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a PREFACE [§

" The woods are lovely, dark and deep. "

But I have promises to keep, and
miles to go before I sleep

- Robert Frost

Respected Principals, Correspondents, Head Masters / Head Mistresses, Teachers,
From the bottom of our heart, we at SURA Publications sincerely thank you for the support and patronage that
you have extended to us for more than a decade.

It is in our sincerest effort we take the pride of releasing SURA’s Physics Guide (Volume - I & II) for
+2 Standard. This guide has been authored and edited by qualified teachers having teaching experience for over
a decade in their respective subject fields. This Guide has been reviewed by reputed Professors who are currently
serving as Head of the Department in esteemed Universities and Colleges.

With due respect to Teachers, I would like to mention that this guide will serve as a teaching companion to
qualified teachers. Also, this guide will be an excellent learning companion to students with exhaustive exercises
and in-text questions in addition to precise answers for textual questions.

In complete cognizance of the dedicated role of Teachers, I completely believe that our students will learn the
subject effectively with this guide and prove their excellence in Board Examinations.

I once again sincerely thank the Teachers, Parents and Students for supporting and valuing our efforts.

God Bless all.

Subash Raj, B.E.. M.g.
- Publisher
Sura Publications
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the current carrying circular coil

magnetic field

Class: 12 Subject: Physics
Units Contents Units Contents Units Contents
1. Electrostatics
11 Introduction 15 Electrostatic potential and potential | 1.8.1 Capacitors
energy
111 Historical background of electric 151 Electrostatic Potential energy & 1.8.2 Energy stored in the capacitor
charges Electro static Potential
1.1.2 Basic Properties of charges 152 Electric Potential due to a point 1.8.3 Application of capacitors
charge
1.2 Coulomb’s law 153 Electro static Potential at a point 184 Effect of dielectrics in capacitors
due to an electric dipole
121 Super position principle 156 Electro static potential energy for 1.85  Capacitors in series and parallel
collection of point charges
131 Electric Field 157 Electro static potential energy ofa | 1.9.1 Distribution of charges in a conductor
dipole in a uniform electric field
132 Electric field due to the system of 161 Electric Flux 1.9.2 Action of points or corona discharge
point charges
141 Electric dipole 1.6.2 Electric flux for closed surfaces 194 Vande graff Generator
1.4.2 Electric Field due to a dipole 1.6.3 Gauss Law
143 Torque experienced by an electric 164 Applications of Gauss Law
dipole in the uniform electric field
2. Current Electricity
21 Electric Current 224 Temperature dependence of 253 Wheatstone’s bridge
resistivity
211 Conventional Current 2.3 Energy and power in electrical 254 Metre bridge
circuits
212 Drift Velocity 241 Electromotive force and internal 257 Measurement of internal resistance of
resistance cell by Potentiometer
2.13 Microscopic model of current 242 Determination of internal resistance | 2.7 Thermo electric current
2.2 Ohm’s Law 243 Cells in series 2.7.1  Seebeck effect
2.21  Resistivity 24.4 Cells in Parallel 2.7.2  Peltier Effect
222 Resistors in Series and Parallel 251 Kirchhoff’s First rule 2.1.3 Thomson effect
2.2.3 Colour code for carbon resistors 25.2 Kirchhoff’s Second rule
3. Magnetism and magnetic effects of electric current
31 Introduction 3.85 Current loop as a magnetic dipole 3.10.2  Motion of a charged particle in a
uniform magnetic field
3.1.2 Basic properties of magnets 3.9 Ampere Circuital law 3.10.3 Motion of a charged particle under
crossed electric and magnetic field
(velocity selector)
3.2 Coulomb’s inverse square law of 39.1 Ampere’s circuital law 3.10.5 Force on a current carrying conductor
magnetism placed in a magnetic field
3.8 Biot - Savart law 3.9.2 Magnetic field due to the current 3.10.6  Force between two long parallel
carrying wire of infinite length current carrying conductors
using Ampere’s law
381 Definition and explanation of Biot - 3.9.3 Magnetic field due to a long current | 3.11.2  Moving coil galvanometer
Savart law carrying solenoid
3.8.2 Magnetic field due to long straight 3.10 Lorentz force
conductor carrying current
3.8.3 Magnetic field produced along the axis of | 3.10.1  Force on a moving charge in a
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spherical surface

