MASS PHYSICS

Chapter 2

ELECTROSTATIC POTENTIAL AND CAPACITANCE
TOPIC 1 electrostatic potential (V)

IN CHAPTER ONE ELECTRIC CHARGES AND FIELD WAS INTRODUCED WITH
TOPICS LIKE COULOMB’S AND GAUSS’S LAW AND WE STUDIED THREE MAJOR
PHYSICAL QUANTITIES LIKE CHARGE, FIELD AND ELECTRIC FLUX.

IN THIS CHAPTER WE’LL STUDY:

POTENTIAL (V)

CAPACITANCE (C)
CONDUCTORS & DIELECTRICS
VAN DE GRAAFF GENERATOR.

-l ol

NOTE: Potential difference that we’ll study in this chapter is very useful for studing current in next chapter.

Q.1 What are the various TOPICS which describes electrostatics potential ? write a brief note?

A.. There are 6 major topics to understand electrostatic potential :

1. Potential at a point due to a single charge.

2. Potential difference between two points.

3. Potential due to electric dipole.

4. Potential due to system of charges.

5. Equi-potential surfaces.

6. Potential energy of a system of charges.
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MASS PHYSICS

Q.2 Explain potential at a point due to a single charge?

A. definition:

Expression for potential at a point inside electric field:

UNITS oF PoTe nTIAL S —
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Q.3 What is potential difference between two points in electric field? Explain its various expressions?

A.

Q.4 NCERT Example2.1 a) calculate the potential at a point P due to a charge of 4 x 107 C located 9cm away.

b) Hence obtain the work done in bringing a charge of 2x 10™ C from infinity to a point P. Does the answer
depend on the path along which the charge is brought ?

A.

Y3
® P R.
G
©q, OU GL%
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Q.5 Obtain an expression for Potential due to an electric dipole at any point?

A.

SpPeciAL cases:—
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Q.6 Find Potential due to a system of charges ?

A. Consiclex a system of chovges 4,92, - - ~+Yn with position vecloys ¥ 5 ¥om =¥y

W&&\?o..mo Some ©¥(gin . The potentiol \J at point P can be ebtain
Y omor:m the mdividual p oten Hols Of each nrnqmn ot belowy—

FIGURE 2.6 Potential at a point due to a
system of charges is the sum of potentials
due to individual charges.

Oﬂ N.C.E.R.T example 2.2 Two charges 3 x10° C and -2 x 10® C are located 15cm apart. At what point on the line joining the
two charges is the electric potential zero? Take the potential at infinity to be zero.

A. | S5em

~V

< _
s
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MASS PHYSICS

EQUIPOTENTIAL SURFACES

Q.9 What are equipotential surfaces ? write their important properties.
A. Definition:

Properties of equipotential surfaces:

1. the potential at every point on these surfaces is always constant
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Q.10 : What is the relation between electric field and potential? E&V

Or
Explain potential gradient ?

Ans,

Q.11 Explain potential energy of a system of charges ( for 2 charge system as well as for n-charges) ?
Ans.

NOTE ;- The potentiol enevgy (s chavacterstic of the present state of
NDS_..."M:.«D.E.G_: ,and not the ks the stete ‘s achieved.
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Q.12 NCERT fg,
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Q.13 Explain potential energy for a system of charges inside external field ?

A. Considex two nrox.wnu 91. b4 nwu. insid. ¢ the ﬂx....n*:or_.u_.nﬁ% of Oro,qm.m. J\ A
below “— ; Y

Q.14 NCERT g
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Q.15. Obtain potential energy of dipole in an external field ? or find the work done by the torque experienced
by an dipole due to external field?

bsmu Rs seen ' the last n.rD_u*ndO ' a un'Fo¥m electirie %..ﬂpn& the m..Nniﬂu

?MxvoJMsQ..w :o_u:n¢ fovce § but expeviences o +.nTW
Al the qum punt of Weyk dene _v.m Fhate : - \7\ S E

exteynal #.,R_.rrr ,?.23 ©, Dsw_néo @Nosm.@m.

o ™
% w?as rd... _ 6,2

$

\y N

Q. 16 NCERT]

S thI.OS -
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Topic 2: CONDUCTORS & INSULATORS

ELECTROSTATICS OF CONDUCTORS:

CONDUCTORS:

Q.1 What are important properties of conductors when kept inside external electric field?
A. Important properties of conductor:

1. inside a conductor, electrostatic field is zero:

/\/ Eext

2. At the surface of a charged conductor, electric field must be normal to the surface at every point.

3. The interior of a conductor can have no excess charge in the static situation:

4. Electrostatic potential is constant throughout the volume of the conductor and has the same value (as
inside) on its surface.
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5. Electric field at the surface of a charged conductor:

—_
A
m..ll. g%
2o

6. Electrostatic shielding:

WAY 1:

WAY 2:

www.massphysics.com
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Q.2 NCERT
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Dielectrics and Polarisation

Q.3 What are dielectrics? Write their important types.

A Dielectrics are non-conducting (insulating) substances. Which have no free electrons as charge carriers.

Dielectrics are of two types:

1. Polar dielectrics:

2. Non polar dielectrics:

Q.4 What is dielectric constant or relative permittivity ?

www.massphysics.com
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Q.5 What are the properties of Dielectrics when kept inside external electric field? Also explain polaristion
on the basis of these properties?

A.

_pelav d., ,
(7
ﬁm‘\.ﬁ

po”

PeLrriSATION:—

iy — FIGURE 2.23 A uniformly
m ‘ polarised dielectric amounts
to induced surface charge
density, but no volume
charge density.
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TOPIC-3 CAPACITORS AND CAPACITANCE

Capacitor:

Capacitance:

Q.1 What is capacitance ? write its units.

A.

Q.2 What are various types of capacitors?

A. Various types of capacitors are:

1. Parallel plate capacitor ( 4 FORMS)
2. Isolated sphere capacitor

3. Spherical capacitor

4. Cylindrical capacitor
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THE PARALLEL PLATE CAPACITOR

A parallel plate capacitor consists of two large plane parallel conducting plates separated by
a small distance. Its capacitance depends the intervening medium between the two plates.

Q.3 Study parallel plate capacitor for its capacitance when it is air filled?

A. Pavalld plate Copacilor Gnsists of 2 parallel metallic Tﬁo.wom OF

axyeo A each and sepevated, by edistance e th such o way
+hat they ave provrded €quad and efuonmm. Dro.th.m usbelows—

\ |
Axea= A

+ -

Q.4 Study parallel plate capacitor for its capacitance when it is medium (dielectric) filled?

ﬁb._cm.—ﬂﬁ’vﬁon;
m n%.“c.g

+  | |- @&
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Q.5 Study parallel plate capacitor for its capacitance when an conducting slab of thickness t
is inserted inside it?

Ans. Considey a pavallel plate npvpnx.oa\ roc..:@ plate axea A ancd
. -
nu_..._mmo..so.o of sepevation d. News an ﬁoso—r_nf.s@ Slab of thickness
t s inseyted n between two plotes : d
@\ %«nn. el ectrons _Du.;ﬂ mMeans of Tnducton Qwn obp site.
) : - 0S5y
m_n._.%. will _Sn»CnnoQ ﬁswﬂn_..h .c‘..m. .m@o._u._br_.nr Cb_.; hﬁsﬁ% .I?n...

Cxteynal ahplied fiedd a8 @ yequdt Net {lelc] Tnsidathe slab
WMl be 2eve. a4 shown tnthe, nb.‘p%x.o

A\

T MﬂVna\o.fT.oE

ms —

e L
~ Lo me.orv

v
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Q.6 Study parallel plate capacitor for its capacitance when an dielectric slab of thickness t is
inserted inside it?

).30. Consider a _uo,qﬁmpﬂﬁ___u.ﬁ*m Copacihay roc..sﬁu plate ovea A gnal s dan (e
of sepevation o Now adiedectye slab ofF #T..nf,:.nmm,.m. °S
inseyted tn between +Eo_uooa.ﬂut dus To pola visation WW\
déefectvc cFoms am 0TT&..+0 Freld ol Snduced Snside the
Slab which will decycager the %_.mpnp faspde 't _vm. o) Hmed
ow‘ .?,qu.nnP %..m.wnp. E as shown in L..ow\dpso 8 — .

\s%.m_mn?n
Slab

(k)

N
W

N N
d
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SPECIAL CAPACITOR:

Q.7 Find the capacitance of an isolated mﬁrma..w

A. H.m.umo..mm.nc. mdu:md\m. _,-m a. .m,.Z_.NPP ﬁrnﬂmm‘n\@ ;M_.pm?@.o.ull

Q.8 Find the capacitance of earth? ( given radius of earth R=6.4 x 10° km)

A.

Q.9 Which capacitor is of higher capacitance?

A @ﬁ €

Cr.
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Q.10 . Obtain the expression for spherical capacitor?

Ans.

Sphexicad Capaciter Gnsist °F 2 Gncentr'e metollsc Sh e s .
TDC-.SM‘ Bduvn.mv..._.h. nro.iwm\w et shawn n the Dp..noqd.o«: o —

Q.11 NCERT Example 2.8 A slab of material of dielectric constant K has the same area as the plates of a parallel plate capacitor
but has a thickness % d, where d is the separation of the plates , how is the capacitance changed when the slab is inserted between
the plates?

Ao Usei— Formula {ox dielectr'c slab w pavalldl plate Capaciley
C= _&=A
d-++ &

—

K<

www.massphysics.com 22 |Page




MASS PHYSICS

TOPIC -4 COMBINATION OF CAPACITORS

WE CAN COMBINE SEVERAL CAPACITORS OF CAPACITANCE C,; C, __Cy TO OBTAIN A SYSTEM WITH SOME
EFFECTIVE CAPACITANCE C

TWO BASIC COMBINATION OF CAPACITORS ARE:
1. SERIES COMBINATION
2. PARALLEL COMBINATION

Q.1 What is series combination of capacitors? Write its important properties: Cy Cy

=
W
>

A. h L ]

Properties: VY.

Q.2 What is parallel combination of capacitors? Write its important properties:

A.

Properties:
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NUMERICAL PROBLEMS BASED ON SERIES AND PARALLEL

TRICKS:
1.

2.

Q. 3 Find net capacitance and net charge of the circuit below:

A.

Q.4 Find net capacitance across A and B ?

mpﬂ: mpvpﬁ—.ﬂlo.w\ = Mrﬁ

www.massphysics.com
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Q.5 Find the missing value of capacitance C if the effective capacitance across A & B is 10pF.

A C LME
—] It

[
l

WF=" == 3HE

| |
}o]
w
=
A

T
é
o

\ 2RE
Q.6 find the net capacitance across A & B

g [LLT]
2ME

2MF

/./.u.rﬁ et U.rﬁ.
e
8 T B

A 2/NE
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Q.7 Find the net capacitance and charge in the infinite chain of 2uF each as shown below.

c 8
| e T e I S S R ey e
c C
upto od |
mprnlly ¢ —e —c¢ =¢ —me¢ =¢
- < = c :_l c u*ln C
- = — R e
Ans. Valut of each Gapacitoy =2 9=

Q.8 Find the charge stored in 3puF capacitor in the circuit diagram below? (Branching of charges)

A.

3HE
_

toC

¢

!
iR

;.
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ENERGY ASSOCIATED WITH CAPACITOR

Q.10 Explain electrostatic energy stored in a capacitor? Obtain an expression for it?

A.

Q.11 What is energy density in capacitor ? [ =]

A.
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VAN DE GRAAFF GENERATOR

Q.1 Write the explanation, principle, construction, working and uses of Van de graaff generator? Also write
the role of CH4 and N, gas in it?

Ans. DEFINITION:

PRINCIPLE:

1. Corona discharge: ( action of sharp points)

2. Potential difference of two concentric charged hollow sphere is independent on the charge of outer sphere.
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CONSTRUCTION & WORKING:

Metal brusH

o

Insulating belt

\\+ to carry and
* deliver charge

7

R S i . S e -

supporting

,M Insulating
R column

N | Motor driven
O )= | pulley
Metal brush \_\ Grounded

delivering metal base
charge from
source

+
+
+

USES OF VAN DE GRAAFF GENERATOR:

ROLE OF CH4 AND N; GAS IN GENERATOR

www.massphysics.com
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ADDITIONAL questions :

Q.1 How we can apply wheat stone bridge in capacitor circuit to find net capacitance, explain it by the help

of an example?

