Electrostatics and Capacitor

Electrostatics

Introduction

Electromagnetism is a science of the combination of electrical and magnetic phenomenon.
Electromagnetism can be divided into 2 parts:

@ Electrostatics: It deals with the study of charges at rest.
2 Electrodynamics: It deals with the study of charges in motion (discusses magnetic phenomenon)
In this chapter we will be dealing with charges at rest i.e. Electrostatics.

CHARGE: The word electricity comes from the Greek work electron, which means “amber”.
Amber is petrified tree resin, and the ancients knew that if you ruld an amber rod,with a piece of
cloth, the amber attracts small pieces of leaves or dust. A piece of hard rubber, a‘glass rod, or a
plastic ruler rubbed with a cloth will also display this “amber effect or static electricity as we call it
today. You can readily pick up small pieces of paper with a plastic comb o, rulesfthat you’ve just
vigorously rubbed with even a paper towel. You havesprobably experienced static electricity when
combing your hair or when taking a synthetic blouse/or shirt from a clothes dryer. And you may have
felt a shock when you touched a metal doorknob aftersliding across a car seat or walking across a
nylon carpet. In each case, an object becomés ‘charged” due to a rubbing process and is said to
possess a net electric charge.

Electric charge, like mass, is.one of the fundamental attributes of the particle of which the
matter is made. Charge is the physical property of certain fundamental particles (like electron,
proton) by virtue of which they interact withithe other similar fundamental particles. To distinguish
the nature of interaction, charges are divided“into,two parts (i) positive (ii) negative. Like charges
repel and unlike charges attract. Sl unit of charge is coulomb and CGS unit is esu. 1C = 3 x 10°%esu.
Magnitude of the smallest knownicharge is 2 1.6 x 10 °C (charge of one electron or proton).

Note: True test of electrification is repulsion and‘not attraction as attraction may also take place between a
charged and ap‘uncharged body.

Structure of Atom

An atom consists of two parts (1) nucleus and (ii) extra nuclear part. Nucleus consists of neutrons and protons
and extra nuclear part has electrons revolving around nucleus.

In a neutral atom = Number of electrons = number of protons.
€harge of electron = charge of proton = 1.602 x 10 *° coulomb.

Normally positivescharges are positron, proton and positive ions. In nature practically free existing positive
charges are positive 1ons and negative charges are electrons.

Conductors and Insulators
An object can be broadly classified in either of the following two categories:
(i) Conductors (ii) Insulators

Conductors: These are the materials that allow flow of charge through them. This category generally
comprises of metals but may sometimes contain non—metals too. (Carbon in form of graphite)

Insulators: These are the materials which do not allow movement of charge through them.
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Charging of Bodies

An object can be charged by addition or removal of electrons from it. In general an object can either be a
conductor or insulator. Thus we are going to discuss charging of a conductor and charging of an insulator.

Charging of Conductors

Conductors can be charged by
(@) Bringing it in contact with another charged conductor (charging by conduction)

(b) Bringing a charged body (conductor or insulator) near the conductor to be charged and there by
inducing charge on it. This process is called induction.

Charging of Insulators

Since charge cannot flow through insulators, neither conduction nor induction camybe used to charge
insulators, so in order to charge an insulator friction is used. Whepéver. an insulator iSyrubbed against
a body, exchange of electrons takes place between the two. This resultsyin appearance of equal and
opposite charges on the insulator and the other body. Thus the insulator is‘charged.
For example: rubbing of plastic with fur, silk with glass.eauses charging of these‘things.

Note:

e To charge the bodies through friction one of them has tesbe'an insulator.

e The cause of charging is the actual transfer of eleetrons from one material to another during rubbing.
Protons are not transferred during rubbing.

e The material with lower work function loses electrons and becomes positively charged.

e As an electron has a finite mass, therefore, there always occurs some change in mass during
charging.

Charged Induction (Elementary Concept)

We know every charge particlerattracts another particle which . =
is having oppositef’charge. Thishconcepts leads to charge
separation in extended badies. We consider different cases of
charge separation<in, conducting and non—conducting bodies. +
Consider the case of a cenducting body placed near a charge as
shown(in figure. Due to'the force exerted on free electrons of
conducting body by external charge +q, these electrons start
drifting toward +qg. Due to this on the surface of body facing

Electron cloud

+(, negative charge —q is developed due to excess of electrons RIS pucteus
and-onithe opposite face of body a similar positive charge +g; ,’r/’,:’“\\‘\\‘\l

is developed due to deficiency of electrons as shown in figure. v () A __,:,:,' L
This charge separation in a body is called “charge induction”. Al
The alignment of dipoles in a non—conducting body appear due Atom

to an external charge is called induction in non—conducting

bodies or polarization of non—conducting bodies. Thus in both Q

the cases of conducting and non—conducting bodies when a Negative Centre
positive charge is brought closer, opposite charges are (b)

developed in the bodies due to charge induction and the

0
+q

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ES ©
' rFaye nNu. ¢



Electrostatics and Capacitor

negative, induced charge is close to the external positive
charge.

This phenomenon also explains why always a charged body
attracts a neutral body. It is also obvious that in conductor’s
induction is more due to drift of free electrons hence attraction
force on neutral conducing body will be more due to any
external charge.

Note:

. Gold-leaf electroscope: It is a device used for detecting an electric Metal—¢ =
charge and identifying its polarity. It consists of a vertical conducting i Rubber
rod passing through a rubber stopper fitted in the mouth of a glass Siopper
vessel. Two thin gold leaves are attached to lower end ofl the rod.
When a charged object touches the metal knob at the outér end,of the
rod, the charge flows down to the leaves. The leaves diverge ‘due, to
repulsion of the like charges they have received. The degree of

divergence of the leaves gives a measure of thesamount of charge.
Various characteristics of charge are:

l— Glass
vessel

Gold leaf

t+— Tin foil

(1) Like charges repel while unlike chargesd@ttract.

(i) Charge is invariant. (iii)  Total charge is always conserved

(iv) Charge can be added algebraically () Withgtransfer of charge mass is also
transferred

(vi)  Charge is quantized and minimum Value of charge is 1.6 x 10 °C.
Quantization of Charge: Charge exists in discrete packets rather than in continuous amount.
i.e. charge on any body is the integrabhmultiple of the,charge on an electron

= Q=+ne,wheren=0,1,2, ... h......
Note:
e  The smallest"amount of charge or basic quantum of charge is the charge on the electron or a
proton.

Itis= 1.602192 x 10

. Recent discoveries in high'energy physics have indicated that the elementary particles like protons
and neutrons are themselves built out of more elementary units, called quarks, which have
charges'(2/3) e and (-1/3) e.

e Quantization is a universal law of nature. Like charge, energy and angular momentum of an
electronare also quantized.

Conservation of Charge
Charge is conserved, i.e. total charge on an isolated system is constant. By isolated system, we mean here a
system through the boundary of which no charge is allowed to escape or enter. This does not require that the
amount of positive and negative charges separately conserved; only their algebraic sum is constant.
Note:
e Conservation of charge implies that electric charges can be created or destroyed always in the form
of equal and opposite pairs but never in isolation.

e The law of conservation of charge is an exact law of nature. It is valid in all domains of nature.
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Charges on a Conductor: Static charges reside on the surface of the conductor.

Subjective Assignment — |

Q.1  Adglass rod is rubbed with a silk cloth. The glass rod acquires a charge of + 19.2 x 10
(M Find the number of electrons lost by glass rod.
(i) Find the negative charge acquired by silk.
(iii) Is there transfer of mass from glass to silk? Given, m,=9 x 10 kg

Q.2 Estimate number of electrons in 100g of water. How much is total negative charge on these
electrons?

Q3 How much positive and negative charge is there in a cup of water?

Q4 How many electrons will have a total electric charge of 1 coulomb?

Q5 It is now believed that protons and neutrons (which constitute “auelei of ordinary matter) are
themselves built out of more elementary units called quarks. A proton andha neutron consist of three
quarks each. Two types of quarks, the so called ‘up’ quark, (denoted by U) of charge + (2/3) ¢ and
the ‘down’ quark (denoted by d) of charge (-1/3) e togetherwith electrons build up ordinary matter.
(Quarks of other types have also been found which give rise to different unusual varieties of matter).
Suggest a possible quark composition of a proton and neutron.

Q.6 A comb drawn through person’s hair on a dry’day,causes 10% electrons to leave the person’s hair and
stick to the comb. Calculate the charge carried by the,comb.

Q.7 If a body gives out 10° electrons evefy,second, how much time is required to get total charge of 1C

from it?
1. (i) 12 (ii) — 19.2 x 10" C(iii) 1.08 x 10 * kg 2. 3.35x 10%,5.35 x 10° C
3. 1.338x 10’ C 4, 6.25 x 10 5. p=UUd, n=Udd
6. 1.6x10°C 75 198:8 year

Coulomb’s Law

Coulomb, through his experiments found out that the two charges ‘q;” and ‘g’ kept at distance ‘r’ in a

medium as shewn in figure exert aforce ‘F’ on each other. The value of force F is given by F=Kk %
r
This law gives the net force experienced by g; and g, taking in account the medium surrounding them.
Where F gives the magnitude of electrostatic force. q; and g, are the magnitudes of the two interacting
charges. K'isyelectrostatic constant which depends upon the medium surrounding the two charges. This force
F acts along the“line joining the two charges and is repulsive if g, and g are of same sign and is attractive if

. . . .
they are of opposite sign. G p Go

Coulomb’s Law in Vector Form

As shown in figure, consider two positive point charges g, and g, placed in vacuum at distance r from each
other. They repel each other.
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In vector form, Coulomb’s law may be expressed as |321= Force on charge g, due to q;

B S P P T : ; Lt
T RLY: where rlzzT, Is a unit vector in the direction from g; and d..

4ne, r

Similarly, ?12 = Force on charge q; due to g,

1 . L Dy . . -
= qlgz Py where f,,=-2L, is a unit vector in the directionrom g, to ;.
ey I r

The coulombian forces between unlike charges (q:q, < 0) are attractive, as,shown in figure.

le |
[ r *

[ s D —

+q ¢ )
3 Fp Fy |
fp— = 63}

As t,,=—F,,, therefore F,,=—F,. This means that the two chargessexéftrequal and opposite force on each
other. So Coulombian forces obey Newton’s third lawofmotion.

Force acting on q; because of g r:lz — 1 qng
Ane, 1,

,but, T, =G=T,

To write force as a vector this magnitude is to be multiplied by a unit vector in direction of force.

— 1 a9, [i-n) 1, (-1,

12= — — or R, = E—
dre, 6T, %Rl dre, |6 T,

= __AWg,d, (1)
Very similarly F21:4Tca T; 2?|31
0 271

—

Fi,

Force Depending on Medium

When two charges are‘placed in vacuum or when the same set of charges is placed in a medium, the net force
experienced by the charges will be different. The effect of presence of medium is accounted in the
proportionality constant K. This electrostatic constant K is defined as
K _ 1 where e=¢, €,
d7e

Here e= absolute permittivity of medium e, = permittivity of free space, having a constant
value = 8.85 x 10 coul’’/N — m?, e, = e/, = Relative permittivity of medium with respect to free space,
also termed as dielectric constant.
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2
9 N—m

=9x10 >
coul

For free space e, =land K =

4ne,

Here we can say that when two charges are placed in vacuum (or air) the force experienced by the charges
can be given as

1 090,

E
r2

air —

When these charges are submerged in medium, having dielectric, constant <,, the force becomes
_ 1 q0, F

— _ lair
2
dngye, v

€

F

med

Or F as el = F.4 < Fy

med
r

Limitation of Coulomb’s Law

Coulomb’s Law have some limitations. These are

@ It is only valid for point charges i.e. if we have two large conducting spheres having charges g; and
02, then we cannot use coulomb’s law to find the force between the two.
(2) Coulomb’s Law is only valid for static charges.

Coulomb’s Law gives the net force of interaction between the two charges. If the two charges are
moving, both the charges will have an associated magnetiC field.\The net force will then be the
vector sum of electrostatic force and the magneétic force.

This principle tells us that if charge Q is acted upon by several charges
O1, Q2 ... qn, then the force on Q can be found out by calculating
separately the forces Fy, F, ..., F,, exerted by g1, 0, ..5qn respectively on
Q and then adding these forces vectorially. Their resultantyFis the total
force on Q due to the collection of charges.

As shown in figure, consider N.point charges qi, 42,/0s, ....., qn placed
in vacuum at points whose ‘position vectors Av.r.t. origin O are

—

_— —

r,r, I3, a respectively. [According) to the principle of

superposition, the total force‘en‘charge q; is given by

—  —

F=F, + Fs;+ . HEL

where @ @ ...... , a are the forces exerted on charge g, by individual charges 05, 03, ...., qn respectively.

Subjective Assignment — 11

Q1 The electrostatic force of repulsion between two positively charged ions carrying equal charges is
3.7x10°N, when they are separated by distance of 5A. How many electrons are missing from
each ion?

A free pith-ball A of 8g carries a positive charge of 5 x 10° C. What must be the nature and
magnitude of charge that should be given to a second pith—ball B fixed 5 cm below the former ball
so that the upper ball is stationary?

Two similarly equally charged identical metal spheres A and B repel each other with a force of
2.0 x 10° N. A third identical uncharged sphere C is touched to A, then placed at the mid—point
between A and B. Calculate the net electrostatic force on C.

Q.2

Q.3

~- X
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Q4 Two ‘free’ point charges +4e and +e are placed a distance ‘a’ apart. Where should a third point
charge g be placed between them such that the entire system maybe in equilibrium? What should be
the magnitude and sign of g? What type of a equilibrium will it be?

Q.5 A charge Q is to be divided on two objects. What should be the values of the charges on the two
objects so that the force between the objects can be maximum?

Q.6 A small brass sphere having a positive charge of 1.7 x 10 C is made to touch another sphere of the
same radius having a negative charge of 3.0 x 10° C. Find the force between them when they are
separated by a distance of 20 cm. What will be the force between them when they are immersed in
an oil of dielectric constant 3?

Q.7 The sum of two point charges is 7uC. They repel each other with a force”ofyl N when kept 30 cm
apart in free space. Calculate the value of each charge.

Q.8 Two pith—balls each weighing 10~ kg are suspended from the samé point by means, of silk threads
0.5m long. On charging the balls equally, they are found to repel each ether to a distance of 0.2 m.
Calculate the charge on each ball.

Q.9  Aninfinite number of charges each equal to 4 uC are placed along x—axis at X =dm, x = 2m, x = 4m,
X = 8m and so on. Find the total force on a charge of 4°C placed at the origin.

Q.10 Consider the charges g, g and — q placed at the vertices of an.equilateral triangle, as shown in figure.
What is the force on each charge? 2uc

w
3
?————--4:..
Ll
1
1
]
1
Ll
1
1
'
:l
\i‘.
a

w
.B____

e - -
AN
=5
0

Q.11  Two equal positive charges, each, of 2uC interact with a third positive charge of 3uC situated as
shown in figure. Find the magnitude and direction of the force experienced by the charge of 3uC.
Q.12 Four charges#q, +.0, —g and — q are placed respectively at the four corners A, B, C and D of a
square of side a. Calculate the force on a charge Q placed at the centre of the square.
Q.13  Five electrons have been removed from each atom to form ions. Find the electrostatic force between
two such ions, when separatéd’by a distance of 4A in air.
Q.14 Two extremely small charged copper spheres have their centres separated by a distance of 50 cm,
in vaccum,
(@) What is'the mutual force of electrostatic repulsion if the charge on each is 6.5 x 10" C?
(b) What'will be the force of repulsion if
(i) the charge on each sphere is doubled and their separation is halved?

(ii) the two spheres are placed in water? (Dielectric constant of water = 80).
1. 2 2. 4.36 x 10”' C (positive) 3. 2.0x107° N, along BC
4, 2a/3, 4e/9, unstable 5. Q/2,Q/2
6. 1.1x10° N; 0.367 x 10° N 7. 5 uC, 2uC
8. 2.357x10°C 9. 4.8x10'N 10.  FBC, FAC, V3Fh

11.  3.456x 102N, along OC produced
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12. [ L 4ﬁqu , parallel to AD or BCJ 13.  36x10°N
dme, a

14.  (a) 15.21 x 10° N, (b) (i) 15.21x 16 x 10> N, (i) 1.9 x 10* N

Electric Field

Electric field due to a point charge is the space surrounding it, within which electric forge can be experienced
by the another charge. Electric field strength or Electric intensity (E) at’ a point is“the electric force

experienced by a unit test charge at that point. v A
Mathematically, E:i , Where q, is positive test charge.
A
0] - -
SI unit is Newton per coulomb (NC™) or volt per metre (VmA). o
The dimensions for E 3 B
Force MLT? MLT? al >~

[E]= =[MLT 1]

~ Charge C 1T
Physical Significance of Electric Field: The‘force experiencediby the test charge qo is different at different
points. So E also varies from point to point.

i.e., Electrostatic force= Charge x/Electric field. Thus an.electric field plays an intermediary role in the
forces between two charges:

Charge == Electric field == Charge.
Electric field is a characteristic of the system,of charges and is independent of the test charge that we place at
a point to determine thedield.

Subjective Assignment — 111

Q.1  Calculate the electric field,strength required to just support a water drop of mass 10 kg and having
achdrge 1.6 x 10 C.

Q.2 How many electrons should be removed from a coin of mass 1.6g, so that it may just float in an
electric field of intensity 10° NC™, directed upward?

Q.3  A'pendulum of mass 80 milligram carrying a charge of 2 x 10 C is at rest in a horizontal uniform
electric field'of 2 x 10* Vm™. Find the tension in the thread of the pendulum and the angle it makes
with the vertical.

Q.4  An electron falls through a distance of 1.5 - - - - - + o+ + + +
cm in a uniform electric field of magnitude
2.0 x 10* NC™. The direction of the field is e 5 Jre .

reversed keeping its magnitude unchanged

and a proton falls through the same
distance. Compute the time of fall in each (a) (b)
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case. Contrast the situation (a) with that of
‘free fall under gravity.

Q.5 A stream of electrons moving with a velocity of 3 x 10’ ms™ is deflected by 2 mm in traversing a
distance of 0.1m in a uniform electric field of strength is 18 VV cm™. Determine e/m of electrons.

Q.6 An electric field E is set up between the two
parallel plates of a capacitor, as shown in figure.
An electron enters the field symmetrically
between the plates with a speed vq. The lengthof - - - - - - - - — -
each plate is |. Find the angle of deviation of the K ! )
path of the electron as it comes out of the field.

Answers

+ + + + + + + + +

1. 6.125 x 10 NC™* 2. 9.8 x 10’ 3, 8.81 x 10 W\, 6 = 27°
4. 29x10°s5125x107s 5. 2x10"Ckg* 6. b=tan™ EE'Z
mv;
Electric field due to a point charge
r P -
qe L » F
Source 9o
charge Test
harg charge
According to Coulomb’s Law, the force on chafge qois F= ™ N %
where T is a unit vector in the direction from q to qo. Electric field at point P is E:i =3 ! %f
Qo A4mgy 1

The magnitude of the field Eis E= 1 %
4meg

Electric field due to a system of'paint charges

According to principal of superposition of glectric field, the electric field at any point due to a group of
charges is equal to the vector sum of the electric fields produced by each charge |nd|V|duaIIy at that point,
when all other€harges are assumed,to be absent.

Hence, the electric field at point P due to the system of N charges is
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Subjective Assignment — IV
Q.1  Assuming that the charge on an atom is distributed uniformly in a sphere of radius 10~
be the electric field at the surface of the gold atom? For gold, Z = 79.
Q.2 Two point charges of 2.0 x 10" C and 1.0 x 10”" C are 1.0 cm apart. What is the magnitude of the
field produced by either charge at the site of the other?
Q.3 Two point charges of +5x10™° C and +20x10'°C are separated by a distance of 2m. Find the point
on the line joining them at which electric field intensity is zero.
Q.4  Two point charges of + 16 uC and — 9uC are placed 8 cm apart in air. Determine the position of the
point at which the resultant field is zero.
Q.5 Two point charges g;=+ 0.2 Cand g, =+ 0.4 C are placed 0.1 m apart. Caleculate the electric field at
(a) the mid—point between the charges
(b) a point on the line joining g; and g, such that it is 0.05 m away fram g, and 0.15ym away from q;.
Q.6 Two point changes g, and g, of 10 C and — 102 C E,
respectively are placed 0.1 m apart. Calculate the k
electric fields at points A, B and C shown in figure.
Q.7  ABCD is a square of side 5 m. Charges of + 50C,
— 50C and + 50C are placed at A, C and D
respectively. Find the resultant electric field at B,
Q.8 Four charges +q, +q, —g, —q are placed respectively

m, what will

at the four corners A, B, C and D of a square of side M 005m - M- 0.05m - 0.05m -J—m ‘
‘a’. Calculate the electric field at the €entre of the
square.

1 1.138 x 10° NC™ 2. 1.8 x 10’ NC*, 9 x 10°NC™*

3. at 2/3 m to the right of g{ 4, at a point 24 cm to the right of — 9uC
charge
(a) 7.2 x 10" NG, acting along BO, (b).4/52 x 10'* NC™, acting along AP
7.2x10*NC* 32%10° NC', 9x 10°NC* 7. 2.7x 10" NC™, 25.5° with x—axis

©

a2 kA, 45° with AC
a

Electric field due to charged ring along its axis

Consideradifferential element of the ring of length ds. Charge on this element is dg = (zij dl.

ma

This element sets up a‘differential element field dE at point P.

The resultant field E at P is found by integrating the effects of all the elements that make up the ring. From

symmetry this resultant field must lie along the right axis. Thus, only the component of dE parallel to this
dl

axis contributes to the final result.
E =Id|§ = EzIdE cosO b i

CosgidEmse
g L d_ 1 (qu} 1

dne, r*  Adnee, \2ma

“(@%+x?) it

dl
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X
(aZ +X2)l/2
To find the total x-component E, of the field at P, we integrate this expression over all segment of the ring.

cosO =

— [4E 1 X
Bx= IdE cos0 = 4 e, 2ma. (a%+x%)%? Idl

The integral is simply the circumference of the right 2ra. E= ! 5 qx2
4n e, (@°+X7)

3/2

As q is positive charge, field is directed away from the centre of ring, along its axis.

Electric field intensity due to uniformly charged rod along it axis.

Consider an element, dx at a distance, x from the point, P, where we seek to find the electric field. The

elemental charge, dg = Adx

a+L a+L
Then, dE = k. 2% orE=ta. | %dx:kx[— 1}
X © X X,
-1 1 % L
:kk{_a_'_l_"'g} ----------- v v+ v + A+ + + + + +] - .
| dx | X !
- | 1
E - kAL
a(a+L)

Electric field intensity at a equatorial point due to a uniformly charged rod

The charge on small element is ' dE

dECos6

dg = 9 dx P;. dESing P
L 1 3
If the strength of electric field at point P due ’ r
to this charge dg is dE, then it.can be given as ; :
[Frrrr+r++++++++++4] Fra+s s+ + 4+ ++077+ + +]
£ Kdq | : : s dxl—
dE T <— Equator S
(re+x°) ! z

The component dE‘sin 6*will get canCelled and net electric field at point P will be due to integration
of dE ces6 only.
Thus net electric field strength at point P can be given as

+L/2 +L/2
_ KQdx r KQr dx
E, =IdECOSG = J. Lo T 2, 2\3/2
_L/2 (r +X ) r~+X L _L/2 (r +X )
Now substituting X =rtand dx = rsec’® do
KQr ¢ rsec?0dd KQ KQ. .
We get E = = cos0dd = —=[sin6
g L I risec’0  Lr I Lr[ ]
+L/2
We get Ep=KQr X _KQ L/2 N L/2 E, = 2kQ
Lr X2 412 » Lr \/L2+r2 \/LZHZ ¢ L2+ ar?
4 4

Electric Dipole
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Electric dipole: A pair of equal and opposite charges separated by a small distance is called an electric
dipole.

Dipole moment: It measures the strength of an electric dipole. The dipole moment of an electric dipole is a
vector whose magnitude is product of either charge times the separation between the two opposite charges
and the direction is along the dipole axis from the negative to the positive charge.

-q 24 +4q

P B
Dipole moment = Either charge x a vector drawn from negative to positive charge

or p=qgqx2a
The Sl unit of dipole moment is coulomb metre (Cm).
Examples of electric dipoles. Dipoles are common in nature. In molecules like H,O; HCI, C,HsOH,
CH3COOH, etc., the centre of positive charges does not fall exactly over the centre of negative,charges. Such
molecules are electric dipoles. They have a permanent dipole moment.
Ideal or point dipole. Dipole of negligibly small size is called an ideal or point dipole:
Q) Electric field due to electric dipole for points on theaxis

Let the point P be at distance r from the centre of the dipole on the side of the charge g, as shown in
figure. Then

I
4me, (r +a)?

—-q

where f is the unit vector along the dipale,axis (from —q'to g). Also

q R 20—
T — 2 E, E_
K 4me, (r—a)2 P T -‘-’--------O----,—--«—-—P---- O
P q _ ~q
The total field at P is i r !
1 1 N 4ar N
E=E, #E = ! 2 7 7 |P= a 2 .2 P
4me, | (r—2) (r+a) 4dng, (r°—a“)
Forr>>a
E=4La3|6 (r>>a) but2ag=P
dng,r
L E, -1 p

> Are, r®
(i) Electricfield due to electric dipole for points on the equatorial plane
The magnitudes of the electric fields due to the two charges +q and —q are given by
1
- 2 .2 Eq .
4ne, r°+a

and are equal.

+q 2 2

4me, r°+a

The directions of E., and E_, are as shown in figure. Clearly, the
components normal to the dipole axis cancel away. The components
along the dipole axis add up. The total electric field is opposite to p.
We have

E=—(Eyq+EgcosO L
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3 20a 5
4me, (r2 +a2)3’2

At large distances (r > > a), this reduces to
202

E=-— 50 (r>>a) But p=qx2a
Amey 1
_ P .
=— P(r>>a
& 4ng, r ( )

Hence E,, = - 2E,

Dipole in a Uniform External Field

There is a force qE on g and a force — gE on —q. The net force on the dipole
is zero, since E is uniform. The forces act at different points, resulting in a ' : l

torque on the dipole.
Magnitude of torque  =gE x 2 asin® =2qga E sino
Its direction is normal to the plane of the paper, coming out of it.
But 2aq=P
t=PEsin0 Thus,t=pxE
Dipole in a non—-uniform electric field: In anon—uniform electric

field, the +g and —q charges of a dipole experience different forces
(not equal and opposite) at slightly different positiens in the field

and hence a net force Facts on the/dipole in a non—uniformsfield.
Also, a net torque acts on the dipale which depends,on the location

T =px E(F)

where T is the position vector of the centre ofithe dipole.

of the dipole in the non-uniform field.

When the dipole is”parallel or antiparallel to E. In a non—
uniform field, if p is parallel to E or antiparallel to E,the net

torque on the dipole is zero (because the forces on charges + q
become linear) "However, there is a net force on the dipole. As

shown(in figure, ‘When p is parallel to E,a net force acts on the
dipole in"theldirection of increasing E. When p is antiparallel to

E , a net force acts in‘the direction of decreasing E.

qE
!E _ar - Qq
_q?- ————— P
—qE ;
E
—_—
Forceon-g
- ——
Force on + ¢

O_ T i

-q P +q
Direction of net force = —————»
Direction of increasing field =————»

(a)

E

—_—

O--<—--
+4 14 -q

Force
on-gq

Force
on+gq

»
<«

Direction of net force = €————
Direction of increasing field =————»

(b)

Potential energy of a dipole placed in a uniform electric field.

As shown in figure, consider an electric dipole placed in a uniform electric field E with its dipole moment p

making an angle 6 with the field. Two equal and opposite forces + qE and — qE act on its two ends. The
two forces form a couple. The torque exerted by the couple will be T =(qE x 2asin 6 = pE sin 0

where q x 2a = p, is the dipole moment.

If the dipole is rotated through a small angle d6 against the torque acting on »
it, then the small work done is
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dW =1d0 =pEsin6do

The total work done in rotating the dipole from its orientation making an angle
04, with the direction of the field to 0, will be

0,
W = 'f dW:j pE sin 0 d0 = pE[-cos 0];* = pE [cos6, — cos 0, ]
6

This work done is stored as the potential energy U of the dipole.
U = pE (cos 6; — cos 0,)
If initially the dipole is oriented perpendicular to the direction of the field (6; = 90%,and then brought to
some orientation making an angle 6 with the field (6, = 6), then potential energy of the dipale will be
U = pE (cos 90° — cos 0) = pE (0 — cos 0) or U=-pECos®=-p. E
Note:
¢ Inauniform electric field, an electric dipole experiences no,net force but a non zero torque.

e As the net force on a dipole in a uniform electric field is zero, therefore, no linear acceleration is
produced.

e Torque on a dipole becomes zero when it alignsiitself parallel to the field.
e Torque on a dipole is maximum when it is held perpendicular.to the'field E.

¢ In a non—uniform electric field, a dipole experiences aynon zero force and non zero torque. In the
special case when the dipole moment is parallel or antiparallel to the field, the dipole experiences a
zero torque and a non zero force.

e A non-uniform or specifically an increasing E—field'may be represented by field lines as shown.

Clearly, Eo < Eg < E¢ ——
A

» Direction of
increasing
E-field
e The direction of the electric field at an axial point of an electric dipole is same as that of its dipole
moment and at an equatorial point it is opposite to that of dipole moment.
e The strength of electric field at an axial point of a short dipole is twice the strength at the same
distance on'the equatorial line.
e At larger distances, the dipole field (E o 1/ r’) decreases more rapidly than the electric field of a
point charge (E o 1/r%)

Subjective Assignment — V

Q.1  Two charges, one + 5uC and another — 5uC are placed 1 mm apart. Calculate the dipole moment.

Q.2 Anelectric dipole, when held at 30° with respect to a uniform electric field of 10* NC™* experiences a
torque of 9 x 10 Nm. Calculate dipole moment of the dipole.
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Q.3 An electric dipole consists of two opposite charges of magnitude 1/3 x 10" C, separated by 2cm.
The dipole is placed in an external field of 3 x 10’ NC. What maximum torque does the electric
field exert on the dipole?

Q.4  Calculate the electric field due to an electric dipole of length 10 cm having charges of 1 uC at an
equatorial point 12 cm from the centre of the dipole.