Class: 12 Subject: Physics
Units Contents Units Contents Units Contents
4. Electromagnetic Induction and Alternating current
4.1 Electromagnetic Induction 442 Production of induced emf by 475 AC circuit containing only a capacitor
changing the magnetic field
411 Introduction 44.3 Production of induced emf by 4.7.6 AC circuit containing a resistor, an
changing the area of the coil inductor and a capacitor in series -
Series RLC circuit
412 Magnetic Flux (@) 4.4.4 Production of induced emf by 4.7.7  Resonance in series RLC circuit
changing relative orientation of the
coil with the magnetic field
415 Fleming’s right hand rule 4.6 Transformer 478 Q- factor
4.1.6 Motional emf from Lorentz force 46.1 Construction and working of 4.8 Power in AC circuits
transformer
4.3 Self-Induction 4.6.2 Energy losses in Transformer 48.1 Introduction of power in AC circuits
431 Introduction 46.3 Advantages of AC in long distance | 4.8.2 Wattless current
power transmission.
432 Self-inductance of a long solenoid 4.7 Alternating Current 4.8.3 Power factor
433 Mutual Induction 471 Introduction 48.4  Advantages and disadvantages of AC
471  Mean or Average Value of AC over DC
434 Mutual Inductance between two long | 4.7.2 RMS value of AC 4.9 Oscillation in LC circuits
co-axial solenoids
44 Methods of producing induced emf 473 AC circuit containing pure resistor | 4.9.1 Energy conversion during LC
oscillations
44.1 Introduction 4.7.4 AC circuit containing pure inductor | 4.9.2 Conservation of energy in LC
oscillations
5. Electromagnetic waves
51 Introduction 52 Electromagnetic waves 523 Electromagnetic spectrum
511 Displacement current and Maxwell’s | 5.2.1 Production and properties of 53 Types of spectrum emission and
correction to Ampere’s circuital law electromagnetic waves-Hertz absorption spectrum fraunhofer lines
experiments
5.1.3 Maxwell’s equations in integral form
6. Ray optics
6.1 Introduction 6.3.1 Fizeau’s method to determine speed | 6.6 Thin lens
of light
6.1.1 Ray optics 6.3.3 Refractive index 6.6.3 Lens makers formula and lens
formula
6.1.2 Reflection 6.3.4 Optical path 6.6.4 Lateral magnification in thin lens
6.1.3  Angle of deviation due to reflection 6.4 Refraction 6.6.6 Focal length of lenses in contact
6.1.4 Image formed in plane mirror 6.4.1 Angle of deviation due to refraction | 6.6.7  Silvered lenses
6.1.5 Characteristics of the image formed 6.4.3 Principle of reversibility 6.7 Prism
by plane mirror
6.2 Spherical mirrors 6.4.4 Relative refractive index 6.7.1  Angle of deviation produced by a prism
6.2.1 Paraxial rays and marginal rays 6.4.5 Apparent depth 6.7.2 Angle of minimum deviation
6.2.2 Relation between f and r 6.4.6 Critical angle and total internal 6.7.3 Refractive index of the material of
reflection the prism
6.2.5 The mirror equation 6.4.8 Refraction in glass slab 6.7.4 Dispersion of white light through a prism
6.2.6 Lateral magnification in spherical 6.5 Refraction at single spherical 6.7.5 Dispersive power
mirror surface
6.3 Speed of light 6.5.1 Equation for refraction at single 6.7.6  Scattering of sunlight
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Class: 12 Subject: Physics
Units Contents Units Contents Units Contents
7. Wave optics
7.1 Theories on light 734 Young’s double slit experiment 7.5.4.2 Pile of plates
7.11 Corpuscular theory 7.35 Interference in white light 7.6 Optical instruments
(polychromatic light)
7.1.2 Wave theory 7.3.6 Interference in thin films 7.6.1 Simple microscope
7.1.3 Electromagnetic wave theory 7.4 Diffraction 7.6.1.1 Near Point focusing
7.1.4 Quantum theory 7.4.2 Diffraction in single slit 7.6.1.2 Normal focusing
7.2 Wave nature of light 7.4.4 Fresnel’s distance 7.6.1.3 Resolving Power of Microscope
721 wave optics 745 Difference between interference 7.6.1.4 Resolving Power of telescope
and diffraction
7.2.2 Huygens’ principle 7.4.9 Resloution 7.6.2 Compound microscope
7.2.3 Proof for laws of reflection using 7.5.3.1 Polariser and analyser 7.6.3 Astronomical telescope
Huygens principle
7.24 Proof for laws of refraction using 7.5.3.2  Plane and partially polrised light 7.6.3.1 Magnification in astronomical
Huygens principle telescope
7.3 Interference 7.5.3.3 Malus law 7.6.5  Reflecting telescope
731 Phase difference and path difference 7.5.3.4  Uses of polaroids 7.6.7.3 Astigmatism
7.3.2 Coherant Sources 75.4 Polrisation by reflection
7.3.3 Double slit as coherent source 7.5.4.1 Brewster’s law
8. Dual nature of radiation and matter
8.1 Introduction 8.2.4 Effect of Frequency on Incident 8.3.1 Introduction wave Nature of Particles
Light on stopping potential
8.1.1 Electron Emission 8.2.5 Laws of Photo Electric current 8.3.2 De - Broglie wavelength
8.2 Photo Electric Effect 8.2.6 Concept of Quantization of Energy | 8.3.3 De Broglie wavelength of electron
8.2.1 HERTZ, Hallwach and Lenard's 8.2.7 Particle Nature of light - Einstein 8.34 Davisson - Germer Experiment
Observation Explanation
8.2.2 Effect of intensity of incident Lighton | 8.2.8 Photo Electric cells and their 8.3.5 Electron Microscope
Photo Electric current Applications
8.2.3 Effect of Potential Difference on 8.3 Matter waves 8.4 X - ray Spectra Continuous X Ray
Photo Electric current Spectra, Characteristic X Ray Spectra
9. Atomic and nuclear physics
9.1 Introduction 9.4.3 Atomic and Nuclear masses 9.6.3 Gamma Emission
9.2 Electric Discharge Through gases 9.4.4 Size and density of Nucleus 9.6.4 Laws of Radioactivity
Properties of Cathode Rays
9.21  Determination of Specific Charge 9.45 Mass Defects and Binding energy | 9.6.5 Half Life, Mean life
(e/m) of electron - Thomsons
experiment
9.2.2 Determination of charge of electron - | 9.4.6 Binding Energy 9.6.6 Carbon dating
Millikan’s Oil Drop Experiment
9.3.2 Rutherford Model 9.5 Nuclear Force 9.7 Nuclear fission
9.33 Bohr atom model 9.6.1 Alpha decay 9.8 Nuclear fusion
9.34 Atomic Structure 9.6.2 Beta decay
(vii)
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Class: 12 Subject: Physics