A.

Q.2 find net capacitance across A & B in the given circuits?

Q.

SMF / auF

www.massphysics.com

b.

b

i
al

> mnorn_o_u_n
=L Capacitance..
o4 \/

_/\ 5

|
Pt
A

=

—
i T

s
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" _ C | Orsﬂ.
V70

K=H

B

Q.3 find net capacitance, NET CHARGE and ENERGY STORED in 2uf capacitor in the circuit diagram
below?

A. 20V

e
L
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ELCTROSTATIC POTENTIAL & CAPACITANCE
IMPORTANT TOPICS WITH FORMULAS FOR NUMERICALS

TOPIC 1 POTENTIAL [V]

o\ B o 9 (ot a peint
%o UAEG Y P u

2. \N= o I ﬁao.u.q 2 ws.‘skw
UA Govp UnG vy
3.N= %.mw = Elbs &
(Patren ol %.I.Sn:rpu
4V = Wwork ddone pev unit +est
nuver.fMP
Units o V

Nolt o¥ T/c

b0+m3d-.n..ﬁ 'S a Scadovy J:ro.....ﬂﬁlu
Se Relayx abeus ts civection

TOPIC-2 RELATION BETWEENE & V

1. mh. hu A
B J. UMAGy®
2. Vow -~ 9
% URCer
Redodbon g - ,&Ic-v Potenbal
cdx] 9rodient

TOPIC-3 ENERGY ASSOCIATED:

{ SYSTEM OF CHARGES & CAPACITOR}

.P. C = r&l@ﬂ.

'l
2. U= ¥90 + 9,9 + K939,
S U= ...W...MWI..H ﬂw.xn..(.m..

Y. energydens)ly o= < el

TOPIC 4 CAPACITANCE [C]

Meun covmula 9= eV

L C= 2 [ STunit Farad D..u.,_
2. C= mumnl ﬁﬁ)fnrrr.p plaly ﬁnr< Fi :ﬂo_@
SGA

d-t ﬁ

U (= k&A ﬁlSPDF.cE _H_.ﬁ.ﬂh._u

Co ?nrrrnf.ﬁﬁv\ S la ru

Ciclechic s lab |
£
2

£.C=uree¥ [ Isolured m«rﬁ.nu

3. L= I.mnmadb.u,m ﬁ%ffﬂ.{—nbrp.
e Ty

% C=2mal _Hours%,.opb

hewmh v nbt«on..rum_

Y = s Cr+Ca ﬁ.ﬂﬁ%

nog,_U..S...rH_.o_;u
lo. L =Ly +1 [Sener
CLS ae <2 QGT\_T.So&o\\Q

ZO._..ﬂu\
1. 4 didleehie ivedn distonce betueen

the plates then the pavts are i
Serey
2- H e dielech'c dividr Ay e of
Hie platu then the povis ave iy
ﬁuD.TD:dL.
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Chapter wise Theoretical Important Questions in Physics for Class-XII
ELECTROSTATIC POTENTIAL AND CAPACITANCE

Electrostatics-

1. Derive an expression for the energy stored in a capacitor. Show that whenever two
conductors share charges by bringing them into electrical contact, there is a loss of
energy.

2. Derive an expression for the effective capacitance when capacitors are connected
in (a) series and (b) parallel

3. Explain the principle of a capacitor and derive an expression for the capacitance of
a parallel plate capacitor for the following cases:

a. air filled

b. dielectric medium filled

c. filled with conducting slab
d. filled with dielectric slab

4. Derive an expression for the electrostatic potential energy of a system of point
charges

5. Define electric potential at a point. Derive an expression for the electric potential at
a point due to (a) a point charge (b) a system of point charges (c) a dipole.

6. Show that the work done in an electric field is independent of path.

7. What are dielectrics? Distinguish polar and nonpolar dielectrics. Define the term
Polarization vector.

8. What are equipotential surfaces write their important properties?
9. Explain the relation between V and E? also explain electrostatic shielding.

10.Describe the Principle, construction and working of Van de Graff generator.
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N.C.E.R.T BACK EXERCISES
NCERT Question 2.1:

Two charges 5 x 10 C and —3 x 10°® C are located 16 cm apart. At what point(s) on the
line joining the two charges is the electric potential zero? Take the potential at infinity to
be zero.

Answer

There are two charges,

g, =5x10"*C

g, =—3x107°C
Distance between the two charges, d=16 cm = 0.16 m

Consider a point P on the line joining the two charges, as shown in the given figure.

'Y
r

< r »P q;

r = Distance of point P from charge ¢,
Let the electric potential (¥) at point P be zero.

Potential at point P is the sum of potentials caused by charges g; and g, respectively.

V= 4 =8 4>
dne,r dmne,(d-r)

- (1)

Where,
€4 = Permittivity of free space For

V' =0, equation (i) reduces to

4 _ 4>
dne,r 4dme (d-r)

9 _ 4

rod-r
S0t __(3x107)

o (0.16-r)
0.16
,
0.16 8
ro5

Sr=0.1m=10cm Therefore, the potential is zero at a distance of 10 cm from the
positive charge between the charges.

b

L |
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NCERT Question 2.2:

A regular hexagon of side 10 cm has a charge 5 pC at each of its vertices. Calculate the
potential at the centre of the hexagon.

Answer
The given figure shows six equal amount of charges, g, at the vertices of a regular
hexagon.
o il
A B
F C
g 4
FqE . i
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NCERT Question 2.3:

Two charges 2 pC and —2 pC are placed at points A and B 6 cm apart.
Identify an equipotential surface of the system.
What is the direction of the electric ficld at every point on this surface?

Answer
The situation is represented in the given figure.

2ul’ —2uC

A &cm »P

An equipotential surface is the plane on which total potential is zero everywhere. This
plane is normal to line AB. The plane is located at the mid-point of line AB because the
magnitude of charges is the same.

The direction of the electric field at every point on this surface is normal to the plane in
the direction of AB.

NCERT Question 2.4:

A spherical conductor of radius 12 cm has a charge of 1.6 x 107'C distributed uniformly on its
surface. What is the electric field Inside the sphere

Just outside the sphere At a point 18 cm from the centre of the sphere?

Answer

Radius of the spherical conductor, =12 cm =0.12 m
Charge is uniformly distributed over the conductor, g=1.6 x 107 C

Electric field inside a spherical conductor is zero. This is because if there is field inside
the conductor, then charges will move to neutralize it.

Electric field E just outside the conductor is given by the relation,

.
dne, r

Where,

€4 = Permittivity of free space

1

4n =,

=9x 10N m°C~

g 16x107x9x10°  onct

(0.12)
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Therefore, the electric field just outside the sphere is 10PN C'-

Electric field at a point 18 m from the centre of the sphere = E,

Distance of the point from the centre, d=18 cm =0.18 m

E=—19 _
- dwe, d

E 9x10° x1.6x107
(18x107Y
=4.4x10* N/C

Therefore, the electric field at a point 18 cm from the centre of the sphere is

4.4x10° N/C

NCERT Question 2.5:

A parallel plate capacitor with air between the plates has a capacitance of 8 pF (1pF =
107" F). What will be the capacitance if the distance between the plates is reduced by
half, and the space between them is filled with a substance of dielectric constant 67

Answer
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NCERT Question 2.6:

Three capacitors each of capacitance 9 pF are connected in series.

What is the total capacitance of the combination?

What is the potential difference across each capacitor if the combination is
connected to a 120 V supply?

Answer

NCERT Question 2.7:

Three capacitors of capacitances 2 pF, 3 pF and 4 pF are connected in parallel.
What is the total capacitance of the combination?

Determine the charge on each capacitor if the combination is connected to a 100
V supply.

Answer
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NCERT Question 2.8:

In a parallel plate capacitor with air between the plates, each plate has an arca of 6 x 10
m’ and the distance between the plates is 3 mm. Calculate the capacitance of the
capacitor. If this capacitor is connected to a 100 V supply, what is the charge on each
plate of the capacitor?

Answer

NCERT Question 2.9:

Explain what would happen if in the capacitor given in Exercise 2.8, a 3 mm thick mica
sheet (of diclectric constant = 6) were inserted between the plates,

While the voltage supply remained connected.
After the supply was disconnected.

Answer

www.massphysics.com 41 |Page




MASS PHYSICS

NCERT Question 2.10:

A 12 pF capacitor is connected to a 50V battery. How much electrostatic energy is stored
in the capacitor?

Answer
Capacitor of the capacitance, C=12 pF =12 x 107*F

Potential difference, V=50V

Electrostatic energy stored in the capacitor is given by the relation,

E=—CV-

uwimxa-nx_ﬁ_su

=15x107" ]

Therefore, the electrostatic energy stored in the capacitoris  1.5x1 0* ).

NCERT Question 2.11:

A 600 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply
and is connected to another uncharged 600 pF capacitor. How much electrostatic energy
is lost in the process?

Answer

Capacitance of the capacitor, C = 600 pF

Potential difference, =200V

Electrostatic energy stored in the capacitor is given by,

mnhﬁv\u
2

x (6001072 )x(200)’

b |

2x107° ]

Il
—

If supply is disconnected from the capacitor and another capacitor of capacitance C' = 600
pF is connected to it, then equivalent capacitance (C) of the combination is given by,

1 1 2 1
= —— —

600 600 600 300
- C'=300 pF
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New clectrostatic energy can be calculated as

myuwquu\.”
2

uwxwacxﬁgvu

=0.6x10" 1 ‘
Loss in electrostatic energy = £ — I

=1.2x107 -0.6x107
=0.6x10"°
=6x10"° ]

Therefore, the electrostatic energy lost in the process is 6x107% ]

NCERT Question 2.12:

A charge of 8 mC is located at the origin. Calculate the work done in taking a small
charge of —2 x 107 C from a point P (0, 0, 3 cm) to a point Q (0, 4 cm, 0), via a point R
(0, 6 cm, 9 cm).

Answer

Charge located at the origin, g =8 mC=8 x 10~ C

Magnitude of a small charge which is taken from a point P to point R to point Q, ¢, =—2
x 107 C

All the points are represented in the given figure.

{0, 6, 8» Q (0.4.0)

O X

Pio,0,.3)

L)

Point P is at a distance, d, = 3 cm, from the origin along z-axis.

Point Q is at a distance, d, = 4 cm, from the origin along y-axis.
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g
41 €, xd,

Potential at point P,V =

Potential at point Q, V,=—39
" dme, d,

Work done (W) by the electrostatic force is independent of the path.

o W=q,[Va-V]

h.
cpl 9@ @
dne,d, 4ne, d,
4 |11 = D)
dne,|d. d,
Where, 1 _ox1¢*Nm2C?
dn e,

1 1

0.04 0.03

LW =9%10"x8x107° xﬁ,lux_.ohv

, (=25
=—144x107 -u_

-
2

r—

=1271]
Therefore, work done during the process is 1.27 J.

NCERT Question 2.13:

A cube of side b has a charge g at each of its vertices. Determine the potential and electric
field due to this charge array at the centre of the cube.

Answer
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NCERT Question 2.14:

Two tiny spheres carrying charges 1.5 pC and 2.5 pC are located 30 cm apart. Find the
potential and electric field:

at the mid-point of the line joining the two charges, and

at a point 10 cm from this midpoint in a plane normal to the line and passing through the
mid-point.

Answer
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NCERT Question 2.15:

A spherical conducting shell of inner radius #1 and outer radius r2 has a charge Q.

A charge g is placed at the centre of the shell. What is the surface charge density on the
inner and outer surfaces of the shell?

Is the electric field inside a cavity (with no charge) zero, even if the shell is not spherical,
but has any irregular shape? Explain.

Answer

Charge placed at the centre of a shell is +g. Hence, a charge of magnitude —¢g will be
induced to the inner surface of the shell. Therefore, total charge on the inner surface of
the shell is —q.

