be
defined as
“ The amount of charge on one plate necessarer this potential

of the plate by one volt with ri‘k gthe Gther
Q # 27. Derive a relation for the capacitance of ak’@, ate capacitor
Ans. Consider a parallel plate capacitor consi@mne metal plates, each of areaseparated
by a distancé as shown in figure below: '\
We want to find out the expression of %&tanca parallel plate capacitor, whose plates are

separated by air. b

By definition, the cap ce is
Cac=2 ... ,& ........ }
where Q is the ch n the capacitor akds the =

potential dif)@@between the parallel platebe T

magnituder 0 ctric intensity is given by

%“ L (2) . ”:_l “:

ficld between

% ctrlc intensity between two oppositely cledrg plates Electric
lat

+ + + o+ o+ o+

field in

sis glven by wire

where ¢ =% is the surface charge density on ea

plate. Hence, equation (3) will become
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By comparing (2) and (4), we get

v_ Q@
d_ASO

Ag

Or 2= 2%
174 d

Putting values in equation (1)

A
Cpac = % .................... (5)

This is the expression of capacitance of a parpl&k capacitor, whose plates are\gparated

by vacuum.

Q # 28. Describe the effect on the capacitance ofparallel plate capacitor, W%Da dielectric
A
medium is place between its plates. .

Ans. The presence of a dielectric medium ¢ ¢, =S o,
dielectric constant, has resulted in decrease i > ‘ = ‘ “
the potential difference between the plates C ’ ) é )
shown in the figure below: D : g—4U
SinceQ remains constant, therefore th ' | 7 wl I ‘
capacitance C increased as we placed th @ ’ }
dielectric medium between the plates of* -

capacitor. Thus, the expression of capaciﬁ{hp or
capacitor when a dielectric medium of d%'@ttrimﬁantsr is placed between the plates of capacitor

will be: b,
AggEr @
Crmea = —=

ed — d
Q # 29. Define dielectric stant of a substance
Ans. The dielectric co §@nt of a substance is defased
“The ratio of th &tance of a parallel platepaaitor with an insulating substance as medium
between the to its capacitance with vacusmedium between thém

Mathematically, it is described as:

_ Agpey
& med — d
; Cmea = &-Cpac
C
Or g, = et
CUaC

Q # 30. Write a short note on electric polarizatiorof dielectric.
Ans. The dielectric consists of atoms and moleculesclvl@re electrically neutral. The centers of
positive and negative charges coincide in the afesehan electric field. When a dielectric is plhce

in an electric field between the plates of a capacihe centers of positive and negative charges n
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no longer coincide with each other. Thus the mdécof the dielectric under the action of electric

field become dipoles and the dielectric is saibdggolarized.

Q # 31. How the electric polarization of dielectricesult in the enhancement of capacitance of
capacitor?

Ans. The positively charged plate attracts the negative of the molecular dipolemd negatively
charged plate attracts the positive end. Thus thface of the dielectric which is in contact witret
positively charged plate places a layer of negativa@rges on the plate. Similarly the surf&g of the
dielectric in contact with the negatively chargdalt places a layer of positive char% e@®as

the surface density of the chamg®n the plates, which result in decrease

in electric intensityf = si This decrease of potential difference betwe
0

4 - -
| ED «DEY| U
. . . . . + <: ' é (' s o
the plates. As the capacitance is inversely propuat to the potential || | -+ & (. |
difference between plates. Therefore, the capamstaof capa;;,{_@f | S =TRD| 1
+ -
increased due to electric polarization of a dielect

Q # 32. Find out the expression of energy stored the eleq;;j}eld of a capacitor.
Ans. Consider a capacitor having capacitance C i@ ewith a battery having a terminal
potential difference V. (90,

We want to find out the expression of staneelectric field of a charged capacitor.
The charge on the plate possesses ele "tgl potentergy which arises work is to be done to
deposit the charge on the plate. With ea melement of charge, the potential difference between

the plates increases. This is due t factanatger amount of work is needed to bring up next

O

increment of charge
Initially, when tf;@% is uncharged, theeptial difference between the plates is zero

and finally it becomes

is%=%v. y

Therefore the stored in the capacitor is:

1
E%‘qV
Q E= —CV2

n charge q is deposiiecach plate. Thus average potential difference

©w q = CV for a capacitor

Asosr

Substituting/ = Ed andC = , we get:
_ 1 /Agpe, 5
E‘E( d ) (Ed)
_ 1 /Agoe, S
E‘z( d )E d

1
E= 3 £0&,E? (Ad)
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WhereAd is the volume between the plates.

Energy Density
The energy density can be find out by dividing &mergy stored in the capacitor by volume of the

capacitor:

E D ity = £ _ £

nergy Lensity = Volume =~ Ad
1
Energy Density = > £o5,E?