Q.5  Two point charges, each of 5 uC but opposite in sign, are placed 4 cm apart. Calculate the electric
field intensity at a point distant 4 cm from the midpoint on the axial line of the dipole.

Q.6 Two charges + 10 uC are placed 5.00 mm apart. Determine the electric field at (a) a point P on the
axis of the dipole 15 cm away from its centre O on the side of the positive chiarge, (b) a point Q, 15
cm away from O on a line passing through O and normal to the axis of thedipole.

Q.7  The force experienced by a unit charge when placed at a distance of 0.10m from, the middle of an
electric dipole on its axial line is 0.025 N and when it is placed at‘a.distance of 0.2ym, the force is
reduced to 0.002 N. Calculate the dipole length.

Q.8  An electric dipole of moment 5 x 10 C—m is aligned in a uniform electrigifield of 4.44 x 10* N/C.
Calculate potential energy of the dipole to hold the dipole‘at 60° with the direction'of electric field.

Q.9  Anelectric dipole consists of two opposite charges of magnitude q = 1 x 10°° C separated by 2.0 cm.
The dipole is placed in an external field of 1 x 10° NC.1..\What maximum torque does the field exert
on the dipole? How much work must an external agent do to turn the dipole from one end to another
end, starting from position of alignment (6 = 0°)?

Q.10 Two charges of — 4 uC and + 4uC arefplaced at the paints A (1, 0, 4) and B (2, -1, 5) located in an
electric field E = 0.02i V/cm. Calculate the torque acting on the dipole.

1. 5x10°Cm 2. 1.8x 10 Cm 3. 0.02 Nm

4. 4.096 x 10° NC™* 5. 10 NC™

6. (a) 2.66 x 10° NC# (b)1.83 x 10°NC™* 7. 0.10 m 8. 3.6x104J
9. 2x10° N-mA4x10°) 10. © '1.131x 10° N-m

Lines of Force

It has been found quite convenient to visualize the electric field pattern
in terms of lines'of force. The electric field pattern vector at a point is
related te.imaginary lines of force in two ways. The line of force in an
electric field iSra,curve such that the tangent at any point on it gives the
direction of the resultant electric field strength at that point.

(1) The lines of force are continuous smooth curves without any
breaks.
(i) Tangent to the line of force at a point gives the direction of E .

(iii) These lines of force are so drawn that their number per unit
cross—sectional area in a region is proportional to intensity of

K

electric field.
(iv) Electric line of force can never form closed loops.
(V) Lines of force are imaginary.
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(vi) They emerge from a positive charge and terminate on a negative
charge.

(vii) Lines of force do not intersect.

Reason: If they intersect, then there will be two tangents at the point of
intersection (figure) and hence two directions of the electric field
at the same point, which is not possible.

(viii)  The lines of force are always normal to the surface of a
conductor on which the charges are in equilibrium.

(ix) The lines of force have a tendency to contract lengthwise. This
explains attraction between two unlike charges.
x) The lines of force have a tendency to expand laterally so as to .

exert a lateral pressure on neighbouring lines of force. This
explains repulsion between two similar charges.
(xi) The relative closeness of the lines of force gives a measure of the
strength of the electric field in any region.
(xii) The lines of force do not pass through a conductop‘because the
electric field inside a charged conductor is zero.
Area Vector
The direction of a planar area vector is specified by
the normal to the plane. In figure, a planar area
element dS has been represented by a normal vector

ds. The length of vector ds represents the magnitude
dS of the area element. If fiis a unit vector along the

Area =dS

normal to the planar area, then ds'=ds.n

The electric flux through a.given area‘held inside/an
electric field is the meaSure of the total"number of
electric lines of force” passing normally through that
area.

Area=AS

0=0° ,
> Sy ]

As shown inf figure, if an eleciric,field E passes
normally through an area element AS, then the electric
flux through this area is Ad¢e =E AS

In ¢ase thexfield E ‘is non—uniform, we consider a closed surface S lying inside the field, as shown in figure.
We can divide thel surface S into small area elements: AS,, AS,, AS,, .....,AS,.Let the corresponding
electric fields at these elements be E,, E,, ..., E, Elpond b
Then the electric flux through the surface S will be
0s = E,. AS,+E,. AS, +....+ E . AS,

N

= Y E,.AS,

i=1

When the number of area elements becomes infinitely large (N — o) and AS — 0, the above sum approaches
a surface integral taken over the closed surface. Thus
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N
be = lim D E;.AS =iE. ds

Hence electric flux may be defined as the surface integral of electric field of any closed surface.
Electric flux is a scalar quantity.
Sl unit of electric flux=NC™*.m?=Nm*C™* =Vm

Gauss’s theorem

This theorem gives a relationship between the total flux passing through any closed surface and the net
charge enclosed within the surface.

Gauss theorem states that the total flux through a closed surface is 1/& times the net'eharge enclosed by the
closed surface. Mathematically, it can be expressed as

be= fE.0S =1

S €0

Gaussian surface: Any hypothetical closed surface enclosing@ charge is called the Gaussian surface of that
charge. It is chosen to evaluate the surface integral of the electric field produced by the charge enclosed by it,
which, in turn, gives the total flux through the surface.

Proof of Gauss’s Theorem: (for spherically symmetric surfaces only) consider a sphere of radius r, positive
point charge q is situated at the centre. According to Coulomb’s lawjpelectric field intensity at any point P on

the surface of the sphere is
E -1
4re, 1

=
- E

|_1)

N

where T is unit vector directed fram © to P.

Consider a small area element ds of sphere around P Let it be represented
by vector ds = fids where’f is unit vector alonggoutdrawn normal to area
element.

E.%:( g %].(ﬁ&)

4me 1
As normal to a sphere at every point is E along the radius vector at the point, therefore, f. i =1

Ea--1 ®
dre, r?

Integrating over the closed surface area of the sphere, we get

f E ds = LZ fds = LZ x total area of surface of sphere
S dney r° g drey 1
=34 (4nrr) =2
drie,r 0
Hence, b = f E. ds = q where proves Gauss’s theorem.
S
S 0
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Note:

1. Remember that Gauss’s theorem holds good for any closed surface, regardless of its shape or size.

2. The surface that we choose for the application of Gauss’s law is called the Gaussian surface.

3. Take care to see that the Gaussian surface chosen does not pass through any discrete charge. This is
because electric field is not well defined at the location of the charge.

4. In the situation when the surface is so chosen that there are some charges inside and some outside,
the electric field E (whose flux is calculated) is due to all the charges, both inside and outside the
closed surface. However, the term (q) represents only the total charge inside the closed surface.

5. Gauss’s theorem is based on inverse square dependence of E on distance.

Coulomb’s Law from Gauss’s Theorem

Deduction of Coulomb’s Law from Gauss’s Theorem
By symmetry, E has same magnitude at all points on S. Also E and as at any point on 'S are directed

radially outward. Hence flux through area ds is doe = E. dS = EdS cos0° = EdS
Net flux through closed surface S is

b = :fE. ds = §EdS = E§dS= E x total surface area of-S,= E x 4xr?
S S S

Using Gauss’s theorem,

0e = a or Exdnf? =3 or E= o %
€ € 4me, r

The force on the point charge q, if placed on surface Sywill be
1 99

dney /1

E:qo E:

This proves the Coulomb’s law:

Subjective Assignment — VI
Q1 If E=6i+3]+412, calculate the electric flux through a surface of area 20 units in Y—Z plane.
Q.2 Acircular plane sheet of radius 10 cm is placed in a uniform electric field of 5 x 10° NC™, making
an angle of 60° with the field,"Calculate electric flux through the sheet.
Q.3 _Calculateithe number of electric lines of force originating from a charge of 1 C.

Q.44 A positiveicharge of 17.7 uC is placed at the centre of a hollow sphere of radius 0.5m. Calculate the
flux‘density through the surface of the sphere.

Q.5  Calculate the‘electric flux through each of the six faces of a closed cube of length I, if a charge q is
placed (a) at its centre and (b) at one of its vertices.

Q.6 The electric field components in figure are E, = ax"?, E, = E, = 0, in which o = 800 N/Cm®.
Calculate (i) the flux ¢g through the cube and (ii) the charge within the cube. Assume that a = 0.1 m.
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Y

» X
a
pr——— .
a X
Z

Q.7  An electric field is uniform, and in the positive x direction for positive x and“uniform with the same
magnitude in the negative x direction for negative x. It is given that

E=200i NC™ f or x>0 and  E=-200i NC 4 or, x<0
A right circular cylinder of length 20 cm and radius 5 cm has its
centre at the origin and its axis along the x—axis so that one face is at i 2
x =+ 10 cm and the other is at x = — 10 cm. S ]__.*
(i) What is the net outward flux through each flat face? S 3
(ii) What is the flux through the side of the cylinder? E 1;@ m yr E‘
(iii) What is the net outward flux through thecylinder? a3 “ \ ] & 7 ’
(iv) What is the net charge inside the cylinder? R T e a Y.

Q.8  You are given a charge + Q at the origin ©. Consider/a sphere S
with centre (2, 0, 0) of radius J2m. Considersanother sphere of
radius +/2m centered at“the origin. Consider the spherical caps

(i) PSQ (ii) PRQ (iii) PWQ, withynormals outward to the respective
spheres, and (iv) the flat circle PTQ with nermal along the x—axis.
(@ What is#sign of]| electric flux through each of the
surface (i) — (iv)?

(b) What is the relation between the magnitudes of fluxes through
surfaces, (i) — (iv)?

(c) Calculate the flux throdgh the surface (ii) directly. Assume that the area of the cap (ii) is A.

Q.9  S;and'Syare two hollow concentric spheres enclosing charges Q and 2Q
respectively-as shown in figure

(i) What is the ratio of the electric flux through S; and S,?

(if) How will the electric flux through the sphere S; change, if a medium of
dielectric constant 5 is introduced in the space inside S; in place of air?

AnNswers
1. 120 units 2. 1.36 x 10* Nm? C* 3. 1.129 x 10"
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4. 6.4 x 10° NC 5, 6i, % 6. 1.05 Nm2 Ct 9.27 x 102
€ 0

C

(i) + 1.57 Nm? C %, (ii) 0 (iii) 3.14 Nm*C ™, (iv) 2.78 x 10 C

(a) The outward drawn normal on cap PSQ points towards left while it points towards right for caps
PRQ, PWQ and circle PTQ. So the flux is negative for (i) and positive for the rest.

(b) The same electric field lines crossing (i) also cross (ii), (iii). Also, by Gauss’s law, the fluxes
through (iii) and (iv) add upto zero. Hence, all magnitudes of fluxes are equal.

(c) 45 x 10° QA NC'm? 9. (i) A 3, (ii) Q/5¢,

Field Due to an Infinitely Long Charged Wire

To determine the field at a distance r from the line charge, we choose a cylindrical Gaussian surface of radius
r, length | and with its axis along the line charge. As shown in figure, it has curvedsurface S, and flat circular

ends S, and Si. Obviously, d%1||l§, dS, | E and ESg 1 E.So only curved surface contributes towards the
total flux.

= J’EdSl cos0°® + J‘EdS2 c0s90° + JEdS3 £0s90° B
51 Sz 53 l ’52 B ~ lgoo E

= E[d5,+0+0 B
+ !
: + .

= E x area of the curved surface ris fl  B——E
or b = E x 2mrl :___.
Charge enclosed by the«Gaussian surface, g = Al S S

UsingGauss’s theorem, de = /eo, We get ’ S + 90° -
or E.2narl = M or E= A =>Ea 1 .y
£ 2me,r r ’

Electric Field Due to a Uniformly Charged Infinite Plane Sheet

Consider a thin, infinite plane sheet of charge with uniform surface charge density c. By symmetry, electric
field E points outwards normal to the sheet. Also, it must have same magnitude and opposite direction at two
point P and P'. We choose cylindrical Gaussian surface of cross—sectional area A and length 2r with its axis
perpendicular to the sheet.

As the lines of force are parallel to the curved surface of the cylinder, the flux through the curved surface is
zero. The flux through the plane—end faces of the cylinder is

Plane sheet,

e =EA+EA=2EA 77 ., 4| charge density o

AT

Charge enclosed by the Gaussian surface, g = cA

According to Gauss’s theorem, i |
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de=-

€
2eA=2 o E=C
€ 2¢g,

If the plane sheet has a finite thickness then charges on both sides of the sheet are to be considered. Thus,

electric field E=—.
€o

If plane sheet is conducting then charges on both sides of sheet are to be considered. Thus, electric field

c
E=—
€o

Solved Question

Q.1  Two infinite parallel planes have uniform charge densities‘of o; and o,. Determine the electric field
at points (i) to the left of the sheets, (ii) between them, and (iii) to the right of the sheets.
Electric field of two positively charged parallel platessFigure shows two thin plane parallel sheets
of charge having uniform charge densities o] and o, with o; > o, > 0. Suppose f is a unit vector
pointing from left to right.
In the region I: Fields due to the twogheets are

= Gl ~ = 62 A o, o,
EF‘zr’ Ez=—zr e |+ B 4]
0 0 D + T+
From principle of superpositien, total electric field at any point of region I is s + . + -
+ +
= = = f
E,=E,+Ey==% (0, #0,) 2 .
280 E, - E, . E,
R el +| — + —_—
+ +
G G 4 +
In the region 11: Fields due to the two sheets are E,=—2-f, E,=—2F ¥ + |+
2¢, 280 sheett Sheet 2

Total field, E, = —— (0, ~ 5,)
2¢,

In the'fégion 111: Fields due to the two sheets are E, =% f E 202 §
€9 €9

Total field, B, = —— (o, + 0,)
2¢g,
Q.2 Two infinite parallel planes have uniform charge densities + o. Determine the electric field in (i) the
region between the planes, and (ii) outside it.
Electric field of two oppositely charged plane parallel plates. As shown in figure, consider tow
plane parallel sheets having uniform surface charge densities of + o. Suppose f be a unit vector
pointing from left to right.
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In the region I: Fields due to the two sheets are

E__F g
! 2e, ? 2g,
" N +0 G
. = = = f e |+ B |- E
Total field, E, =E,+E,=— —0¢ + —0=0 -— B — F —
2¢g, b
5 5
In the region Il: Fields due to the two sheets are 1 o |7 m
A A + -_—
= f = f
E,=—o0, E,=—o0 E, % E, = E
2¢g, 2¢g, —2 Bl s B «——
Total field, 7 i
- f f o ., + y -
§|=—0+—o=—°Tf —
2 € 2 €o € Sheet 1 Sheet 2
In the region I11: Fields due to the two sheets are
f f
E,=—o0,E,=——0¢
2g, 2g,

Total field E,, = 0

Field Due to a Uniformly Charged thin Spherical Shell or Field Due to Conducting Sphere

Consider a thin spherical shell of charge of radius R with uniform surface eharge density c.

@ When point P lies outside the spherigalishell. the total,charge' g inside the Gaussian surface is the
charge on the shell of radius R and area 4@R?.

2 E
g=4nR°c :
Gaussian
Flux through the Gaussian surfacey =~ surface
O = E x 4nr?
By Gauss’s theorem, ¢ = & B
Yy > E— c E E= Tm,
0
/
2_ ¢ 1 q . /_ Spherical shell,
ExAnry = — or E= T2 [FOf r> R] S ,/ charge density = o
€ dme, r ~ee - -

(b) When point P lies on the spherical shell. The Gaussian surface just encloses the charged spherical
shell.

Applying Gauss’s theorem,

E x 4nR? = a4
€9
or __ 4 - [Fror=R] or -4 [+ q = 4nR%c]
4R €

(c) When point P lies inside the spherical shell. As is clear from figure, the charge enclosed by the

Gaussian surface is zero, i.e., 2k

=0 Gaussian fandki A
4= . surface / 4 meg R
Flux through the Gaussian surface, ) i 1
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g = E x 4nr?
Applying Gauss’s theorem,
- 49

= 4
€
Ex4nr?=0
or E=0

Electric Field Intensity Due to a Non—conducting Charged Solid Sphere

Suppose a non conducting solid sphere of radius R and centre O has
uniform volume density of charge p. We have to calculate electric field
intensity E at any point P, where OP = r. With O as centre and r as radius,
imagine a sphere S, which acts as a Gaussian surface. At every point of S,

magnitude of Eis same, directed radially outwards. It q' is the charge
enclosed by the sphere S, then according to Gauss’s law.

fE.%zfa.ﬁ ds = Efds:i
S S S

S

where e is electrical permittivity of the material of the insulating sphere.

Edn) =L orE=—9 - (D)
€ drer
Now, charge inside S. i.e. ' = volume of S x volume density of charge q' = %an Xp
3
From (i), E=i Ll pz =r_p’
34ner 3e
. rp .
e, E=— (i
3c (i)
Clearly, Eocr.

Y

i.e. electric intensity at any point inside a non—conducting charged solid
sphere varies directly as the distance of the point from the centre of the
sphere.
At the centre ofithe sphere, r =0,
E=0
Atthesurface of the sphere,
r=R — Distance from centre (r)

Rp .
= 3— = maximum

S
We have already proved that outside the sphere, E oc 1/r?

All these results are plotted in figure, which represents the variation of electric field intensity E with distance
(r) from the centre of a non—conducting uniformly charged solid sphere.

Electric Field Strength due to a long Charged Cylinder
Case — I: Conducting Cylinder ! R_o columim?

+ +

T
H o+ ok o+t
I O
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Figure shows a long conducting cylinder charged uniformly on its
surface with surface with surface density o coul/m?. Here due to uniform
charge distribution, the electric field direction can be taken radially
outward as shown. Here for outer points it can be taken that electric field
is originated from the central axis of the cylinder. Thus here we can use
the result of a uniformly charged long wire. Here if we calculate the
electric field strength at point P at a distance x from the axis of cylinder,
2K\

it can be givenas E, =
X

Here A is charge per unit length on cylinder which can be calculated as

*-—>

Total
Charge =1

A=ox2nRx1 : T
Thus E, can be givenas  E _ 2xo.2nmR Fal N
4TE eO X o colum/m
oR
€y X
E 1&
For points on surface, we have x = R thus electric field strength
A
on the surface point can be givenas  Egq -2 & \
€ :
. 1
For interior points, we know inside a metal body due to charges e M
electric field strength is always zero. =

Case — I1: Non—conducting Cylinder:

For a non-conducting cylinder “uniformly-charged with a volume charge
density p coul/m® as sHownvin figure, electric field strength is also in radially
outward direction in such ‘a wWay that it is originating from the axis of
cylinder. Thus€lectric field strength at exterior points at a distance x from
the axis of cylinder can be given as

E,= 2KA
X
Hence 2, the'charge per unit on the cylinder can be given as
L=pxmR*x1
2 2
Thus we have E, = 2K(pmR") _ PR
X 2¢, X

Electric field strength on the surface of this cylinder i.e. .....

PR

X=R= E=
2¢€,

Py

+

{

+  +
+ 4+
+

+ o+
St S R A

+
st 4t 4t

+
+
+

+  +
+ o+

+ o+

s +I

+

+

+
+
+

+
+
+
ST TWT S SES ST
+
ottt v,

Now if we find electric field strength at interior points of the cylinder, such as a point P at
a distance x from the axis of cylinder as shown in figure, we divide the cylinder in two

o 3
p colum/m
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parts, one is an inner solid cylinder of radius X, point P is on outer surface. Another is a

cylindrical shell of inner radius x and outer radius R, point P is an interior point.

Now due to uniform charge distribution in a hollow cylinder no electric field exist at an interior point, the
electric field at point P will only be due to the inner cylinder of radius x. For finding this we assume again
the line charge and whole charge of inner cylinder is concentrated at its axis, whose charge per unit length A

can be givenas A = p x nx° x 1 E 4
Thus electric field strength at point P can be given as oR
R . SRR
X 21 €q X E xx : 1

Electric Field due to a Large Thick Charged Sheet
Figure shows a large sheet of thickness d, uniformly charged at charge density p.coul/m®. On both sides of
sheet due to it, electric field strength is direct, away from the sheet.

.P

¥ F+TF T FIFFPAIITFIELPETFIPIEIEYY Y
+ + 4 ++ A F 4

-|»++-p++++++«s-+++--0»4»+-|»+_<|»_____]1

+ 4+ 4+ttt S
R NG SO R I T R T S . N e S e N S i o S

p coul/m’

The electric field strength at a point P in front of the sheet as shown in figure can be given by E:ZL
So

Where o is the charge per unit surface area of the sheet which.can be given as ¢ = pd

pd . (1)
2 €,

Thus E=

To find electric field strength at:aminterior peint P_of the sheet at a distance x from its central place as shown

in figure we divide sheet in two sheets. One ofithickness (g—x) and other of thickness (%”LX)

d I+++#+++¢++ Ei+d + 4+ + %+ ¢+ +
L. 20 . . SN A RN NG . J B N K N N S N N R N

+ +F + o+ +yExb + + + 4+ + 4+ + d
L T S S I S S S l

LK B B B B B BRI R L BE B BE K K B B IR
Do i R i St SO SN 0, D AN SON U B BT D A0 NG S 0. )

Due to thinner sheet electric field at point P is in downward direction, say it is E, which is given as

E,=———+% [using equation —(1)]
2¢€,

Similarly due to thickness sheet electric field at P is in upward direction, say it is E; which is given

il
g2 )

1= [using equation —(1)]
2¢,
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Net electric field at point P can be given as

Ep:El—Ez
2 e

_ P ¢ | I
2¢€, 2¢, B P,

Ex.1 A system consists of a thin charged wire ring of radius R and a very long uniformly charged thread
oriented along the axis of the ring, with one of its end coinciding with the centre of the ring. The
total charge of the ring is equal to g. The charge of the thread (per unit length) is equal to A. Find the
interaction force between the ring and the thread.

Sol. Force dF on the element dx of wire due to ring = dqE +

*1 A coul/m
Kagx +
dF=———"———2dx +
2 2\3/2
X“+R x
( ) Ed dqg = Adx
T xdx
FZK%! (R? +x%)2 A
_ g 5 R
4ney R
Subjective Assignment — V11

Q.1  Two long straight parallel wires,carry charges A, and A, per unit length. The separation between their
axes is d. Find the magnitude ‘of the force exerted on unit length of one due to the charge on the
other.

Q.2 Anelectric dipole consists of charges # 2 x 10°® C, separated by a distance of 2 mm. It is placed near
a long line charge of'déhsity 4.0 x 10* Cm™, as shown in figure, such that the negative charge is at
distaneé of 2 cm from the line charge. Calculate the force acting on the dipole.

: -q +q
T PP AP —

Q.3 A charge of 17.7 x 107C is distributed uniformly over a large sheet of area 200 m?. Calculate the
electric field intensity at a distance of 20 cm from it in air.

Q.4  Acharged particle having a charge of — 2.0 x 107 C is placed close to a non—conducting plate having

a surface charge density of 4.0 x 10°® Cm . Find the force of attraction between the particle and the
plate.

S.C.O. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302

Page No: 26



Electrostatics and Capacitor

A particle of mass 9 x 107 g is kept over a large non conducting sheet of charge density 5 x 107
Cm What charge should be given to the particle, so that if released, it does not fall?

A large non conducting sheet of charge having surface charge density 5.0 x 10*° Cm™ lies in the X—
Y plane. Find the electric flux through a circular area of radius 0.1 m, if the normal to the circular
area makes an angle of 60° with the Z-axis.

A spherical conductor of radius 12 cm has a charge of 1.6 x 10 'C distributed uniformly over its
surface. What is the electric field (i) inside the sphere, (ii) just outside the sphere, (iii) at a point 18
cm from the centre of the sphere?

ANSwWers

1.

3.
5.
7.

f= 27»17»zd 2. 0.7 N, acting towards the line charge
e,

10°NCH 4, 0.45N

3.12x 108 C 6. 4.44 x 107" Nm? ¢!

(i) 0, (ii) 10° NC™, (iii) 4.44 x 10° NC™

Electrostatic Potential Energy

Potential energy of a system of particle is defined only in conservativefields. As electrostatic field is also
conservative, we define potential energy for it. Before proceeding further, we should keep in mind the
following points, which are useful in understanding potential energy in electric field.

(i)

(i)
(iii)
(iv)

(v)

(i)
(i)

Doing work implies supply of energy
Energy can neither be transferred ner-beitransformed into any other form without doing work.
Kinetic energy implies utilization; of energy,where as potential energy implies storage of energy.
Whenever work is done ons system of bodiesythe stpplied energy to the system is either used in
form of KE of its particles or it will be stored in system in form of increase in the potential energy
of system.
When all particlesiofa system are separated far apart by infinite distance there will be no interaction
between them«This state we take as reference of zero potential energy. Now potential energy of a
system of particles we define as the’work done in assembling the system in a given configuration
against the interaction ferces of particles.
Elegtrostatic potential energy-in defined in two ways.
Interaction energy of charged particles of a system
Self energy of a charged object (will be discussed later)
Electrostatic Interaction Energy
Electrostatic interaction energy of a system of charged particles is defined as the external work
required assembling the particles from infinity to a given configuration. When some charged
particles are at infinite separation, their potential energy is taken zero as no interaction is there
between them. When these charges are brought close to a given configuration, external work is
required if the force between these particles is repulsive and energy is supplied to the system hence
final potential energy of system will be positive. If the force between the particles is attractive, work
will be done by the system and final potential energy of system will be negative.

Let us take some illustrations to understand this concept in detail.
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Interaction Enerqy of a System of Two charged Particles

The electric potential energy of a system of point charges may be defined as the amount of work done in
assembling the charges at their locations by bringing them in, from infinity.

Potential energy of a system of two point charges. Suppose a point charge q; is at rest at a point P; in
space, as shown in figure. It takes no work to bring the first charge g, because there is no field yet to work

against. 2

Wi =0 4
Electric potential due to charge q; at a point P, at distance r,, from P, will be V, = 1 . R ’

ey d;

If charge g, is moved in from infinity to point P,, the work required is a J

W, = Potential x charge = V, xq, = 1G9 F1 e F2

dne, I,
As the work done is stored as the potential energy U of the system (g; + d), S0 U=W, + W,¢= 2 ! : %2
TiE r12

Potential energy of a system of N point charges. The expression for the potential energy of N point charges
can be written as

1 g; q;
47-CSO all pairs If.i

U:

- J.
i#j

113
2 4ng, <

SR
-1

j
As double summation counts every pair twice, to:avoid this the factor 1/2 has been introduced.

The amount of work done to move a point charge.gfrom point A having electric potential V5 to point B
having electric potential Vg.

= chargé moved, x potential difference
=gV Va)

Potential energy of a system of two point charges in an electric field. Let V; and V, be the electric
potentials of the field E at the pointSiwhere g, and g, are located. Then potential energy of the two charges in
the field E is av

U = P.E. due to interaction between g, and E

+P.Exdue to interaction between g, and E
+ P.E. due'to interaction between g; and g,

or U= qlvl + q2V2 + L .qlqz charges q,V,
dne, r

Electron volt is the potential energy gained or lost by an electron in moving through a potential difference of
lvolt. 1eV=16x10"]J

Multiples and Submultiples of eV
1 meV (milli electron volt) = 102 eV = 1.6 x 10 %]
1 keV (kilo electron volt) = 10° eV = 1.6 x 10°J
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1 MeV (million electron volt) = 10°eV = 1.6 x 10
1 GeV (giga electron volt) = 10°eV = 1.6 x 10°J
1 TeV (tera electron volt) = 10% eV = 1.6 x 10" J

Free and bound charges

In metallic conductor, the electrons of the outer shells of the atoms are loosely bound to the nucleus. They
get detached from the atoms and move almost freely inside the metal. In an external electric field, these free
inside the metal. In an external electric field, these free electrons drift in the opposite direction of the electric
field. The positive ions which consist of nuclei and electrons of inner shells remain held in their fixed
positions. These immobile charges constitute the bound charges.

In insulators, the electrons are tightly bound to the nuclei and cannot be detaChedyfrom the atoms, i.e.,
charges in insulators are bound charges. Due to the absence of free charges, insulators areipoor conductors of
electricity.

Electric Potential

Electric potential is a scalar property of every point in the region of electric field."Ata pointdn electric field,
electric potential is defined as the interaction energy of a unit positive charge. If at a‘point in electric field a
charge ¢, has potential energy U, then electric potential at thepoint can be given as

V:Hjoule/ coul
Uo

As potential energy of a charge with electric field is defined as work.done in bringing the charge from
infinity to the given point in electric field. Similarly we canidefined electric potential as “work done in
bringing a unit positive charge from infinity to the given point against the electric forces.

Electric Potential due to a Point Charge in its Surrounding

Suppose a test charge qp is placed at point A at distance X from O. By Coulomb’s law, the electrostatic force
acting on charge qo is

dx '
q - F
= 1 a9, (O3S @ v - =
47[80 . X2 o} P B A

W r —¥
The force F acts away fromithe’charge g. the small werk-dene-in- moving-the-test charge g, from A to B

through small displacement dx against the electrostatic force is
dW = F. dx = Fdx £0s180° = — Fdx

The total work done in moving the charge g, from infinity to the point P will be

W=jdvv=—j Fdx:—j L Mo g

° dney X
=_qq_ojx-zdxz_m_o[_1] =_qq_o[1_1}= 1 o
4ng, 4ne, X, 4ne, | r oo | 4dme, I

o0

Hence work done in moving a unit test charge from infinity to the point P, or the electric potential at point P
IS

V:ﬂorV: ! .ﬂ
do dne, T

Electric Potential Due to a Dipole
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Electric potential at an axial point of a dipole

As shown in figure, consider an electric dipole consisting of two point charge —g and +q and separated by
distance 2a. Let P be a point on the axis of the dipole at a distance r from its centre O.

Electric potential at point P due to the dipole is
1 - 1 q

V=V, +V, = —
4ne, AP 4ne, BP ]
_ g
C= t ®- - 4
P 1 . q + 1 . q A (0] B P
4ne, r+a 4mng, r-a (AR QS VU g ——
_ 11 1 " k
dne, | r-a r+a
1 | (r+a)—(r-a) 1 qgx2a
= = ) or
4ne, r’—a? dne, r?—a’
1 p
V= . s p=Qx2a
4ng, r’—a’ [-p=q ]
. 2 2 1 p
For a short dipole, a“<<rs0o V= =
4me, v

Electric potential at an equatorial point of a dipole

Electric potential at point P due to the dipole is K
VARVERVIE B WS
4ne, AP 4ne, BP /

q 1 q =0 _q_(’ L3

1
- . + .
dmey \r21a?  Ameg Wr?+a? 4

Electric Potential at Any Point Due to an Electric Dipole

Consider anypoint P at a distance rfrom the centre (O) of the electric dipole AB. Let OP makes an angle 6
with the dipoletmoment vector, p and ry, r, be the distances of point P from —q charge and +q charge

respectively.