Surface charge density at the inner surface of the shell is given by the relation,

Total charge -g

O, = = ~
Inner surtace area  4mr;

1

(D)

A charge of +q is induced on the outer surface of the shell. A charge of magnitude Q is
placed on the outer surface of the shell. Therefore, total charge on the outer surface of the
shell is O + g. Surface charge density at the outer surface of the shell,

Total charge  Q+g

o, = 3
Outer surface area  4ar;

o (i)
Yes

The electric field intensity inside a cavity is zero, even if the shell is not spherical and has
any irregular shape. Take a closed loop such that a part of it is inside the cavity along a
field line while the rest is inside the conductor. Net work done by the ficld in carrying a
test charge over a closed loop is zero because the field inside the conductor is zero.
Hence, electric field is zero, whatever is the shape.
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NCERT Question 2.16:

Show that the normal component of electrostatic field has a discontinuity from one side of
a charged surface to another given by

Where 7 is a unit vector normal to the surface at a point and o is the surface charge
density at that point. (The direction of 7 is from side 1 to side 2.) Hence show that just
outside a conductor, the electric field is o il e,

Show that the tangential component of electrostatic field is continuous from one side of a
charged surface to another. [Hint: For (a), use Gauss’s law. For, (b) use the fact that work
done by electrostatic field on a closed loop is zero.]

Answer

Electric field on one side of a charged body is E; and electric field on the other side of the
same body is E,. If infinite plane charged body has a uniform thickness, then electric field
due to one surface of the charged body is given by,

F == n D

Where,

7 = Unit vector normal to the surface at a point
o = Surface charge density at that point

Electric field due to the other surface of the charged body,

k= " w ()
. 2,

Electric field at any point due to the two surfaces,

sess o - o~ oo~
H=—"n

.. (i)

Since inside a closed conductor, E_ 0,

E=FE =-"_5

2 2 €y

www.massphysics.com 47 |Page




MASS PHYSICS

Therefore, the electric field just outside the conductor is L8

€q
When a charged particle is moved from one point to the other on a closed loop, the work
done by the clectrostatic field is zero. Hence, the tangential component of electrostatic
ficld is continuous from one side of a charged surface to the other.

NCERT Question 2.17:

A long charged cylinder of linear charged density A is surrounded by a hollow co-axial
conducting cylinder. What is the clectric field in the space between the two cylinders?

Answer
Charge density of the long ¢ arged cylinder of length L and radius r is 4.

Another cylinder of same length surrounds the pervious cylinder. The radius of this
cylinder is R.

Let E be the electric field produced in the space between the two cylinders.

Electric flux through the Gaussian surface is given by Gauss’s theorem as,
¢=E(2nd)L

Where, d = Distance of a point from the common axis of the cylinders

Let g be the total charge on the cylinder.

It can be written as

~p=E(2mdrL)="L

€,

Where,
g = Charge on the inner sphere of the outer cylinder
&, = Permittivity of free space

AL,
=

E(2ndL)=

Therefore, the electric field in the space between the two cylinders is ——
0
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NCERT Question 2.18:

In a hydrogen atom, the electron and proton are bound at a distance of about 0.53 A:

Q.. Estimate the potential energy of the system in eV, taking the zero of the potential energy
at infinite separation of the electron from proton.

b, What is the minimum work required to free the electron, given that its kinetic energy in
the orbit is half the magnitude of potential energy obtained in (a)?

What are the answers to (a) and (b) above if the zero of potential energy is taken at 1.06 A
separation?

Answer

The distance between electron-proton of a hydrogen atom, d=0.53 A
Charge on an electron, g; =—1.6 x 107 C

Charge on a proton, ¢, =+1.6 x107° C

Potential at infinity is zero.

Potential energy of the system, p-e = Potential energy at infinity — Potential energy at
distance, d

— .. 3%
dne, d

Where,
& is the permittivity of free space
=9x10" Nm’ C~

910" x(1.6x10 ")

. Potential energy = 0— = =—43.7x107"°]
0.53x10
Since 1.6x107" T =1 eV,
4 -1
. Potential energy = —43.7x107" = =l el . 272 eV

1.6x107"
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Therefore, the potential energy of the system is —27.2 eV.

Kinetic energy is half of the magnitude of potential energy.

Kinetic energy = Wk (-272)=136¢V

Total energy =13.6 —27.2=13.6 ¢V
Therefore, the minimum work required to free the electron is 13.6 eV.
When zero of potential energy is taken, d =106 }

-"Potential energy of the system = Potential energy at d; — Potential energy at d
=D _ 352

dn e, d,

9x10”x(1.6x10™")
T 106x10"
21.73x107°1 =272 eV
13.58 eV 272 eV
~-13.6eV

-

-27.2e¥

1l

NCERT Question 2.19:

If one of the two electrons of a H, molecule is removed, we get a hydrogen molecular ion
Y Tnthe ground state of an H; , the two protons are separated by roughly 1.5 A, and
the electron is roughly 1 A from each proton. Determine the potential energy of the

system. Specify your choice of the zero of potential encrgy.

Answer
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NCERT Question 2.20:

Two charged conducting spheres of radii @ and b are connected to cach other by a wire.
What is the ratio of electric ficlds at the surfaces of the two spheres? Use the result
obtained to explain why charge density on the sharp and pointed ends of a conductor is
higher than on its flatter portions.

Answer

NCERT Question 2.21:

Two charges —g and +¢ are located at points (0, 0, — a) and (0, 0, a), respectively.
What is the electrostatic potential at the points?

Obtain the dependence of potential on the distance 7 of a point from the origin when r/a
>> 1.

How much work is done in moving a small test charge from the point (5, 0, 0) to (-7, 0,
0) along the x-axis? Does the answer change if the path of the test charge between the
same points is not along the x-axis?

Answer

Charge — q is located at (0, 0, — a) and charge + g is located at (0, 0, a). Hence, they form
a dipole. Point (0, 0, z) is on the axis of this dipole and point (x, y, 0) is normal to the axis
ofthe dipole. Hence, electrostatic potential at point (x, y, 0) is zero. Electrostatic potential
at point (0, 0, z) is given by,
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. f ,.
()
&nmafmltknmc,m.v:

_g{z+a-z+a)

T dne, (E

_ 2ga _ P
dne, (2 |a-v dne, | |n..,v

Where,

€0 = Permittivity of free space
p = Dipole moment of the system of two charges = 2ga

Distance » is much greater than half of the distance between the two charges. Hence, the
potential (¥) at a distance r is inversely proportional to square of the distance i.e.,
Vo IHJ:
r.

Zero
The answer does not change if the path of the test is not along the x-axis.

A test charge is moved from point (5, 0, 0) to point (—7, 0, 0) along the x-axis.
Electrostatic potential () at point (5, 0, 0) is given by,

y o4 1 . 1
I N 3 / - g v hd
4 = QAMIOwnA*AIQuz 4 = AuiCV +a”
4,4
dre, 25+ dme, 25+a
=1

Electrostatic potential, ¥, at point (— 7, 0, 0) is given by,

. -4 1 q 1
V., = +
T o dae, ql Ty dwe, fi 2y’ 2
V(=7) +{-a) (-7} +(a)
N 9 .4 1
dne, /rc+au dne, /rci*,au
=)

Hence, no work is done in moving a small test charge from point (5, 0, 0) to point (-7, 0,
0) along the x-axis.

The answer does not change because work done by the electrostatic field in moving a test
charge between the two points is independent of the path connecting the two points.
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NCERT Question 2.22:

Figure 2.34 shows a charge array known as an electric quadrupole. For a point on the axis
of the quadrupole, obtain the dependence of potential on 7 for r/a >> 1, and contrast your
results with that due to an electric dipole, and an electric monopole (i.c., a single charge).

Four charges of same magnitude are placed at points X, Y, Y, and Z respectively, as
shown in the following figure.

&gt

@ i & i

A point is located at P, which is r distance away from point Y.

The system of charges forms an electric quadrupole.

It can be considered that the system of the electric quadrupole has three charges.
Charge +q placed at point X

Charge —24 placed at point Y

Charge +q placed at point Z

X¥=YZ~=g
YP=r
PX=rFt+a
PZ=r—a

Electrostatic potential caused by the system of three charges at point P is given by,
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dne,|r+a r r-a

g -lﬁlmvlwA...+nv_H...lmv+ r(r+a)

dn <, i ,..T. + m:... - QH.
g |r-ra-2r'+2a+r’+ra|_ ¢q 24
dne, r(r'-a%) dne, aT.n ~a’)
- 2ga
= -
e, r| 1 -——
r
-
. =1
Since @ .
a
—<x<1
r

¥ is taken as negligible.

V= F
deg, v’

It can be inferred that potential, - 1
3

I

However, it is known that for a dipole, ¥ 1
u..u

And, for a monopole, 3
"
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NCERT Question 2.23:

An electrical technician requires a capacitance of 2 pF in a circuit across a potential
difference of 1 kV. A large number of 1 uF capacitors are available to him each of which
can withstand a potential difference of not more than 400 V. Suggest a possible
arrangement that requires the minimum number of capacitors.

Answer
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NCERT Question 2.24:

What is the area of the plates of a 2 F parallel plate capacitor, given that the separation
between the plates is 0.5 cm? [You will realize from your answer why ordinary capacitors
are in the range of pF or less. However, electrolytic capacitors do have a much larger
capacitance (0.1 F) because of very minute separation between the conductors.

pﬁmﬁnﬂ

Capacitance of a parallel capacitor, V=2 F
Distance between the two plates, d=0.5cm = 0.5 x 10 °m

Capacitance of a parallel plate capacitor is given by the relation,

Where,
€0 = Permittivity of free space = 8.85 x 1072 C*N' m™

_ 2x0.5x10™

B0 ook

soA

Hence, the area of the plates is too large. To avoid this situation, the capacitance is taken
in the range of pF.

NCERT Question 2.25:

Obtain the equivalent capacitance of the network in Fig. 2.35. For a 300 V supply,
determine the charge and voltage across each capacitor.

A )
e
-+

< 100 pF g SO0V
i '

L
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NCERT Question 2.26:

The plates of a parallel plate capacitor have an area of 90 cm” each and are separated by
2.5 mm. The capacitor is charged by connecting it to a 400 V supply.

How much electrostatic encrgy is stored by the capacitor?

View this energy as stored in the clectrostatic ficld between the plates, and obtain the
energy per unit volume ». Hence arrive at a relation between v and the magnitude of
electric field £ between the plates.

Answer

Area of the plates of a parallel plate capacitor, 4 = 90 cm® = 90 x 10 * m® Distance
between the plates, d =2.5 mm = 2.5 x 10° m

Potential difference across the plates, V'=400 V

Capacitance of the capacitor is given by the relation,

c=S A
d
1 >
E==CV"
Electrostatic energy stored in the capacitor is given by the relation, 2
- |._l m: A v..u
2 d
Where,
€4 = Permittivity of free space = 8.85 x 10 *C*N 'm”
1%8.85x 1077 x90x107 x (400)" _
LB =— e s A ) =2.55x107° ]
2x2.53x10™
Hence, the electrostatic energy stored by the capacitor is 2.55%107 1.

Volume of the given capacitor,

V'=Axd
=90x10* x25x1077

=225x10" m’

Energy stored in the capacitor per unit volume is given by,
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.m,_
u=
v
2.55x10°® 5
=R s T
22510
. E
Again, u= _H_‘
— 1152 m\”v ‘..‘.u 72 1
2% ! Y
Ad Ad 2 °\d
Where,

V
d = Electric intensity = E

1 >
Lu=—g E

2

NCERT Question 2.27:

A 4 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply,
and is connected to another uncharged 2 pF capacitor. How much electrostatic energy of
the first capacitor is lost in the form of heat and electromagnetic radiation?

Answer
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NCERT Question 2.28:

Show that the force on each plate of a parallel plate capacitor has a magnitude equal to
(4%) QE, where Q is the charge on the capacitor, and E is the magnitude of electric ficld
between the plates. Explain the origin of the factor '%.