Units Contents Units Contents Units Contents

10. Electronics and communication systems

10.1 Introduction 10.3.6  Zener Diode 10.7 De Morgans Theorem
10.1.1  Energy Band Diagram 10.4 The Bipolar Junction transistor 10.7.1  De Morgans 1st Theorem
10.1.2  Classification of materials 10.4.1 Transistor circuit Configuration 10.7.2  De Morgans 2nd Theorem
10.2 Types of Semi conductors 10.4.2  Transistor action in CB mode 10.7.3  Integrated chips

10.2.1  Intrinsic Semiconductor 1043  Relation between o and p 10.8 Communication System
10.2.2  Extrinsic Semi conductor 10.4.4  Operating point 10.9 Modulation

10.3.1 PN Junction Formation 10.4.5  Transistor as a switch 10.9.1  Amplitude modulation
10.3.2 PN Junction Diode 10.5 Digital Electronics 10.9.2  Frequency modulation
10.3.4  Rectification 10.5.1  Analog and digital signal 10.9.3  Phase modulation

10.3.5 Breakdown Mechanism 10.6 Boolean Algebra

11. Recent developments in physics

111 Introduction 11.2.2  Interdisciplinary nature of 11.3.1  What is Robotics ?
nanotechnology
1.2 Nano science and Nano technology 11.2.3  Nano in nature 11.3.2  Components of robotics
11.2.1  Nano Science 11.3 Robotics 11.3.3  Types of Robotics
(viii)

orders@surabooks.com Ph:9600175757 | 8124201000



This is Only for Sample for Full Book order Online or Available at All Leading Bookstores