Potential at' P due.to-- q charge, V, = (=) =— 1 q
Te, h dre, 1y
Potential at P due to +q charge, V, = a
ne, I,
Potential at P due to the dipole, e
V= V]_ + V2
or V=-— 1 g+ 1 a or V= a (1. 1 .. (1)
dney 1, 4mept, dne, |1, T,

Draw a perpendicular from A which meets the line OP at C when produced backward. Also draw BD 1 on
OP.
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Then rn=AP~CP=0P+0OC=r+1cos 6 (~-from AAOC, OC =1 cos 0)
and r,=BP=DP=0OP-0OD=r-1Icos®6 (+.-from ABOD, OD =1 cos 0)

Substituting the values of r; and r; in equation (i), we get,

v 1 3 1
4re, \ (r—1cos®) (r+lcos6)
q (r+|cose—r+lcoseJ

4ne, r’—1? cos’ 0
q 2lcos6 q 2l cos6
V: =
dney |\ r?—17cos?0 ) 4ne, (r?—1% cos?0)
. p cos © . ,
ie., = ... (i1) (. dipole moment, p.= q. 2I
4 e, (r* —1% cos’ 6) ) q RS a-2)
_ pcos6

If r > > |, then equation (ii) becomes V 5
dre,r

Since p cos © = p. f, where t is unit vector directed along OPs

A A

VzL forr>>1
dneyr

Special Cases:
1. If point P lies on the axial line of the dipole i.e. 6 = 0°

then equation, becomes V,, = LZ or V o iz [ cos 0° =1]

dreyr r

2. If point P lies on the equatorial line of the dipole i.e., 6 = 90°

then Ve =10 [ cos 90° =0]

Potential due tof@ dipole'is zero at all'points on the equatorial line of the dipole.

Electric potential due to uniformly charged thin spherical shell

@ When ‘the point P lies outside the shell. We know that for a
uniformly charged spherical shell, the electric field outside the
shell is as\if the entire charge is concentrated at the centre. Hence
electricypotential at an outside point is equal to that of a point
charge located at the centre, which is given by

V= ! a [Forr>R]
e, 1

(b) When point P lies on the surface of the shell. Herer=R.  Hence
potential on the surface of the shell is

V= 1 a9 [Forr=R]
4ng, R
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(c) When point P lies inside the shell. The electric field at any
point inside the shell is zero. Hence electric potential due to a
uniformly charged spherical shell is constant everywhere
inside the shell and its value is equal to that on the surface.

Thus,
V= 1 g [Forr <R]
4rme, 1
Subjective Assignment — V111
Q1 If 100 J of work has to be done in moving an electric charge of 4C from a place, where potential is
— 10V to another place, where potential is V volt, find the value of V.
Q.2 Determine the electric potential at the surface of a gold nucleus. The radius is 6% x 10*°> m and the

atomic number Z = 79. Given charge on a proton = 1.6 x 10° C.

Q.3 (i) Calculate the potential at a point P due to a charge of 4 x 10" C'located 9 cm away. (ii) Hence
obtain the work done in bringing a charge of 2 x 10° C from infinity to the point P. Does the
answer depend on the path along which the chare is brought?

Q4 A metal wire is bent in a circle of radius 10 cm. It i§ given a charge of 200 uC which spreads on it
uniformly. Calculate the electric potential at its centre.

Q5 Electric field intensity at point ‘B’ due to a point charge “Q” kept at point ‘A’ is 24 NC* and the
electric potential at point ‘B’ due to same chargélis 12 JC . Calculate the distance AB and also the
magnitude of charge Q.

Q.6 To what potential we must chargesan insulated spherejof radius 14 cm so that the surface charge
density is equal to 1u Cm2?

Q.7 A charge of 24 uC is given to a hollow metallicisphere of radius 0.2 m. Find the potential
(i) at the surface of the sphere, and (ii) at a distance of 0.1 cm from the centre of the sphere.

Q8 Twenty seven drops of same'size are charged at 220 V each. They coalesce to form a bigger drop.
Calculate the potential ofithe bigger.drop.

Q.9 Two charges 3x,10° C and —2 x 10 € are located 15 cm apart. At what point on the line joining
the two charges isthe electric potential zero? Take the potential at infinity to be zero.

Q.10  Calculate the electric'potential at the centre of a square of side J2m, having charges 100 uC, —50

uC,; 20uC, and — 60uc at the four corners of the square.
Q.11 , Four charges +q, +q, —g and —q are placed respectively at the

A a D
corners A, B, C and D of a square of side ‘a’ arranged in the given I~ Z
ordersCalculate the electric potential at the centre O. If E and F are SN e
the midpeints of sides BC and CD respectively, what will be the o v oeilske

work done in carrying a charge ‘e’ from O to E and from O to F?

1
I
I
X
B a2 E a2 C

Q.12 A short electric dipole has dipole moment of 4 x 10° Cm. Determine the electric potential due to
the dipole at a point distance 0.3m from the centre of the dipole situated (a) on the axial line (b) on
equatorial line and (c) on a line making an angle of 60° with the dipole axis.

Q.13 Two point charges of +3uC and —3uC are placed 2 x 10° m apart from each other. Calculate
(i) electric field and electric potential at a distance of 0.6 m from the dipole in broad-side—on
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position (ii) electric field and electric potential at the same point after rotating the dipole through
90°.

Q.14  Two charges —q and +q are located at points A(0, 0, —a) 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)?

1. 15V 2. 1.7 x 10"V 3. 4%x10°V,8x107°)

4. 18 x 10° Vv 5. 0.667 x 10°C 6. 15840 V

7. (i) 1.08 x 10° V, (ii) 1.08 x 10° V 8. 1980 V

9. 9cmfrom3x10°C, 45cm  10.  9x10°V 11. g (i - J
e, /5

12. 400 V, 200 V 13. 250 NC*, 150 V 14. 0

Relation between Electric Field and Potential

Let A and B be two adjacent points separated by distance dr. The two points areyso close that electric field
E between them remains almost constant.

The external force required to move test charge qo (without aceéleration) against the electric field E is given
by

F=-q, E
The work done to move the test charge from A to B is
W= IE.d_f:—qo E.d_f=—qudrCOSO° Vp=V4dV V=V
Also, the work in moving the test charge from Ato'B is i B dr l _E,
(0] B A

W = Charge x potential difference
=qo (Ve —Va) =qo dV.

Equating the two works done, we get

—(QoE dr = qo dV or E=—d—V

dr

The quantity dV/dr is"the rate of charge of potential with distance and is called potential gradient. Thus the
electric field at any point is equal to the negative of the potential gradient at that point.
From the abeve relation between, electric field and potential, we can draw the following important
conclusions:
Q) Electricield is in that direction in which the potential decrease is steepest.
(i) The magnitude of electric field is equal to the change in the magnitude of potential per unit

displacement (called potential gradient) normal to the equipotential surface at the given point.

Computing Electric Field from Electric Potential

AS E:_d_V
dr

EX:_d_V, Ey:_d_V1 Z:_d_v

dx dy dz

E=E,i + E, j+E, k E=EZ+E2+E?
Computing electric potential from electric field
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The relation between electric field and potential is
E= —ﬂ or avV=—E.dr
dr
Integrating the above equation between points r: and E,we get

v, E r
fav=—JE. o or V-V, = - [Ear
\ . .

n i

where V; and V, are the potentials at E and rZ respectively. If we take E atinfinity, then V; = 0 and put
T
r, =T, we get V(?):—IE.dF

Certain facts

o Electric potential is a property of an electric field, whether a charged particle is placed in that field
or not. It is measured in joule/coulomb or volt.

o Electric potential energy is the energy of a charged particlexin an external electric field; rather, it is
the energy of the system consisting of charged object and the external electric field. It is measured in
joule.

Q.1 What is potential gradient at a distance of 10> m from thesgentreof the platinum nucleus? What is
the potential gradient at the surface of the nucleus? Atemic number of platinum is 78 and radius of
platinum nucleus is 5 x 10> m.

Q.2 The electric potential V(x) along the X—axis, varies avith distance x (in metre), according to the
relation V = 4x?. Calculatedhe force experienced byfa 1 1C charge placed at point x = 1m.

Q.3 A uniform electric field of 2 kN/C is in the'x direction. A point charge = 3uC initially at rest at the
origin is released. Whatis K.E-0f.this charge at x = 4m? Also, calculate V(4m) — V (0).

Q4 If the potential 4h region of space around the point (—1m, 2m, 3m) is given by V = (10x* + 5y* —
37%), calculaté the three components of electric field at this point.

Q5 The electric field outside a charged long straight wire is given by E = g’v m™, and is directed
outwards. What is the sign of the charge on the wire? If two points A and B are situated such that
ra= 0.2mand rg = 0.4m, find the value of (Vg — V).

Answers
1. 1.123 x 10™Vm™; 45 x 10 Vm™* 2. -8x10°N
3. 24x10°J;,-8x10°V 4. Ex=20Vm%E,=-20Vm%E,=18Vm*
5. + charge; — 693.1 V
Equipotential Surface:
Any surface that has same electric potential at every point on it is called an E
equipotential surface. The surface may be surface of a body or a surface in
space. N .
Equipotential
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Properties of equipotential surfaces:
1.No work is done in moving a test charge over an equipotential surface.

2. Electric field is a always normal to the equipotential surface at every point.
3. Equipotential surfaces are closer together in the regions of strong
field and farther apart in the regions of weak field.
4. No two equipotential surfaces can intersect each other.
(1) Equipotential surfaces of a positive point charge. The electric
potential due to a point charge g at distance r from it is given by
VAR
dng, T
(i) Equipotential surface of two equal and opposite point charges:

Equipotential

(iii) Equipotential surfaces of two equal positive charges. =N

(iv) Equipotential surfaces for a uniform electric field.

Electric Potential due to a Charge Rod
Figure shows a charged rod of length"Lyuniformly charged with a charge Q, due to this we will find electric
potential at a point P at a distance'r, from'one end of the rod shown in figure.

i x |

dx
Qe+ ++ +++++++ U+ + + + | ——>0

F P

| L :

For this we consider an element of width dx at a distance x from the point P. Charge on this element is

Q

dg = L dx
The potential"dV/ dug to this element at point P can be given by using the result of a point charge as

VL]

X
r+L K
Net electric potential at point P can be given as VzIde I L_de
r

vefav [ KQa KQ, (L]

Electric Potential due to a Charged Ring

Case — I: At its centre
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To find potential at the centre C of the ring, we first find potential dV at centre due to an eIergentaI charge dg
on ring which is given as

av =K
R
Total potential at C is V= '[ dv
| Kdg _ KQ -
R R

Case — I1: At a point on Axis of Ring
If we wish a find the electric potential at a point P on the axis of
ring as shown, we can directly state the result as here also all
points of ring are at same distance +/x*+R? from point P, thus
the potential at P can be given as

V __KQ

JR?+x?

Electric Potential due to a Uniformly Charged Disc

Figure shows a uniformly charged disc of radius R with surfacescharge dénsity p coul/m®. To find electric
potential at point P we consider an elemental ring of radius y and width dy, charge on this elemental ring is

dq = 0. Zny dy o coul/m?

Due to this ring, the electric potential at point P cambe given as
Kdg _ Ko.2nydy

X2+y2 ,X2+y2

Net electric potential at point P due to'whole disc canibe given as

R
_ _[_ S y. dy __ © 2 2 |°
(N W =5l

0 <S0 XEH4Y 0 0

Electric Potential due to non—conducting uniformly charged sphere

dv =

For outer anddinner surface points here also we can say that potential remains same as that of a conducting
sphere as

Vout = KQ (for x> R)
K
s = ?Q (forx =R)

For an interior point unlike to a conducting sphere, potential will not remain uniform as electric field exists
inside region. We know inside a uniformly charged sphere electric field is in radially outward direction thus
as we move away from centre, in the direction of electric potential decreases. As shown in figure, if there is a
point P at a distance x from the centre of sphere, the potential difference between point P and S can be given
as




Electrostatics and Capacitor

KQ _ KQ
R 2R?
KQ(

2R3

—(R?-x?)
x2)+K—Q

or V, -
or V, =

V, = (3R2—x )

2 3
Here at x = 0, we have potential at centre of sphere is
_3KQ_3

=V,
2R 2 °

Subjective Assignment — X

Q1 A particle of charge + 3 x 10° C is in a uniform field directed téward left. It is reléased from rest
and moves a distance of 5cm after which its kinetic energy is found to bhe.5 x 10 J,

(@  What work was done by the electric force?

(b)  What is the magnitude of the electric field?

(c)  What is the potential of starting point w.r.t. the end point?

Q.2 Two positive point charges each of magnitude, g are,placed on the y axis at the point (O, a) and
(O, —a). If a positively charged particle of charge g, and mass m is'slightly displaced from origin in
the direction of negative x—axis.

Q) What will be its speed at infinity?

(i) If the particle is projected towards the left along\the x—axis from a point at a large distance
on the right of the origin with a velogity half that acquired in part (i), at what distance from
origin will it come tosrest?

Q.3 Three concentric metallic shells A, B and, C of radii a, b and ¢ (a < b < ¢) have surface charge
densities o, — o and o respectively.

Q) Find the potential of three shells A,B and C

(i) If the shiells A and C are at the'same potential, obtain the relation between the radii, a, b and

C.

Q4 A circular ring of radius,R with uniform positive charge density A per unit length is located in the y
— zplane with its centre atthe origin O. A particle of mass m and positive charge q is projected

from the point P(R\/g, 0,0) on the positive x—axis directly towards O, with initial velocity v. Find
the smallest (non—zero) value of the speed v such that the particle does not return to P.

1, (@) 45x 10°J, (b) 3x 10°N/C, (c) L5 x 10° volts 2. V=2 /KQ% (Vi5a, 0)

€ A | b

3. (i) Va= > [a—b+c], Vg =— {%—bm},vc =i{a—2—§+c} (i) c=(a+b)
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V= A
(260 mj

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q.7

Q.8
Q.9
Q.10

Q.11

Q.12

Q.13

Q.14

Board Oriented Questions

A comb run through one’s dry hair attracts small bits of paper. Why? What happens if the hair is wet
or if it is a rainy day? (Remember, a paper does not conduct electricity)

Ordinary rubber is an insulator. But special rubber tyres of aircraft are made slightly conducting.
Why is this necessary?

Vehicles carrying inflammable materials usually have metallic ropes touching the ground during
motion. Why?

A bird perches on a bare high power line, and nothing happens to the bird. A"man standing on the
ground touches the same line and gets a fatal shock. Why?

A boy brings the palm of his hand near the disc of a charged gold leaf,electroscope: The leaves of
the electroscope are observed to collapse slightly. But when the boy mowves his hand‘away from the
gold leaf electroscope, leaves resume their original position. How do you explain‘the behaviour of
leaves?

In defining electric field due to a point charge, the test charge.has.to be vanishingly small. How this
condition can be justified, when we know that<harge-less than that on an electron or a proton is not
possible?

An electron and a proton are kept in the same electric fieldgWill they experience same force and
have same acceleration?

A charged particle is free to move in an electric field. Will it always move along an electric field?
Why do charges reside on the surface of the conducter?
Do the electric lines of force really exist? Wihat is about the field they represent?

An electric dipole free;to move is placed in a uniform electric field. Explain alongwith diagram its
motion when it is’placed,

@) parallel to the field (b) perpendicular to the field

An electric dipole is a pair of equal and opposite charges, separated by a small fixed distance
between them. The dipoleis free to move. What is the action on it, when it is placed in

(i) a uniform electric field,/and (ii) a non—uniform electric field?

A spherigal rubber balloon carries a charge that is uniformly distributed over its surface. As the
balloon isiblow up; how does E vary for points (i) inside the balloon, (ii) on the surface of the
balloon and
(iii) outside the balloon?

A glass rod rubbed with silk is brought close to two uncharged spheres in contact with each other,
inducing charges on them as shown in figure. Describe what happen when

(1) The spheres are slightly separated, and :__j+
(i)  The glass rod is subsequently removed, and finally 2

(iii)  The spheres are separated far apart?

Answer the following questions:
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Q.15

Q.16

Q.17

Q.18

Q.19

@) If glass rod has a charge +Q and the right sphere has charge +q, what is the charge on the left
sphere? Which property of charge has been used?

(b) In the stages (ii) and (iii), roughly sketch how charges on the two spheres will be distributed?
(c)  Atwhat stage: (i), (ii) or (iii) will the force between the two spheres be largest? Smallest?
Figure shows tracks of three charged particles in a uniform

electrostatic field. Give the signs of the three charges. Which M
particle has the highest charge to mass ratio? //@

(@)  Suppose that a particle is attracted towards the positive

plate: what must the chargeonitbe?  — o ————— _\‘\@
(b)  Suppose, two particles have identical curved

trajectories. Which of following are necessarily true?

Q) They have same charge; (ii) They have same mass; (iii) The charges have the'same sign; (iv)
They have the same e/m ratio.

()  You are given the initial velocity v of a beam particle and the length of the.capacitor I. What
other measurement would enable one to find e/m?

What is the electric field in the cavity, if a condugtor having a cavity is charged. Does the result

depend on the shape and size of cavity of the conductor?

++ + + + ++

A metal sphere A of radius a is charged to potential \VAWhat will be its potential if it is enclosed by
a spherical conducting shell B of radius b and the'two are connected by a wire?
Figure show the field lines of & single positive and negative charge respectively.

s

(@  Give the signs of potential difference (Ve — Vg) and (Vg — Va).

(b)  Give the sign of potential energy difference of a small negative charge between the points
Q.and P ; Aand B.

(c)  Givethe sign of the work done by the field in moving a small positive charge from Q to P.

(d)  Give the sign of the work done by external agency in moving a small negative charge
from B to A.

(e) Does the kinetic energy of a small negative charge increase or decrease in going from B to
A?

A metallic solid sphere is placed in a uniform electric field. Which path is followed by lines of force?

S.C.O. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302

Page No: 39



Electrostatics and Capacitor

Q.20

Q.21

Q.22
Q.23
Q.24
Q.25
Q.26
Q.27

Q.28

Q.29
Q.30
Q.31
Q.32
Q.33
Q.34

Q.35
Q.36
Q.37
Q.38

4-== ~=-4
Can we create an electric field in which all the lines of force are parallel but their density increases

continuously in a direction perpendicular to the lines of force, figure?

--------------------- » e e
Ap=r—r-==mB
--------------------------- prmm——————p—————p
& . Y
--------------------- > --————r----—---r---—-»
1
--------------------- » e~ — -~
i 1
————————————————————— > e et ettt 4
————————————————————— > B DRt et
————————————————————— > B i 4

A hemispherical body is placed in a uniform electric field E. What is the flux linked with the curved
surface, it field is (a) parallel to base, figure 1(c)62(a) and (b). perpendicularyto base, figure
1(c).62(b).

FIGURE 1(c).62
-

—_ e
W e g \\\
ey b
In PS r===ps

(o} (b)

In which orientation, a dipole placed in auniform fieldsiis in (i) stable (ii) unstable equilibrium?
What is nature of symmetry of field due to.@point charge?

At what points, dipole fielddntensity is parallel to,the'line joining the charges?

What does (q; + g,) = 0.Signify?

Define the term electric.dipoleimement. Is it scalar or vector?

Derive an expression for electric field intensity at a point due to

(i) A point charge (ii) Argroup of charges (iii) Continuous charge distribution
If electric field intensity is zero at a given point, will electric potential be necessarily zero at that
point?

Can two equipotential surfaces intersect each other? Give reasons.

If a pointicharge be rotated in a circle of radius r around a charge g, what will be the work done?
Draw an equipotential surface for a uniform electric field.

Name theyphysical quantity which has its unit joule coulomb™. Is it a scalar or vector?

Electric potential due to an electric dipole is cylindrically symmetric. Comment.

Suppose that the earth has a net charge that is not zero. It is still possible to adopt the earth as
standard reference point of potential and assign the potential V = 0 to it?

Is electric flux a scalar or a vector?

What are the units of electric flux?

What is the shape of equipotential surface for a point charge?

What is the electrostatic potential due to electric dipole at an equatorial point?
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Q.39  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?

Q.40  Define the term potential energy of charge g at a distance r in an external electric field.
Q.41  Write an expression for potential energy of two charges q; & gz at r; & r, in a uniform electric field

E.
Q.42  Equipotential surfaces are perpendicular to field lines. Why?

Q.43  Electric charge is distributed uniformly on the surface of a spherical rubber balloon. Show how the
value of electric intensity and potential vary (i) on the surface (ii) inside and (iii) outside?

Q.44  Draw 3 equipotential surface corresponding to a field that uniformly ingreases in magnitude but
remains constant along Z—direction. How are these surfaces different from thatyof a constant electric
field along Z—direction.

Q.45  Define electric flux. Write its SI unit. A charge q is enclosed by‘aspherical surface of radius R. If
the radius is reduced to half, how would the electric flux through the surface change?

Q.46  State Gauss’s theorem in electrostatics. Apply this theorem to derive an expressiongor electric field
intensity at a point near an infinitely long straight chargedwire.

Q.47 A thin conducting spherical shell of radius R has charge Q spread uniformly over its surface. Using
Gauss’s law, derive an expression for an electric field at.aspoint outside the shell. Draw a graph of
electric field E(r) with distance r from the centre of the shell for 0 <\r < .

Q.48 State Gauss’s law in electrostatics. Using this law, derive an expression for electric field due to a
uniformly charged infinite plane sheet:

Objective Assignment — |

Q.1  Anisolated conducting sphere is given positive charge. Its mass:

(a) remains unchanged (b) decreases (c) inereases (d) may increase or decrease
Q.2 Acharge conductor has charge on its:
(a) outer surface (b) inner, surface (c) middle point (d) surrounding

Q.3 When a bird sits on@veryhigh voltage cable:
() its feathers tend to spread  (b)'itsifeathers tend to compress
(c) it receives an electric shock (d) neither its feathers have any effect nor electric shock is received

by it
Q4 If a glaSs rod is rubbed with,silk, it acquires a positive charge because:
(a) protons are added to it (b) protons are removed from it
(c) electrons are added to it (d) electrons are removed from it
Q.54 “Anisolated solid metallic sphere is given + Q charge. The charge will be distributed on the sphere:
(@) unifermly but only on surface (b) only on surface but not uniformly
(c) uniformly inside the volume (d) non uniformly inside the volume
Q.6 Asoap bubble is given a negative charge then its radius:
(a) decreases (b) increases (c) remains unchanged

(d) nothing can be predicted as information is insufficient
Q.7  There are two charges + 1uC and + 5 uC. The ratio of the forces acting on them will be:

@1l:5 (b)1:1 (c)5:1 (d)1:25
Q.8 A sure test of electrification is:
(a) attraction (b) repulsion (c) friction (d) induction
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Q.9  Two metallic spheres carry equal charges. The distance between the spheres cannot be considered
large in comparison with the diameters of the spheres. In which case, will the force of interaction
between the spheres be greater?

(@) like charges (b) unlike charges (c) one is neutral and other is charged
(d) none of the above

Q.10 Mark correct option or options.

(a) Like charged bodies always repel each other (b) Like charged bodies always attract each other
(c) Like charged bodies may attract each other (d) None of these

Q.11  Two identically charged spheres when suspended by strings of equal length make an angle of 30°

with each other. When they are immersed in a liquid of density less than density of material of the

spheres:
(2) the electric force between them increases (b) the electric force between them decreases
(c) the net downward force will increase (d) the net downward,force will remain unchanged

Q.12 Two negative charges of unit magnitude and a positive charge q are placed along a straight line. The
charge q is placed between negative charges as such the system of charges,is in eguilibrium. This

system is in:
(@) stable equilibrium for displacement of charge g in normal direction of line joining negative
charges

(b) unstable equilibrium for displacement of charge g in normal direction of line joining
negative charges

(©) stable equilibrium for the displacement oficharge“ggin“the direction of line joining the
negative charges

(d) neutral equilibrium for the displacement of charge g along the line joining the negative

charges
Q.13  Mark correct option. Electrostatic experiment is:
(a) affected on the humid day: (b) not affected on humid day
(c) independent of medium (d) none of the above

Q.14  Two identical pendulums'A and B aresuspended from the same point. The bobs are given positive
charges, with A having more charge/than B. They diverge and reach at equilibrium, with A and B
making angles 6, and '@, with the vertical respectively:

() 6£> 0, (b) 0, <0,
(c)6,=6; (d) the tension in A is greater than that in B

Q.15¢ \Two smalliidentical balls A and B lying on a horizontal smooth plane are connected by a massless
springsBall'A is fixed but ball B is free to move. When both balls are charged identically, then:

(a) at the time\.of maximum separation between balls, magnitude of acceleration will be maximum
(b) at the equilibrium position of B, velocity of ball B will be maximum
(c) the ball B executes simple harmonic motion (d) all of the above
Q.16  Three charged particles are collinear and are in equilibrium. Then:
(@) all the charged particles have the same polarity (b) the equilibrium is unstable
(c) all the charged particles cannot have the same polarity (d) both (b) and (c) are correct
Q.17 How many electrons must be removed from an electrically neutral metal plate to give it a positive
charge of 1 x 10~ coulomb?
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Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

(a) 6.25 x 10™ (b) 6.45 x 10" (c) 6.25x 107 (d) 6.45 x 107

In a hydrogen atom, the distance between the electron and proton is 2.5 x 10'm. The electrical
force of attraction between them will be

(a) 28x 10" N (b)6.2x 107N (c)3.7x107N (d)9.1x107N

Two charged spheres separated by a distance d exert some force F on each other. If they are

immersed in a liquid of dielectric constant 2, then the force exerted by them, if all other conditions
are same, is

(@ 4F (b)2F (c)F (d) F/2

Charge 4Q, g and Q are placed along X—axis at positions x = 0, x = I/2 and X = I, respectively. Find
the value of g so that force on charge Q is zero. B + ZqB
@ Q (b) Q2 (©)-QP2 @-QN, [ .~
Four charges are arranged at the corners of a square ABCD ,as \:9’:
shown in figure. The force on the charge kept at the centre O is

(@) zero (b) along the diagonal BD 1?_’211 +\q ¢

(c) along the diagonal AC (d) perpendicular to side”AB

Four charges as shown in figure are placed at the carners of a square of side length a. What is the

ratio of (Q/a) if net force on Q is zero? 2

1 q <
@ —= (B). —2+/2
242 a a
©) 1/2 )
N2 Q - q
The unit of permittivity of free space (o) is
(@) CN'm™* (B) Nm’C > (c) C°N'm™ (d) C*N?m?

An electron is moving.round the, nucleus ofta hydrogen atom in a circular orbit of radius r, the

coulomb force Fbetween the two is
@) —kif (b) kif (©) —kéf (d) kif

r r r r
Point€harges + 4q, — g and #.4q are kept on the X—axis at points x = 0, x = a and x = 2a respectively.
() Onlyq is in stable equilibrium (b) None of these charges is in equilibrium
(c) All the charges are in unstable equilibrium
A body. can be negatively charged by
(a) giving'excess of electrons to it (b) removing some electrons from it
(c) giving some protons to it (d) removing some neutrons from it
The number of electrons for one coulomb of charge is
(a) 6.25 x 10*® (b) 6.25 x 10" (c) 6.25 x 10** (d) 6.25 x 10%
Using mass (M), length (L), time (T) and current (A) as fundamental quantities, the dimension of
permittivity is
(a) [MLT?A]

(d) All the charges are in stable equilibrium

(b) [MLTAY (c) [MLT?A] (d) [ML*T A%
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Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

In the basic CsCl crystal structure, Cs* and CI™ ions are arranged in a bcc configuration as shown in
the figure. The net electrostatic force exerted by the eight Cs™ ions on the CI” ion is

1 4¢? 1 16e° Cs
(a) — (b) = -
4ne, 3a 4ne, 3a Cs e
1 322 g€
e
c . d) zero N
©) ool (d) Cs -
Three charges are placed at the vertices of an equilateral triangle of sidesa“as shown in the figure.
The force experienced by the charge placed at the vertex A in a direction normalte BC is A 0
Q2 2 2
@ ——< (b) — Q“(4mepa’) a a
(4meqa”)
2 -Q +Q
(c) zero Q B ’ ¢

(2ne,a?)

Four point +ve charge of same magnitude (Q) are placed at.fouricorners of a rigid square frame as
shown in figure. The plane of the frame is perpendiculartoZ—axis. If a —ve point charge is placed at
a distance z away from the above frame, the

(a) —ve charge oscillates along the Z—axiS

(b) it moves away from the frame

(c) it moves slowly towards the frame and stays in the plane of the frame
(d) it passes through the frame only once

Two identical conductors of copper and aluminium are placed in an identical electric field. The
magnitude of induced.charge in the aluminium will be

(@) zero (b) greater than in copper

(c) less than in‘copper (d) equal to that of copper

A comb run through'one’s dry hair attracts small bits of paper. This is due to
(a) comb is a good conductor (b) paper is a good conductor

(c) the atoms in the paper get polarized by the charged comb

(d) the camb possesses magnetic properties

Two charges of equal magnitudes and at a distance r exert a force F on each other. If the charges are
halvedhand distance between them is doubled, then the new force acting on each charge is

(@) F/8 (b) F/4 (c)4F (d) F/16

A and B are two identical spherical charged bodies which repel each other with force F, kept at a
finite distance. A third uncharged sphere of the same size is brought in contact with sphere B and
removed. It is then kept at mid—point of A and B. Find the magnitude of force on C.

@) F/2 (b) F/8 () F (d) zero

A charge Q is divided in two parts g and Q — g. What is value of g for maximum force between
them?