Answer

Let F be the force applied to separate the plates of a parallel plate capacitor by a distance
of Ax. Hence, work done by the force to do so = FAx

As a result, the potential energy of the capacitor increases by an amount given as udAx

‘Where,

u = Energy density

A = Area of each plate

d = Distance between the plates

V= Potential difference across the plates
The work done will be equal to the increase in the potential energy i.e.,

FAvr=unuAAx

hn.nwin_/wmc .m.uw\u
2

Electric intensity is given by,

However, capacitance, ¢ — S 4

d
1,
I ok 3 (CV)E
Charge on the capacitor is given by,
o=Cv
1
2 F= e OF
The w_d.\.mmo& origin of the factor, | | in the force formula lies in the fact that just outside
2
the conductor, field is E and inside it is zero. Hence, it is the average value, W , of the
field that contributes to the force. 2
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NCERT Question 2.29:

A spherical capacitor consists of two concentric spherical conductors, held in position by

suitable insulating supports (Fig. 2.36). Show

Charge +0Q

Charge —Q

that the capacitance of a spherical capacitor is given by

C= 4n g, 1,

n=r

where 7, and r; are the radii of outer and inner spheres, respectively.

Answer
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NCERT Question 2.30:

A spherical capacitor has an inner sphere of radius 12 ¢m and an outer sphere of radius 13
cm. The outer sphere is earthed and the inner sphere is given a charge of 2.5 pC. The
space between the concentric spheres is filled with a liquid of dielectric constant 32.

Determine the capacitance of the capacitor.
What is the potential of the inner sphere?

Compare the capacitance of this capacitor with that of an isolated sphere of radius 12 c¢m.
Explain why the latter is much smaller.

Answer

Capacitance of the capacitor is given by the relation.

C= 4m g€, 1n
h=n

Where,

€, = Permittivity of free space = 8 85x107 > C2 N ' m

1
an €,

=0x10° Nm*C™

_ 32x0.12x0.13
9x10” x(0.13-0.12)

~55x10° F

e

Hence, the capacitance of the capacitor is approximately 3.5x107° F

Potential of the inner sphere is given by,

,ﬂ,\. L M
C

_2.5x107
5.5x10”

=45x10° V
Hence, the potential of the inner sphere is 4.5x10° V

Radius of an isolated sphere, 7 =12 x 102 m

Capacitance of the sphere is given by the relation,

C'=dne, r
=4 x8.85x10 " x12x107"
=1.33x 107" F

The capacitance of the isolated sphere is less in comparison to the concentric spheres. This is
because the outer sphere of the concentric spheres is earthed. Hence, the potential difference is less
and the capacitance is more than the isolated sphere
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NCERT Question2.31:

Answer carefully:

1.Two large conducting spheres carrying charges O, and 0, are brought close to each other.

2.Is the magnitude of electrostatic force between them exactly given by Q; Qy/41¢ r?,
where 7 is the distance between their centres?

3.If Coulomb’s law involved 1/ dependence (instead of 1/7°), would Gauss’s law be
still true?

4.A small test charge is released at rest at a point in an electrostatic field configuration.
Will it travel along the field line passing through thatpoint?

5.What is the work done by the field of a nucleus in a complete circular orbit of
the electron? What if the orbit is elliptical?

6.We know that electric field is discontinuous across the surface of a charged conductor.
Is electric potential also discontinuous there?

7.What meaning would you give to the capacitance of a single conductor?
8.Guess a possible reason why water has a much greater dielectric constant (= 80) than
say, mica (= 6)

Answer
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NCERT Question 2.32:

A cylindrical capacitor has two co-axial cylinders of length 15 cm and radii 1.5 cm and
1.4 cm. The outer cylinder is earthed and the inner cylinder is given a charge of 3.5 pC.
Determine the capacitance of the system and the potential of the inner cylinder. Neglect
end effects (i.c., bending of ficld lines at the ends).

Answer

Length of a co-axial cylinder, /=15 cm =0.15m
Radius of outer cylinder, 7, = 1.5 cm = 0.015m

Radius of inner cylinder, #, = 1.4 cm = 0.014 m
Charge on the inner cylinder, g =3.5 pC=35%x10°C

Capacitance of a co-axial cylinder of radii », and 1, is
given by the relation,

Where,

-2 -1 -2 2
€0 = Permittivity of free space= S-85x107" N"m~C

C= 2rx8.85x107° x0.15

0.14
_ 2xx8.85x1077x0.15
2.3026x 0.0299

23026 _om_.“_h ca u

=1.2x10™" F

Potential ditference of the inner cylinder is given by,
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NCERT Question 2.33:

A parallel plate capacitor is to be designed with a voltage rating 1 kV, using a material of
dielectric constant 3 and dielectric strength about 10’ Vm . (Dielectric strength is the

maximum electric field a material can tolerate without breakdown, i.e., without starting to
conduct electricity through partial ionisation.) For safety, we should like the field never to
exceed, say 10% of the dielectric strength. What minimum arca of the plates is required to

have a capacitance of 50 pF?

Answer

Potential rating of a parallel plate capacitor, ¥'=1kV = 1000 V

Dielectric constant of a material, = =3

Dielectric strength = 10" V/m

For safety, the field intensity never exceeds 10% of the dielectric strength.
Hence, electric field intensity, E = 10% of 10" = 10° V/m

Capacitance of the parallel plate capacitor, C =50 pF =50 x 10 * F

Distance between the plates is given by,

£
_ 1000
T
Capacitance is given by the relation,

=10°m

€,e_A
d

=

Where,
A = Area of each plate

€0 = Permittivity of free space = B.85x107 N C*m™

Cd
:mﬁ
45 =
_Sma0a0?
8.85x10 " x3

- \Ml
re 1=

m

Hence, the area of each plate is about 19 ecm’.
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NCERT Question 2.34:

Describe schematically the equipotential surfaces corresponding to

1.a constant electric ficld in the z-direction,
2.a field that uniformly increases in magnitude but remains in a constant (say, z) direction,
3.a single positive charge at the origin, and

4.a uniform grid consisting of long equally spaced parallel charged wires in a plane.

Answer

1. Equidistant planes parallel to the x-y plane are the equipotential surfaces.

2.Planes parallel to the x-y plane are the equipotential surfaces with the exception that when
the planes get closer, the field increases.

3.Concentric spheres centered at the origin are equipotential surfaces.

4.A periodically varying shape near the given grid is the equipotential surface. This shape
gradually reaches the shape of planes parallel to the grid at a larger distance.

NCERT Question 2.35:

In a Van de Graaff type generator a spherical metal shell is to be a 15 x 10° V electrode.
The dielectric strength of the gas surrounding the electrode is 5 x 10" Vm ™. What is the
minimum radius of the spherical shell required? (You will learn from this exercise why
one cannot build an electrostatic generator using a very small shell which requires a small
charge to acquire a high potential.)

Answer

www.massphysics.com 66 |Page




MASS PHYSICS

NCERT Question 2.36:

A small sphere of radius 7; and charge g, is enclosed by a spherical shell of radius 7, and
charge g,. Show that if ¢, is positive, charge will necessarily flow from the sphere to the
shell (when the two are connected by a wire) no matter what the charge ¢, on the shell is.

Answer

NCERT Question 2.37:

Answer the following:

1.The top of the atmosphere is at about 400 kV with respect to the surface of the earth,
corresponding to an electric ficld that decreases with altitude. Near the surface of the
carth, the field is about 100 Vm '. Why then do we not get an electric shock as we step
out of our house into the open? (Assume the house to be a steel cage so there is no field
inside!)

2.A man fixes outside his house one evening a two metre high insulating slab carrying on
its top a large aluminium sheet of area Im?. Will he get an electric shock if he touches the
metal sheet next morning?

3.The discharging current in the atmosphere due to the small conductivity of air is known
to be 1800 A on an average over the globe. Why then does the atmosphere not discharge
itself completely in due course and become electrically neutral? In other words, what
keeps the atmosphere charged?

4.What arc the forms of energy into which the clectrical energy of the atmosphere is
dissipated during a lightning? (Hint: The earth has an electric ficld of about 100 Vm " at
its surface in the downward direction, corresponding to a surface charge density = —107°
C m 2. Due to the slight conductivity of the atmosphere up to about 50 km (beyond which
it is good conductor), about + 1800 C is pumped every second into the earth as a whole.
The earth, however, does not get discharged since thunderstorms and lightning occurring
continually all over the globe pump an equal amount of negative charge on the earth.)

Answer

1.We do not get an electric shock as we step out of our house because the original
equipotential surfaces of open air changes, keeping our body and the ground at the same
potential.
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2.Yes, the man will get an electric shock if he touches the metal slab next morning. The
steady discharging current in the atmosphere charges up the aluminium sheet. As a result,
its voltage rises gradually. The raise in the voltage depends on the capacitance of the
capacitor formed by the aluminium slab and the ground.

3.The occurrence of thunderstorms and lightning charges the atmosphere continuously.
Hence, even with the presence of discharging current of 1800 A, the atmosphere is not
discharged completely. The two opposing currents arc in ¢quilibrium and the atmosphere
remains electrically neutral.

4 During lightning and thunderstorm, light energy, heat energy, and sound energy are
dissipated in the atmosphere.
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CBSE Previous years’ questions

1. Derive an expression for the electric potential at a point along the axial line of an electric dipole.
(Year : 2008) Marks allotted : 2

A. Refer to point no. 9 of To The Point Theory.

2. Two point charges, 4, =10 x 10® Cand g, =-2 x 10 C are separated by a distance of 60 cm in air.
(i) Find at what distance from the 1% charge, 4,, would the electric potential be zero.
(ii) Also calculate the electrostatic potential energy of the system.

OR

Two point charges 4Q, Q are separated by 1 min air. At what point on the line joining the charges
is the electric field intensity zero? _
Also calculate the electrostatic potential energy of the system of charges, taking the value of

charge, Q=2x107C.

A. () @+ K =0 if (x<r)

x  (r—x)
or I@+@Ho if (x>7)
x  x-r
or x=75cm.
(ii) U= ﬁwﬁ =-3x10%]
, K4Q  KQ
i 2 " oxf

(2008) 2

which gives, x =50 cm (from g, =10 x 108 C)

OR

x= (2/3m or x=2m (from4Q)

Ka:19,

(i) U= =2

=T A% 10°]

3. A 500 pC charge is at the centre of a square of side 10 cm. Find the work done in moving a charge
of 10 pC between two diagonally opposite points on the square.

A. W =g x Pot. difference between the two points =g x 0=0

4. Derive an expression for the energy stored in a parallel plate capacitor.
On charging a parallel plate capacitor to a potential V, the spacing between the plates is halved,
and a dielectric medium ofg = 10 is introduced between the plates, without disconnecting the d.c.
source. Explain, using suitable expressions, how the (i) capacitance, (ii) electric field and

(2008) 1

(iii) energy density of the capacitor change. (2008) 5
A. Derivation for energy stored
dW = Vg
i PN 5.3
W = @—O&a =5C = Energy Stored
Change of capacitance :
1 KeyA
L
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CBSE Previous years’ questions

grA
G ="
C =20C,
Change of field :
f e A
E = s
r < -
E' = 2E;; E;= rl Change of energy density :
U, = %E¢
U = e 4E?x10=40U,
5. What is the electrostatic potential due to an electric dipole at an equatorial point ? (2009) 1
A. Zero.
6. What is the work done in moving a test charge g through a distance of 1 cm along the equatorial
axis of an electric dipole ? (2009) 1
A. Zero.

7. Draw 3 equipotential surfaces corresponding to a field that uniformly increases in magnitude but
remains constant along Z-direction. How are these surfaces different from that of a constant

electric field along Z-direction ? (2009) 2
"E e >
A B E = —1> -
Equipotential é Equipotential P
surfaces surfaces
For constant electric field For increasing electric field

For constant electric field, equipotential surfaces are equidistant for same potential difference
between these surfaces. For increasing field, separation between these surfaces decreases, in the:
direction of increasing field, for the same potential difference between them.

8. (i) Cantwo equipotential surfaces intersect each other ? Give reasons.
(ii) Two charges—qand +q are located at points A (0, 0,—) and B (0, 0, +a) respectively. How much

work is done in moving a test charge from point P(7, 0,0) to Q(-3,0,0) ? (2009) 2
A. (i) No
Reason : At the point of intersection, there will be two values of electric potential which is not
possible.
Alternatively
Electric field at the same point will point in two different directions which is not possible.
< A x
=  P(7,0,0)
i S
(0,0,-a) 0,0,0) Z
¢ Q(3,0,0)
Y
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charge is zero.
9. Define the term ‘potential energy’ of charge ‘g’ at a distance 7’ in an external electric field. (2009) 1
A. The amount of work done in bringing a charge 4 from e to a distance ‘7’ in the electric field
produced by another charge.