CONTENTS

VOLUME - 1

1 Electrostatics 1-32
2 Current Electricity 33-51
3 Magnetism and magnetic effects of electric current 52 - 68
4 Electromagnetic Induction And Alternating Current 69 - 99
5 Electromagnetic waves 100 - 114
6 Ray Optics 115-134
7 Wave Optics 135 - 155
8 Dual Nature of Radiation and Matter 156 - 176
9 Atomic and Nuclear physics 177 - 195
10 Electronics and Communication 196 - 214
11 Recent Development in Physics 215-218
Lab Manual 219 - 233
Neet based questions and answers 234 - 245
Sura's Model Question Paper, based on reduced syllabus, with answers 246 - 254

(ix)

orders@surabooks.com Ph:9600175757 | 8124201000



This is Only for Sample for Full Book order Online or Available at All Leading Bookstores

years

Service 1o d
education :

1! PH

English

Tamil
b Medium

" 5G95

orders@surabooks.com

£

2021-22
EDITION

i - TiT

suRi's
BI0-Z00LOGY &
200LOGY CDMMEBEE

= A%

nnz

YSics

SURA'S
BI0-BOTANY &
o, BOTANY

B

Nomics [l ACCOUNTANGY

5G 91 - T 299.00

5G 94 - T 333.00

- ¥ 253.00

5G 325 - ¥ 399.00 5G 283 - T 199.00

SURA PUBLICATIONS

1620, J' Block, 16th Main Road, Anna Nagar,

Chennai - 600 040. INDIA. Phones: 044-48629977, 48627755
Mobile: 81242 01000 / 81243 01000

email : enquiry@surabooks.com
orders(wsurabooks.com

Buy online @

surabooks...

Ph:9600175757 | 8124201000



This is Only for Sample for Full Book order O

ELECTROSTATICS

CONCEPT MaAP

ELECTROSTATICS

Point charge Coulomb’s law Dipole

|
| |

Electric field Electric potential
Electric flux Electric Potential
l energy
Gauss law > Conductors

dMaaff

erator « {
|

' }

with dielectric Without dielectric

orders@surabooks.com ' Ph:9600175757 | 8124201000



This is Only for Sample for Full Book order Online or Available at All Leading Bookstores

Y Sura’s  XII Std - Physics - Volume-I

MUST KNOW DEFINITIONﬂ

Electrostatics
Electric charge

Frictional electricity

Superposition principle

Properties of charges

A point charge

Electric field due to a
point charge

Direction of E is along
line joining OP

Definition of Coulomb

Test charge

Electric field

Electric field intensity

Y

Study of electric charges at rest or stationary charged bodies.

A basic property of some substances due to which they can exert a
force of electrostatic attraction or repulsion on other charged
bodies at a distance.

600 B.C. Thales, a Greek Philosopher - amber with fur -
electrification

17th century William Gilbert - glass, ebonite exhibit charging by
rubbing.

Elektron (Greek word) - means amber

Positive charge Negative charge
Glass rod Silk cloth
Fur cap Ebonite rod
Woollen cloth Plastic object

In an isolated system, the total force on a given charge is the vector
sum of the individual forces exerted on it by all
other charges, each individual force calculated by Coulomb’s law.

Fl,o,zk[qlqz paddsp +qlqn;}

2 2 31 2 nl
21 31 nl

g=ne [n=0,%1, £2,£3,....]
Q=2Q,

Q = Constant

The dimension of the charged object is very small and neglected in
comparison with the distances involved.

+q +qo 1

EE

Quantisation of charge
Charges are additive
Conservation of charges

q;\
2}"

0 < r >P 4me, r

Points outward for +( at O
Points inward for —q at O

It is defined as the quantity of charge which when placed at a
distance of 1 metre in air or vacuum from an equal and similar
charge experiences a repulsive force of 9 x10° N.

A charge which, on introduction in an existing field, does not alter
the field.

It is the space or the region around the source charge in which the
effect of the charge can be felt.

Force experienced by a unit positive charge kept at that point in the

field.
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Electric lines of force

Electric dipole
Importance of dipole
Potential difference
Volt

Electric potential
Equipotential surface

Electric flux

Gauss’ law

Gaussian surface
Electrostatic shielding

Electrostatic induction

Capacitance

Dielectric

Polar molecule

Y Sura’s w XII Std - Physics - Volume-I

Imaginary straight or curved line along which a unit positive
charge tends to move in an electric field.