Q # 33. Describe the phenomenon of charging and digarging of a capacitor \
Ans. The electrical circuits consist of both capacitod aesistors are called RC circuit. When@@ris
connected to a battery, it starts charging the @tgrathrough resistor R. /\

Resistor

V 4 pacitor

-
A I {
+
i

Swatch

S S

R R
,—).'Avﬁ. ,—A'NK
c - l’
g
=
£ £

Baucn',

(a) (b) t<0 (c) >0
The capacitor is not charged immed{?,%thm@s built up gradually to the equilibrium value

qo = CV,. The growth of charge with time isy.yy in thagr (a). According to the grapqp= 0 att = 0 and
increases gradually with time till it reach}% iBbrium valueq, = CV,.

q i
[ 5 TR ——
— £
/ by b=k
0.632CE F———x \
rd! 3
( // I . . \~\
/ 1 0.36885 F———%_
{ / 'r=RC NG
| | -
S
w T ! T
(a) (b)

Graﬁ&shows the discharging of a capacitorutpnoresistor. The graph shows that discharging
begins at 0.whenq = CV, and decreases gradually to zero.
RC Tj{ onstant

How fast or how slow the capacitor is chargingdigcharging, depends upon the product of the
resistance and the capacitance. As the unit gitbeéuct RC is that of time, so this product is knoag the time
constant and is defined as the time requiredthg tapacitor to deposit 0.63 times the equilibricimargé.

The charge reaches its equilibrium value soonemvthe time constant is small. Similarly, smaller

values of time constant RC leads to a more radhdirge.
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EXERCISE SHORT QUESTIONS

Q # 1. The potential is constant throughout a giveregion of space. Is the electric field zero or norero in
this region? Explain.
Ans. The electric field intensity is described by thiatien:

AV
Ar
According to the relation, the electric field isga¢give gradient of electric potential. If thihm:t

E =

potential is constant throughout given region @fcsg then change in electric potentiéll = 0, hencefs=

Q # 2. Suppose that you follow an electric fieldrie due to a positive point charge. Do ele ri%land the
potential increases or decreases. /\%

Ans. If we follow an electric field line due to a pasé point charge, then it means that we are mowainwgit
from point charge. Thus the distance from the ghancreases. Due to increa f distance frontipesi

charge, both electric field intensity and elecpratential decreases as: 0

E o —andV o = Qf)
T T

Q # 3. How can you identify that which plate of cagcitor is positively charged?
Ans. The presence of charge on a body is detected leyiaejcala ?d leaf electroscope. The leavegotd
leaf electroscope are diverged by giving them negatharge
» If the disc is touched with any plate of the chargapacitor and the divergence of the leaves iseea
the plate of capacitor is negatively charged
» If the divergence of leaves decreas wthm pf capacitor is positively charged.
Q # 4. Describe the force or forces on ag':i%z'mt charge when placed between parallel plates:

i. With similar and equal charge

ii. With opposite and equal ¢
Ans. When a positive point ¢ is placed betweenllphgaates with similar and equal charges, thea th
electric field intensity due plate is eguaimagnitude but opposite in direction of electntensity due to
other plate. So the v
charge is zero. T @/ill remain at rest.

Whe sitive point charge is placed betweenllphfgglates with opposite but equal amount of

resultant electritdfiatensity E is zero. Hence the net force ongbsitive point

charge, t@glectric field intensity due to onatelis equal in magnitude but in same directiothefelectric
i

ity due to other plate. So the valuaasultant electric field intensity is non zero.ride the point

field @
c@e ill be accelerated towards negative plate.

Q # 5. Electric lines of force never cross. Why?
Electric lines of force never cross each othersTfibecause of the reason that electric fielchsitg has only
one direction at any given pint. If the lines craslectric intensity could have more than one dioacwhich is

physically not correct.
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Q # 6. If a point charge of mass m is released inr@on-uniform electric field with
field lines in the same direction pointing, will itmake a rectilinear motion.
Ans. A non-uniform field of a positive point charge tsosvn in the figure:
If a point charge q of mass m is placed at anytpairthe field, it will follow
straight or rectilinear path along the field lingedto repulsive force.
Q # 7. Is E necessarily zero inside a charged rubbéalloon if the balloon is spherical. Assume that
charge is distributed uniformly over the surface.
Ans. Yes, E is necessarily zero inside a charged rubakwon if balloon is spherical. If the Gaussiarﬁe is

imagined inside charged balloon, then it does patain any charge i.e., q=0. q)\«
Applying Gausses law: 6

P =2 =0 oo (1) /\
Also, \b/\

P 3 — ) Q
Comparing (1) and (2), we have: f‘})

EA=0

As A # 0, thereforeE =0 A % "
Hence electric field intensity will be zero insidesp alloon.

Q # 8. Is it true that Gauss’s law states that théotal nugt@m‘ lines of force crossing any closeslurface

in the outward direction is proportional to the net poSitive charge enclosed within surface?
L
Ans. Yes, the above statement is true. \
Electric flux is defined as the mea f numbfeelectric lines of force passing through a certain

area. According to Gauss’s law, the flu@ougy elose surface igl— times the total charged enclosed in it.
0

@nclosed)

otal Charge Enclosed)

Electric flux :Si (Total Ch
0

Electric flux = consta

Electric flux e (To arge Enclosed)

Q # 9. Do electrons t:}l@to go to region of higtotential or of low potential?

Ans. The electro thg negatively charge particle wieégnsed in electric field moves from a regiotoofer
potential (negatiye end) to a region of high patrfpositive end).

%

o@
g‘.
o ®

District [<hushab
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%,
%
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