10. A parallel plate capacitor is charged by a battery. After some time the battery is disconnected and
a dielectric slab of dielectric constant K is inserted between the plates. How would (i) the capacitance,
(i) the electric field between the plates and (iii) the energy stored in the capacitor, be affected ?

Justify your answer. (2009) 3
A
A. Original capacitance C, = Q.4
Vo d
When a dielectric is inserted :
(i) Capacitance hu Ke, .Ww increases.
o—0p

(ii) Electric field ﬁn w decreases.

gy

1 Q _1Q* 1
Am.._...mv mzmﬂmu\. WHOHm& hz ”.M.Wﬂ.u.n HAN ”mm.m Q.@nHmm.mmm.
c

11. Three identical capacitors C,, C,and C, of capacitance 6 puF each G
are connected to a 12 V battery as shown. : l_l
Find -

(i) charge on each capacitor =
(ii) equivalent capacitance of the network v .*.
(iii) energy stored in the network of capacitors. n_N (2009) 3
A. (i) Charge on capacitors C, and C,
Q;=36pC;Q,=36nC
[~ Q=VxC=%x12Vx6uF=36uC]
Charge on capacitor C,,
Q,=VxC=12Vx6uF=72pC
(ii) Equivalent capacitance
GG o _6x6,
C= C.+C, +C, = T +6=9nuF
(iii) Energy stored in network

[
]
<
11

= Cy

1
Enm CV2= .wx@xs&xam? =6.48 x 10%]
12. The equivalent capacitance of the combination between A and B in the given figure is 4p1F.
(i) Calculate capacitance of the capacitor C. 1l 1l .

A 20puF C B
(ii) Calculate charge on each capacitor if a 12 V battery is connected across terminals A and B.

(iii) What will be the potential drop across each capacitor? (2009) 3
1 11
. (i) Given: —+-==—
A. (i) Given 2072

On solving, capacitance C =5 pF
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(ii) Charge on each capacitor

Q= 03< =48 nC
(iii) V= R 24V
G
V,=96V
13. Two parallel plate capacitor, X and Y, have the same area of plates and same separation between
them. X has air between the plates while Y contains a dielectric medium of g =4
Y

X

4+ — '
—0 ¢

12V

() Calculate capacitance of each capacitor if equivalent capacitance of the combination is 4 piF.
(if) Calculate the potential difference between the platesof Xand Y.

(iif) What is the ratio of electrostatic energy stored in X and Y ? (2009) 3
A, () C=C - Cy=4C
1 1 1
e e L
C 4C 4
C= 5pF
% = 5pF and C,=20pF
(i) =V Cy=V,C, =VC=4x12uC=48C
Vi = %a\um.mn\
48
and V= 30 V=24V
OM 2
AEV SXH m and Sﬂ\”%
Wy
w, = 4.

14. (@) A charge +Q is placed on a large spherical conducting shell of radius R. Another small
conducting sphere of radius r carrying charge ‘g’ is introduced inside the large shell and is
placed at its centre. Find the potential difference between two points, one lying on the sphere
and the other on the shell.

(b) How would the charge between the two flow if they are connected by a conducting wire ?
Name the device which works on this fact. (2009) 3

Q
A. @@ écu%er& i W

V(in=k _“m+mu_

g

+ 4+
xx e

11
V- VR =k T &
(b) Whole charge of inner shell will flow to outer shell.
Device : Van de Graff Generator.
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15. Name the physical quantity whose SI unit isjoule/coulomb. (2010) 1
A. Electric potential.

16. (a) Depict the equipotential surfaces for a system of two identical positive point charges placed
a distance ‘d’ apart.
(b) Deduce the expression for the potential energy of asystem of two pointcharges g, and g,
brought from infinity to the points r; and 7, respectively in the presence of external electric
field E .
A. (a) Equipotential surfaces for a system of two identical positive charges:

(2010) 3

(b) Expression for the potential energy of a system of two point charges in external field :
Work done in bringing the charge g, from infinity to r, =4, V(r,)
Work done in bringing the charge g, from infinity tor, =4,V(r,)

Work done = Work done against the external electric field + Work done on 4, against the field
duetog,

$192
4megry
Potential energy of the system = the total work done in assembling the configuration
142
4mEgT;,
17. A parallel plate capacitor is charged by a battery. After sometime the battery is disconnected and
a dielectric slab with its thickness equal to the plate separation is inserted between the plates.

How will (i) the capacitance of the capacitor, (ii) potential difference between the plates and
(iii) the energy stored in the capacitor be affected?

= a~<c‘u +

=q,V(r,) +q,V(r,) +

Justify your answer in each case. (2010) 3
A
A. (i) Capacitance, C= W|Moi - Hence capacitance increases K times.
(ii) Potential difference, V= :MNP - Hence potential difference decreases by a factor K.

1
(iii) Energystored, E= ) CV2. As capacitance becomes K times and potential difference becomes
1/K times, therefore, energy stored becomes 1/K times.

Alternatively : Energy stored = Q?/2C. As capacitance increases by a factor K, the energy
stored will decrease by the same factor.

18. A network of four capacitors each of 12 pF capacitance is connected G

to a 500 V supply as shown in the figure. Determine i
(a) equivalent capacitance of the network and
(b) charge on each capacitor. (2010) 3 CG=F =G,
1 1 1 1 | S O R i
A. —= —+—+—=—F—F—== |-
(@ € 06 € 1 42 12 % L
4
= C=4pF be——500 V—>d
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2
orsimply Cg= MH.WE“ =4nF
Equivalent Capacitance
C,=C+C,=12+4=16F
(b) Calculation of charge on each capacitor :
Charge on capacitor C,, i.e., Q,=C+V=12x500 uC = 6000 uC =6 x 103 C
Charge on capacitors C;, C, & C,, ie., Q3 =4pFx500V=2x103C
19. A point charge Q is placed at point O as shown in the figure. Is the potential difference V '
positive, negative or zero, if Q is (i) positive (ii) negative ? (2011) 1

Q

O A B
A. (i) Positive, (ii) Negative

20. Ahollow metal sphere of radius 5 cm is charged such that the potential on its surface is 10 V. What
is the potential at the centre of the sphere? (2011) 1
A 10V

21. Two uniformly large parallel thin plates having charge densities +6 and —c are keptin the X-Z
plane at a distance 'd’ apart. Sketch an equipotential surface due to electric field between the
plates. If a particle of mass m and charge "' remains stationary between the plates, what is the
magnitude and direction of this field ? (2011) 2

A. Depiction of equipotential surface (Parallel to the X-Z plane)

\\Mﬂ.... ....n...u. d X

gE=mg

= E= MMM ; direction vertically downwards
22. Figure shows two identical capacitors, C, and C,, each of 1 pF capacitance connected to a battery
of 6 V. Initially switch ‘S’ is closed. After sometime ‘S’ is left open and dielectric slabs of dielectric
K=3areinserted to fill completely the space between the plates of the two capacitors. How will the
(i) charge and (ii) potential difference between the plates of the capacitors be affected after the slabs
are inserted ? S (2011) 2

m<W PF MNI\_!

A. P.D. across C =6V
Final charge on C, = 18 nC
P.D. across C,=2V
Final charge on C, =6 nC
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Alternatively,

Q=CV

C=KC

Across C,, V remains same but charge increases.
Across C,, charge Q remains same but p.d. decreases.

23. Net capacitance of three identical capacitors in seriesis 1 pF. What will be their net capacitance if

connected in parallel?
Find the ratio of energy stored in the two configurations if they are both connected to the same
source. (2011) 2
I
A. , G =C
C=3C,
C=3uF
Co=C,+C,+Cy=9F
Eg Wﬁm<m
B 1 by 19

24. A test charge ‘¢’ is moved without acceleration from A to C along the path from A to B and then
from B to C in electric field E as shown in the figure.

.3) y

BR E

(2,0) 1 .60
G A
(i) Calculate the potential difference between AandC.
(ii) Atwhich point (of the two) is the electric potential more and why? (2012) 2
A.Since E=—dV/dr=(V.-V,)/4

Therefore, V, -V =-4E

AtpointC, potential is more.

Electric field is in the direction in which the potential decreases.

25. Draw a plot showing the variation of (i) electric field (E) and (ii) electric potential (V) with distance
r due to a point charge Q. (2012) 2

A

EorV
tr

26. Why must electrostatic field be normal to the surface at every point of a charged conductor?
(2012) 1
N
A. In the static situation, E has to ensure that the free charges on the surface do not experience any
force.
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27. Why is electrostatic potential constant throughout the volume of the conductor and has the same
value (as inside) on its surface? (2012) 1

A. -- | E | iszero throughout the volume,
and potential, just inside, has to be equal to potential on surface.
28. Deduce the expression for the electrostatic energy stored in a capacitor of capacitance ‘C’ and
having charge ‘Q’.
How will the (i) energy stored and (ii) the electric field inside the capacitor be affected when it is
completely filled with a dielectric material of dielectric constant 'K’? (2012) 3
A. Potential difference between the plates of capacitor
V=¢q/C
Work done to add additional charge dg on the capacitor
dw=V xdg
. Total energy stored in the capacitor
P
U= [dw= %m% ->%
When battery is disconnected,
(i) Energy stored will be decreased or energy stored =1 /K times the initial energy.
(ii) Electric would decrease; E'=E/K
Or,
When battery remains connected,
(i) Energy stored will increase or becomes K times the initial energy.
(i) Electric field will not change.
29. Explain the principle of a device that can build up high voltages of the order of a few million volts.
Draw a schematic diagram and explain the working of this device.
Is there any restriction on the upper limit of the high voltages set up in this machine? Explain.

: (2012) 5
A. Vande Graff generator : Refer Text

Yes, high voltages can be built up only upto the breakdown field of the surrounding medium.

30. Draw the equipotential surfaces due to an electric dipole. Locate the points where the potential
due to the dipole is zero. (2013) 2

A

|&_ -I..:...!...'..W..l.'l....:... +aw

Alternatively, any point on the equatorial plane (AB) of the dipole.

31. While travelling back to his residence in the car, Dr. Pathak was caught up in a thunderstorm. It
became very dark. He stopped driving the car and waited for thunderstorm to stop. Suddenly he
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noticed a child walking alone on the road. He asked the boy to come inside the car till the
thunderstorm stopped. Dr. Pathak dropped the boy at his residence. The boy insisted that
Dr. Pathak should meet his parents. The parents expressed their gratitude to Dr. pathak for his
concern for safety of the child.

Answer the following questions based on the above information :
(a) Why is it safer to sit inside a car during a thunderstorm?
(b) Which two values are displayed by Dr. Pathak in his actions?
() Which values are reflected in parents’ response to Dr. Pathak?

(d) Give anexample of a similar action on your part in the past from everyday life.
(Value Based Question) (2013) 4
A. (@) Because during thunder storm, car would act as an electrostatic shield

(b) Dr. Pathak displayed values of concern for the safety of human life, helpfulness, empathy
and scientific temper.

(¢) Gratefulness, indebtedness

(d) Example of any similar action.
32. What is the geometrical shape of equipotential surfaces due to a single isolated charge? (2013) 1
A. Spherical.

33. A capacitor of unknown capacitance is connected across a battery of V volts. The charge stored in
it is 360 pC. When potential across the capacitor is reduced by 120 V, the charge stored in it
becomes 120 uC.

Calculate :
(i) The potential V and the unknown capacitance C.
(i) What will be the charge stored in the capacitor, if voltage applied had increased by 120 V?

(2013) 3
A @) Q=Cv
360pC=CV
120 pC= C(V-120)=CV-120C =360 pC—-120 uC
120 C= 240 nC
= Capacitance, C= 2 pF
Substituting the value of C,

Potential V= 180 V
(i) Chargestored when voltage is increased by 120 V
Q' =2 pF x (180 + 120) V = 600 1uC.
34. Aslab of material of dielectric constant K has the same area as that of the plates of a parallel plate

capacitor but has the thickness d/2, where d is the separation between the plates. Find out the
expression for its capacitance when the slab is inserted between the plates of the capacitor.