(a) 3Q/4 (b) Q/3 ©Q (d) Q/2
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Q.37 Identify the wrong statement in the following, Coulomb’s law correctly described the electric force
that

(2) binds the electrons of an atom to its nucleus
(b) binds the protons and neutrons in the nucleus of an atom
(c) binds atoms together to form molecules (d) binds atoms and molecules to form solids

Q.38  An infinite number of charges, each of charge 1uC are placed on the x—axis with co—ordinates x = 1,
2,4,8, ... 0. If acharge of 1C is kept at the origin, then what is the net force acting on 1 C charge?
() 9000 N (b) 12000 N (c) 24000 N (d)36000N

Q.39 Two equal charges are separated by a distance d. A third charge placed on a perpendicular bisector at
x distance from centre will experience maximum coulomb force, when

d d d
@ x= 7z (b) x=4d/2 () X_Z\/E (d) x_3
1 b 2 a 3 a 4 d 5 a
6 b 7 b 8 b 9 b 10 c
11 b 12 a 13 a 14 c 15 d
16 d 17 a 18 c 19 d 20 d
21 b 22 b 23 c 24 c 25 c
26 a 27 a 28 b 29 d 30 c
31 a 32 d 33 c 34 d 35 c
36 d 37 b 38 b 39 c

Objective Assignment — 11

Q1 Deuteron and alpha.particle in aifare at separation 1A. The magnitude of electric field intensity on
o—particle due todeuteron is
(@) 5.76 x 10" N/C . () 1.44 x 10*N/C  (c) 2.828 x 10" N/C  (d) zero

Q.2  Twocharges + 5 u Cand + 10uC are placed 20 cm apart. The electric field at the midpoint between
the tw charges is
() 4.5 x10°N/C towards +5uC (b) 13.5 x 10°N/C towards + 5uC
(c) 4.5 x 10°N/C towards + 10 uC (d) 13.5 x 10° N/C towards + 10 uC

Q.3  Two small charged spheres A and B have charges 10 nC and 40 uC respectively, and are held at a
separation‘of 90 cm from each other. At what distance from A, electric intensity would be zero?
(@) 22.5cm (b) 18 cm (c) 36 cm (d) 30 cm

Q.4 A simple pendulum has a length | and the mass of the bob is m. The bob is given a charge of g
coulomb. The pendulum is suspended between the vertical plates of a charged parallel plate

capacitor. If E is the electric field strength between the plates, the time period of the pendulum is
given by
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Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

(@) 2n \/I
g

A particle of mass m and charge q is placed at rest in a uniform electric field E and then released, the
kinetic energy attained by the particle after moving a distance y, will be

(a) 9°Ey (b) aEy (c) q E%y (d) g Ey*
In a non—-uniform electric field, electric dipole experiences

(@) torgque only (b) torque as well as net force

(c) force only (d) none of these

Two equal and opposite charges of 2 x 10° C are placed at a distance of 1 cm forming a dipole and
are placed in an electric field of 2 x 10° N/C. The maximum torque@n.dipole is

() 2v/2x107° Nm (b) 8x10° Nm () 4 x 10° Nm (d) 4 x 107 Nm
If o = surface charge density, € = electric permittivity, theydimensions of c/e are.same as
(@) electric force (b) electric field intensity

(c) pressure (d) electric charge

Out of the following is not a property of field lines

(a) Field lines are continuous curves without any breaks

(b) Two field lines cannot cross each other

(c) Field lines start at positive charges andiend at negative charges

(d) They form closed loops

Figure gives electric lines ofiforce due to two charges’q; and g,.

What are the signs of the’twa charges?

(a) Both are negative (b) Both are positive

(c) gz is positivedut g, is'negative (d) g, is negative but g, is positive
There is an electric field in the X—dirgction. If the work done in moving a charge of 0.2 C though a
distance of 2m alonga line making an angle of 60°with X—axis is 4J, then what is the value of E?

(a) yANC™ ()4 NC (c)5NC* (d) 20 NC*

Three point charges +q, — 2q and +q are placed at points (x=0,y=a,z=0), (x=0,y=0,z=0) and
(x=a,y=0,z=0)and (x=a,y =0, z=0) respectively. The magnitude and direction of the electric
dipole, moment vector of this charge assembly are

(@) ﬁqa along the line joining the points (x =0,y =0,z=0)and (x=a,y =a,z = 0)

(b) ga along the line joining thepoints (x =0,y =0,z=0)and (x=a,y=2a,z=0).

(c) V2 ga along + x direction (d)) V2 ga along + y direction

A semi—circular arc of radius a is charged uniformly and the charge per unit length is A. The electric
field at the centre is

(@) 0 -, © 5= @ >

4meja TEA 2me,a 2ng,a’
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Q.14  The spatial distribution of the electric field due to two charges (A, B) is shown in figure. Which one
of the following statements is correct?
@ Ais+veand B-veand |A|+|B| ‘@
(b) Ais—ve and B +ve and | A | = | B | A
(c) Both are + ve but A > B v
(d) Both are —ve but A>B

Q.15 The point charges Q and — 2Q are placed some distance apart. If the electric field at the location of Q
is E, then the electric field at the location of — 2Q will be

(@ —-Er2 (b) - 3E/ 2 (c)-E d)#2E
Answers
1. b 2. a 3. d 4, d 5. b
6. b 7. d 8. b 9. d 10. a
11. d 12. a 13. c 14, a 15. A

Objective Assignment — 11
Q1 Unit of electric flux are

(@) NC* m? (b)JC* )V (d) Vm
Q.2 Positive electric flux from a closed surface indicates that electric lines of force are directed

(a) outwards (b) inwards (c) outwards or inwards (d) none of these
Q.3 Assurface encloses an electric dipole. The net flux through the'surface is

(@) zero (b) positive (c) negative (d) infinite

Q4 In a region with a uniform electric field, thesxnumber of lines of force unit area is E. If a spherical
metallic conductor is placed.in the area, the field inside the conductor will be

(a) zero (b)Y E (c) more than E (d) less than E

Q.5 Aninsulated sphere ofiradius R has a uniform volume charge density p. The electric field at a point
P inside the sphereat a distance f from thes€entre is

(@)

Rp
3¢

0 3 g €

@) 2 () zero (d) %(r—pj

Q.6 Whigh one of the following,graphs shows the variation of electric field strength E with distance r
from the center of a hollow’conducting sphere?

LD I T

Q.7 Acylinder of length L and radius b has its axis coincident with the x—axis coincident with the x—axis.
The electric field in this region is E = 200i.Find the flux through the left end of cylinder.
(@) 0 (b) 200 ntb? (c) 100 7th? (d) — 200 ntb?

Q.8  Consider two infinite parallel charged metal plates with equal and opposite charge densities +c and —
o. Determine the electric field in the region between the plates.
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

(@) oleg ()0 () o/2 (d) 20/gg
Consider the Gaussian surface that surrounds part of the charge distribution shown in figure. Then,
the contribution to the electric field at point P arises from charges

(@) g; and g, only 9 . }; 93

(b) g; and g4 only o @

(C) 1, 2, gz and g

(d) none of the above Gaussian Surface

Charge on an originally uncharged conductor is separated by holding a positively charged rod very
closely nearby, as in figure. Assume that the induced negative charge on the eonductor is equal to the
positive charge g on the rod. Then, flux through surface S; is

s o] %
P PTEAS k
. <
: 1
.
. /
’/’ /
. /
.
;

82 7=~

,
/ T+ ]\
‘ — /

\\ \\ A
S~.Conductor ==~ __-~

(@) 0 (b) aleo (c) —al&s (d) 20/<0

A thin metallic spherical shell contains a charge Q on its surface. A o
point charge gl is placed at the centre of the shellvand another

charge g, is placed outside the shell. All“theythree charges are

positive. Then, the force on charge q; is + * +;2
(a) towards right (b) towards left
(c) zero (d) none of these

If one penetrates a uniformly charged sphericalb¢loud, electric field strength
(2) decreases directly as the'distance from the center

(b) increases directly as the distance from the center

(c) remains constant (d) none of the above

An uncharged imetal sphere is placed between two equal and oppositely charged metal plates. The
nature of lines of farce will be

>

L p—>—

SO

> >
»

a. b.

>
>

> >
L

s@is

»

R T A T Y

4+ +++ 4+

| T T I |

s
EEEERE
+4++++++
A+ 4+ 4+
I

Yy

>

A hollow metallic sphere of radius 10 cm is given a charge of 3.2 x 10° C. The electric intensity at a
point 4 cm from the center is

(@) 9x10° NC™* (b) 288 NC™* (c) 2.88 NC* (d) zero
The surface density on a copper sphere is . The electric field strength on the surface of the sphere is
(@ o (b) o/2 (c) of 2¢ (d) oleg

A cylinder of radius R and length I is placed in a uniform electric field E parallel to the axis of the
cylinder. The total over the curved surface of the cylinder is

(a) zero (b) tR*E (c) 2nR*E (d) E/n R?
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Q.17 A cube of side 10 cm encloses a charge of 0.1 uC at its centre. Calculate the number of lines of force
through each face of the cube.

(a) 1.113 x 10" (b) 1.13 x 10* (c) 1.13 x 10° (d) 1883
Q.18  Number of electric lines of force from 0.5 C of positive charge in a dielectric medium of constant 10 s
() 5.65 x 10° (b) 1.13 x 10 (c) 9 x 10° (d) 8.85 x 10°*

Q.19 The electric flux from a cube of edge I is ¢. What will be its value if edge of cube is made 2l and
charge enclosed in halved?

(a) 4¢ (b) 29 (c) /2 (d) ¢
Q.20 In a certain region of space, there exists a uniform electric field of 2 x 103 k vm®t A rectangular
coil of dimensions 10 cm x 20 cm is placed in X —y plane. The electric flux thraugh the coil is

(@) zero (b) 30 Vm (c) 40 Vm (d). 50 Vm
Q.21 Which of the following may be discontinuous across a charged conducting surface?

(2) Electric potential (b) Electric intensity

(c) Both electric potential and intensity (d) None of the above

Q.22 Consider two concentric spherical surfaces, S; with radits‘aand S, with radius 2a, both centered on
the origin. There is a charge +q at the origin, and ng other charges. Compare the flux ¢; through S;
with the flux ¢, through S,.
() o1 =46, (b) 61 = 2¢ (€) b1 = d2 (d) 61 = ¢/2
Q.23 Under what conditions can the electric flux ¢g be found through a.closed surface?
(a) If the magnitude of electric field istknown everywhere on the surface.
(b) If the total charge inside the surface is.specified.
(c) If the total charge outside the surface is specified.
(d) Only if the location of gach point charge inside‘the surface is specified.
Q.24  Figure shows four charges g1, G, 03, g4 fixediin space. Then, the total flux of electric field through a
closed surface S, duestorall charges\q:, 9., gs@nd qg, is a® 0
(a) not equal to the total flux through S,due to charges gz and g4
(b) equal to the totahflux through S due to charges gz and g,
(c) zero if gy + g2 = Qs $.04
(d) twice total flux through'S due to charges gs; and g, if g1+ g2 =03 + Q4
Q.25 If the flux of the electric field through a closed surface is zero, then
(a) the elegtric field must be zero everywhere on the surface.
(b)the total charge inside the surface must be zero
(c) theelectric field must be uniform throughout the closed surface
(d) the charge outside the surface must be zero
Q.26  Eight charges, 1 uC, —7uC, 10uC, 2uC, -5uC, —3uC and 6uC are situated at the eight corners of a
cube of side 20 cm. A spherical surface of radius 80 cm encloses this cube. The center of the sphere

coincides with the centre of the cube. Then, the total outgoing flux from the spherical surface (in
units of Vm) is

(a) 36m x 10° (b) 6841 x 10° (c) zero (d) none of these
&
L INus
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Q.27 Threechargesof 9;=1x10°C,,=2x10°Candg;=—3x 10°
have been placed as shown. Then, the net electric flux will be
maximum for the surface

(a) S, (b) S
(c) Ss (d) same for all three

Q.28 A charge q is distributed uniformly on a ring of radius ‘a’. A sphere of equal radius ‘a’ is constructed
with its center at the periphery of the ring. Calculate the flux of the electric field through the surface
of the sphere.

q 2q q 3q
a) — by — c) — dy —
()380 ()380 ()480 ()480
Q.29 Inaregion of space, the electric field is given by E=8i + 4]+3I2. The electric fluxithrough a surface
of area of 100 units in X —y plane is
(a) 800 units (b) 300 units (c) 400 units (d) 1500 units

Q.30 A spherical shell of radius R = 1.5 cm has a charge g'= 20uC uniformly distributed over it. What is
the force exerted by one half over the other half?

(a) zero (b) 10° N (c)500 N (d) 2000 N

ANSwers

1 a 2 a 3 a 4 a 5 b
6 d 7 d 8 a 9 c 10 b
11 c 12 a 13 b 14 d 15 d
16 a 17 d 18 a 19 c 20 c
21 b 22 C 23 b 24 b 25 b
26 c 27 a 28 a 29 b 30 d

Objective Assignment — IV

Q1 How much work is requiredto carry a 6 uC charge from negative to the positive terminal of a 9

battery?

() 54 x 10:%J (b) 54 x 10°J (c)54 x10°) (d) 54 x 1072
Q.2  The potential at a point, due to a positive charge of 100 uC at a distance of 9 m, is

(a) 10°V (b) 10° V (c) 10°V (d) 10’ V

Q.3  The potential at the cente of the sphere, if hollow metallic sphere of radius 10 cm is charged such
that potential of its surface is 70 V, is
(a) 100 V (b) 35V (cy70V a7v

Q.4 A hollow metal sphere of radius 5 cm is charged such that the potential on its surface is 10 V. The
potential at a distance of 2 cm from the centre of the sphere is

(a) zero (b) 10V (c)4vVv (d) 10/3V
Q.5 The electric potential at the surface of an atomic nucleus (Z = 50) of radius 9.0 x 10 cm is
(a) 9 x 10° volt (b) 8 x 10° volt (c) 80 volt (d) 9 volt
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Q.6  Ata point A, there is an electric field of 500 V/m and potential difference of 3000 V. The distance
between the point charge and A is

(@ 6m (b) 36 m (©)12m (d) 144 m
Q.7 If an electron is brought towards an another electron, then electric potential energy of the system
(a) increases (b) becomes zero (c) decreases (d) remains the same
Q.8 If we carry a charge once around an equipotential path, then work done by the charge is
(@) infinity (b) positive (c) negative (d) zero

Q.9  Two points charge of + 10uC and — 10uC are placed at points A and B. If P and Q are the two points
lying on the perpendicular bisector of the line AB, then work done in taking a charge of 5uC from P
to Q will be equal to
(a) distance between P and Q (b) zero
(c) distance between A and B (d) either (a) and (c)

Q.10 In a certain charge distribution, all points having zero potential can be joined by a circle S. Points
inside S have positive potential and points outside S have negative potential. A positive charge,
which is free to move, is placed inside S.
(@) 1t will remain in equilibrium
(b) It can move inside S, but it cannot cross S
(c) It must cross S at some time
(d) It may move, but will ultimately return to its starting point

Q.11 The velocity v acquired by an electron starting from‘rest and*moving through potential difference V
is shown by which of the following graphs?

(a) , (&) ” (c) (d)
v "4 v v

Q.12 A point charge #q.is placed at the origin©O as shown in the figure. Work done in taking another point
charge —Q from the point/A(0,a ) to apother point B(a, 0) along the straight path AB is

1 @@ I ]
@ [47580 "a? J\/Ea (®) ( 4ng, "a? jﬁa A0.2)
1,9 a
0 B(a, 0)

Q.13 Identical charge (—q) are placed at each corner of a cube of side b. Then, the electrostatic potential
energy of charge (+q) placed at the centre of the cube will be

~42¢? 8v2q? 4q° 8Y2¢’
@ ——— (b) (©) - (d) —-
g, meyb x/gnsob 4me,b
Q.14 Two charges g; and g are placed 30 cm apart as shown in the figure. A third Ce-.
charge gs is moved along the arc of a circle of radius 40 cm from C to D.
g
The change in the potential energy of the system is 4q3 k, where Kk is g
(@) 8a (b) 6 s -y

5D
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Q.15

Q.16
Q.17

Q.18

Q.19

Q.20

Q21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

()80 (d) 6.

The voltage of clouds is 4 x 10° VV with respect to ground. In a lightning strike lasting 0.1s, a charge
of 4 C is delivered to the ground. The power of the lightning strike is

(a) 160 MW (b) 80 MW (c) 20 MW

It is possible to have a positively charged body at

(a) zero potential (b) negative potential ~ (c) positive potential
Electric potential of earth is taken to be zero, because earth is a good

(@) insulator (b) conductor (c) semi—conductor (d) dielectric

Equipotential surfaces associated with an electric field, which is increasing in magnitude along the
X—direction, are

(@) planes parallel to YZ—plane
(c) planes parallel to XZ—plane

(d) 500 MW

(d) all of these

(b) planes parallel to XY—plane
(d) coaxial cylinders of increasing radii areund the X—axis

The potential to which a conductor is raised, depends on

+ -_—
(2) the amount of charge (b) geometry and size of'the,conductor ! d
(c) both (a) and (b) (d) only.on. (a)
What is the electric potential at the centre of the square? o - Ny
kq kq 7 S
(@) zero (b) a_2 () T (d) none of these e

Three charges 1 uC, 2 uC, 3 uC are kept at vertices,of an equilateral triangle of side 1 m. If they are
brought nearer, so that they now form an equilateral triangle ofside 0.5 m, then work done is

(@ 11J (b)1.1J (c)0.1J (d)o0.11J

A solid sphere and a hollow sphere of equal diameters are raised to the same potential. Then,

(@) hollow sphere has more change (b).beth have equal charge

(c) only hollow sphere has‘charge (d) solid sphere has more charge

What is angle between electric field and equipotential surface?

(a) 90° always (b) 0° always (c) 0°to 90° (d) 0°to 180°

A dipole is plagéd in a uniform electriesfield, its potential energy will be minimum when the angle
between its axis and fieldAs

(@) zero (b) 7 (c) m/2 d)2n

A dipole is placed parallel'to the electric field. If W is the work done in rotating the dipole by 60°;
then work done in rotating it by 180° is

(@2w (b) 3W (c) aW (d) wr2

Ayhollow eonducting sphere is placed in an electric field produced by a point charge placed at P as
shown inyfigure. Let V4, Vi, V¢ be the potentials at point A, B and C respectively. Then

(a) Vc > Vg (b) Vg > Vc (C) Va> Vg (d) Va= Vc
In the case of a charged metallic sphere, potential (V) changes with respect to distance (r) from
centre as
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Q.28 n small metal drops of same size are charged to V volt each. If they coalesce to form a single large
drop, then its potential will be
(@) V/n (b) Vn (c) vn'? (d) vn*?

Q.29 A uniform electric field pointing in positive X—direction exists in a region. Let A be the origin, B be
the point on the X-axis at X = + 1 cm and C be the point on the Y-axisatyy = + 1 cm. Then the
potential at points A, B and C satisfy.

(@) Va< Vg (b) Va> Vg (€) Va<Vc (d) Va> Ve

Q.30 A hollow metal sphere of radius 5 cm is charged, such that the potential on its surface is 10 V. The
potential at the centre of the sphere is
@ov () 10V
(c) same as at a point 5 cm away from the surface (d)*same as at a point 25 cm away from
surface

Q.31 Two equal charges are fixed at x = — a and x =4 a on'theX-axis. Another point charge Q is placed
at the origin. The change in the electrical potential energy of Q when it is displaced by a small
distance x along the X-axis, is approximately proportional te
@) x (b) X2 ©) x3 @ux 8

Q.32 Three charges Q, +g and +q are placed at the vertices of a right angled isosceles
triangle as shown. Net electrostatic energy of eonfiguration is zero, if Q isequal a
to

—q -2q +q a +q
@ J2 ® V2
(c)-2q (d)+q
Q.33  Charges +q and —gpare placed at points A and B respectively which are at a distance 2L apart, C is
the midpoint between Asand B. The work done in moving a charge +Q along the semicircle CRD is
R
2nggl 6me,L
() - aQ (d) aQ
6re b 4me, L A C B D
Answers
1 c 2 c 3 c 4 b 5 b
6 a 7 a 8 d 9 b 10 c
11 d 12 d 13 c 14 c 15 a
16 d 17 b 18 a 19 c 20 a
21 c 22 a 23 a 24 a 25 c
26 d 27 b 28 d 29 b 30 b
31 b 32 b 33 c

Objective Assignment — V

S.C.O. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302

Page No: 53



Electrostatics and Capacitor

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q.7

Q.9

Eight dipoles of charges of magnitude + e are placed inside a cube. What will be the total flux
coming out of the cube?

@~o (b) (c)e (d)—e

Three small spheres each having a charge +q are placed on the circumference of a circle such that
they form an equilateral triangle. Pick out the correct statement.

@V=E=0. () Vv =27x10° Lvoltand E=0
r

(©E=27x10°g/*NClandV=0 (d)E=27x10°g/NC andV =27 x10° 3 volt.
r

Which of the following is not the property of equipotential surfaces?
() They do not cross each other.

(b) They do not concentric spheres for uniforms electric field.

(c) Rate of change of potential with the distance on them is zero.

(d) They can be imaginary spheres.

The electric potential at a point (X, y) in the x — y planesis‘given by V = — k x y. the field intensity at
a distance r from the origin varies as:

(@) r (b) r rt (dyr?

The electric potential V is given as a function,of distance x (metre) by V = (5x* + 10x — 9) volt.
Value of electric field at x =1 mis:

(@ —-20V/m (b) 6 V/m (€) 11 V/m (d) —23 V/m
The square surface shown in figure measures 3.2mm on each side.

It is immersed in a uniformeelectric field with' E = 1800 N/C. The

field lines make an angleff,35° with the outward pointing normal.
Calculate flux through the surface.

(a) 1.5 x 10°N m?%C (b)~ 1.5 x 102 N m?/C

(c) 1.5 x 102N m/c (d) 1 x 10_,N m?/C

The unit positive charges moves in“an electric field E along the

z y
path xyz. The voltage between points x and y is: 45°¢
(a) zero
(b) Ea 1
(c) Ea/2 o
RY

(d) Ea/4

{Given Figure)

Three charge'Q, +q and +q are placed at the vertices of an equilateral triangle of side I. If the net

electrostatic energy of the system is zero, then Q is equal to
() /2 (b) —q i i
q q

)+ (d) zero

Consider a neutral conducting sphere. A positive point charge is placed outside the sphere. The net
charge on the sphere is then:

(2) negative and distributed uniformly over the surface of the sphere.
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(b) negative and appears only at the point on the sphere closest to the point charge.

(c) negative and distributed non—uniformly over the entire surface of the sphere. (d) zero
Q.10  Two point charges +g and —q are held fixed at (—d, 0) and (d, 0) respectively of a (X, y) co—ordinate

system, then

(a) the electric field E at all points on the X—axis has the same direction.
(b) E at all points on the y—axis is along i,

(c) work has to be done in bringing a test charge from infinity to the origin.
(d) the dipole moment is 2qd directed along i,

Q.11 A non conducting ring of radius 0.5m carries a total charge of 1.1 x 40 C distributed non

uniformly on its circumference producing an electric field E everywhere/in 'space. The value of the
1=0
line integral J.— E. di (I - 0 being centre of the ring) in volt is:

l=00

@ +2 (b) -1 (c)-2 (d) zero
Q.12  Three charges Q, +g and +qg are placed at the vertices ofsa right
angled isosceles triangle as shown. The net electrostatic energy of Q
the configuration is zero, if Q is equal to:
- -2q
(a) (b) —= () -2 (d)+ 2
1442 2++/2 | ) "
q +q
————»|
Answers
1. a 2. b 3. c 4, b 5. a
6. b 7. b 8. a 9. d 10. b
11 a 12. b

Higher Order Assignment

Q.1  Two equal charges are placed at a separation of 1.0 m. What should be the magnitude of the charges
so that the force between them equals the weight of a 50 kg person?

Q.2 Find the electric force betWeen two protons separated by a distance of 1 fermi (1 fermi = 10> m).
The protons in a nucleus remain at a separation of this order.

Q.3 #Two charges 2.0 x 10°® C and 1.0 x 10°° C are placed at a separation of 10 cm. Where should a third
charge be placed such that it experiences no net force due to these charges?

Q.4  Suppose the second charge in the previous problem is — 1.0 x 10° C. Locate the position where a
third charge will not experience a net force.

Q.5 Two charged particles are placed at a distance 1.0 cm apart. What is the minimum possible
magnitude of the electric force acting on each charge?

Q.6 Estimate number of electrons in 100 g of water. How much is total negative charge on these
electrons?

Q.7 Suppose all the electrons of 100g water are lumped together to form a negatively charged particle
and all the nuclei are lumped together to form a positively 10.0 cm away from each other, find the
force of attraction between them. Compare it with your weight.
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Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Consider a gold nucleus to be a sphere of radius 6.9 fermi in which protons and neutrons are
distributed. Find the force of repulsion between two protons situated at largest separation. Why do
these protons not fly apart under this repulsion?

Two insulating small spheres are rubbed against each other and placed 1 cm apart. If they attract
each other with a force of 0.1 N, how many electrons were transferred from one sphere to the other
during rubbing?

NaCl molecule is bound due to the electric force between the sodium and the chlorine ions when one
electron of sodium is transferred to chlorine. Taking the separation between ions to be 2.75 x 10°®
cm, find the force of attraction between them. State the assumptions (if any) that you have made.

Suppose an attractive nuclear force acts between two protons which may bé Written as F=Ce ™ /r?.

(a) Write down the dimensional formulae and appropriate Sl units of C and k. (b)\Suppose that k = 1
fermi* and that the repulsive electric force between the protonsd$ just balanced By the attraction
nuclear force when the separation is 5 fermi. Find the value of C.

Three equal charges, 2.0 x 10°° C each, are held fixed at the three corners ofian equilateral triangle of
side 5 cm. Find the Coulomb force experienced by one of:the charges due to the rest two.

Four equal charges 2.0 x 10° C each are fixed at the'four corners of a square of side 5 cm. Find the
Coulomb force experienced by one of the charges dueito_the,rest three.

A hydrogen atom contains one proton and one‘electron. It may be assumed that the electron revolves
in a circle of radius 0.53 angstrom (1 angstrom = 10.'° m and is abbreviated as A) with the proton at
the centre. The hydrogen atom is said t@ be in the ground state'in this case. Find the magnitude of the
electric force between the proton and the electron of a hydrogen atom in its ground state.

Find the speed of the electron in the ground state of a hydrogen atom. The description of ground state
is given in the previous problém.

Ten positively charged particles are kept fixed on x—axis at points x = 10 cm, 20 cm, 30 cm, ....,
100cm. The first particle has a charge 1.0 x 10°° C, the second 8 x 10°® C, the third 27 x 10 C and
so on. The tenth particle has a charge 1000 x 10° C. Find the magnitude of the acting on a 1 C
charge placed at the origin.

Two charged particlesihéving chargé 2.0 x 10° C each are joined by an insulating string of length
1m andsthe system is keption a smooth horizontal table. Find the tension in the string.

Twdidentical balls, each having a charge of 2.00 x 10~ C and a mass of 100 g, are suspended from a
common point by two instlating strings each 50 cm long. The balls are held at a separation 5.0 cm
apart and then released. Find (a) the electric force on one of the charged balls (b) the components of
the resultant force on it along and perpendicular to the string (c) the tension in the string (d) the
acceleration of one of the balls. Answers are to be obtained only for the instant just after the release.
Two identical pith balls are charged by rubbing against each other. They are suspended from a
horizontal rod through two strings of length 20 cm each, the separation between the suspension
points being 5 cm. In equilibrium, the separation between the balls is 3 cm. Find the mass of each
ball and the tension in the strings. The charge on each ball has a magnitude 2.0 x 10° C.

Two small spheres, each having a mass of 20g, are suspended from a common point by two
insulating strings of length 40 cm each. The spheres are identically charged and the separation
between the balls at equilibrium is found to be 4 cm. Find the charge on each sphere.
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29
Q.30

Q.31

Q.32

Q.33

Q.34

Two identical pith balls, each carrying a charge g, are suspended from a common point by two
strings of equal length I. Find the mass of each ball if the angle between the strings is 26 in
equilibrium.

A particle having a charge of 2.0 x 10 C is placed directly below and at a separation of 10 cm from
the bob of a simple pendulum at rest. The mass of the bob is 100g. What charge should the bob be
given so that the string becomes loose?

Two particles A and B having charges g and 2q respectively are placed on a smooth table with a
separation d. A third particle C is to be clamped on the table in such a way that the particles A and B
remain at rest on the table under electrical forces. What should be the charge on C and where should
it be clamped?

Two identically charged particles are fastened to the two ends of a spring of spring constant 100 N
m* and natural length 10 cm. The system rests on a smooth horizofital table. If the,charge on each
particle is 2.0 x 10 C, find the extension in the length of the spring.YAssume that the extension is
small as compared to the natural length. Justify this assumption after you selve the problem.

A particle A having a charge of 2.0 x 10° C is held fixéd on a horizontal tablesA second charged
particle of mass 80g stays in equilibrium on the table at a distance of 10 cm from the first charge.
The coefficient of friction between the table and this second particle is p = 0.2. Find the range within
which the charge of this second particle may lies

A particle A having a charge of 2.0 x 10°° C and amass of 100 g is placed at the bottom of a smooth
inclined plane in inclination 30°. Where/should another particlesB; having same charge and mass, be
placed on the incline so that it may remain in equilibrium?

Two particles A and B, each having a charge Q, are placed a distance d apart. Where should a
particle of charge q be placed on the perpendicular bisector of AB so that it experiences maximum
force? What is the magnitude of this maximum force?

Two particles A and B, each carrying a charge Q, are held fixed with a separation d between them. A
particle C having mass mrand charge g is kept at the middle point of the line AB. (a) If it is displaced
through a distance x perpendicular toAB, what would be the electric force experienced by it.
(b) Assuming x <.<d, show that this'force is proportional to x. (¢) Under what conditions will the
particle C execute simple harmonic motion if it is released after such a small displacement? Find the
time period of the oscillations if these conditions are satisfied.

Repeat the previous problem if the particle C is displaced through a distance x along the line AB.

The electric force experienced by a charge of 1.0 x 10° C is 1.5 x 10 N. Find the magnitude of the
electric field at the position of the charge.

Two particles A and B having charges of + 2.00 x 10° C and of — 4.00 x 10° C respectively are held
fixed at a separation of 20.0 cm. Locate the point(s) on the line AB where (a) the electric field is zero
(b) the electric potential is zero.