1
Each unit positive charge gives rise to .~ lines of force in free
space. ’

Two equal and opposite charges separated by a very small vector
distance.

Any complicated array of a complex arrangement of charges, can be
simplified as a number dipoles and analysed.

It is defined as the amount of work done in moving a unit positive
charge from one point to the other in an electric field.

If 1 joule of work is done in moving 1 coulomb of charge from one
point to another in an electric field.

It is defined as the amount of work done in moving a unit positive
charge from infinity to that point.

If the potential at all points on a surface is the same, it is said to be

an equipotential surface. m
. 1 . . ®
The total number of electric lines of force crossing a given area. 0
dq):E.c%:EdscosG g
@®
It states that the total flux of the electric field E over any closed 8
1 =
surf:ace is equal to ~ times the net charge enclosed by the surface, Q
o= L. ‘
80

The closed imaginary surface over an enclosed net charge.

Process of isolating a certain region of space from external field. It
is based on the fact that electric field inside a conductor is zero.

It is the method of obtaining charges without any contact with
another charge. They are called induced charges and the phenomenon
of producing induced charges is called electrostatic induction.

It is used in electrostatic machines like Van de Graaff generators
and capacitors.

It is defined as the ratio of charge given to the conductor to the
potential developed in the conductor. Its unit is farad (F).

A conductor has a capacitance of one farad if a charge of 1 coulomb
given to it raises its potential by 1 volt.

A dielectric is an insulating material in which all electrons are
tightly bound to the nucleus of the atom. The electrons are not free
to move under the influence of an external field. Hence, there are
no free electrons to carry current.

It is one in which the centre of gravity (mass) of the positive charges
is separated from the centre of gravity of the negative charges by a
finite distance. e.g : N O, H,O, HCI, NH,. These molecules have a
permanent dipole moment.
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Non-polar molecules : A non-polar molecule is one in which centers of positive and negative
charges coincide. It has no permanent dipole moment, e.g: H,, O,,
CO, etc.

Electric polarisation : Thealignment of electric dipole moments of the permanent or induced

dipoles in the direction of the external applied field.

Corona discharge . The leakage of electric charges from the sharp points on the charged
conductor is called action of points or corona discharge. It is used
in machines like Van de Graaff generators and lightning arrestors

(conductors).
Force - Displacing vector
Torque - Rotating vectors; it is the moment of force

Hint:

1. In a uniform electric field when equal and opposite forces act at the ends of the dipole, the net
force is zero.

2. The forces act at different points. Hence, the moment of the force is non-zero and the torque
is non-zero.

. The non-zero torque, always tends to align the dipole in the direction of the field.

3

4. The direction of torque vector is along the axis of rotation.

5. Charges outside the Gaussian surface will not contribute to the flux inside.
6

. Field outside the charged parallel sheets is zero.

Conduction Induction

Charges are obtained in contact with other Charges are obtained without any contact

charged body. with other charged body.

Produces similar or one type of charge. Both positive and negative charges are pro-

duced.
Only limited amount of charges are obtained. Large quantity of charges can be induced.
Capacitors in series Capacitors in parallel

q =4,+%4,%4,

Total Charge g is same for C, and C, and C, 9,=C\Viq,=CV
q,=C\V

Total potential V=V +V +V,

Vl_i;vz=i;v =9 V is same for C, C,and C,
Cl CZ ’ C3
Expression for L1 11
. . - = — 4+ — —
equivalent capacitance c ¢ 'c ' Cp— C+C,+C,
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Charge (q) Mass(m)
Can be zero, +ve or -ve Can never be zero, only +ve
Force between two charges can be | Force between any two masses is
positive or negative always attractive in nature
Value of constant depends upon Value of constant G is always fixed.
&€, ¢,