A Co_B0A _ 8A 284K (2013) 2
gy b e 8L KT
K 2 2K

35. A parallel plate capacitor of capacitance C is charged to a potential V. It is then connected to
another uncharged capacitor having the same capacitance. Find out the ratio of the energy stored

in the combined system to that stored initially in the single capacitor. (2014) 2
2
A. Energy stored in a capacitor = WO< = WQ 2= WOM

www.massphysics.com 77 |Page



MASS PHYSICS

CBSE Previous years’ questions

Capacitance of the (parallel) combination = C + C =2C
Here, total charge, Q, remains the same

e 1Q°
initial energy = 2C
: 1Q°
And final energy = 22C

final energy 1
initial energy ~ 2
(i) Parallel or (ii) Series combination
to remain constant (=V) and obtain the answers as (i) 2: 1 or (i) 1: 2
36. “For any charge configuration, equipotential surface through a point is normal to the electric
field.” Justify. (2014) 1
A. If Electric field is not normal, it will have non-zero component along the surface and in that case,
work would be done in moving a charge on an equipotential surface.

37. Anelectric dipole of length 4 cm, when placed with its axis making an angle of 60° with a uniform
electric field, experiences a torque of 4,/3 Nm. Calculate the potential energy of the dipole, if it has

charge +8nC. (2014) 2
A. 7= pEsin®
; V3
4./3 = pEsin 60° = pE =
= pE=8
Potential energy

U= —pE cos 6 = -8 x cos 60° = 4]
38. An electric dipole of length 2 cm, when placed with its axis making an angle of 60° with a uniform

electric field, experiences a torque of 8,/3 Nm. Calculate the potential energy of the dipole. If it has
acharge of + 4nC. (2014) 2

A, T = pEsin®
g N

ma\wnﬁmmwﬂmo.,uvmxw
= ﬁm" 16

Potential energy, U = —pE cos 0 = ~16 x cos 60° = — 8]
39. Draw a labelled diagram of Van de Graaff generator. State its working principle to show how by

introducing a small charged sphere into a larger sphere, a large amount of charge can be transferred
to the outer sphere. State the use of this machine and also point out its limitations. (2014) 5

A. Metal brush ,xkitfﬂ Pulley, P,

« tocarry and
*  deliver charge

<— Insulating supporting
column
Metal brush =<1 ~Motor driven pulley
n_m_mdm_.mﬂm\\\”.lw Grounded
ﬁ—.—mh-mm ?Qﬁﬂ. metal base

source
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Principle & working.

Consider a set up of the type shown here
Total charge Q

X¥+,\

(i) Potential inside and on the surface, of the conducting sphere of radius ‘R’.
’ I Q
Vg =

4ne, R
(ii) Potential due to small sphere of radius ‘7’ carrying a charge ‘g’

’ 1
At the surface of the smaller sphere: Vi = — 1
dmey 1
e . 1
At the surface of the large sphere: Vg =——. =
4dmey R
The difference of potential between the smaller and the larger sphere :

- vk @) (@4 2

When ‘g’ is positive, the inner sphere would always be at a higher potential with respect to
outer sphere, irrespective of the amount of charges on the two.

When both the spheres are connected, charge will flow from the smaller sphere to the larger
sphere. Thus for a set up of the type shown, charge would keep on pilling up on the larger
sphere.

Use : This machine is used to accelerate charged particles (electron, protons, ions) to high energies.

Limitation : It can build up potentials upto a few million volts only.

40. (a) Obtain the expression for the energy stored per unit volume in a charged parallel plate

capacitor.

(b) The electric field inside a parallel plate capacitor is E.

+ + + 4+ 4+

> b

Find the amount of work done in moving a charge q over a closed 4
rectangular loopabcda. d < c
OR ST OO
(a) Derive the expression for the capacitance of a parallel plate capacitor having plate area A
and plate separation d.

(b) Two charged spherical conductors of radii R, and R, when connected by a conducting wire
acquire charges g, and g, respectively. Find the ratio of their surface charge densities in terms

of their radii. (2014) 3
A. (a) Work done by the source of potential, in storing an additional charge (dg), is
dW = Vdg
But V= g/C
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= dW = m&m
Total work done in storing the charge Q.
4
faw = .ﬂu = dg

.mwoln
N:NO
This work is stored as electrostatic energy in the capacitor.

Q=cv, - cu.wni

WQ\m Wm%u Am&m 1 .2
Energy stored per unit volume = v ai =5 &E
(b) Work done in moving the charge g from a to b, and from ¢ to d is zero because Electric field is
perpendicular to the displacement.
Work done from b to c =— Workdone from d toa
- Total work done in moving a charge g over a closed loop =0

OR

@) Surface
charge density o I memb

T S S T Sk R

iﬁﬁht
\'_H |, — |~.|..| = 1..u‘.|._h

Electric field between the plates of capacitor E = LN~
& Ag
.. potential difference
Qd
V= Ed= MM..“.
Capacitance
Q_&A
C=v=a
(b) When the two charged spherical-conductors are connected by a conducting wire, they acquire
the same potential
ie, @ = F = 4. w

Ry R, 5 R,
Hence, ratio of surface charge densities

O
o, g, /47nR,*  g,R? R, Ri R,
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41. The field lines of a negative point charge are as shown in the figure. Does the kinetic energy of a
small negative charge increase or decrease in going from B to A? (2015) 1

—

A 4

>

Decreases

42. Find the equivalent capacitance of the network shown in the figure, when each capacitor is of
1 pF. When the ends X and Y are connected to a 6 V battery, find out (i) the charge and (ii) the
energy stored in the network. (2015) 3

| |—
11
_ .14|A<
I |
11
A

A C/2
, %n c
X Y
X E c/2
ﬁ\eﬁ'ﬂ = ng = =
B B
Here V, =V, (A & B are at the same potential) so the bridge capacitor can be removed.

6) Q=CV=64C
@) U= V=18

A. The equivalent setup is

(@]

43. Two capacitors of unknown capacitances C, and C, are connected first in series and then in
parallel across a battery of 100 V. If the energy stored in the two combinations is 0.045 J and
0.25 ] respectively, determine the value of C, and C,. Also calculate the charge on each capacitor in
parallel combination. (2015) 3

A. Energy stored in a capacitor

1
=3 Cv?
In series combination

1 6

0.045 =
2C+C,

(100)*

nﬂﬁun
C+Cy

= 0.09 x 10* (i)
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In parallel combination

1
025= = (C, +C,) (100)

= C+C,=05x10* -(ii)
On simplifying (i) and (ii)
C,C, = 0.045 x 10®
(C,-C)= (C,+C)-4CC,
= (0.5 x10%?-4 x 0.045 x 10°®
= 0.25 x 10°-0.180 x 1038
(C,~C,*= 0.07 x 10
(C,-C)= 26x10°=026 x 10+ ...(iii)
From (ii) and (iii) we have
= C,=038x10*F&C,=0.12 x 10*F
Charges on capacitor C, and C, in parallel combination :
Q,= C,V=(0.38 x 10* x 100) = 0.38 x 102C
Q,= C,V=(0.12x10* x 100) =0.12 x 102C
44. Explain, using suitable diagrams, the difference in the behaviour of a (i) conductor and
(ii) dielectric in the presence of external electric field. Define the term polarization of a dielectric
and write its relation with susceptibility. (2015) 3

A. Inthe presence of electric field, the free charge carriers in a conductor move. The charge distribution
in the conductor readjusts itself so that the net electric field within the conductor becomes zero.

In a dielectric, the external electric field induces a net dipole moment, by stretching/ reorienting
the molecules. The dlectric field, due to this induced dipole moment, opposes but does not exactly
cancel the external electric field.

Polarisation: Induced dipole moment, per unit volume, is called the polarization. For linear
isotropic dielectrics having a susceptibility X we have

Huuxnm

45.

A charge ‘g’ is moved from a point A above a dipole of dipole moment ‘p’ to a point B below the
dipole in equatorial plane without acceleration. Find the work done in the process.  (2016) 1

A. Noworkis done/
W=gV,.=qgx0=0
46. Define an equipotential surface. Draw equipotential surfaces:
(1) in the case of a single point charge and
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(ii) ina constant electric field in Z-direction.

Why the equipotential surfaces about a single charge are not equidistant?
(iii) Can electric field exist tangential to an equipotential surface? Give reason

A. Surface with a constant value of potential at all points on the surface.

m—————
e -,

= S "
. s p—m— .,
® 7 - Y E
4/ 4 . s, s, I 4
PR S
_.-. n-\ ontt . N, *
;
LI A AR S U U
T S T T R R . =
I I piiilis
BEREY S TN - 8
LU T N & Equipotential
VO
3
:

, "~
* “a. - I
s, QTS

#

.,
-,
'~ -
LTSN

1

iy Ve

(iii) No

(2018) 3

If the field lines are tangential, work will be done in moving a charge on the surface which goes

against the definition of equipotential surface.

47. Find the ratio of the potential differences that must be applied across the parallel and series
combination of two capacitors C, and C, with their capacitances in the ratio 1 : 2 so that the

energy stored in the two cases becomes the same.

1
A @) U =5CV;

U, =Leve
2 PP

4

<mm_..—nm _ _nma:.ma.m_mbnﬂmnww_m_

<—uu..»=m_ ¢ nmn_:?w_m_.: series
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48. (i) If two similar large plates, each of area A having surface charge densities + ¢ and —c are
separated by a distance d in air, find the expressions for

(a) field at points between the two plates and on outer side of the plates. Specify the direction
of the field in each case.

(b) the potential difference between the plates.
(c) the capacitance of the capacitor so formed.

(i) Two metallic spheres of radii R and 2R are charged so that both of these have same surface
charge density ¢. If they are connected to each other with a conducting wire, in which direction

will the charge flow and why? (2016) 5
. +0 -0
A & Inside
—
E, E E,
G o
Outside E,
Plate 1 Plate 2
a. Inside
— - -
E=E+E>
_0+0_o
28 &
Outside
—_ = =
E = E2-E;
Sl W
2
b. Potential different between plates
Vi L
g A
c. Capacitance
c=-9_&A
V.o d

(i) As potential on and inside a charged sphere is given
1 g_ 1 4n’

V=
ey r  4mey, v
Sy Veer
Hence, the bigger sphere will be at higher potential, so charge will flow from bigger sphere to
smaller sphere.
49. A point charge +Q is placed at point O as shown in the figure. +Qe~——o-gro
Is the potential difference V, — V positive, negative or zero? (2016)1© A B
A. Positive
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50. Two parallel plate capacitors X and Y have the same area of platesand same X | e

separation between them. X has air between the plates while Y contains a

dielectric medium of g, = 4.

(i) Calculate capacitance of each capacitor if equivalent capacitance of the

combination is 4 pF.

(i) Calculate the potential difference between the plates of Xand Y.
(iii) Estimate the ratio of electrostatic energy storedinXand Y.

A (i) LetC =C
C, =4C (as it has a dielectric medium of g =4)
For series combination of two capacitiors,

=5 C=5pF
Hence C, =5pF
C,=20pF
(i) Totalcharge Q=CV
=41uF x15V =60 pnC

o B L oy
X Cx 5uF
<H|Oiﬂ%—»|ﬁh“@<
YT C, 20

DN

6, -G M

Ey ml G
2C,

+ —

15V
(2016) 3
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QUESTIONS FOR : ENGINEERING ENTRANCE EXAM [J.E.E]

ELecTroSTATIC PoTENTIAL AND CaPAcITANCE

Which of the following statement(s) is/are correct?

(a) If the electric field due to a point charge varies as
7 instead of 72, then the Gauss law will still be
valid.

(b) The Gauss law can be used to calculate the field
distribution around an electric dipole.

(c) If the electric field between two point charges is
zero somewhere, then the sign of the two charges
is the same.

(d) The work done by the external force in moving
a unit positive charge from point 4 at potential
¥, to point B at potential Vy is (V5 — V).