A point charge produces an electric field of magnitude 5.0 N C™ at a distance of 40 cm from it. What
is the magnitude of the charge?

A water particle of mass 10.0 mg and having a charge of 1.50 x 10° C stays suspended in a room.
What is the magnitude of electric field in the room? What is its direction?

Three identical charges, each having a value 1.0 x 108 C, are placed at the corners of an equilateral
triangle of side 20 cm. Find the electric field and potential at the centre of the triangle.
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Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Positive charge Q is distributed uniformly over a circular ring of radius R. A particle having a mass
m and a negative charge g, is placed on its axis at a distance x from the centre. Find the force on the
particle. Assuming x < < R, find the time period of oscillation of the particle if it is released from
there.

A rod of length L has a total charge Q distributed uniformly along its length. It is bent in the shape of
a semicircle. Find the magnitude of the electric field at the centre of curvature of the semicircle.

A 10 cm long rod carries a charge of + 50 uC distributed uniformly along its length. Find the
magnitude of the electric field at a point 10 cm from both the ends of the rod.

Consider a uniformly charged ring of radius R. Find the point on the axis where the electric field is
maximum.

A wire is bent in the form of a regular hexagon and a total charge q is distributed uniformly on it.
What is the electric field at the centre? You may answer this part‘without making, any numerical
calculations.

A circular wire—loop of radius a carries a total charge Q distributed unifermly over its length. A
small length dL of the wire is cut off. Find the electric field at the centre duetothesremaining wire.

A positive charge q is placed in front of a conductingssolid cube at a distance d from its centre. Find
the electric field at the centre of the cube due to the charges appearing on its surface.

A pendulum bob of mass 80 mg and carrying aharge 0f 2 x 10 ° C'is at rest in a uniform, horizontal
electric field of 20 kVm™. Find the tension in the thread.

A particle of mass m and charge q is thrown at a speed u against a uniform electric field E. How
much distance will it travel before coming,to momentary rest?

A particle of mass 1 g and charge 2.5 x 10.4C is releaséd from rest in an electric field of 1.2 x 10°
NC™. (a) Find the electric force and the force of gravity acting on this particle. Can one of these
forces be neglected in comparison with the qther for approximate analysis? (b) How long will it take
for the particle to travel a distance of 40 em? (c¢) What will be the speed of the particle after
travelling this distance? (d) How much is the work done by the electric force on the particle during
this period?

A ball of mass 100ghand‘having a charge of 4.9 x 10 C is released from rest in a region where a
horizontal electric field of 2.0 x 10* NC™ exists. (a) Find the resultant force acting on the ball. (b)
Whatiwill be the path of the'ball? (c) Where will the ball be at the end of 2s?

The bobof a simple penddlum has a mass of 40g and a positive charge of 4.0 x 10° C. It makes
20 oscillations in 45s. A vertical electric field pointing upward and of magnitude 2.5 x 10* NC™* is
switehed on: How much time will it now take to complete 20 oscillations?

A block of mass m having a charge q is placed on a smooth horizontal table and is connected to a
wall through an unstressed spring of spring constant k as shown in figure. A horizontal electric field
E parallel to the spring is switched on. Find the amplitude of the resulting SHM of the block.

E
e
Kk
L@Wﬂm—ﬂm

A block of mass m containing a net positive charge q is placed on a smooth horizontal table which
terminates in a vertical wall as shown in figure. The distance of the block from the wall is d. A
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Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

horizontal electric field E towards right is switched on. Assuming elastic collisions (if any) find the
time period of the resulting oscillatory motion. Is it a simple harmonic motion?
—_—d—

—  =»E

M|

A uniform electric field of 10 NC™ exists in the vertically downward direction. Find the increase in
the electric potential as one goes up through a height of 50 cm.

12J of work has to be done against an existing electric field to take a charge of 0.01 C from A to B.
How much is the potential difference Vg — Va?

Two equal charges, 2.0 x 10 C each, are held fixed at a separation of/20icm. A third charge of
equal magnitude moved to a point 20 cm from both the charges. How much waork is done by the
electric field during the process?

An electric field of 20 NC™ exists along the x—axis in space. Calculate'the potential difference Vg —
VA Where the points A and B are given by,

@) A =(0,0); B=(4m, 2m) (b) A= (4m, 2m); B =(6my5m)

() A =(0, 0); B =(6m, 5m)

Do you find any relation between the answers of parts\(a), (b)and(c)?

Consider the situation of the previous problem®A charge of — 2.0 x 10* C is moved from the point A
to the point B. Find the change in electrical potential energy.Ug — Ua Tor the cases (a), (b) and (c).
An electric field E=(i 20 + j30) NC *exists in the space. If the potential at the origin is taken to be
zero, find the potential at (2m, 2m).

An electric field E=i Axexists in the space, where A.Z10 V m 2. Take the potential at (10, 20m) to
be zero. Find the potentiald@t the origin.

The electric potential existing in,space is V(X, Y, z) = A(Xy + yz + zx). (a) Write the dimensional
formula of A. (b) Findthe expression for the electric field. (c) If A is 10 Sl units, find the magnitude
of the electric field at (1m, Im, 1m).

Two charged particles, having equal charges of 2.0 x 10~° C each, are brought from infinity to within
a separation of 10 cm."Find the increase in the electric potential energy during the process.

Some“equipotential surface are shown in figure. What can you say about the magnitude and the
direction of the electric field?

30 cm
20cmi_ /
10V, 20V, 30V, 40V

/MM 10;
10_~"20 30 4

0 x(cm)

y(em)

o

(a) (b)

Consider a circular ring of radius r, uniformly charged with linear charge density A. Find the electric
potential at a point on the axis at a distance x from the centre of the ring. Using this expression for
the potential, find the electric field at this point.

An electric field of magnitude 1000 NC™ is produced between two parallel plates having a
separation of 2.0 cm as shown in figure. (a) What is the potential difference between the plates? (b)
With what minimum speed should an electron be projected from the lower plate in the direction of
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Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

the field so that it may reach the upper plate? (c) Suppose the electron is projected from the lower
plate with the speed calculated in part. (d) The direction of projection makes an angle of 60° with the
field. Find the maximum height reached by the electron.

EI 2cm

A uniform field of 2.0 NC* exists in space in x—direction. (a) Taking the potential at the origin to be
zero, write an expression for the potential at a general point (x, y, z). (b) At which points, the
potential is 25V? (c) If the potential at the origin is taken to be 100 V, what will be the expression for
the potential at a general point? (d) What will be the potential at the origin if the potential at infinity
is taken to be zero? Is it practical to choose the potential at infinity to e zero?

How much work has to be done in assembling three charged particles at the “vertices of an
equilibrium triangle as shown in figure?

5
2.0%10 C

40X10°C 3.0X10°C

The kinetic energy of a charged particlé decreases by 10,J as it moves from a point at potential 100 V
to a point at potential 200 V. Find the charge on the particle.

Two identical particles, each having a charge of 2.0/x 10* C and mass of 10g, are kept at a
separation of 10 cm and then released. What would'be the speeds of the particles when the separation
becomes large?

Two particles have equahmasses 0f.5.0 g each and opposite charges of + 4.0 x 10° C and — 4.0 x 10~
°C. They are released from rest withya separation of 1.0 cm between them. Find the speeds of the
particles when'the separation is reduced to 50 cm.

A sample of HCI gasiisiplaced in an electric field of 2.5 x 10 N C™*. The dipole moment of each HCI
molecule is 3.4 x 10~ CmyFind the maximum torque that can act on a molecule.

Two patticles A and B, having opposite charges 2.0 x 10° C and — 2.0 x 10°® C, are placed at a
separation, of 1.0 cm. (a) Write down the electric dipole moment of this pair. (b) Calculate the
electric field at a point on the axis of the dipole 1.0 cm away from the centre. (c) Calculate the
electric field at a point on the perpendicular bisector of the dipole and 1.0 m away from the centre.
Three chargesare arranged on the vertices of an equilateral triangle as shown in figure. Find the
dipole moment of the combination.

29 -q

Find the magnitude of the electric field at the point P in the configuration shown in figure for d > > a.
Take 2ga =p.
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Q.70  Two particles, carrying charges — g and + g and having equal masses m each, are fixed at the ends of
a light rod of length a to form a dipole. The rod is clamped at an end and is placed in a uniform
electric field E with the axis of the dipole along the electric field. The rod is slightly titled and then
released. Neglecting gravity find the time period of small oscillations.

Q.71 Assume that each atom in a copper wire contributes one free electron. Estimate the number of free
electrons in a copper wire having a mass of 6.4 g (take the atomic weight of copperito be 64g mol™).

ANSWers

1 23x10"C 2. 230N

3 5.9 cm from the larger charge in between the two charges

4, 34.1 cm from the larger charge on the line joining the€harge in the side of the smaller charge
5 23x10*N 6. 3.35 x 10%,5.35 x 10%C 7. 2.56 x10% N
8 1.2N 9. 2 x 10 10.7, 3.05x10°N

11. (@ MLT3 LY Nm? m? (b) 3.4 x 10%° Nm?

12. 24.9 N at 30° with the extended sides ffom the charge Under consideration

13. 27.5 N at 45° with the extended sides of thessquare from the charge under consideration

14. 82x10°N 15.  2.18x10°mst 16.  4.95x10°N
17.  3.6x10°N

18. (a) 0.144 N, (b) zero, 0.095 N away from the other charge, (c) 0.986 N and (d) 0.95 ms?
perpendicular to thestring,and going away from the other charge

19 82g,82x10°N 20. | 417x10°C 21, m:;%

22. 54x10°C 23. —(6-42)q, between q and 2q at a distance of
(/2-1)d fromq

24. £36x10°%m 25.  between+8.71x10°C

26. 27cm from'the bottom
1

X mre.d? |2
27, dizV2, 308 47§qu % @ & 4272 (C){ TEQEC; }
’ Znso[x2+4j

3 373
29.  time period = {w} 30. 15x10°NC*
2Qq
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31. (a) 48.3 cm from A along BA, (b) 20 cm from A along BA and 2—3? cm from A along AB

32.  89x10cC 33.  65.3NC*, upward 34.  zero,2.3x10°V
3 3 1/2
35. | LomEmR 36. Q_ 37.  52x10'NC*
Qq 2g, L
3.  R/2 39.  zero 0.
8n“eg a
q 4 mu?
41. > towards the charge q  42. 88x10"N 43. —
4rneyd 2qE

44, (a)3.0N,9.8x10°N, (b) 1.63 x 1025, (c) 49.0 ms ™, (d) 1.20J
45, (a) 1.4 N making an angle of 45° with § and E , (b) straight line along,the resultant force, (c) 28m

from the starting point on the line of motion 46. 52s

47.  qE/k 48, 8md 49. 5V
gE

50. 1200 volts 51. 3.6x107°J
52. (@-80V,(b)-40V, (c)-120V
53. 0.016 J, 0.008 J, 0.024 J 54, -~ 100V 55. 500 V
56. (@ MT I (b) —A{i (Y+2)+ ] (z¥X)+k(x+Y)}, (c) 3BNC™* 57. 361
58. (a) 200Vm™ making an angle 120° with x=axis (b) radially outward, decreasing with distance as

E_ 6Vm

r?
ra rAx

59. 604 (a) 20V, (b) 2.65 x 10° ms %, (c) 0.50 cm

12 3/2

2g, (r* +x2)"2 " 2e, (r* +x%)

61. (@) — (2.0 V m )x, (b). points on the plane x = — 12.5 m, (c) 100 V — (2.0 V m™)x, (d) infinity
62. 234 63. 0.1C 64. 600ms*
65. 54 m& ! for each particle 66. 85x10%Nm

67. (a)2.0x10°%Cm, (b) 360N C™, (c) 180N C™

68. qd\/§, along the bisector of the angle at 2qg, away from the triangle

69. (@ dz() OI3,(c) / 2421 p? 70. 2n¥
71.  6x10%

Higher Order Assignment — 11

Q.1  The electric field in a region is given by E:% E, i+ %Eo j and E,=2.0x10°NC™. Find the flux

of this field through a rectangular surface of area 0.2 m* parallel to the y — z plane.
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Q.2

Q.3
Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

A charge Q is uniformly distributed over a rod of length I. Consider a hypothetical cube of edge |
with the centre of the cube at one end of the rod. Find the minimum possible flux of the electric field
through the entire surface of the cube.

Show that there can be no net charge in a region in which the electric field is uniform at all points.

The electric field in a region is given by E = Ei) X5, Find the charge contained inside a cubical

volume bounded by surfaces x =0, x =a,y=0,z=0and z = a. Take E, =5 x 10° NC ™, | =2 cm
anda=1cm.

A charge Q is placed at the centre of a cube. Find the flux of the electrie field through the six
surfaces of the cube.

A charge Q is placed at a distance a/2 above the centre of a horizontal, square ‘surface of edge a as
shown in figure. Find the flux of the electric field through the square‘surface.

a

Find the flux of the electric field through a spherical surfacesoffadius R due to a charge of 10~ C at
the centre and another equal charge at a point 2R away from the centre.

——2R——

A charge Q is placed ,at the centre of an imaginary hemispherical surface. Using symmetry
arguments and the Gauss’s lawy, find the flux of the electric field due to this charge through the

surface of the hemisphere (figure).
N

A sphérical volume contains_a uniformly distributed charge of density 2.0 x 10* C m™. Find the
electric field at a point inside the volume at a distance 4.0 cm from the centre.

The radius of a gold nucleus (Z = 79) is about 7.0 x 10 ™ m. Assume that the positive charge is
distributed uniformly throughout the nuclear volume. Find the strength of the electric field at (a) the
surface ofithe nucleus and (b) at the middle point of a radius. Remembering that gold is a conductor,
is it justified te assume that the positive charge is uniformly distributed over the entire volume of the
nucleus and does not come to the outer surface?

A charge Q is distributed uniformly within the material of a hollow sphere of inner and outer radii r;
and r, (figure). Find the electric field at a point P distance x away from the centre for r; < x <r,.
Draw a rough graph showing the electric field as a function of x for 0 < x < 2r, (figure).
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Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

o

A charge Q is placed at the centre of an uncharged, hollow metallic sphere of radius a. (a) Find the
surface charge density on the inner surface and on the outer surface. (b) If a charge g is put on the
sphere, what would be the surface charge densities on the inner and the outer surfaces? (c) Find the
electric field inside the sphere at a distance x from the centre in the situations (a) and (b).

Consider the following very rough model of a beryllium atom. The nucleus has four protons and four
neutrons confined to a small volume of radius 10> m. The two 1s electrohs make a spherical charge
cloud at an average distance of 1.3 x 10 m from the nucleus, whereas the two'2s electrons make
another spherical cloud at an average distance of 5.2 x 10 ™ m ffom,the nucleus. Find the electric
field at (a) a point just inside the 1s cloud and (b) a point just inside the:2s,cloud.

Find the magnitude of electric field at a point 4cm away from a line charge ofidensity’2 x 10° C m™.

A long cylindrical wire carries a positive charge of difiearndensity 2.0 x 10 ° C m . An electron
revolves around it in a circular path under the influgnce of the attractive electrostatic force. Find the
kinetic energy of the electron.

A long cylindrical volume contains a uniformly,distributed charge of density p. Find the electric
field at a point P inside the cylindrical volume at a distance xfromsits axis (figure)

A non-conducting sheet of large surface area and thickness d contains uniform charge distribution of
density p. Find the electric field.at a point Piinside the plate, at a distance x from the centre plane.
Draw a qualitative graph'ef E against x for @< x < d.

A charged parti¢le.having a charge of 2.0 x 10°° C is placed close to a non—conducting plate having
a surface charge density,4.0 x 10° @ m™. Find the force of attraction between the particle and the
plate.

One.end of a 10 cm long silksthread is fixed to a large vertical surface of a charged non—conducting
plate andthe other end is fastened to a small ball having a mass of 10g and a charge of 4.0 x 10° C.
In equilibrium, the thread makes an angle of 60° with the vertical. Find the surface charge density on
thewplate.

Consider the situation of the previous problem (a) Find the tension in the string in equilibrium.
(b) Suppose the ball is slightly pushed aside and released. Find the time period of the small
oscillations.

Two large conducting plates are placed parallel to each other with a separation of 2.00 cm between
them. An electron starting from rest near one of the plates reaches the other plate in 2.00
microseconds. Find the surface charge density on the inner surfaces.

Two large conducting plates are placed parallel to each other and they carry equal
and opposite charge with surface density o as shown in figure. Find the electric
field (a) at the left of the plates, (b) in between the plates and (c) at the right of the
plates.

[ L

+ + + + + +
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Q.23 Two conducting plates X and Y, each having large surface area A (on one side),
are placed parallel to each other as shown in figure. The plate X is given a charge
Q whereas the other is neutral. Find (a) the surface charge density at the inner
surface of the plate X, (b) the electric field at a point to the left of the plates, (c) the
electric field at a point in between the plates and (d) the electric field at a point to
the right of the plates. Q _2q

Q.24  Three identical metal plates with large surface areas are kept parallel to each other
as shown in figure. The leftmost plate is given a charge Q, the rightmost a charge —
2Q and the middle one remains neutral. Find the charge appearing on the other
surface of the rightmost plate.

Answer

o

1. 240N m?C* 2. Q/(250) 4, 2.2 x10%¢
5. Qleg 6. Q/(6¢,) 7. 1.1 x 10°Nm?cC?
8. Q/(2¢0) 9. 3.0x10°NC*
3.3
10.  (a)2.32x 102 NC, (b) 1.16 x 102 NC™* 11, QO )

Ameox® (1, - 1)

2. @2, -2 m--2 9

in poth situations

4na®’ 4na®’ 4na®’ 4na’ nsox
13. (@)3.4x10®NC*, (b) 1.1 x 10" NC™ 4.  9x10°NC?
15.  2.88x10%J 16. 4 p x/(2¢0) 17.  pxleg
18. 045N 19. 75x10°'Cm? 20. (@) 0.20N, (b) 0.45 s
21.  0505x10™“Cm? 22.  (a)zero, (b) olgs, (C) zero
23, @2, ()2 , towards right, (d) —2—towards right 24,  —Q/2
2A" T 24, 2A¢, 2A¢,

CAPACITOR

Behaviour of Conductors in Electrostatic Fields
1. Net electrostatic field is zero in the interior of a conductor.

e

ind
- —
E =0

L Conductor

2. Just outside the surface of a charged conductor, electric field is normal to the surface.
3. The net charge in the interior of a conductor is zero and any express charge resides at its surface.

4, Potential is constant within and on the surface of a conductor.
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5. Electric field at the surface of a charged conductor is proportional to the surface charge density.

Gaussian —
surface

Surface of
conductor

Electrostatic Shielding

The cavity inside the conductor remains shielded from outside electric influence.“This is known as
electrostatic shielding. Such a field free region is called a Faraday cage.

The phenomenon of making a region free from any electric field is.called electrostatic shielding. It is based
on the fact that electric field vanishes inside the cavity«0f.a hollow conductor,

Applications of electrostatic shielding

1. In a thunderstorm accompanied by lightning, it is safest to sit'inside a car, rather than near a tree or
on the open ground. The metallic body‘ofithe car becomes an electrostatic shielding from lightning.

2. Sensitive components of electronic devices are protected or shielded from external electric
disturbances by placing metal shields around them:

3. In a coaxial cable, the/outer,conductor connected to ground provides an electrical shield to the

signals carried by the central conductor.

Note:

= In the interior of a“conductor, the electric, the electric field and the volume charge density both
vanish4Therefore, chargesiin a conductor can only be at the surface.

= Electricfield at the surface of a charged conductor must be normal to the surface at every point.

= sFor a conductor without any surface charge, electric field is zero even at the surface.

& The entire body of each conductor, including its surface, is at a constant potential.

= If wehaveyconductors of arbitrary size, shape and charge configuration, then each conductor will
have a characteristic value of constant potential which may differ from one conductor to another.

= A cavity inside a conductor is shielded from outside electrical disturbances. However, the electric

shielding does not work the other way round. That is, if we place charges inside the cavity, the
exterior of the conductor cannot be shielded from the electric fields of the inside charges.

Electrical capacitance of a conductor

The electrical capacitance of a conductor is the measure of its ability to hold electric charge. If we increase
the charge on a conductor, its potential also increases. If a charge Q put on an insulated conductor increases
its potential by V, then
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QuxV or Q=Ccv
The proportionality constant C is called the capacitance of the conductor. Thus

Capacitance = M
Potential

Hence the capacitance of a conductor may be defined as the charge required to increase the potential of the
conductor by unit amount.

It depends upon the following factors:

1. Size and shape of the conductor. 2. Nature (permittivity) of the surrounding medium.
3. Presence of the other conductors in its neighborhood.

Units of Capacitance: The S| unit of capacitance is farad (F).

2 2
Dimensions of capacitance: The unit of capacitance is Fzﬁzizc—zﬂ
v J/IC 7] Nm
A2T2
MLT?. L

Capacitance of an isolated spherical conductor

Consider an isolated spherical conductor of radius R. The charge Q is unifermly distributed over its entire
surface. The potential at any point on the surface of the spherical conductor will be

1 Q

Dimensions of capacitance = =[MTL?T*A?]

4ne, R
Capacitance of the spherical conductor situated in vacuum is

0 0@
VT o

4ne, R

Or C=4ng R
Clearly, the capacitanee of a,spherical conductor is proportional to its radius.

Subjective Assignment — |

Q1 Find the capacitance of aconducting sphere of radius 10 cm situated in air. How much charge is
required to raise it to a potential of 1000 volt?

Q.2 If the capacitance of conductor carrying a charge of 8 C is 0.005 F, calculate its potential.

Q.3 125 drops of water each of radius 2 mm and carrying charge of 1 nC are made to form a bigger

drop. Find.the capacitance and potential of the bigger drop.

Q4 N drops of ‘mercury of equal radii and possessing equal charges combine to form a big drop.
Compare charge, capacitance and potential of bigger drop with the corresponding quantities of
individual drops.

Q5 Twenty seven spherical drops of radius 3 mm and carrying 10 C of charge are combined to form
a single drop. Find the capacitance and the potential of the bigger drop.

Q.6 A charged spherical conductor has a surface charge density of 0.07 C cm™ When the charge is
increased by 4.4 C, the surface charge density changes by 0.084 C cm™. Find the initial charge and
capacitance of the spherical conductor.

Answers
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1. 11 pF,11x10°%C 2. 1600 V 3. 1.1 pF, 1136 V

4. N, N¥3, N2° 5. 1pF, 27V 6. 22C,556 x 102 F

Consider a positively charged metal plate A and place an uncharged plate A B A, B

B close to it, as shown in figure. Due to induction, the closer face of plate bl E b Hy oS

B acquires negative charge and its farther face acquires a positive charge. f E = ; E f =
The negative charge on plate B tends to reduce the potential on plate A, E % = E f % :
while the positive charge on plate B tends to increase the potential on A. 3+: E = E E f 51
As the negative charge of plate B is closer to plate A than its positive $ % = } E ; .

charge, so the net effect is that the potential of A decreases by a small
amount and hence its capacitance increases by a small amount.

Now if the positive face of plate B is earthed, its positive charge gets neutralized due to the flow of electrons
from the earth to the plate B. Hence increases its capacitance by a large ameunt. The capacitance of an
insulated conductor is considerably increased when we place an earthed connectediconductor/near it. Such a
system of two conductors is called a capacitor.

Capacitor: A capacitor is an arrangement of two conductors separatedsby,an insulating medium that is used
to store electric charge and electric energy.

A capacitor, in general, consists of two conductors of any, size and shape carrying different potentials and
charges, and placed closed together in some definite positionsielativeitesone another.

Capacitance of a capacitor: As shown in figure usually a capacitor
consists of two conductors having charges +Q and =Qu.Thegpotential

difference between them is V = Vi£—V_. Here Q is called the charge on N 5 _
the capacitor. B -
Note: that the charge ongCapacitor does not mean the total charge . 3
given to the capacitor which is +Q= Q =0 + )

Parallel plate capacitor
It consists oftwo large plane paralleleonducting plates, separated by a small distance.

Let A = area of each plate, d = distance between the two plates i L O '
+ o =uniform surface charge densities on the two plates T | ]| Chae
E-S density + o

+ Q =+ o A= total charge on each plate. d 0
In the outer regions above the upper plate and below the lower plate, J: sl e Vo = ¥V - ¥« Charge

P L ] density - o
the electric fields due to the two charged plates cancel out. The net E=0
field is zero.

E- 2 _ 9% _p
2, 2g,

In inner region between two capacitor plates, electric fields due to the two charged plates add up. The net
field is
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E=— 4 > 2
28y 28, g
P.D. between the plates = Electric field x distance between the plates  or V=Ed = od
€9
Capacitance of the parallel plate capacitor is
:9: oA or C:ﬁ
V od/g, d
Factors on which the capacitance of a parallel plate capacitor depends
1. Area of the plates (C o« A). 2. Distance between the plates (€ o« 1/d)
3. Permittivity of the medium between the plates (C « &).

Spherical capacitor

A spherical capacitor consists of two concentric spherical shells of inner and outer radii a and b. The two
shells carry charges —Q and +Q respectively. Since the electric field inside a hollow:gonducter is zero, so E =
0 for
r < a. Also the field is zero outside the outer shell, i.e., E =[0 for r > b. A radial field E exists in the region
between the two shells due to the charge on the inner shetl onlysTo determine the electric field at any point P
at distance r from the centre, consider a concentric Sphere of radius r as Gaussian surface. Using Gauss’s
theorem,

og = E. 4nr? _Q or - O 5
£ drggr

The potential difference (caused by inner sphere alone) between'two shells will be

b o b b Q
V=—|E. dr=| Edr= dr
-!. -!. I 4n80r2
b b Charge - Q
= Q r‘z dr :i[_l:l :i{l_lil
47'580 " 47580 ri, 4T580 a b Gaussian
surface

[ E points radially inward and-dr points outward so E. df = Edr 180° = — Edr]
Q co 4me, ab

- <  __ or — 707"
2 [1\] b-a
4ne, | a b

Cylindrical Capacitor
A cylindrical capacitor consists of two coaxial conducting cylinders of inner and outer radii a and b. Let the
two cylinders have uniform linear charge densities of + A. The length L of the capacitor is so large (L >>
radii a or b) that the edge effect can be neglect. The electric field in the region between the two cylinders
comes only from the inner cylinder. The electric field E at any point P in between the two cylinders at a
distance r from the central axis, we consider a coaxial Gaussian cylinder of radius r. Using Gauss’s theorem,
the flux through Gaussian surface must be

b a
or E.2nr L= & E= A
€p 27'[80 r

f— Charge
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Potential difference between the two cylinders is
b b

V:—IE. dr = IEdr [+ E and dF are in oppositedirections]
a a

b b

= [ 2 ar= [l ==t pnb-ina]
2mey I 2ng, ° I 2me, 2me,
a a
or V= A In b
21, a
Total charge on each cylinder is Q = LA
. L N L
Capacitance of cylindrical capacitor is ng b or C= !
\ A b b
In — In=
2ng, a a

Subjective Assignment — 11

Q.1 When 1.0 x 10* electrons are transferred from one conductor to another ofia capacitor, a potential
difference of 10V develops between the two conductors™Calculate the capacitance of the capacitor.

Q.2 When the potential difference across a capacitor is reduced by 120 V, the charge on the capacitor
charges from 360 uC to 120 uC. What is the capacitance’of the capacitor?

Q.3 A parallel plate capacitor has plate area of 25.0%¢m? and a separation of 2.0 mm between its plates.
The capacitor is connected to 12 V battery. (i) Find the thargeson the capacitor. (ii) If the plate
separation is decreased by 1.0 mm, what extra charge 1s,given by the battery to the positive plate?

Q4 A sphere of radius 0.03m is suspended ‘within a hollow sphere of radius 0.05 m. If the inner sphere
is charged to a potential of 1500 volt and outer sphere is earthed, find the capacitance and the
charge on the inner spheres

Q5 The thickness of air layer between the two ‘coatings of a spherical capacitor is 2 cm. The capacitor
has the same capacitanee as the sphere of 1.2'm diameter. Find the radii of the surfaces.

Q.6 The negative plates of a'parallel plate,capacitor is given a charge of — 20 x 10°® C. Find the charges
appearing on’'the four surfaces of the capacitor plates.

Q.7 Calculate the capacitance of a parallel plate capacitor having circular discs of radii 5.0 cm each. The
separation between thedises is 1.0 mm.

Q.8 A parallel-plate capacitor has plates of area 200 cm? and separation between the plates 1.0 mm.
(i) What potential difference will be developed if a charge of 1.0 nC is given to the capacitor? (ii) If
the plate separation is now increased to 2.0 mm, what will be the new potential difference?

Q9 A spherical capacitor has an inner sphere of radius 9 cm and an outer sphere of radius 10 cm. The
outer sphere‘is earthed and the inner sphere is charged. What is the capacitance of the capacitor?

Q.10 A charge of + 2.0 x 10° C is placed on the positive plate and a charge of — 1.0 x 10 C on the
negative plate of a parallel plate capacitor of capacitance 1.2 x 10~ pF. Calculate the potential
difference developed between the plates.

Answers

1. 1.6x10°F 2. 2 uF 3. (i) 1.32 x 10" C, (ii) 1.32 x 10™°
C

4. 8.33pF, 1.25x10°C 5. a=10cmandb=12cm

6. (1)=-10x10°C, (2)=+10x10°%C, (3)=-10x10°C, (4)=-10x 10°C
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7. 0.69 x 10°%° 8. 565V, 11.3V 9. 0.1nF 10. 125V

Combination of Capacitors in Series and in Parallel

Capacitors in series: When the negative plate of one capacitor is connected to the positive plate of the
second, and the negative of the second to the positive of third and so on, the capacitors are said to be
connected in series.

The potential differences across the various capacitors are

v-Q\v,-Qy_Q
Cy C, Cs
For the series circuit, the sum of these potential differences must be equal to the applied potential difference.

V:V1+V2+V3: g-‘rg-i—g or XZi-Fi-i-i (1)
Cl CZ CS Q Cl C2 CS
Clearly, the combination can be regarded as an effective capacitor with charge @ and potential difference V.
If C; is the equivalent capacitance of the series combination, then

C :9 or L :V ... (2

S o
v C. /Q
Q-0 +Q -Q o+

1 1 1 1
From equations (1) and (2), we get —=—+—+—
| @ (2), we g C, C, C, Cj —{ H H

For a series combination of n capacltors, we can write

+ + + + 0
[

CS
M—V —m—V —e— V3 ——i|

1 1 1 1
=t — v
C, C, C, C, " O
1. The reciprocal of equivalept capacitance is‘equal tofthe sum of the reciprocals of the individual
capacitances.
2. The equivalent capacitance is.smaller than the smallest individual capacitance.