2011 (IT JEE)

-~

Two points P and Q are maintained at the ﬁoﬁum&m. of
10 V and -4 V respectively. The work done in moving
100 electrons from Pto Q is -
(a -960x10"73  (b) 9.60x 10 .
() —224x107'¢) (d 224x107'%]

(AIEEE)

2008

3.

The work done in bringing a unit positive charge mn.z.:
infinite distance to a point at distance x from a positive
charge O is W. Then the potential ¢ at that point is

@ 72 ) W
X
© 7 @ wo
) (J & K CET)
2007

4. The physical quantity in electrostatics analogous to

temperature in heat
(a) heat energy
(c) resistance

(b) capacity
(d) potential
(J &K CET)

The work done in moving an alpha particle _u.ngnnﬁ
two points having potential difference 25 volt is

(@ 8x107%7 (b) 8x S.mu
() 8x102°7J (d 8x107'%J
(e) 4x107%] (Keraia PET)

www.massphysics.com

6.

A hollow metal sphere of radius R is charged with a
charge Q. The electric potential and intensity inside
the sphere are respectively

(a) Q 5 and Q
. 4meyR 4megR
(b) 28 and Zero
4meyR
(c) Zero and Zero
E
@ T g 2 20\5 (WB JEE)
R 4meyR
+. The velocity acquired by a charged particle of mass m
and charge Q accelerated from rest by a potential of Vis
i :
@ 2 ® " © JmQV (d) mQV
m oV
© 22 (Kerala PET)
m
2014
}. What is the electric potential at a distance of 9 cm
from 3 nC ?
(@) 300V (b) 270V
(c) 30V (d 3V (Kamataka CET)
Q. An electric charge 107 uC is placed at the
origin (0, 0) of (X-¥) co-ordinate system. Two
points 4 and B are situated at 2, V2) and (2,0)
respectively. The potential difference between
the points 4 and B will be
(a) 4.5volt (b) 9volt
(c) zero (d) 2volt (AIEEE)
lo,

The electric field and the Potential of an electric dipole
vary with distance r as

1 1 1 1
1 I 1 1
(¢) —and — D) —snd —
w.m Wu Av w.u an w..o.
Q&Xﬁ.md
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2017

11 . There is a uniform electrostatic field in a region. The
potential at various points on a small sphere centred
at P, in the region, is found to vary between the limits
589.0 V to 589.8 V. What is the potential at a point on

15 »Charges are placed on the vertices of a square as

shown. Let E be the electric field and ¥ the potential
atthe centre. If the charges on 4 and B are interchanged

ith th Dand C tively, th q 9

the sphere whose radius vector makes an angle of 60° b = oﬂn on mw n.nmﬁno ”,n Y 5 = A B
with the direction of the field? (8) E changes, V' remains unchange

(a) 589.2V (b) 5806V (b) E remains unchanged, ¥ changes D c

(c) 5895V @ s894v (c) both E and ¥ change e B

217 (JEE Main Oniine) (d) E and ¥ remain unchanged (AIEEE)

[2.:A point charge +Q is placed +0 16. Electric potential at the centre of a charged hollow

just outside an imaginary
hemispherical  surface of
radius R as shown in the (b) twice as that on the surface
figure. Which of the following (c) half of that on the surface

statements is/are correct? (d) same as that on the surface (J & K CET)
(a) The circumference of the flat surface is an

equipotential. “

(b) The component of the electric field normal to the
flat surface is constant over the surface.

(c) Total flux through the curved and the flat surfaces

metal sphere is
(a) zero

13. N identical drops of mercury are charged
simultaneously to 10 volt. When combined to form
one large drop, the potential is found to be 40 volt, the
value of N is

() 4 ®) 6 (c) 8 (@ 10

is QJg,,.
(d) The Ma_moﬂn flux passing through the curved ® .12 ekt E)
Q 1 2. A solid sphere of radius R is charged uniformly. At
surface of the hemisphere is IITIIIW what distance from the centre is the potential half of
28, a\m its value at the centre?
2017 (JEE Advanced) @R W R ) A @) YRy
2016
[3. The potential (in volts) of a charge distribution is 'q. For a po _.E molecule, which of the following
given by statements is true ? .
V(2) =30 - 52 for <Tm (a) ,;.n mnuqm of gravity of electrons and protons
V(z) = 35— 10|z{for |zf> 1 m. Chueids: )
V(z) does not depend on x and y. If this potential is (b) The centre of gravity of electrons and protons do
generated by a constant charge per unit volume Pe(in ot ooEo_mn.. 3 LT :
units of £;) which is spread over a certai region, then © The oﬂmumm &mﬁvnn.ou is always symmetrical.
dhocie the CaBrbl StmisE. (d) The dipole moment is always zero. (COMEDK)
(@) po=20 &, in the entire region 2013
(b) py=10¢,for|z< 1 m and Pp = 0 elsewhere
(€) pg=20¢,for|z< 1 m and p, = 0 elsewhere 20 .When a comb rubbed with dry hair attracts pieces of
(d) pp=40 g, in the entire region (JEE Main Online) paper. This is because the .
. = n (a) comb polarizes the piece of paper
(b) comb induces a net dipole moment opposite to
the direction of field
Y.  Which of the following is a dielectric? (c) electric field due to the comb is uniform
(a) Copper ‘ (b) Glass - (d) comb induces a net dipole moment perpendicular
A nv gﬂaomu% AW—UV Anmv None of these to the direction of field
(UPSEAT) (e) - paper acquires a net charge (Kerala PET)
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2\, n identical capacitors are joined in parallel and
charged to a potential V. The charged capacitors
are disconnected and then connected in series using
insulating handless such that the positive plate of
one is connected to the negative plate of the other.
The potential difference across the free plates of the
combination is

@ Vv () Vin

(c) nV d) =+1)V (J&KCED)
2016

22. A capacitor of 8 F is connected 8F, 2080

as shown. Charge on the plates of | 1

the capacitor ol

(a) 32C

(b) 40C

© 0C i

(d 80C (Karnataka CET)
2015

23. A5 IF capacitor is fully charged by a 12 V battery and
then disconnected. Ifit is connected now parallel to an
uncharged capacitor, the voltage across it is 3 V. Then
the capacity of the uncharged capacitor is
(@ SpF  (b) 15pF (c) S0pF (d) 10 uF
(e) 25uF (Kerala PET)

2 Y. In this diagram, the P.D. between 4 and B is 60 V.
The P.D. across 6 puF capacitor is ...V :

. 3pF
3 uF
Ae—||—] —eB
6 uF 3 pF
: 3pF
(a) 10 M) 5
(c) 20 (d 4  (Karnataka CET)
2S. If 4 is plate area and d is distance d
between two plates, then effective P |QU] 0
capacitance between P and Q is
Eod 3 €04 284 4 &4
@ 37 O 25 © 2% 0
(UP GBTU)
2 ¢&..In the circuit shown, the equivalent capacitance
between the points 4 and B is
SuF

(b) 8pF
(d) 4pF (UPSEAT)

(a) 6pF
(c) 2pF

www.massphysics.com

27.Which one of the following statements is correct?
(a) The balls will bounce back to the bottom m.._mno
carrying the opposite charge they went up S;r.
(b) The balls will stick to the top plate and remain

there . .
(c) The balls will execute simple harmonic motion

between the two plates
(d) The balls will bounce back to the vo:oﬂ plate
carrying the same charge they went up with

The average current in the steady state registered by
the ammeter in the circuit will be

(a) proportional to ¥, e

(b) zero 5

(c) proportional to ¥ .

(d) proportional to the potential ¥, (JEE Advanced)

2015

2.9. Aparallel plate capacitor is charged mua.nﬁn isolated.
The effect of increasing the plate separation on charge,
potential and capacitance respectively are
(a) increases, decreases, decreases
(b) constant, increases, decreases

c) constant, decreases, decreases
me constant, decreases, increases  (Karnataka CET)

2013

29. A parallel plate capacitor of capacitance 5 PF is
charged to 120 V and then connected to another
uncharged capacitor. If the potential falls to 40 V, the
capacitance of the second capacitor is
(@) SpF (b) 10pF

(© 15pF (d 20pF  (J&KCED)

30 A capacitor of capacitance C, is charged to a potential
V and then comnected in parallel to an uncharged

capacitor of capacitance C,. The final potential
difference across each capacitor will be

iV cV
@ —— {2
Q~ + QM Qm + A\JM
& ',
) L=t @ 1-=2  G&KCED
G (o
w |- Inthe given network, Cc  2uF
the value of C, so bi
that an equivalent m_ml_lillﬂl 4yF
capacitance between
Aand B is 3 PF, is 12 uF
1
(@ - WF 2 uF

5
1uF _M_INE,.

31
(b) 5 uF P 3
8 puF
(c) 48pF
@ 36uF (Kamataka CET)
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2 2.t A parallel plate capacitor has a dielectric
slab of dielectric constant K between
its plates that covers 1/3 of the area of
its plates, as shown in the figure. The &
total capacitance of the capacitor is C
while that of the portion with dielectric
in between is C,;. When the capacitor is charged, the
plate area covered by the dielectric gets charge O, and
the rest of the area gets charge O,. The electric field
in the dielectric is £; and that in the other portion is
E,. Choose the correct option/options, ignoring edge

o

effects.
E E 1
hend SPSS | =k - =
() E, (b) E K
g _3 C 2+K
© === d —==—
: & K = G K

2 oY (JEE Advanced)

33. Two capacitors of 10 pF and 20 pF are connected
to 200 V and 100 V sources respectively. If they are
connected by the wire, what is the common potential
of the capacitors ?

(a) 300 volt (b) 133.3 volt
(c) 400 volt (d) 150 volt
(Karnataka CET)

34. Three capacitors 3 PF, 6 uF and 6 UF are connected in
series to a source of 120 V. The potential difference, in
volts, across the 3 uF capacitor will be

(a) 24 ®) 30
(c) 40 (@ 60 (WB JEE)
2013

25 . Two identical capacitors are first connected in series
and then in parallel. The ratio of equivalent capacitance
is
@ 1:1 b 1:2
{cy 1:3 d 1:4

(/& K CET 2013, WB JEE 2009)

36, Two capacitors C, and C, are charged to 120 V and

200 V respectively. It is found that by connecting
them together the potential on each one can be made

zero. Then
(a) 9C,=4C, () 5C,=3C
() 3C,=5GC, (d) 3C,+5C,=0

(JEE Main)

www.massphysics.com

37 Two identical capacitors have the same capacitance C.

One of them is charged to potential ¥} and the other
¥,. The negative ends of the capacitors are connected
together. When the positive ends are also connected,
the decrease in energy of the combined system is

@ C-1)  ® cRr)

@ Cl-n)f @ Sc+n)

<28, A parallel combination of 0.1 MQ resistor and a

10 uF capacitor is connected across a 1.5 V source
of negligible resistance. The time required for the
capacitor to get charged up to 0.75 V is approximately
(in seconds)

(@) o (b) In2 (¢) log,,2 (d) =zero.

29, Three charges O, +¢g and +g

Yo. Six charges of equal magnitude,

are placed at the vertices of a

right-angled isosceles triangle

as shown. The net electrostatic

energy of the configuration is

zero if O is equal to +q +q
—2q

‘IQ a
@ op ® 5rp © -4 @ e

n o~ - " -

3 positive and 3 negative are to be
placed on PORSTU comers of a 7
regular hexagon, such that field at

the centre is double that electric of U R
what it would have been if only

one +ve charge is placed at R. T s

Am.v +u +. b e ?.v o +- +u —et

ﬁﬂw s +- +u s .mcu = ﬁﬁd ;.Tu ) +n ™ +- -

&1. A metallic shell has a point charge g kept inside its

N2

cavity. Which one of the following diagrams correctly
represents the electric lines of force?

(2) (®

() @

The energy stored in the electric field produced by a
metal sphereis 4.5 J. If the sphere contains 4 pC charge,
1

its radius will be[Take : =9x10° Nm?/C?]
4me,
(d 32mm (b) 20mm (c¢) 16 mm (d) 28 mm
(JEE Main Online)
2011
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ELECTROSTATIC PotenTIAL AND CAPAC (TANCE

An electric charge 10 uC is placed at the origin (0, 0)
of X-Y co-ordinate system. Two points 4 and B are
situated at (v2, v/2) and (2, 0) respectively. The
potential difference between the points 4 and B will be
(a) 4.5 volt (b) 9volt

(c) zero (d) 2 volt
(UP CPMT 2015, AltMS 2010)

What is the electric potential at a di
stan
s ce of 9 cm

(@ 300V (b) 270V () 30V (d) 3V
«Rms&mﬁm CET)

The electric potential at a point in free space due to a
charge O coulomb is O x 10" volts. The electric field
at that point is

(@ 121gQ*102Vm!

(b) 4me, Q% 102 Vm™!

(© 12meg0x10°Vm™

(d) 4meyOx10°Vm'  (UPMER 2015, AIPMT 2008)

In figure, a particle having mass m = 5 g and charge

g’ =2 x 10~ C starts from rest at point a and moves in

a straight line to point . What is its speed v at point 5?
3x10°C a b —3x10°C

PPN Y.

(@) 2.65cms™ (b) 3.65cms™
(c) 4.65cms™ (d) 5.65cms™ (AIMS)

2009

S. The mutual electrostatic potential energy between

two protons which are at a distance of 9 x 107° m, in
02U nucleus is . )
(@ 1.56x 1077

(b) 5.5x107"J
(c) 2.56x107]

(d) 456x107*7
(J & K CET)
Three charges are placed at the
vertex of an equilateral triangle g
as shown-in figure. For what
value of (O, the electrostatic

potential energy of the system is
zero?

@ g ®) g2
© -2q @ —g2
(OJEE, Karnataka CET)

+gq +g

www.massphysics.com

LB~

F. Assertion: If a conductor is given charge then no

excess inner charge appears.

Reason: Electric field inside conductor is zero.

(a) Both assertion and reason are true and reason is
the correct explanation of the assertion.

(b) Both assertion and reason are true but reason is
not the correct explanation of the assertion.

(c) Assertion is true but reason is false.

(d) Both assertion and reason are false. (AIIMS)

2012

8. Which of the following statements is false for a perfect

conductor?

(2) The surface of the conductor is an equipotential
surface.

(b) The electric field just outside the surface of a
conductor is perpendicular to the surface.

() The charge carried by a conductor is always
uniformly distributed over the surface of the
conductor.

(d) None of these (J & K GET)

2010

. Identify the false statement.

(a) Inside a charged or neutral conductor electrostatic
field is zero.

(b) The electrostatic field at the surface of the charged
conductor must be tangential to the surface at any
point.

(c) There is no net charge at any point inside the
conductor.

(d) Electrostatic potential is constant throughout the
volume of the conductor.

(e) Electric field at the surface of a charged conductor
is proportional to the surface charge density.

(Kerala PMT)

(0, 1 volt is equivalent to

(a) Dewton (b) newton
second coulomb
(c) joule @ joule
coulomb second
(AFMC, UGET (Manipal))

t(. The electric field and the potential of an electric dipole

vary with distance r as

1 1 1 1

(@) —and— () —gpmmid—
r r

1 1 1 1

(©) —and— (d —and—

r? __.m wm wm

(/& K CET)
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(2, Ahexagon of side 8 cm has a charge 4 pC at each of its
vertices. The potential at the centre of the hexagon is

(@ 27x10°V () 72x10"V
(&) ‘25 x10%V (d) 3.4x10*V (AIMS)
A conducting sphere of radius R is given a charge Q.

The electric potential and the electric field at the centre
of the sphere respectively are

Am.v zero and ll.@!w qu k and zero
4megR 4meyR
0 0o
c and d
(c) 4me R dmeg B2 (d) both are zero
(AIPMT)

13. A capacitor of 8 F is 8F 200

connected as shown.

Charge on the plates of o)

the capacitor SLinis

(a 32C _

(b) 40C

(c) 0C 5V 19

d 8C (Karnataka CET)
20614

1y, ..;n diameter of the plate of a parallel plate condenser
is 6 cm. If its capacity is equal to that of a sphere of
diameter 200 cm, the separation between the plates of
the condenser is
(@ 45x10*m
(©) 6.75x10*m

() 225x%x10%m
(d 9%x10*m (AlIMS)

IS. A parallel plate capacitor with air as a dielectric has
capacitance C. A slab of dielectric constant K, having
same thickness as the separation between the plates is
introduced so as to fill one-fourth of the capacitor as
shown in the figure. The new capacitance will be

(a) :m+$m o . >.
C

®) (K+2)7 Tw

© :n.ém @ X (AIIMS)

[ 6. When three capacitors of equal capacities are
connected in parallel and one of the same capacity is
connected in series with its combination. The resultant
capacity is 3.75 UF. The capacity of each capacitor is
(a) 5pF  (b) 6 uF (c) TuF  (d) 8pF

(MHT CET)

www.massphysics.com

I3, Two thin dielectric slabs of
dielectric constants K; and K,
(K, < K,) are inserted between
plates of a parallel plate
capacitor, as shown in the figure. K <K
The variation of electric field £ 1 e
between the plates with distance d as measured from
plate P is correctly shown by

ALY

) — T —

L Ty LB
@ L m  T

! .mlv M "alv

*

e o El— — —
(c) F t T3 3 : (d) :

4 "mlv : ® .mlv

(AIPMT)

}3 . The region between the parallel plates of a capacitor is
filled with parallel layers of air and paper (of dielectric
constant 4). The space between the plates is I mm and
the thickness of paper is 0.75 mm. The ratio of the
voltages across air and paper is

1 b 3 4 g 1
@5 ®; ©@3F @3
(COMEDK)

9. A voltmeter reads 4 V when connected to a parallel
plate capacitor with air as a dielectric.c. When a
dielectric slab is introduced between plates for the
same configuration, voltmeter reads 2 V. What is the
dielectric constant of the material ?

(@) 8 (b) 0.5
(c) 10 (d 2 (Karnataka CET)

2013

20, Two metal plate form a parallel plate capacitor.
The distance between the plates is d. A metal sheet
of thickness d/2 and of the same area is introduced
between the plates. What is the ratio of the capacitances
in the two cases?

(a) 4:1 b)) 2:1
(c) 3:1 d 5:1 (JIPMER)

2. The equivalent capacitance between 4 and B as shown
in figure is

25 6 uF 3pF
Am.v Mm—hm_ . Iv’.w ‘
(b) 1pF mwﬂm_ iy -
(c) 3uF (d) m% (OJEE)
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22. A capacitor is charged by a battery. The battery is
removed and another identical uncharged capacitor is
connected in parallel. The total electrostatic energy of
resulting system
(a) decreases by a factor of 2
(b) remains the same
(c) increases by a factor of 2
(d) increases by a factor of 4 (NEET)

. A parallel plate air capacitor has capacity C farad,
potential ¥ volt and energy E joule. When the gap
between the plates is completely filled with dielectric
(a) both V and E increase
(b) Both ¥ and E decrease
(c) V decreases, E increases
(d) Vincreases, E decreases

2016

23 . A capacitor of 2 pF is charged as shown in the
diagram. When the switch § is turned to position 2, the

percentage of its stored energy dissipated is
L g

YL
NEHA_\

@ 75% (b) 80%
© 0% @ 20%

(MHT CET)

(NEET Phase-l)

2. . The energy stored in a parallel plate capacitor of
cross section area 4 with a separation & being filled
h dielectric of dielectric constant g; in terms of the

electric field between them, E is

{
@ 2%F ®) SeE2ad
.._. 2 1
© F2E°4/d @ SegE%d/ 4

(/& K CET 2016, AlPMT 2012, 2008, AllMS 201 1)

www.massphysics.com

25, A Jngoww of six identical capacitors, each of value
C, is .Emao as shown in the figure. The equivalent
capacitance between the points P and Qis

“TTTL.

3C 3C 4C
n —_— —_—
: O @
(BHU)
26. 1f Em.n@c.?m_ma capacitance between P and Q of the
combination of the capacitors shown in figure below is
30 F, the capacitor Cis

C
(@ M

20 uF
€ 20 uF
P— 0
20 uF

(b) 30uF
(d) SuF

(a) 60uF

() 10pF (/& K CET)

2 3. A gang capacitor is formed ‘
by interlocking a number
of plates as shown in the
figure. The distance between — _ * ‘ A
the consecutive plates is
0.885 cm and the overlapping
area of the plates is 5 cm’. The capacity of the unit is
(a) 1.06 pF (b) 4pF
(c) 636pF (d) 12.72pF (BHU)
2 8. In this diagram, the P.D. between 4 and B is 60 V. The
P.D. across 6 uF capacitoris ...V

3 uF
3 uF
vaLTLTIﬁHH e
6 uF 3 uF
3 uF
(a) 10 b) 5
(c) 20 (@ 4 (Karnataka CET)

29.In the arrangement of capacitors 4B
shown in figure, each capacitor is of G
9 UF, then the equivalent capacitance _ _
between the points 4 and B is

(@) 9 uF =0

(b) 18 pF

(c) 45uF Cy

(d 15pF (UP CPMT)
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30, A parallel-plate nmﬁmnm.BH Al A AB
O area A, plate separation u_" \\\WI:_ Il

d and capacitance C is e e=
flled with four diclectric | \\\\H&.l

materials having dielectric H :

F
dr
i

constants k;, &, iy and ky | :
as shown in the figure, Ifa A

single dielectric material

is to be used to have the same capacitance C in this
capacitor, then its dielectric constant k is given by

)
@ k=kthp+k+3k () k=3 0thtk)+2k,
2 3 1

e T i
@ 7z bk R 2k, (NEET Phase-1f)

3| .Three parallel plate air capacitors are connected

in parallel. Each capacitor has plate area B and

i35, ceparation berween e plates % J 27 Shd 3d

respectively. The equivalent capacity of combination
is (g, = absolute permittivity of free space)

7g0A 11g04
CORTY ®) T
13g54 1704

d MHT C

() = @ e~ ( ET)

22 6. Two identical parallel plate air capacitors are connected
in series to a battery of e.m.f. V- If one of the capacitor
is completely filled with dielectric material of constant
K, then potential differensce of the other capacitor will

become
K KV
@ ———r b ——
V(K +1) K+1
K-1 vV
— — (M
& = (d) KE+D (MHT CET)
33#. Four metal plates are 1 x
arranged as shown.
Capacitance between =
X and ¥ (4 — Area 3
of each plate, d — J
distance between the 4
plates)
3gp4 2gp4 2 g4 3ep4
@ 370 ® - © 3 @

(Karnataka CET 2016, BHU 2010)

www.massphysics.com

34, What would be the voltage across C5?

. (C+CV &
@) mﬁ.u 2)
1+C +C5 i
oV ,
mu g R
Av QH;TQM.TQM m.mlp/_.
C,V CyV
. S 4y ———— (AlIMS
© G+ 06 @ ﬁ_iuﬁrm.wﬁ )

25 . Two conductors of capacities C; and C, are charged
to potentials ¥, and ¥, respectively and then they
are connected by a conducting wire. The common
potential will be

CV +CV b =
(2) 17 2V2 o +Cy ¥y
|74 V-
© Gh+Gh ) (V+ V) (Cr+ C)
el (BHU)

?G . n identical capacitors each of capacitance C when
connected in parallel give the effective capacitance
90 pF and when connected in series give 2.5 uF. Then
the values of n and C respectively are

(a) 6and 15 uF (b) 5and 18 uF
(c) 15 and 6 uF (d) 18and 5 pF
(J & K CET)

7. The number of ways one can arrange three identical
capacitors to obtain distinct effective capacitances is

(a) 8 (b) 6

(c) 4 (d) 3 (J & K CET)
2 @.The equivalent capacitance between 4 and B is

(in uF)

Amv 25 3uF 3puF 3uF

84 %.I_%%
b i 21 L
N ww 5 m .I|_:m P‘u 3 uF

Q m mEnwE..wE..
@ 84
) 1 (Kerala PMT)

39 . The potential difference between 4 and B is

(@) 132V :
() -6V (d 6V (OJEE)

Y .. In the circuit shown in figure, C = 6 uF. The charge
stored in the capacitor of capacity C is

£ L Hﬂo/m
(a) zero i (b) cm uC
(d) 60uC  (UPCPMT)

(c) 40pnC
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