The charge on eagh capacitors is'same.
The potential difference across any capacitor is inversely proportional to its capacitance.

Capacitors in parallel
When the positive plates of all capacitors are connected to one common point and the negative plates to

another commonypoint, the capacitors are said to be connected in parallel. v, -0

Total charge stored th'the combination is g
Q=Q:+Q:+Q3=(Ci+Co+C) V... (1) AN

If C, is the equivalent capacitance of the parallel combination, then /+ :\
Q=GC,V Ne) \Qj el

From equations (1) and (2), we get M
CV=(C,+C,+C3) V or Co=Ci+C+C; o

For a parallel combination of n capacitors, we can write C,=C; +C,+.... + C, ® O

For parallel combination of capacitors
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The equivalent capacitance is equal to sum of the individual capacitances.
The equivalent capacitance is larger than largest individual capacitance.
The potential difference across each capacitor is same.

The charge on each capacitor is proportional to its capacitance.

Subjective Assignment — 111

Q1 Two capacitors of capacitance of 6 uF and 12 uF are connected in series with a battery. The voltage
across the 6uF capacitance is 2V. Compute the total battery voltage.

i O

Q.2 Two capacitors of capacitances 3 uF and 6 uF, are charged to potentials of 2 V and 5V respectively.
These two charged capacitors are connected in series. Find the potentialdacross each of the two
capacitors now.

Q.3 Calculate the charge supplied by the battery in the arrangement shown in figures.

C,=5uF C,=6pF
11 |
+ 1= -1+

]
nov

Q4 From the network shown in figure, find the value of the capacitance C if the equivalent capacitance

between points A and B is to be 1 uF. All the capacitances are in uF.
C [

a—|| ] llll } I Cﬁ_]_ 4

Q5 Connect three capacitors of 3 uF, 3uF and 6uF such that their equivalent capacitance is 5uF.

Q.6 Seven capacitors,«€ach of capacitance 2 gF are to be connected in a configuration to obtain an
effective capagcitance of 10/11 uF. Suggest a suitable combination to achieve the desired result.

Q.7 Four capacitors are conpected as shown in figure. Calculate the equivalent capacitance between the

points X and Y.
A
2uF | 3uF  5pF 10 uF

Q38 There arelinfinite number of capacitors, each of capacitance 1 uF. They are connected in rows, such
that thesnumber of capacitors in the first row, second row, third row, fourth row, are respectively
1,2, 4,8, ...The rows of these capacitors are then connected between points A and B, as shown in
figure. Determine the equivalent capacitance of the network between the points A and B.

Q9 Find the equivalent capacitor of the ladder (figure) between points A and B.

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 72



Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Electrostatics and Capacitor

2uF 2uF 2F

== 1yF %IQF = 1uF -|—1l1F
B

In the circuit shown in figure, if the point C is earthed and point A is given a potential of + 1200 V,
find the charge on each capacitor and the potential at the point B.

Four capacitors C,, C,, C3 and C, are connected to a battery of 12V, as shown in figure. Find the
potential difference between the points A and B.

C,=8uF  C,=4pF

b
o

B
Cy=3uF Cy=6pF

]y =
1
v

Five identical capacitor plates, each of area A are'arranged such that the adjacent plates are at
distance d apart. The plates are connected to a source,of emf.\Vgas,shown in figure. Find the charges

on the various plates.
l(: | j' |
—

For the network shown ingfigure, find the potential difference between points A and B, and that
between B and C in the.steady. state.

+1
<

A-—»\Z;'v[:,—Alhl - c

100V

The“capacities of three capacitors are in the ratio 1 : 2 : 3. Their equivalent capacity in parallel is
greater'than the equivalent capacity in series by 60/11 pF. Calculate the individual capacitances.
How would you connect 8, 12 and 24 uF capacitors to obtain (i) minimum capacitance (ii)
maximum' capacitance? If a potential difference of 100 volt is applied across the system, what
would be the charges on the capacitors in each case?

Find the equivalent capacitance between point A and B for the network shown in figure.

(o) C,
1uF 1uF
Ao——9 Cy 1uF B
e
2 uF

A network of six identical capacitors, each of value C is made, as shown in figure. Find the
equivalent capacitance between the points A and B.
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AN

Q.18  Find the equivalent capacitance between points A and B of the network of capacitors shown in
figure.
2 uF 2 uF 2 uF 2 uF
RARARARES
Zp.FT 1pF== 1,.F_|_ lpF_J_
B
Q.19 In figure, C, = 1uF, C,= 2uF and C; = 3 uF. Find the equivalent capacitance between points A and B.
G
G
Q.20  Find the potential difference between the points)A and B of the arrangement shown in figure.
e
2 uF 4 uF
LPJ
AN 3 pF 3F 3 F
Q.21  For the network shown in figure, compute ao—| j_ {7 “__\_
(i) the equivalent capacitancebetween points a and b. 2k 2= B
(ii) charge on each ofithe capacitors nearesto a and b when V,, =900 V bHF-I-H-%J
(iii) Vs, when W = 900/ oo
Answers
1. 3V 2. 12V, 6V 3. 110 uC
4. 32/23 uF 5. series combination of 3 uF & 6 uF in parallel with 3 uF
6. parallelicombination of 5.capacitors connected in series with 2 capacitors
1. 5 uF 8. 2 uF 9. 2 uF
10. 24%10°C,1.6x10°C,0.8x10°C, 400V 11. 4V
12 €y AV,_280 AV, 2¢,, AV1_280 AV180 AV 13. 25V, 75V
d d d d d
14. 1 pF, 2 pF, 3 pF
15. (i) In series, Cnin =4uF, q =400uC, (ii) In parallel, Cy.x= 44uF, q; =800 uC, g, =1200 pC,
gz =2400 uC
16. %HF 17. 4C/3 18. 1uF
19. 6 uF 20. 8V 21. (i) 1 pF, (ii) 900 pC, (iii) 100 v
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Energy stored in a capacitor

A capacitor is a device to store energy. The process of charging up a capacitor involves the transferring of
electric charges from its one plate to another. The work done in charging the capacitor is stored as its
electrical potential energy. This energy is supplied by the battery at the expense of its stored chemical energy
and can be recovered by allowing the capacitor to discharge.

Expression for the energy stored in a capacitor: consider a capacitor of capacitance C. Initially, its two
plates are uncharged. Suppose the positive charge is transferred from plate 2 to plate 1 bit by bit. In this
process, external work has to be done because at any stage plate 1 is at higher potential than the plate 2.
Suppose at any instant the plates 1 and 2 have charges Q' and —Q' respectively, as shown in figure. Then the

potential difference between the two plates will be
Suppose now a small additional charge dQ' be transferred from plate 2 to platé 1. The work'done will be
dW = V' .dQ' = % 40"

Total work done in transferring a charge Q from plate 2 to plate 1 Jfig.] will be

Q A 2R 5
wzjdwzjg.dQ'{Q_} 1o
)'c 2c| "2'¢C

This work done is stored as electrical potential energy U ofithe capacitor.

2 Q -Q-dy Q -Q
=2 _Lovelqy + - .
2 C 2 2 o’ : e
—_—
Energy stored in a series combination of capacitors: . A =
. L v e TE——
For a series combination, Q = constant * - T
+ - + -
Total energy, + - :—>—:
Q* 1 Q% |[dmml 1 '
U=—— =g —4—+—Fh... " vi g
2'c 20lc, ¢, cC, LI ®©
2 2 2
_Q + Q + Q T ... or U=U,+U,+U;+...
2C, 2C, 2C;
Energy storedin a parallel combination of capacitors.
For a parallel combination, V = constant
Totaléenergy,
1 2 1 2
U=—CV°=—[C,+C,+C;+....]V
2 2
1ave a2 1ny2 _
=—C1V +—C2V +—C3V +.... or U=U;+U,+Uz+ ...
2 2 2

Hence total energy is additive both in series and parallel combinations of capacitors.

Energy density of an electric field

Consider a parallel plate capacitor, having plate area A and plate separation d. Capacitance of the parallel
goA

plate capacitor is given by C = '
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If o is the surface charge density on the capacitor plates, then electric field between the capacitor plates will
be

E=— or o=¢;E
€9
Charge on either plate of capacitoris Q =cA =g EA
Energy stored in the capacitor is

U= _EEAT 1, pong
2C 2 SOA
d
But Ad = volume of the capacitor between its two plates. Therefore, the energy stored per unit volume of the
energy density of the electric field is given by

YL, g

Note: An electric field E can be regarded as a seat of energy with energy density equal to %80 EZ Similarly,

energy is also associated with a magnetic field.

Redistribution of Charges

Consider two insulated conductors A and ‘B of eapacitances Cy and C,, and carrying charges Q; and Q.
respectively. Let V; and V; be their respective potentials. Then

Now, if the two conductors aregoined by a thin conducting wire, then the positive charge will flow from the
conductor at higher potential to'that at lower potential till their potentials become equal. Thus the charges are
redistributed. But the total charge still remains Q; + Q..

Common potential\= Totalch a_rge or V = Q+Q, _ GVi+C,V,
Totalcapacitance C,+C, C,+C,

If after redistribution charges on A and B are Q'; and Q', respectively, then

, C
Qll =CV and le =CV & =1
Q G
Thus, after redistribution, the charges on the two conductors are in the ratio of their capacitances.
Loss of energy in redistribution of charges

Let C, and C, be the capacitances and V; and V, be the potentials of the two conductors before they are
connected together. Potential energy before connection is

1 1
U, =Eclv12 +§CzV22
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After connection, let V be their common potential. Then
Totalcharge  Q,+Q, C,V;+C,V,

~ Total capacitance C,+C, C,+C,

Potential energy after connection is

U, %c:lv2 +%sz2 =%(C1 +C,)V?

2
P LAV AV B W AR AA
27 C,+C, 2 (C,+C,)
Loss in energy,
U= Ui — Uf
2
Cloveiloye Ll GGV
2 2 2" (C+Cy)

“2(C 1+c ICE I +CiC, Vi +C,C, V +C Vs - CRVEC G V; ~2C,C, ViV ]

1 2
_l C1C2 :l ClCZ (Vl_Vz)2

[V12 + V22 —-2V;V,]

- 2(C,+C,) 2 C,+C,

This is always positive whether V; >V, or V; <V,. So whentwo chargedsconductors are connected, charges
flow from higher potential side to lower potential side till the potentials of the two conductors get equalized.
In doing so, there is always some loss of potentiabenergy in the form of heat due to the flow of charges in
connecting wires.

Subijective Assignment — IV

Q1 How much work must be done to charge a}24 uF capacitor when the potential difference between
the plates is 500V?

Q.2 A capacitor is_eharged through a potential difference of 200 V, when 0.1 C charge is stored in it.
How much energy will it release, when it is discharged?

Q3 In figure, the energy'stored in C, is 27J. Calculate the total energy stored in the system.

2 uF

|1

1 uF llc2
o—|}—o SuE)
! 6uE )

rey

Q4 In a camera—flash circuit (figure), a 2000 uF capacitor is charged by a 1.5 V cell. When a flash is
required, the energy stored in the capacitor is discharged by means of a trigger T through a
discharge tube in 0.1 millisecond. Find the energy stored in the capacitor and the power of the flask.

Electronic trigger

——0
[ - Discharge

— 2000 uF e
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Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

A 80 uF capacitor is charged by a 50 V battery. The capacitor is disconnected from the battery and
then connected across another uncharged 320 uF capacitor. Calculate charge on the second
capacitor.

(M A 900 pF capacitor is charged by a 100 V battery. How much electrostatic energy is stored
by the capacitor?

(i) The capacitor is disconnected from the battery and connected to another 900 pF capacitor.
What is the electrostatic energy stored by the system?  (iii) Where has remainder of the
energy gone?

A capacitor is charged to potential ;. The power supply is disconnected and the capacitor is

connected in parallel to another uncharged capacitor.

(M Derive the expression for the common potential of the combination of capacitors.

(i)  Show that total energy of the combination is less than the sum of the energy,stored in them
before they are connected.

A capacitor of capacitance 6 uF is charged to a potential of 150 V. Its patential falls'to 90 V, when
another capacitor is connected to it. Find the capacitance of the second capacitorand the amount of
energy lost due to the connection.

A battery of 10 V is connected to a capacitor of capacitor0:"FaThe battery is now removed and
this capacitor is connected to a second uncharged capacitor. If the charge distributes equally on
these two capacitors, find the total energy stored‘in the two capacitors. Further, compare this energy
with the initial energy stored in the first' capacitor.

A capacitor charged from a 50V“d.c. supply is found to have charge of 10 puC. What is the
capacitance of the capacitor and how much energy is stared in it?

A 4uF capacitor is conneCted to another "8 mk.eapacitor. Combination is charged at 300 V.
Calculate

(i) total charge on the combination (ii) total energy stored in the combination

Two capacitors are connected in‘parallelsand the energy stored is 18 J, when a potential difference
of 6000 V is“applied across the combination. With the same capacitors connected in series, the
energy stored is 4'J fer.the same potential difference. What are the individual capacitances?

Two gapacitors of capacitances 25 uF and 100 uF are connected in series and are charged by a
battery, of 120 V. The battery is then removed. The capacitors are now separated and connected in
parallel\Find (i) p.d. across each capacitor (ii) energy—loss in the process.

Figure shows a network of five capacitors Fconnected to a 100 V supply. Calculate the total charge

and energy stored in the network. ;—l——m
3uF 2puF

The radii of two charged metallic spheres are 5 cm and 10 cm. Both have a charge of 75 uC. Both
the spheres are connected together with a conducting wire. Calculate (i) the quantity of charge
transferred through the wire and (ii) the common pot entail of the spheres after connecting them.
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Answers
1. 3J 2. 10J 3. 594.0 J
4, 225W, 2.25 x 103 5. 3.2x10°C
2

6. ()45x10°J, (ii)2.25x10°] 7. iv= Y iy StM

C,+C, (C,+C,)
8. 4 uF, 0.027 9. 25J,1:2 10. 0.2 uF, 2.5x 10"
11. ()36 x 10 C, (ii) 0.54J 12. %uF,%pF 13. 38.4V, 0.05184 J
14. 4x10*C,0.02] 15. 25uC,9x10°V
Dielectrics and Their Polarization
Dielectrics

A dielectric is a substance which does not allow the flow of charges through it but permits,them to exert
electrostatic forces on one another through it. A dielectric is essentially an insulator which can be polarized

through small localized displacements of its charges. Non-polar %
v D
CO,

Examples. Glass, wax, water, air, wood, rubber, stone, plastic, etc.
Polar and non—polar dielectrics: A dielectric may consist of either
polar or non—polar molecules. A molecule in which the centresofsmass
of positive charges (protons) does not coincide with the.centre of mass
of negative charges (electrons) is called a polar molecule.

A molecule in which the centre of mass of pesitive charges ceincides
with the centre of mass of negative charges-isycalled a non-polar

Polar

molecu_le. Th_e dielectrics made of non—polar molecules are called non- ® ® o> @
polar dielectrics. ®

Polarization of a non—polar dielectrie in an external electric field €D

In the absence of any electric field, the eentres of, jpositive and negative @ @ @ D D D
charges of the moleculesfof a non-—polar-dielectric coincide. The dipole ® % .
moment of each moleculeis zero. In the presence of an external electric ® (i
field Eo, the centres of positivesCharges are‘displaced in the direction of

external field while the centres of negative charges are displaced in the EFO@ CEDE“‘O D
opposite direction. The displacementyof the charges stops when the force ﬂ >
exerted on them'by the external field is balanced by the restoring force due @ % ﬁ NS
to thednternal fields in the molecules. This induces dipole moment ineach 7> G
molecule ikes, eachtnon—polar molecule becomes an induced dipole. The =D & QE
induced dipole‘moments of different molecules add up giving a net dipole @ i

moment to the dielectric in the direction of the external field.

Polarization of a polar dielectric in an external electric field

The molecules of a polar dielectric have permanent dipole moments. In the absence of any external electric
field, the dipole moments of different molecules are randomly oriented due to thermal agitation in the
material. So the total dipole moment is zero. When an external field is applied, the dipole moments of
different molecules tend to align with the field. As a result, there is a net dipole moment in the direction of
the field. The extent of polarization depends on relative values of two opposing energies:

1. The potential energy of the dipole in the external field which tends to align the dipole with the field.
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2. Thermal energy of agitation which tends to randomize the alignment of the dipole.

Hence both polar and non-polar dielectrics develop a net dipole moment in the presence of an external
electric field. This fact is called polarization of the dielectric.

The polarization P is defined as the dipole moment per unit volume and its magnitude is usually referred to
as the polarization density. The direction of P is same as that of the external field EO.

Reduction of electric field by the polarization of a dielectric
Consider a rectangular dielectric slab placed in a uniform electric field E, acting parallel to two of its faces,
as shown in figure. Its molecular dipoles align themselves in the direction of EO. This results in uniform

polarization of the dielectric, i.e., every small volume of the slab has a dipole moment in,the direction of EO .

/ ----------
DD DD 0 X
SOl coRCo : 3
D DD D + ]
DD DD i vy |3
----------------- " 4| —— > |-
...... \':]» NS Ey +j

The polarized dielectric is equivalent to two charged surfaces with'induced surface charge densities + o,
Reduced field inside a dielectric and dielectric constant

The induced surface charges set up an electri¢'field E—p (field'due to polarization) inside the dielectric in a

direction opposite to that of external field E—0 thus tending to reduce the original field in the dielectric. The

resultant field E in the dielectric will’be equal to E; 3 ET, and directed in the direction of E—o

The ratio of the original field E_(; and the reduced field Eg - E_F; in the dielectric is called dielectric constant

(x) or relative permittivity.(e,). Thus « =

Polarization density

The induced dipole moment developed per unit volume of a dielectric when placed in an external electric
field is called polarization density. It'is denoted by P.

Hence P=——=—=0c

Electric susceptibility
If field E is not large, then the polarization P is proportional to resultant field E existing in the dielectric, i.e.,
PxE or P=g, yE

where y (chi) is a proportionality constant called electric susceptibility. The multiplicative factor ¢, is used to

keep x dimensionless. Clearly, y = L
g E

Thus the ratio of the polarization to g, times the electric field is called the electric susceptibility of the
dielectric. It describes the electrical behaviour of dielectric.
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Relation between x and ¢
The net electric field in a polarized dielectric is

E=E,-E

p
- (e}
But Ep=—p=i
€0 0
E-E, -~ o  E-g,-foxE [P = ¢, E]
€p €0

Dividing both sides by E,we get

12%_7( or l=x—y or x=l+y
Dielectric Strength
Dielectric strength: When a dielectric is placed in a very high electric field, the outer electrons may get
detached from their parent atoms. The dielectric then behaves like a conductor. This phenomenon is called
dielectric breakdown.
The maximum electric field that can exist in a dielectric without causing the breakdown of its insulating
property is called dielectric strength of the material.

The unit of dielectric strength is same as that of electrieffield is Vm™.
The capacitance of a parallel plate area A and plate separation @ywith vacuum between its plates is given by
c,- oA
d
When a dielectric slab of thicknessét < d is placed between'the plates, the field E, polarises the dielectric.
This induces charge — Q, on the dppersurface and +\Q, on the lower surface of the dielectric. These induced

charges set up a field E, insidesthe dieleetric in the opposite direction of EO . The induced field is given by

E —&—3[0 Rp polarization density] ] 1l
P e egy 4P T l l l E“l l -0,
‘iR ik | Dielecic
The net field inside the dielectrichis atl B4 $E=EE Dkt
l* 4 + + + + e +Q, slab
E E g
E:EO_Ep:_O 0 _x fﬁ l - l - l = l l =
K Eo—E,

where knis. the dielectric constant of the slab. So between the capacitor plates, the field E exists over a
distance t and field E, exists over the remaining distance (d — t). Hence the potential difference between the
capacitor plates is

V:Eo(d—t)+Et:E0(d—t)+5{‘.'%:1{} - Eo(d—t+£j= Q (d—t+£)
K

K) € K
. . ) . . . A
The capacitance of the capacitor on introduction of dielectric slab becomes ngz %o n
d—t+—
K

. C . A
If the dielectric fills the entire space between the plates, then t = d, and we get C:SOT.sz Co

Capacitance of Parallel Plate Capacitor with a Conducting Slab
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Consider a parallel plate capacitor of plate area A and plate separation d. If the space between the plates is

. . I A
vacuum, its capacitance is given by C, =‘C’°T

When a conducting slab of thickness t < d is placed between the

to zero inside the slab, as shown in figure. Charges — Q and +Q

Vol g 20 l“‘”

. .. . ) Conduchng slab
capacitor plates, free electrons flow inside it so as to reduce the field ‘\

appear on the upper and lower faces of the slab. Now the electric E il

3—-0

+d4— +Q

1 l l%l o

field exists only in the vacuum regions between the plates of the ‘
capacitor on the either side of the slab, i.e., the field exists only in l
thickness d — t, therefore, potential difference between the plates of

the capacitor is

V=Ey(d—1)= %(d—t)
e

0
Capacitance of the capacitor in the presence of conducting slab becomes

_Q_ %A SOA d or Czi.c0
V (d-t) d d-t d

Clearly, C > C,. Thus the introduction of a conducting slab of thickness t in a parallel plate capacitor

increases its capacitance by a factor of di

Uses of Capacitors

Capacitors are very useful circuit elements 4nany.of the electrié\and electronic circuits. Some of their uses
are:

To produce electric field of desired patterns, €.gy, forMillikan’s experiment.

In radio circuits for tuning.

In power supplies for smoothing the rectified.current.

For producing rotating magnetic fields in induction motors.

In the tank circuit of oscillators.

They store not only:charge, but also energy in the electric field between their plates.

Effect of Dielectric on Various:Parameters

A parallel-plate capacitor is charged by a battery which is then disconnected. A dielectric slab is then
inserted to fill the space between the plates. Explain the changes, if any, that occur in the values of (i) charge
on thegplates, (ii)\electric field between the plates, (ii) p.d. between the plates, (iv) capacitance and (V)
energy stored in capacitor.

Effect of dielectric;when the battery is kept disconnected from the capacitor. Let Qq, Co, Vo, Eg and Uy
be the charge, capacitance, potential difference, electric field and energy stored respectively before the
dielectric slab is inserted. Then

o arwhE

V, 1
Qo =CoVOv Eo ZTO’ Uo :ECOVO2

Q) Charge: The charge on the capacitor plates remains Qo because the battery has been disconnected
before the insertion of the dielectric slab.

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 82



Electrostatics and Capacitor

(i) Electric field: When the dielectric slab is inserted between the plates, the induced surfaced charge
on the dielectric reduces the field to a new value given by E:i
K

(iii)  Potential difference: The reduction in the electric field results in the decrease in potential

difference.
V=Ed =E—°d =L
K K
(iv) Capacitance: As a result of the decrease in potential difference, the capacitance increases k times.
C:&:_QO = K&:KCO

vV V,/k V,
(V) Energy stored: The energy stored decreases by factor of «.

2
u=Lcv? =1(Kco)(ﬁj S Co V¢ _Yo
2 2 K K 2 K

A parallel plate capacitor is charged by a battery. When battery,remains connected, a dielectric slab is
inserted between the plates. Explain what changes, if any, occur in the values of (i) p.d. between the plates,
(ii) electric field between the plates, (iii) capacitance, (iv) charge.entthe plates and (v) energy stored in the
capacitor?
Effect of dielectric when battery remains connected acrkoss the capacitor. Let Q,, Co, Vo, Eo and U, be
the charge, capacitance, potential differenced electric fieldhand energy stored respectively, before the
introduction of the dielectric slab. Then

V, 1
Qo =C0V01Eo :?o, Uo =EC0V02

(i) Potential difference: AS the, battery remains connected across the capacitor, so the potential
difference remains constant at Vgieven after the introduction of dielectric slab.
(i) Capacitance: The capacitance increasesdrom C, to C.
C=2x C

(iii) Charge: The charge on the capacitor plates increases from Q, to Q.
Q =LV = KC()VO = KQO

(iv) Electric field: As the potential difference remains unchanged, so the electric field E, between the
capacitor\plates remains unchanged.
V,
E=X=—O=Eo
d d
(v) Energy stored: The energy stored in the capacitor increases « times.

u:%cv2 :%(Kco)vg =K%cov§ =k U,

Subjective Assignment —V

Q1 A parallel—plate capacitor having plate area 100 cm? and separation 1.0 mm holds a charge of 0.12
uC when connected to a 120 V battery. Find the dielectric constant of the materials filling the gap.

Q.2 A parallel-plate capacitor consists of 26 metal strips, each of 3 cm x 4 cm, separated by mica sheets
of dielectric constant 6 and uniform thickness 0.2 mm. Find the capacitance.
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Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

A parallel-plate capacitor of capacity 0.5 uF is to be constructed using paper sheets of thickness
0.04 mm as dielectric. Find how many circular metal foils of diameter 0.1 m will have to be used.
Take the dielectric constant of paper used as 4.

The two plates of a parallel plate capacitor are 4 mm apart. A slab of dielectric constant 3 and
thickness 3 mm is introduced between the plates with its faces parallel to them. The distance
between the plates is so adjusted that the capacitance of the capacitor becomes 2/3 rd of its original
value. What is the new distance between the plates?

A parallel plate capacitor with plate separation 5 mm is charged by a battery. It is found that on
introducing a mica sheet 2 mm thick, while keeping the battery connections intact, the capacitor
draws 25% more energy from the battery than before. Find the dielectric constant of mica.

In a parallel plate capacitor, the capacitance increases from 4 uF to 80 pF, on introducing a
dielectric medium between the plates. What is the dielectric constant/of the medium?

A parallel plate capacitor with air between the plates has a capacitance of 8 pF. The separation
between the plates is now reduced by half and the space between them'is filed with' a medium of
dielectric constant 5. Calculate the value of capacitance of the capacitor in‘the,second case.
An ebonite plate (x = 3), 6 mm thick, is introducedsbetween the parallel plates of a capacitor of
plate area 2 x 102 m? and plate separation 0.01 m. Find the capacitance.
Two parallel plate capacitors, X and Y, have the samerarea of plates and same separation between
them. X has air between the plates while Y ¢ontains a dielectric medium of g, = 4.
Q) Calculate capacitance of each capacitor, if equivalent . v

capacitance of the combination is 4 uF. l I
(i)  Calculate potential difference between the plates of X and __1 }_—
Y

+ -

(iii))  What is the ratio of €lectrostatic energy-stored in X and Y? “-———1’2 v

An electric field Eq 5.3 x 10° Mm ™ is established between the plates, 0.05 m apart, of a parallel
plate capacitor. After removing the charging battery, an uncharged metal plate of thickness t = 0.01
m is inserted etween the capacitor plates. Find the p.d. across the capacitor (i) before, (ii) after the
introduction of the“plate. (iii) What would be the p.d. if a dielectric slab (k = 2) were introduced in
place of metal plate?

The area of parallel plateS of an air-filled capacitor is 0.20 m? and the distance between them is
0.01m. The p.d. across the plates is 3000V. When a 0.01 m thick dielectric sheet is placed between
the plates, the p.d. decreases to 1000 V. Determine (i) capacitance of the capacitor before placing
the sheet
(ii) charge on each plate (iii) dielectric constant of the material (iv) capacitance of the capacitor
after placing the dielectric (b) permittivity of the dielectric. Given g, = 8.85 x 10 Fm™.

The capacitance of a parallel plate capacitor is 50 pF and the distance between the plates is 4 mm. It
is charged to 200 V and then the charging battery is removed. Now a dielectric slab (kx = 4) of
thickness

2 mm is placed. Determine (i) final charge on each plate (ii) final potential difference between the
plates (iii) final energy in the capacitor and (iv) energy loss.
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Q.13 A parallel plate capacitor is formed by two plates, each of area 100 cm?, separated by a distance of
1 mm. A dielectric of dielectric constant 5 and dielectric strength 1.9 x 10" Vm™ is filled between
the plates. Find the maximum charge that can be stored on the capacitor without causing any
dielectric breakdown.

ANSwWers
1

: 11.3 2. 7.97x10°F 3. 73 4, 8 mm
5. 2 6. 20 7. 80 uF 8. 29.5 pF
0. (i) 5 uF, 20 puF, (i) 9.6 V, 2.4 V, (iii) 4 : 1 10. (i) 1500 V, (ii) 12001V, (iii) 1350 V
11. (i) 1.77 x 10" F, (ii) 5.31 x 10" C, (iii) 3, (iv) 5.31 x 10 ° F, (v) 2.65 x 10 "“Fm*
12. (i) same, (ii) 125 V, (iii) 6.25 x 10 J, (iv) 3.75 x 10" J 13. 84x10°C

Discharging Action of Sharp Points: Corona Discharge

When a spherical conductor of radius r carries a charge q, its surface charge densitysis

oo8_ 0
A 4nr?

Electric field on the surface is

=29
€ 4mnr

The pointed end of a conductor is highly curved and its radiusief curvature r very small. If the conductor is
given a charge ¢, then the charge density o at the pointed end will be very high. Consequently, the electric
field near the pointed end will be very high which“may cause the ionization or electrical breakdown of the
surrounding air.

This process by which the charge at,the pointed 'end of a conductor gets discharged is called corona
discharge.

Collecting Action of a Hollow Conductor

Consider a small sphere afiradius r placed inside a large spherical shell of radius R. Let the spheres carry
charges q and Q, respectively. Total potential on the outer sphere,

VR = Potential'due to its own charge @+ potential due to the charge g on the inner sphere =i[g+%}

q

Potential.on the inner sphere due to its own charge is V, = -
ne,

As the potential at‘every point inside a charged sphere is the same as that on its surface, so potential on the
inner sphere due to charge Q on outer sphere is

1 Q Insulating

. suspension
4ne, R

) =

Total potential on inner sphere V, = ! Pjug}
dne, LY R
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Hence the potential difference is V, -V = q F—i}

4ney L1 R
So if q is positive, the potential of the inner sphere will always be higher than that of the outer sphere. Now if
the two spheres are connected by a conducting wire, the charge g will flow entirely to the outer sphere,
irrespective of the charge Q already present on the outer sphere. In fact this is true for conductors of any
shape.

Van de Graff Generator

The Van de Graff generator is a device, that produces intense electric field (building up high voltage of a few
million volt.)

Principle: Its working is based on following two electrostatic phenomena:

Q) Discharging action of sharp points (corona discharge) i.e., electric.discharge takes place in air or
gases readily at the pointed ends of conductors.
(i) If a charge conductor is brought into internal contact with a hollow ¢enductor, all of its charge

transfers to the hollow conductor, howsoever high the potential of the latterimay bex
Construction:

A large spherical conducting shell (of few metres radius) is supported
at a height several metres above the ground on an insulating.column. Bt
A long narrow belt of insulating material, like rubber or silk, is
wound around two pulleys, P, at ground level and P, at the,centre of
the shell.

Metal
shell, S

+
This belt is kept continuously moving by an electric motor attached ki

to the lower pulley P;. Near the bottom and the topief its run/the <l : o

belt passes close to two sharply peinted brass combs Bggand B,, + | Insulating belt to carry
pointing towards the belt. The comb B, called spray comb is given I I 1] e
a positive potential of 10 kV with respect,to the earth by means of a i nsulating pillar
battery; while comb B,, called"collecting‘comb, iss€onnected to the + [ Discfiergeibe
spherical shell S. b

Working Spray : (Pl\ ot
Due to the high electric field at the pointed ends of comb Bj, the air @)

of the neighbaurhood gets ionized and.its positive charge repelled or

sprayed passes close to comb B,, it'induces a negative charge at the
pointed’ends of comb B, and a positive charge on the shell S. the
positive charge spreads uniformly on the pointed ends of comb B,
ionizes air therémand repels negative charges on to belt which
neutralize its positive‘charge. This process continues. As more and
more positive charge is given to shell, its potential continues to rise.
This way, a high potential of 6 to 8 million volts can be built upon
sphere

A discharge tube is placed with its upper end inside the hollow sphere and lower end earthed. The ion source
is placed at the upper end of the tube. The high potential on the sphere repels the charged particles downward
with large acceleration, where t hey hit the target atoms to bring about the nuclear disintegration.

Use:
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The high potential difference set up in a Van de Graaff generator is used to accelerate charged particles like
protons, deutrons, o—particles, etc. to high energies of about 10 MeV, needed for experiments to probe the
small scale structure of matter.

Q.1

Q.2

Q.3

Q.4

Q5

Q.6

Q.7

Board Oriented Questions

The graph shows the variation of voltage V across the plates of two capacitors A and b versus
increase of charge Q stored on them. Which of capacitors has higher capacitance? Give reason for
your answer. v .

The given graph shows the variation of charge g versus potential difference V for two capacitors C;
and C,. The two capacitors have same plate separation but the plate area of Cy,is double than that of
C;. Which of the lines in the graph corresponding to C, anthC, and why?

q
A

B

Vv
As shown in figure, a dielectric matefial of dielectric constant x is inserted in half portion between
the plates of a parallel-plate capacitor. Ifiitsiinitial capacitance is C, what is the new capacitance?

Find the capacitancé of there parallél plates{ each of area A metre? and separated by d; and d, metre.
The in—between spaces are filled with dielectrics of relative permittivity &; and ;. The permittivity

of free space is g. |

Figure shows two capacitars’joined in series, the rigid central sect ion of T

a b

length b\ being movables Prove that the equivalent capacitance of the
combination is independent on the position of the central section. l

s 3

!

A parallel“plate capacitor, when there is vacuum between the plates, has capacitance C,. What will
be its capacitance, when

(1) distance between the plates is doubled,

(i) a sheet of thickness t of a dielectric of relative permittivity « is introduced between the plates
assume t = d.

Two metal plates 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?

S.C.O. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302

Page No: 87



Electrostatics and Capacitor

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17
Q.18

Q.19

Q.20

Q.21
Q.22

A parallel plate capacitor with air as dielectric is charged by a d.c. source to a potential ‘V’. Without
disconnecting the capacitor from the source, air is replaced by another dielectric medium of
dielectric constant 10. State with reason, how does (i) electric field between the plates, and (ii)
energy stored in the capacitor charges.

A parallel plate capacitor is charged to a potential difference “V’ by a d.c. source. The capacitor is
then disconnected from the source. If the distance between the plates is doubled, state with reason
how the following will change:

(i) electric field between the plates, (ii) capacitance and (iii) energy stored in the capacitor.
Capacitors P, Q and R are of same capacity C. A battery can charge the capacitor P to a potential
difference V. If after charging P, the battery is disconnected from it and the\charged capacitor P is
connected in following separate instances to Q and R:

(i) to Q in parallel and (ii) to R is series, then what will be the potential differences between the
plates of P in the two instances?

The plates of a parallel plate capacitor are drawn apart keeping them connected to a battery. Next the
same plates are drawn apart from the same initial condition keeping the“battery disconnected. In
which case is more done? Give reason.

An uncharged capacitor is connected to a battery. Show that half.the energy supplied by the battery
is lost as heat while charging the capacitor.

A capacitor is connected across a battery. (1) Why does each plate receive a charge of exactly the

same magnitude? (ii) is this true even if the plates areyof differentssizes? i
Two identical capacitors C; and C, are connected to a battery B, as shown in '
figure. A dielectric slab is slipped between the plates of C,, the battery _,I T
remaining connected. What, happens to the scharges the capacitance, the —[:C2

potential difference and stored energy of each capacitor?

Explain the underlying principle of workingof a parallel plate capacitor. If two similar plates, each
of area A having surface,charge densities# o and —c are separated by a distance d in air, write
expressions for:«(i) The electric field between the two plates (ii) The potential difference between the
plates

(iii) The capacitance of the capacitor so formed.

During lighting, you are safer inside a house than under a tree. Why?
The safest way to protect yourself from lightning is to be inside a car. Comment.
Two spheres of radii R and 2R are charged, so that both of these have same surface charge density o.

The,spheres are located away from each other and are connected by a thin conducting wire. Find the
new charge,density on the two spheres.

Two conductors identical in shape and size, but one of copper and the other of aluminium (which is
less conducting) are both placed in an identical electric field. In which metal, more charge will be
induced.

Sketch a graph to show how charge Q given to a capacitor of capacity C varies with the potential
difference V.

Is it possible for a metal sphere of 1 cm radius to hold a charge of 1C?
Is there any conductor which can be given almost unlimited charge?
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Q.23

Q.24
Q.25
Q.26
Q.27

Q.28

Q.29

Q.30
Q.31
Q.32

Q.33

Q.34

Q.35

Q.36
Q.37
Q.38

Q.39

Q.40

Two spheres of silver of same radii, one solid and the other hollow are charged to the same potential,
which one has greater charge?

Can you place a parallel plate capacitor of one farad capacity in your house?
If the plates of a charged capacitor be suddenly connected to each other by a wire, what will happen?
Why does the electric conductivity of earth’s atmosphere increase with altitude?

A spherical shell of radius b with charge Q is expanded to radius a. Find the work done by the
electrical forces in the process?

When a battery is connected across a capacitor, are the charges on the plates always equal and
opposite, even for plates of different sizes?

Why is a space ship entering the ionosphere not sufficiently heated, though temperature at the top of
ionosphere is nearly 700 K?

Can we give as much charge to a capacitor as we wish?
By what factor does the capacity of a metal sphere increase if its volume is tripled?

A metal foil of negligible thickness is introduced between two plates of‘@aicapacitor at the centre.
What will be the new capacitance of the capacitor?

An uncharged insulated conductor A is brought near/a charged insulated conductor B. What happens
to charge and potential of B?

A parallel plate capacitor with air betweensthe,plates has a capacitance of 8 pF. The separation
between the plates is now reduced by half and theyspace betweensthem is filled with a medium of
dielectric constant 5. Calculate the new‘value of capacitance.

Derive an expression for energy stored in a parallel plate capacitor of capacitance C with air as
medium between the plates having charges Q,and — Q/ Show that this energy can be expressed in

terms of electric field as %eo E? Ad, where Ad, Where A is area of each plate and d is the separation

between the plates. How will thexenergy stored in a fully charged capacitor change capacitor change
when the separation between the plates4s doubled and the dielectric medium of constant 4 is
introduced between, the plates?

Explain what is meantiby dielectric constant.
Derivean expression for the capacitance of a spherical capacitor.
Explain the underlying principle of working of a parallel plate capacitor. If two similar plates, each

of area A having surface ‘charge densities + ¢ and — o are separated by a distance d in air, write
expressions for

(1) the electric field at points between the two plates
(i) the potential difference between the plates.
(ili)  the capacitance of the capacitor so formed.

Three capacitors of capacitances C;, C, and C; are connected (i) in series, (ii) in parallel. Show that
the energy stored in the series combination is the same as that in parallel combination.

Explain what is meant by dielectric polarization. Hence establish the relation K =1 + y
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Q.41 Deduce the effect of introducing (i) a conducting slab (ii) a dielectric slab in between the plates of a
parallel plate condenser on the capacitance of the condenser.

Q.42  Explain the principle on which Van—de—Graaff generator operates. Draw a labelled schematic sketch
and write briefly it’s working.

NCERT Questions

Q.1  Two charges 5 x 10®C and —3 x 10°°C are located 16 cm apart. At what point on the line joining the
two charges is the electric potential zero? Take the potential at infinity to be zero.

Q.2  Arregular hexagon of side 10 cm has a charge of 5 uC at each of its vertices/Calculate the potential
at the centre of the hexagon.

Q.3  Two charges + 2uC and —2 uC are placed at point A and B, 6 cm apart. (i) Identify an equipotential
surface of the system. (ii) What is the direction of the electric field at every point on the surface.

Q.4 A spherical conductor of radius 12 cm has a charge of 1.6 x 10" € distributed uniformly on its
surface. What is the electric field
(a) inside the sphere, (b) just outside the sphere, (c) at a point 18 cm from the'centre of the sphere?

Q.5 A parallel plate capacitor with air between the platgs has a capacitance of 8 pF. What will be the
capacitance if the distance between the plates be reduced byshalfythe space between them is filled
with a substance of dielectric constant, k = 67

Q.6 Three capacitors each of capacitance 9 pF are connected in series. (a) What is the total capacitance of
the combination? (b) What is the potential difference‘across each capacitor when the combination is
connected to a 120 V supply?

Q.7  Three capacitors of capacitances 2 pF, 3pF and 4 pF are connected in parallel. (a) What is the total
capacitance of the combination? (b) Determinesthe charge on each capacitor if the combination is
connected to a 100 V supply.

Q.8 In a parallel plate capacitor with\air between {the plates, each plate has an area of 6 x 10> m? and the
distance between the plates is 3'mm. Calculate the capacitance of the capacitor. If the capacitor is
connected to a 100 V supply, what is thescharge on each plate of the capacitor?

Q9 Explain what would, happen if in the capacitor given in question 8, a 3 mm thick mica sheet
(of dielectric constant =,6) were inserted between the plates, (i) while the voltage supply remains
connected (ii) after the supply was disconnected.

Q.10 A 12 pF capacitor is connected to a 50 V battery. How much electrostatic energy is stored in
capacitor?

Q.12 Ay600 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?

Q.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).

Q.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.

Q.14  Two tiny spheres carrying charges 1.5 uC and 2.5 uC are located 30 cm apart. Find the potential (a)
at the mid—point of the line joining the two charges, and (b) at a point 10 cm from this mid—point in a
plane normal t o the line and passing through the mid—point.

Q.15 A spherical conducting shell of inner radius r; and outer radius r, has a charge Q
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

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

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

@) Show that the normal component of electrostatic field has a discontinuity from one side of a

charged surface to another given by (E,—E,).A=—
€9

where i is a unit vector normal to the surface at a point and o is the surface charge density at
the point. (The direction of fi is from side 1 to side 2)
Hence show that just outside a conductor, the electric field is ofi/€,
(b) Show that the tangential component of electric field is continuous from one,side of a charged
surface to another.
A long charged cylinder of linear charged density A is surrounded by a hollow co—axial conducting
cylinder. What is the field in the space between the two cylinders?
In a hydrogen atom, the electron and proton are bound.ata distance of about 0.53A.

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

(i) 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.()?

(iii)  What are the answers to (i) and\(ii) above if the zero of potential energy is taken at 1.06 A
separation?
If one of the two electrons of.a H, molecule'is removed, we get a hydrogen molecular ion H3 ions,

the two protons are separated by roughly 1,5 A, and the electron is roughly 1A from each proton.
Determine the potential energy of the systemi\Specify your choice of the zero of potential energy.

Two charged conducting spheres-ofiradii a@nd b are connected to each other by a wire. What is the
ratio of electricffields 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 that on its flatter portions.

Two charges —q and +q are located at points (0, 0, —a) and (0, 0, a) respectively.

(M What is the electrostatiC potential at the points (0, 0, z) and (X, y, 0)?

(i) Obtain the dependence of potential on the distance r of a point from the origin when r/a > > a

(iii) 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?

Figure, shows a charge array known as an electric quadrupole. For a point on the axis of the

guadrupole, obtain the dependence of potential on r for r > > a. Contrast your result with that due to
an electric dipole and an electric monopole (i.e. a single charge).

e —dp—a—of
+q =4 =4 +q

_IL'-U ®
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

An electrical technician requires a capacitance of 2 uF 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 a minimum number
of capacitors.

What is the area of the plates of a 2F parallel plate capacitor? Given that the separation between the
plates is 0.5 cm.

Obtain the equivalent capacitance of the network shown irg figure. For a 300 V supply, determine the
charge and voltage across each capacitor. m

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.

Q) How much energy is stored by the capacitor.

(i) View this energy stored in the electrostatic field betweemthe plates and obtain the energy per
unit volume u. Hence arrive at a relation between“u and the magnitude of electric field E
between the plates.

A 4 uF capacitor is charged by a 200"V supply. Itis thenidiSconnected from the supply and is

connected to another uncharged 2 wF capacitor. How much electrostatic energy of the first capacitor

is lost ion the form of heat and electromagnetic radiation?

. . 1
Show that the force on each'plate of a parallel plate’capacitor has a magnitude equal to EqE, where
g is the charge on the capacitor,yand E is the magnitude of electric field between the plates. Explain

the origin of the factor %

A spherical capacitoreonsists of two/Concentric spherical conductors, held
in position by suitable, insulating supports (figure). Show that the
capaeitance of a spherical‘capacitor is given by

B 4ne, 1,
n—r

C

where'rgpandr, are the radii of outer and inner spheres, respectively.

A spherical“capacitor has an inner sphere of radius 12 cm and an outer sphere of radius 13 cm. The
outer sphere is earthed and the inner sphere is given a charge of 2.5 uC. The space between the co-
centric spheres is filled with a liquid of dielectric constant 32. (a) Determine the capacitance of the
capacitor. (b) What is the potential of the inner sphere? (c) Compare the capacitance of this capacitor
with that of an isolated sphere of radius 12 cm. Explain why the latter is much smaller.
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Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Answers carefully:
Q) Two large conducting spheres carrying charges Q; and Q. are brought close to each other. Is

Q,Q,

the magnitude of electrostatic force between them exactly given by 2 >-» where r is the
gyl

distance between their centres?

(i) If Coulomb’s law involved 1/r* dependence (instead of 1/r?), would Gauss’ law be still true?

(iii)  Asmall test charge is released at rest at a point in an electrostatic field configuration. Will it
travel along the line of force passing through the point?

(iv) 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?

(V) We know that electric field is discontinuous across the“surface of a charged\conductor. Is
electric potential also discontinuous there?

(vi) What meaning would you give to the capacity of asingle conductor?

(vii)  Guess a possible reason why water has a mach greater dielectric constant (= 80) than say,
mica (= 6).

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 uC. Determine the

capacitance of the system and the potential of the inner.cylinder. Neglect end effects (i.e., bending of
field lines at the ends).

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 *sForsSafety, we would like the field never to exceed
say 10% of dielectric strength. What minimum area of plates is required to have a capacitance of
50 pF?

Describe schematicallythe equipotential surfaces corresponding to

(i) a constant electric fieldin the Z—direction.

(ii) a field that uniformly increases in magnitude but remains in a constant (say, Z) directions.

(iii) asingle positive charge,at the origin.

(iv) a uniform grid consisting of long equally spaced parallel charged wires in a plane

In a Van'de Graaff type generator, a spherical metal shell is to be a 1.5 x 10° V electrode. The
diélectric strength of the gas surrounding the electrode is 5 x 10" Vm . What is the minimum radius
of the spherical shell required?

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

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 field that decreases with altitude. Near the surface of the earth,
the field is about 100 Vm™. Why do then 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).
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(i) A man fixes outside his house one evening a two metre high insulating slab carrying on its
top a large aluminium sheet of area 1 m?. Will he get an electric shock if he touches the
metal sheet next morning?

(iii)  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?

(iv)  What are the forms of energy into which the electric energy of the atmosphere is dissipated
during a lighting?

ANSwWers

1. 10 cm, 40 cm 2. 24 %.10° vV

4. () 0, (b) 10° NC ™, (c) 4.44 x 10* NC™* 5. 96 pF

6. (@) 3pF, (b) 40V

7. (@) 9pF, (b)2x10°C,3x10%°C,4x10"°C 8. 18 pF, 1.8 x 10°C

9. (i) 100 V, 108 pF, 1.08 x 10°® C, (ii) 108 pF, 16.6 V,/1.08 x 10° C

10.  15x10°%J 11. 6x10%) 12. 1.2

13. V:4—q, E=0 14. 24x10°W,2x10°V

\/§n80b
15. (@) oin = _—qz csoutzQ—Hl, (b) zefo 17. S
4, 4nr, 2meyr

18.  (i)~-27.2eV, (ii) 13.6 eVf(iii)—13.6eV, 136V 19. —19.2eV
. 1 P .. p ..

20. b/a 21. NV,=———— v=0(ii)V= —, (iii) W=0
MY, 4re, (z°—a?%) (i) 4re, 13 (i)

22. vquada%, Viisble aiz 23. w8 x6=18 24, 1130 km?

r r
25. V. =100V, V,=200V;V,=V;=50v 26.  (i)2.55x10°J, (ii) 0.113Jm®

27. 2674107

30. (a)5.5x10°F, (b)4.5x10°V, (c)1.3x 10" F

31. (i) No, (if)\No, (iii) Not necessarily, (iv) Zero, (v) No, (vi) A single conductor is a capacitor with one
plate at infinity. It also possesses capacitance, (vii) Because of its bent shape and the presence of two
highly“palar.O — H bonds, a water molecule possesses a large permanent dipole moment about
0.6 x 10%° Cm. Hence water has a large dielectric constant.

32, 12x10"F,29x10*'V 33.  19cm’ 35.  30cm

37. (ii) Yes, (iv) electrical energy is lost as (a) light energy involved in lightning (b) heat and sound
energy in the accompanying thunder.

Objective Assignment — |

Q.1  The ratio of charge to potential of a body is known as
(a) capacitance (b) inductance (c) conductance (d) resistance
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Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

If P.D. across a capacitor is changed from 15V to 30 V, work done is W. What will be the work done
when P.D. is changed from 30V to 60V?

(@ W (b) 4 W (c) 3W (d2w

Capacity of a parallel plate condenser is 10 uF when the distance between its plates is 8 cm. If the
distance between the plates is reduced to 4 cm, its capacity will be

(@) 10 uF (b) 20 uF (c) 15 uF (d) 40 uF

The equivalent capacity of two capacitors in series is 3uF and in parallel is 16uF. Their individual
capacities are

(@) 12,4 (b) 8,8 (c) 10, 16 (d)a2, 2

In the given network capacitance, C, = 10uF, C; = 5uF and C; = 4puF.

What is the resultant capacitance between A and B? A% == o=
(a) 2.2uF (b) 1.2 pF G
() 3.2 uF (d) 4.7 uF po— T

Four capacitors are connected in a circuit as shown in figure: 2 F 12 4F

The effective capacitance in between P and Q will bé — }—I—-l
() 10 uF (b) 5wk Be—1 2= [ %
(c) 2 uF (@).7.5 puF —
Equivalent capacitance of the given combination of five capacitors is 4 uF
(a) 4 HF (b) 10 “F ” 8 uF 4 uF
(c) 8 uF (d) 120/uF — A
4 uF
|1
For circuit the equivalent capacitance betweep P and Q is 4';5
(@6cC (b) 4 C (c) 3C/4 (d) 6C/11
A A
C C c C C C

In the“eircuit shown in the figure, the potential difference across 4.5uF capacitor is _
uF
(a) 8/3 valt 4.5 uF
— ]

(b) 4 volt

6 uF
(c) 6.volt
(d) 8 volt
The capacity of a condenser is 4 x 10°° farad and its potential is 100 volts. The energy released on
discharging it fully will be
() 0.041J (b) 0.02J (c)0.025J (d) 0.05J

A 4uF capacitor is charged to 400 V. If its plates are joined through a resistance, then heat produced
in the resistance is

(@) 0.16 J (b) 0.64J (c) 0.32] (d) 1.28 J

N
‘I
12 volt
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Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

If the potential of a capacitor having capacity 8 uF is increased from 10 V to 20V, then increase in
its energy will be

(@) 4x10*) (b) 12 x 107 (c)4x107°] (d) 12 x 103

A capacitor of 20 uF is charged up to 500 V is connected in parallel with another capacitor of 10 uF
which is charged upto 200 V. The common potential is

(a) 500 V (b) 300 V (c) 400 V (d) 200 V

Two insulated metallic spheres of 3 uF and 5 uF capacitances are charged to 300 V and 500 V
respectively. The energy loss, when they are connected by a wire, is

(a) 0.012 ] (b) 0.0375 J (c) 0.0218 ] @375

When a dielectric material is introduced between the plates of a charged condenser, then electric
field between the plates

(a) decreases (b) remains constant  (c) increases (d) first (c) then (a)

If the distance between the plates of parallel plate capacitor is halved and‘the,dieléctric constant is
doubled, then its capacity will

(a) increase by 16 times (b) increase by 4 times (c) increase by2;times (d) remain the same

A parallel plate condenser with oil between“the plates (dielectric constant of oil k = 2) has a
capacitance C. If the oil is removed, then capacitanee of the capacitor becomes

C
a) v2C b) — c)2C d) C/2
(a) (b) N (©) (d)
A copper plate of thickness b,is placed inside aparallel’plate capacitor of plate distance d and are A
as shown in figure. The capacitance of capacitoris — —
Acg, Ae
a) —2 by —2%
(a) 5 (b) b
Ag,
c d
© (d) o .

If a dielectric plate of thiekness t is placed between the plates of a parallel plate capacitor of plate
distance\d, the capacitance becomes half of the original value. The dielectric constant of the plate
will be

2t 2t t t
@ e ®) S © Tt @ =

A parallel plate capacitor has capacitance C. If it is equally filled with parallel layers of materials of
dielectric constants k; and k, its capacity becomes C,. The ratio of C, to C is

(a) ki + k; (b) klkz (C) ﬂ (d) 2klkz

k, +k, K.k, k, +K,
Two dielectric of dielectric constants k; and k, are filled in the gap of

parallel plate capacitor as shown in figure. The capacitor has plate each of

area A and separation d. The capacitance of the capacitor is |

/////
////2 /

K
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(@) oA (K, +k,) (b) eoA [ Kk +k,
2d 2d \ k;k,

© oA kik, ) 2eoA [ kik,

d (k;+k, d (k;+k,

Q.22 Across each of two capacitors of capacitance 1 puF and 4 uF, a potential difference of 10 V is
applied. Then positive plate of one is connected to the negative plate of the other, and negative plate
of one is connected to the positive plate of the other. After contact,

(a) charge on each is zero (b) charge on each is same but hon-zero

(c) charge on each is different but non-zero (d) none of these

Q.23 A parallel plate capacitor of capacitance C is connected to a battery and is charged to a potential
difference V. Another capacitor of capacitance 2 C is similarly charged to a potentialdifference 2V.
The charging battery is then disconnected and the capacitors are connected in parallel to each other
in such a way that the positive terminal of one is connected to the negative terminal of the other. The
final energy of the configuration is

(a) zero (b) 3/2 CV? (c) 25/6 CV? (d) 9/2 cV?

Q.24  Top of the stratosphere has an electric field E (in.units.ef,\//m) nearly equal to
(@0 (b) 10 (c) 100 (d) 1000

Q.25 The surface charge density (in C/2) of the earth is about
(a) 10°° (b) — 10° (c) 10° (d)-10°
1. a 2. b 3. b 4, a
5. C 6! b 7. a 8. c
9. d 10 b 11. c 12 b
13. c 14, b 15. a 16. b
17. d 18. c 19. c 20. d
21. a 22. c 23. b 24, c
25. d

Objective Assignment — 11

Q.1 « 8 drops of Hg are combined to form a bigger single drop. The capacitance of a single small drop and
that of the single big drop will be in the ratio of

@1:2 (b)1:8 (c)8:1 (d) none of these
Q.2 Three capacitors of capacitances 1 uF, 2 uF and 3 pF are connected in series and a p.d. of 11 V is
applied across the combination. Then, the p.d., across the plates of 1 uF capacitor is

@2V (b)4Vv 1V de6Vv
Q.3 The equivalent capacitance is
(@) 15 uF (b) 20 uF (c) 25 pF (d) 30 uF
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Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

T 0

15 pF

Equivalent capacitance between A and B is
(@) 19 uF (b) 6 uF (c) 268 uF (d) 10/ 38 uF

4pF\/\l4pF

c il E
15 uF

s p

4 pF 4 uF

A parallel plate air capacitor is charged and then isolated. When a dielectric material is inserted
between the plates of the capacitor, then which of the following does not change?

(2) Electric field between the plates (b) Potential difference across the plates
(c) Charge on the plates (d) Energy stored in the capacitor

A parallel plate air capacitor has a capacitance €. When it is half filled with a dielectric of dielectric
constant 5, the percentage increase in the capacitance will be

(a) 400% (b) 66.6% (c) 38.3% (d) 200 %

Two capacitors of capacitance C are“connected in series. If one of them is filled with dielectric
substance k, what is the effective capacitance?

kC 2kC
@) m (b)C (k +1) (©) ik (d) none of these

A 10 micro farad capaeitor is‘charged to 500 V and then its plates are joined together through a
resistance of 10 ohm. The heat produeed in'the resistance is

(a) 500J (b) 250 J (c) 1257 (d)1.25J

If there are n capacitors in parallel connected to V volt source, then the energy stored is equal to

(a) CV () % nov? (c) CV2 (d) % cv?

A capacitar is charged by connecting a battery across its plates. It stores energy u. Now the battery is
disconnected and another identical capacitor is connected across it, then the energy stored by both
capacitors of the system will be

@u (b) u/2 (c)2u (d)3/2u
An air capacitor is charged with an amount of charge g and dipped into an oil tank. If the oil is
pumped out, the electric field between the plates will

(@) increase (b) decrease (c) remain the same (d) become zero

A parallel plate capacitor is charged. If the plates are pulled apart,

(a) the capacitance increases (b) the potential difference increases

(c) the total charge increases (d) charge and potential difference remains the same
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Answer Sheet

1. a 2. d 3. b 4, a 5. c
6. b 7. a 8. d 9. b 10. b
11. a 12. b

Objective Assignment — 111

Q.1  Three capacitors each of capacitance 4 uF are to be connected in such a way that the effective
capacitance is 6uF. This can be done by connecting

(@) all of them in series (b) all of them in parallel
(c) two in parallel and one in series (d) two in series and one inqparallel

Q.2 A network of four capacitors of capacitances equal to C; = C, C, = 2C, C; =3C and C4 = 4C are
connected to a battery as shown in the figure. The ratio of the charges/on C, and Cjlis

(@) 417 (b) 3/22 . ©a (d) 22/3

_.___.“____.__

Iy

-

1
1%

l

Q.3 Four capacitors of 25 uF each are connected as shown in figure«If the d.c. voltmeter reads 200 V,
charge on each plate of the capacitor is

(d)2x10°C (b)5x10°C (c)2x10°C (d)5x102%C

EEne

Q.4 A parallel plate“capacitor with oil between the plates (dielectric constant of oil, k = 2) has a
capacitance C. If thegilds removed, then capacitance of the capacitor becomes

C C
(@) ¥2C (b)2,C () — (d) =
A2 2
Q.5 A parallel plate air capacitor is charged to a potential difference of V volt. After disconnecting the

charging battery, the distance between the plates of the capacitor is increased using an insulating
handle."/Asia result, the potential difference between the plates

(2) decreases (b) increases (c) does not change (d) becomes zero

Q.6 A capacitor of capacitor C, is charged upto potential V and then connected in parallel to an
uncharged capacitor of capacitance C,. The final potential difference across each capacitor will be

C,V AY; C, C,
@) cic, (b) cic © {1+C—1Jv (d) (1—C—1jv

Q.7 Energy per unit volume for a capacitor having area A and separation d kept at potential difference V
is given by
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Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

v2 1 Vv? 5 Q?

= c CV d) =—

(a) 80 (b ) - ©) = (d) 2C
A capacitor is charged by connecting a battery across its plates. It stores energy u. Now the battery is

disconnected and another identical capacitor is connected across it. Then the energy stored by both
capacitors of the system will be

@u (b) u/2 (c) 3u/2 (d) uw/a
Two condensers, one of capacity C and the other of capacitor C/2 are connected to a V volt battery,
as shown. The work done in charging fully both the condensers is

2 2 _|-
(a) CV (b) CV = c ==
3 ~y2 2 T —l_
(c) ZCV (d)2cv
The mean free path of electrons in a metal is 4 x 10°® m. The electric field which/can give on an
average
2 eV energy to an electron in the metal will be in units of V/m
(a) 5 x 10" (b) 8 x 107 (c) 5x 10’ (d) 8 x 10’

The electric potential at a point (x, y,Z) is given by®V = —x®y"xz*+4. The electric field E at that
point is

() E=i2xy+j(x?+y?)+k (3xz—y?) (b) E=iz® +jxyz+kz?

(c) E=i(2xy—2z%)+jxy? #k3z%x @ E=i(2xy+2%)+]jx? + k3xz?

Three concentric spherical shells have radii @, b and ¢ (a < b < ¢) and have surface charge densities
o, —c and o respectively. If V4, Vg and V¢ denote potentials of three shells, then for c =a + b, we
have

(@) Vc=Vg#Va (b) Ve # Ve #Va () Vc=Vg=Va (d)Vc=Va# Vs

Three capacitors eachrof capacitance C and of breakdown voltage V are joined in series. The
capacitance and breakdown, voltage of the combination will be

(@) 3C, VI3 (b) C/3, 3V (c) 3C, 3V (d) C/3, VI3

When a capacitor is connetted to a battery,

(2) a current flows in the circuit for some time, then decreases to zero.
(b)'nareurrent flows in the circuit at all

(c) an alternating current flows in the circuit (d) none of the above

What is the area of the plates of a 3F parallel plate capacitor, if the separation b/w the plates is 5mm?
(a) 1.694 x 10° m? (b) 4.529 x 10° m? (c) 9.281 x 10° m? (D) 12.281 x 10°
m2

Five capacitors, each of capacitance value C are connected as shown 0 f\%

in the figure. The ratio of capacitance between P and R; and the

capacitance between P and Q is "_{ }_7*
@3:1 (b)5:2

()2:3 (h1:1
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Q.17  Given a number of capacitors labeled as 8 uF — 250 V. Find the minimum number of capacitors
needed to get an arrangement equivalent to 16 uF -1, 000 V.
(a4 (b) 16 (c) 32 (d) 64

Q.18 A 40F capacitor in a defibrillator is charged to 3000 V. The energy stored in the capacitor is sent
through the patient during a pulse of duration 2 ms. The power delivered to the patient is

(a) 45 kw (b) 90 kW (c) 180 kw (d) 360 kW
1. d 2. b 3. b 4. d 5. b
6. b 7. a 8. b 0. c 10. c
11. d 12. d 13. b 14. a 15 a
16. c 17. c 18. b

Objective Assignment — IV

Q.1 A parallel plate capacitor has an electric field of 10° V/m between the platesalfsthe charge on the
capacitor plate is 1 uC, the force on each capacitor plate is:
(@ 05N (b) 0.05N (c) 0.005 N (d) None of these
Q.2 If 10 electrons are acquired by a body every!second, the time required by the body to get a total
charge of 1 C would be
(a) two hours (b) two days (c) twie years (d) twenty years o
Q.3 A square surface of side L meters in the plane of the paper is placed in a
uniform electric field E (volt/m) acting along the same plane at an angle 6 Ae/'
with the horizontal side of the square as shown infiglre. The electric flux
linked to the surface, in units of volt. m, is
(a) EL? (b) EL% cos 6 (c) EL?sin 0 (d) zero
Q.4 A parallel plate gondenser with a dielectric of constant K between the plates has a capacity C and is

charged to a“potential V. volt. The dielectric slab is slowly removed from the plates and then
reinserted. The net work done by the system in the process is:

CVZ(K-1)
K

(a) zéf0 ®) %(K pev? () (d) (K—1) CV2

Q.5 « Consider a neutral conducting sphere. A positive point charge is placed outside the sphere. The net
charge on the sphere is then

(a) negative and distributed uniformly over the surface of the sphere
(b) negative and appears only at the point on the surface closest to the point charge
(c) negative and distributed non—uniformly over the entire surface of the sphere (d) zero

Q.6 Positive and negative point charges of equal magnitude are kept at (0,0,%) and (0, 0, %aj

respectively. The work done by the electric field when another positive point charge is moved from
(-a,0,0)to (0, a,0) is
(a) positive (b) negative (c) zero
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Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

(d) depends on the path connecting the initial and final positions

An electron of mass Mg initially at rest, moves through a certain distance in a uniform electric field
in time t;. A proton of mass M, also initially at rest take time t, to move through an equal distance in

this uniform electric field. Neglecting the effect of gravity, the ratio i—z is nearly equal to:
1

MP Me
(a) 1 (b) /M— ©) v (d) 1836

Three point charges + @, — 2 q and + g are placed at points (x=0,y=a,z=0); (x=0,y=0,z=0)
and (x = a, y = 0, z = 0) respectively. The magnitude and direction of the electric dipole moment
vector of this charge assembly are:

@) \/fq a along the line joining points (x=0,y=0,z=0) and (x=a,y =a,z=0)
(b) g a along the line joining points (x=0,y=0,z=0)and (x=a,y = a,2=0)
(c) V2q aalong + x direction (d) /2q1a along + y direction

A hollow cylinder has a charge q coulomb within“it. If ¢ is electric flux in units of voltmeter
associated with the curved surface B, the flux linked with thesplane,surface A in units of volt-meter
will be

(@) zi OF: © [eio—ch (d) %(ei—ch A ? A

Charges + g and — g are placed at points ‘A and B respectively, which are distance 2L apart. C is the
mid—point of A and B (figure). The work done in.moving a charge + Q along the semicircle CRD is

qQ qQ
@ 2ne, L ®) bre, L

-qQ qQ
© bre, L @ dne, L

The potential at a point,distant x (measured in um) due to some charges situated on the x—axis is

givenby V(x)= 2204 V/olt. The electric field at x =5 p m is given by
X —

5 . L 10 . s
(@) gvolt/um and in + x direction (b) Evolt/pm and in neg. x direction

10 ) N 10 . o
(©) Evolt/pm and in + x direction (d) Evolt/pm and in neg. x direction
A thin conducting ring of radius R is given a charge + Q (figure). _'///-J?\\
The electric field at the center O of the ring due to the charge on the ,/' f \
part AKB of the ring is E. The electric field at the centre due to the c\ S
charge on part ACDB of the ring is \ f /

\\ : /

(a) 3 E along KO (b) E along OK S~
(c) Ealong KO (d) 3 E along OK °
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Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

A battery is used to charge a parallel plate capacitor till the potential difference between the plates
becomes equal to the electromotive force of the battery. The ratio of the energy stored in the
capacitor and work done by the battery will be

1 2 1
@ 5 ®) 7 ©1 @ 5

An electric charge 107 uC is placed at the origin (0, 0) of XY Co-ordinate system. Two points A
and B are situated at (\/5 2 ) and (2, 0) respectively. The potential difference between the points

A and B will be
@45V (b)y9ovVv (c) zero (2V

A charge Q is placed at each of two opposite corners of a square. A charge g is placed at each of the
other two corners. If the net electric force on Q is zero, then Q/q equals

1
(-1 (b)1 (© N (d) -22
The electric potential at a point in free space due to a.charge Q coulomb is Q x 10 V. The electric
field at the point is
(a) 4 meo Q x 107 V/m (b) 12mEg Q x 10, V/m
(€) 4r €,Q x 10®° V/m (d) 12 me,Q x 102 V/m
Three capacitors each of capacitance € and of breakdown, voltage V are joined in series. The
capacitance and breakdown voltage ofithe combination'will be
(a) 3C, 3V (b) C/3, VI3 (c) 3C, V/3 (d) C/3, 3V
The electric potential at a point (x, y, z) is givenby V =& x’y — xz* + 4. The electric field at the point
is
(a) E=i (2xy—2%)+ ] xy?+k3zx (b) E=i (2xy+2°)+ | x?+k3xz?
(©) E=i2xy+ ] 0+ y3)+K (3xz=y?) (d) E=iz®+jxyz+kz?
A parallel plate“capacitor with air between the plates has a capacitance of 9 pF. The separation
between its plates IS @The space between the plates is now filled with two dielectrics. One of the
dielectrics has dielectrie censtant K; = 3 and thickness d/3, while the other has dielectric constant K,
= 6 and thickness 2d/3. Capacitance of the capacitor is now
(@) 1.8 pF (b) 45 pF (c) 40.5 pF (d) 20.25 pF
A thin spherical shell of radius R has charge Q spread uniformly over its surface. Which of the
following graphs (figure) most closely represents the electric field E(r) produced by the shell in the
range 0 <'r.< oo, where r is the distance from the centre of the shell?

E(n) E(r) E (1

Three concentric spherical shells have radii a, b and ¢ (a < b < ¢) and have surface charge density
o, — o + o respectively. If V5, Vg and V¢ denote the potentials of the three shells, then forc =a + b,
we have

(a) Ve=Vg=Va (b) Ve=Va#V;5 (C) Ve=Vg#Va (d) Ve#Ve#Va
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Q.22 Two positive ions, each carrying a charge g are separated by a distance d. If F is the force of
repulsion between the ions, the number of electrons missing from each ion will be (e being the
charge of an electron)

4 e, Fd? 4n e, Fd? 4 e, Fd? 4 g, Fd?
R (b) 1/—“ = © "% (d) 20— e(;z

Q.23 A series combination of n; capacitors, each of value C is charged by a source of potential difference
4V. When another parallel combination of n, capacitors each of value C, is charged by a source of
potential difference V, it has the same total energy stored in it as the first combination has. The value
of C, is terms of C; is then

(a) 2 (by1622c, (© 2c, o &%
n n, n n n n,

Q.24 Let there be a spherically symmetric charge distribution Avith\charge density varying as
p(X)=p, (%—%) uptor = R, and p (r) = 0 for r > R, where r is the distance from¢the origin. The

electric field at a distance r (r < R) from the origin is given by

Pl (5 r dp,r(5 r Pol [ 5 _F dmp,r (S r
@5 0 (?Ej (®) 30(4 R) ()30 (4 RJ @) 362 (3 Rj

Q.25 A thin semi—circular ring of radius r has a pesitive charge q distributed uniformly over it. The net
field E at the centre O is

2 q o J
a b) ————
@ - 475802J (b) 271280r2J ﬁ\
a_ a_; ‘ i
C) ——— d ———
© 27t280r2 J @ 4n280r2 : ©

Q.26 Two identical charged spheres are suspended by strings of equal lengths. The strings make an angle
of 30%with each other. When-suspended in a liquid of density 0.8 g cm™>, the angle remains the
same. If.density of the material of the sphere is 1.6g cm 2, the dielectric constant of the liquid is
(a)3 (b) 2 ©1 (d) 4

Q.27 Awuniformly charged thin spherical shell of radius R carries uniform surface charge density of o per
unit areamlt \is made of two hemispherical shells, held together by pressing them with force F

(figure). F 1s'proportional to
@ ~c'R? () L1c*R O () ——2 .
€ € g R R
Q.28 A tiny spherical oil drop carrying a net charge q is balanced in still air with a vertical uniform

electric field of strength 8%x105v m~'. When the field is switched off, the drop is observed to fall

with terminal velocity 2 x 10 ms™. Given, g = 9.8 ms 2, viscosity of the air = 1.8 x 10° Ns m2and
the density of oil = 9000 kg m™3, the magnitude of q is
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(a) 1.6x10*°C (b)32x10C (c)48x10"C (d)8.ox10%C

Q.29 Letp(r) = QRF4 be the charge density distribution for a solid sphere of radius R and total charge Q.
s
For a point P inside the sphere at a distance r; from the centre of the sphere, the magnitude of electric
field is
Q Qr? Qr’

a by —— c d) zero

()4TEGOF12 ()4TE€0R4 ()3ne0R4 @
1 b 2 d 3 d 4 a 5 d
6 c 7 b 8 a 9 d 10 c
11 c 12 b 13 a 14 c 15 d
16 a 17 d 18 b 19 c 20 a
21 b 22 c 23 d 24 a 25 b
26 b 27 a 28 d 29 Cc

Higher Order Assignment

Q.1  When 1.0 x 10* electrons are transferred from one conductor to another, a potential difference of
10V appears between the conductors. Calculatethe capacitance of the two—conductor system.

Q.2  The plates of a parallel — plate capacitor are made of circular dises of radii 5.0 cm each. If the
separation between the plates is 1.0 mm what is the capacitance?

Q.3 Suppose, one wishes to construct a 1«0 farad capacitor using circular discs. If the separation between
the discs be kept at 1.0 mm, what would be the radius of the discs?

Q.4 A parallel-plate capacitor having plate area 25 em?” and/Separation 1.00 mm is connected to a battery
of 6.0 V. Calculate the charge flown through the battery. How much work has been done by the
battery during the process?

Q.5 A parallel-plate capagitorhas plate.area 250 cm?® and a separation of 2.00 mm between the plates.
The capacitor is€€onnected to a battery,of 12.0 V. (a) Find the charge on the capacitor. (b) The plate
separation is decreased to/1.00 mm. Find the extra charge given by the battery to the positive plate.

Q.6 Find the charges on the three capacitors connected to a battery as shown in figure. Take C; = 2.0 pF,
C, =40 uF, C;=6.0 uFand V= 12 volts.

:V'J_c‘l‘c:
e

Q.7  Three capacitors having capacitances 20uF, 30uF and 40uF are connected in series with a 12V
battery. Find the charge on each of the capacitors. How much work has been done by the battery in
charging the capacitors?

"

47

Q.8 Find the charge appearing on each of the three capacitors shown in figure.
A, BuF
B C
12V'|: I4HF :I*MF

Q.9 Take C;=4.0 uF and C, = 6.0 uF in figure. Calculate the equivalent capacitance of the combination
between the points indicated.
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Cy Cy
)
C | G
Cq Cq i__)
) Cy Gy
e
C | G
" i
(a) (b)

Find the charge supplied by the battery in the arrangement shown in figure.

5.0 uF 6.0 uF

0V
—

The outer cylinders of two cylindrical capacitors of capacitance 2,2 pwF each, are kept in contact and
the inner cylinders are connected through a wire. A battery of emf 10V is connected as shown in
figure. Find the total charge supplied by the battery to the inner cylinders.

Two conducting spheres of radii R; and R, are kept widely separated from each other. What are their
individual capacitances? If the spheres are connected bysa metal*'wire, what will be the capacitance of
the combination?

Each of the capacitors shown,in figure has a‘capacitange of 2 uF. Find the equivalent capacitance of
the assembly between the points A and B. Suppose, a battery of emf 60 volts is connected between A
and B. Find the potential difference appearing on the individual capacitors.

i
I
i

It is reguired to construet a 10 pF capacitor which can be connected across a 200 V battery.
Capacitors of capacitance 20 uF are available but they can withstand only 50 V. Design a
combination which can yield the desired result.

Take the potential of the point B in figure to be zero. (a) Find the potentials at the points C and D. (b)
It:a capacitor is connected between C and D, what charge will appear on this capacitor?

D

3uF | 6pF
1F
50V

Find the equivalent capacitance of the system shown in figure between the points a and b.

1
STy T,
C1_L'E Cs J_:l‘Cz
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Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

A capacitor is made of a flat plate of area A and a second plate having a stair—like structure as shown
in figure. The width of each stair is a and the height is b. Find the capacitance of the assembly.

f

I
—_—3a—
A cylindrical capacitor is constructed using two coaxial cylinders of the same length 10 cm and of
radii Imm and 4mm. (a) Calculate the capacitance. (b) Another capacitor of the same length is
constructed with cylinders of radii 4mm and 8mm. Calculate the capacitance.

A 100 pF capacitor is charged to a potential difference of 24V. It is cehnected to an uncharged
capacitor of capacitance 20 pF. What will be the new potential differencesacross the 100 pF
capacitor?

Each capacitor shown in figure has a capacitance of 5.0 uF. The emfof the battery'is 50 V. How

much charge will flow through AB if the switch S is closed?
S

]

The particle P shown in figure has a mass of 10,mg and a charge jof — 0.01 uC. Each plate has a
surface area 100 cm? on one side. What potential differencésV/ shotild be applied to the combination
to hold the particle P in equilibrium?

0.04 uF F=P

<
il
1

0.04 pFT

Both the capacitors shown in figure are made of square plates of edge a. The separations between the
plates of the capaeitors are d; and\d, as shown in the figure. A potential difference V is applied
between the paints a and B. An electronsis projected between the plates of the upper capacitor along
the central line. With what minimum speed should the electron be projected so that it does not
collide with any plate? Consider only the electric forces.

b

The plates of a capacitor are 2.00 cm apart. An electron proton pair is released somewhere in the gap
between the plates and it is found that the proton reaches the negative plate at the same time as the
electron reaches the positive plate. At what distance from the negative plate was the pair released?
Convince yourself that parts (a), (b) and (c) of figure are identical. Find the capacitance between the
points A and B of the assembly.
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Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

1uF  3pF Yl
r i 1uF 3uF _)
}T_) 5uF| 3nuF
A-—{i 5uF B A'—C B —~5uF A }__) I—‘-HB
2uF
,__T_) 2 uF 6 uF
2pF 6pF 6 uF
(b) (©

Find the potential difference V, — V, between the points a and b shown in each part of the figure.
12v

LEE O 1) 45

(a) ()
Find the equivalent capacitances of the combinations shown in figure between the indicated points.
1uF 3uF 1uF 3uF 2puF 4uF ol 4“F
'T ——)ﬁﬁ )
2uF,  4uF F — H }—3:—)
au it N s T I L
4uF 8uF SpFr': 8uF
F—I—) }—, jf T
3uF 1uF 3uF 1uF 4uF 4uF
(b) (©)
Find the capacitance of the combination shownin, figure between A and B.
2uF 2uF 2uF 2uF

it J—A

I
T 1T° 1

Find the equivalent capacitanee of the infinite‘ladder shown in figure between the points A and B.
2uF 2uF 2uF 2uF
A=} ] il it

T1pF T‘lpF T‘lpF T1pF
B

A finite ladder is constructed by connecting several sections of 2uF,

. o e ) . 4uF  4yF 4pF
4uF capacitor combinations as shown in figure. It is terminated by a 5 ;" H“ _)“
capacitor.of capacitance C. What value should be chosen for C, such 2uf Laur Lour .
that the equivalent capacitance of the ladder between the points A S T g T

and'B becomes independent of the number of sections in between? B

A charge of + 2.0 x 10 C is placed on the positive plate and a charge of — 1.0 x 10 C on the
negative plate of a parallel — plate capacitor of capacitance 1.2 x 10~ uF. Calculate the potential
difference developed between the plates.

A charge of 20 uC is placed on the positive plate of an isolated parallel-plate capacitor of
capacitance 10uF. Calculate the potential difference developed between the plates.

A charge of 1uC is given to one plate of a parallel-plate capacitor of capacitance 0.1 uF and a charge
of 2uC is given to the other plate. Find the potential difference developed between the plates.
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Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Each of the plates shown in figure has surface area (96/go) x 10> Fm on one side and the separation
between the consecutive plates is 4.0 mm. The emf of the battery connected is 10 volts. Find the
magnitude of the charge supplied by the battery to each of the plates connected to it.

101

The capacitance between the adjacent plates shown in figure is 50 nF. A charge of 1.0 uC is placed
on the middle plate. (a) What will be the charge on the outer surface of the upper plate? (b) Find the
potential difference developed between the upper and the middle plates.

Consider the situation of the previous problem. If 1.0 uC is placed on the upper plate instead of the
middle, what will be the potential difference between (a) the upper and the middieplates and (b) the
middle and the lower plates?

Two capacitors of capacitances 20.0 pF and 50.0 pF.are connected in series with a 6.00 V battery.
Find (a) the potential difference across each capacitor and (b)the energy stored in each capacitor.

Two capacitors of capacitances 4.0 uF and 6.0 pk are connected in series with a battery of 20 V.
Find the energy supplied by the battery.

Each capacitor in figure has a capacitance,of 10 uF. Theiemf of the battery is 100 V. Find the energy

stored in each of the four capacitors.
G H
(]
—II

A capacitor withsStored energy 4.0°J is,cannected with an identical capacitor with no electric field in
between. Find'the total energy stored in the two capacitors.

A capacitor of capacitance 2.0 uF is charged to a potential difference of 12V. It is then connected to
an uneharged capacitor of eapacitance 4.0 uF as shown in figure. Find (a) the charge on each of the
two capacitors after the copnection, (b) the electrostatic energy stored in each of the two capacitors
and (c) the heat produced during the charge transfer from one capacitor to the other.

2.0 uF—[_[ :'1—4.0 uF

A point charge Q is placed at the origin. Find the electrostatic energy stored outside the sphere of
radius R centred at the origin.

A metal sphere of radius R is charged to a potential V. (a) Find the electrostatic energy stored in the
electric field within a concentric sphere of radius 2R. (b) Show that the electrostatic field energy
stored outside the sphere of radius 2R equals that stored within it.

A large conducting plane has a surface charge density 1.0 x 10 C m™. Find the electrostatic energy
stored in a cubical volume of edge 1.0 cm in front of the plane.
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Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

A parallel-plate capacitor having plate area 20 cm?® and separation between the plates 1.00 mm is
connected to a battery of 12.0 V. The plates are pulled apart to increase the separation to 2.0 mm.
(a) Calculate the charge flown through the circuit during the process. (b) How much energy is
absorbed by the battery during the process? (c) Calculate the stored energy in the electric field before
and after the process. (d) Using the expression for the force between the plates, find the work done
by the person pulling the plates apart. (¢) Show and justify that no heat is produced during this
transfer of charge as the separation is increased.

A capacitor having a capacitance of 100 pF is charged to a potential difference of 24 V. The
charging battery is disconnected and the capacitor is connected to another battery of emf 12 V with
the positive plate of the capacitor joined with the positive terminal of the battery. (a) Find the
charges on the capacitor before and after the reconnection. (b) Find the chargeiflown through the 12
V battery. (c) Is work done by the battery or is it done on the battery? Find its magnitude. (d) Find
the decrease in electrostatics field energy. (e) Find the heat develgped during the flowyof charge after
reconnection.

Consider the situation shown in figure. The switch S is open for a long time and then¢closed. (a) Find
the charge flown through the battery when the switch. S'is closed. (b) Find“the work done by the

battery.
(L

(c) Find the change in energy stored in'the capacitors. “(d) Find the heat developed in the system.

A capacitor of capacitance 5.00 uF is charged to 24.0 V and another capacitor of capacitance 6.0 uF
is charged to 12.0 V. (a) Find the energy stored, in each capacitor. (b) The positive plate of the first
capacitor is now connecteddo the negative plate“of the second and vice—versa. Find the new charges
on capacitors. (c) Find the lossiof electrostatic energy during the process. (d) Where does this energy
go?

A 5.0 uF capacitor is charged to 12 \.. Tihe positive plate of this capacitor is now connected to the
negative terminal of a 12/V battery and vice versa. Calculate the heat developed in the connecting
wires.

The two square faces of, a rectangular dielectric slab (dielectric constant 4.0) of dimensions
20 cm x.20 cm x 1.0 mm are metal—coated. Find the capacitance between the coated surfaces.

If the abave capacitor is connected across a 6.0 V battery, find (2) the charge supplied by the battery,
(b) the induced charge on the dielectric and (c) the net charge appearing on one of the coated
surfaces:

The separation between the plates of a parallel-plate capacitor is 0.500 cm and its plate area is 100
cm?. A 0.400 cm thick metal plate is inserted into the gap with its faces parallel to the plates. Show
that the capacitance of assembly in independent of position of the metal plate within the gap and find
its value.

A capacitor stores 50 uC charge when connected across a battery. When the gap between the plates
is filled with a dielectric, a charge of 100 uC flows through the battery. Find the dielectric constant
of the material inserted.

A parallel-plate capacitor of capacitance 5uF is connected to a battery of emf 6 V. The separation
between the plates is 2mm. (a) Find the charge on the positive plate. (b) Find the electric field
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between the plates. (c) A dielectric slab of thickness 1 mm and dielectric constant 5 is inserted into
the gap to occupy the lower half of it. Find the capacitance of the new combination. (d) How much
charge has flown through the battery after the slab is inserted?

Q.54 A parallel-plate capacitor has plate area 100 cm? and plate separation 1.0 cm. A glass plate
(dielectric constant 6.0) of thickness 6.0 mm and an ebonite plate (dielectric constant 4.0) are
inserted one over the other to fill the space between the plates of the capacitor. Find the new
capacitance.

Q.55 A parallel-plate capacitor has plate area 400 cm® and separation between the plates 1.0 mm is
connected to a power supply of 100 V. A dielectric slab of thickness 0.5 mm and dielectric constant
5.0 is inserted into the gap. (a) Find the increase in electrostatic energy. (k) If the power supply is
now disconnected and the dielectric slab is taken out, find the further increase, in energy. (c) Why
does the energy increase in inserting the slab as well as in taking it out?

Q.56 Find the capacitances of the capacitors shown in figure. The platerarea is A andithe separation
between the plates is d. Different dielectric slabs in a particular part‘afithe figure are of the same
thickness and the entire gap between the plates is filled with the dielectric slabs.

] ]

K1

l
@ (b) ©

Q.57 A capacitor is formed by two square metal — plate of edge a, separated by a distance d. Dielectrics of
dielectric constants K; and K, are filled in the gap as shown in figure. Find the capacitance.

Q.58 Figure shows twogidentical parallel platedcapacitors connected to a battery through a switch S.
Initially, the switeh is closed so that'the capacitors are completely charged. The switch is now
opened and the free space between the plates of the capacitors is filled with a dielectric of dielectric
constant 3. Find the ratie of the initial total energy stored in the capacitors to the final total energy
stored:

Q.59 A parallel-plate capacitor of plate area A and plate separation d is charged to a potential difference V
and then the battery is disconnected. A slab of dielectric constant K is then inserted between the
plates of the capacitor so as to fill the space between the plates. Find the work done on the system in
the process of inserting the slab.

Q.60 A capacitor having a capacitance of 100 uF is charged to a potential difference of 50 V. (a) What is
the magnitude of the charge on each plate? (b) The charging battery is disconnected and a dielectric
of dielectric constant 2.5 is inserted. Calculate the new potential difference between the plates. (c)
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Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

what charge would have produced this potential difference in absence of the dielectric slab. (b) Find
the charge induced at a surface of the dielectric slab.

A spherical capacitor is made of two conducting spherical shells of radii a and b. The space between
the shells is filled with a dielectric of dielectric constant K upto a radius ¢ as shown in figure.
Calculate the capacitance.

Consider an assembly of three conducting concentric spherical shells of radii a,b and ¢ as shown in
figure. Find the capacitance of the assembly between the points A and/B.

Suppose the space between the two inner shells of the previous problem is filled with,a dielectric of
dielectric constant K. Find the capacitance of the system between A and B.

An air — filled parallel — plate capacitor is to be constructed“which’can stored 12 uC of charge when
operated at 1200 V. What can be the.minimum plate area of the capacitor? The dielectric strength of
airis3x10°vm™,

A parallel-plate capacitor with the plate area 100 cm? and the separation between the plates 1.0 cm is
connected across a battery @f emf 24 volts. Find the'force of attraction between the plates.

Consider the situation shown in,figure. The width of each plate is b. The capacitor plates are rigidly
clamped in the laboratorysand connected to a battery of emf €. All surfaces are frictionless. Calculate
the value of M fer which'the dielectricislab will stay in equilibrium.

e

T
1T .

Figure shows two parallel plate capacitors with fixed plates and connected to two batteries. The
separation between the plates is the same for the two capacitors. The plates are rectangular in shape
with width'b and lengths I, and |,. The left half of the dielectric slab has a dielectric constant K; and
the right half K,. Neglecting any friction, find the ratio of the emf of the left battery to that of the
right battery for which the dielectric slab may remain in equilibrium.

Consider the situation shown in figure. The plates of the capacitor have plate area A and are clamped
in the laboratory. The dielectric slab is released from rest with a length a inside the capacitor.
Neglecting any effect of friction or gravity, show that slab will execute periodic motion and find its
time period.
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Answers
1. 16x10°F 2. 6.95 x 10° uF 3. 6 km
4. 1.33x10%C,80x10%J) 5. (@) 1.33x10%°C, (b) 1.33x 10"
6. 24 uC, 48 uC, 72 uC 7. 110 uC on each, 1.33 x 10°J
8. 48 uC on the 8 pF capacitor and 24 uC on each of the 4 uF capacitors
9. (@) 5pF, (b) 10 uF 10. 110 uC
11. 44 MC 12. 47580 Rl, 47[80R2; 47[80 (Rl + Rz)
13. 2 uF, 20V 15. () 50/3 uV at each point (b) zero
2 2
16 Co+ 2CC, 17 g, A(3d“+6bd £2b°)
C, +C, 3d(d +b)(d +2b)
18.  (a) 8 pF, (b) same as in (a) 19. 20V 20. 33x10“C
Vea2 1/2
21. 43 mV 22. _ 23. 1.08 x 103 cm
md, (d, +d3)
24. 2.25 uF 25. (a) %V (b)—8V (c) zero(d)—-10.3V
11 11
26. (a) EHF’(b)ZMF’ (c) 8uF,(d) 8uF 27. 1 uF
28. 2 uF 29. 4 uf 30. 125V
31. 1V 32. 5V 33. 0.16 uC
34. (a) 0.50 uC, (b) 10 35. (@ 10V, (b) 10V
36.  (a) 1.71V, 4.29V, (b) 184 pJ, 73.5 pJ 37. 960w
38. 8 mJdn (a) and (d), 2 mJ in (b)and (c) 39. 2.01J
2

40.  4(a) 8 uC. 16 uC, (b) 16 w. 32 w, (c) 96 J a1, Q

8neyR
42.  (a) TRV 43.  56x10*]

44.  (a)1.06 x 100 C, (b) 12.7x 10" J, (c) 12.7 x 10™°J, 6.35 x 10 °J, (d) 6.35 x 10 °J
45.  (a) 2400 uC, 1200 pc, (b) 1200 uC, (c) 14.4 mJ, (d) 21.6 mJ, () 7.2 mJ
46.  (a) Cel2, (b) Ce%/2, (c) Ce¥/4, (d) Ce’/4

47.  (a) 1.44mJ, 0.432 mJ, (b) 21.8 uC, 26.2 uC, (c) 1.77 mJ 48.  1.44m)
49.  142nF 50.  (a)8.5nC (b) 6.4nC, (c) 2.1 nC

51.  88pF 52. 3

53.  (a) 30 uC, (b) 3 x 10°Vm™, (c) 8.3 uF, (d) 20 uC

54, 44 pF 55.  (a)1.18uJ, (b) 1.97
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gy KK, a%In %

2K, Ko A 3e,A KK K, goA )
b , (c K, +K,) 57.
(b) (€) 22 (K +K,) K3

56. (@) 1
d(K,+K,) d (KK, +K,K; +K;K)) 2d
2
58. 3:5 59 gg AV (i_lj
2d K
60.  (a)5mC, (b) 20V, (c) 2mC, (d) 3mC 61. 4re, Kabe 62, ATEeRC
Ka(b—c)+b(c—a) c—-a
4me, Kabc 64, 045m° 65 25x107 N
Ka(c—b)+c(b—a)
’ [
66. P & (KD 67, S
2dg K,-1
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