FORMULAE |

\/

99,

21

(1) Electrostatic force between charges g, and q,, F = Fio=——-5
1 4TCS r21

- = 9 2(-2
(2) Valueof k= Ane, =9 x 10°Nm3C

(3) Value of € = 8.854 x 10712 C?N'm™

(5) Total charge g =n x € ; Number of electrons x Charge of an electron rm
—
(6) Components of force F, F =Fcos0; F,=Fsin0; |F| = JE'+E’ g
€
(7) Relative permittivity or Dielectric constant &, = r g
(8) Force between charges in medium F, = == EI-’.
" (¢)
f F (7}
(9) Electrostatic field, E = e o~ SF-= gE
charge d )
(10) Electric field due to a point charge E = —%

4me, r

(11) Electric dipole moment, p=g X2ai

(12) (i) Electric field due to a dipole at a point on the axial line, E= 1 2_59 (r>>a)
e, r
(ii) Electric field due to a dipole at a point on the equatorial line E = Etot _ 1 % (r>>a)
(13) Magnitude of torque 1 = px g = PE sinb (p = 4 2a) ame, r
. . . . 1 g
(14) Electric potential at a point due to a point charge, V = Ame, r
(15) Electric potential energy of dipole U = - pE cosf = — p.E
p cosB
(16) Electric potential at a point due to an electric dipole V =773
(17) Electric flux = Ei — ¢, =E.A =EA cosf
(3]
(18) Electric field due to infinite long straight charged wire, E = Y
o qg 1 > G A
(19) Electric field due to plane sheet of charge E= 5. =, ;¢ Vector form, E = e n
o o 80
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c
(20) Electric field at a point between two parallel sheets of charge E = g

(21) Electric field due to a uniformly charged sphere -

(i)  atapoint on the surface of the sphere, E = %% r [ r=R]
. . ide the sphere E = I Q-

(ii) ata point outside the sphere E = pr— r

(iii) at a point inside the sphere E =0 [r<R]

(22) Capacitance of a conductor C = %
(23) Work done by a charge W =QqV

(24) Charge density, 0= %

€A
(25) Capacitance of a parallel plate capacitor C = ((’j
g,A
(i)  With a dielectric slab, C= °—t
[(d—t) + :|
g, €.€A

(ii)  With the dielectric completely filled capacitor C' = dr =Cxeg

1
(26) Energy stored in a capacitor E = ECVZ

(27) Capacitance of a spherical capacitor, C = 4n€ A or C = 9%10°

(28) Equivalent capacitance
R N I

c+C, 4T ¢ G
(i) C,and C,in parallel C,=C, +C,

(i) C,andC, in series C =

-

(29) Polarisation, p=y, Eex (), - electric susceptibility)
Values And Units

(1) Permittivity of free space€, = 8.854x107"> C*N"'m™
2 ! = 9x10° Nm’C>
4me,,
(3) Charge of an electron, € = 16x10°C
(4) 1 micro farad = 10°farad
(5) 1 pico farad = 107'*farad
(6) Permittivity of medium, € = CN'm™
(7) Electric charge (q) = Coulomb (C)
(8) Electric field (E) = NClorVm!

JC! or volt
Coulomb metre

(9) Electric potential (V)
(10) Electric dipole moment (p)

(11) Electric potential energy (U) = Joule

(12) Capacitance (C) = farad

(13) Electric flux = Nm?C*!
(14) Torque = Nm

(15) Relative permittivity of air = 1 (no unit)
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EVALUATION

MULTIPLE CHOICE QUESTIONS :

Two identical point charges of magnitude -g
are fixed as shown in the figure below. A third
charge +q is placed midway between the two
charges at the point P. Suppose this charge +q
is displaced a small distance from the point
P in the directions indicated by the arrows,
in which direction(s) will +q be stable with
respect to the displacement?

8

Ltq -

9 A, PI A, 9
B

(@) Ajand A, (b) B, and B,

(¢c) both directions (d) No stable

[Ans. (b) B, and B,]

Which charge configuration produces a
uniform electric field? [HY-2019]
(a) point Charge
(b) uniformly charged infinite line
(c) uniformly charged infinite plane
(d) uniformly charged spherical shell

[Ans. (c) uniformly charged infinite plane]

An electric dipole is placed at an alignment angle
of 30° with an electric field of 2 x 10° N C™\. It
experiences a torque equal to 8 N m. The
charge on the dipole if the dipole length is

1cmis [QY-2019]
(a) 4mC (b) 8 mC
(¢) 5mC (d) 7mC

[Ans. (b) 8 mC]

Four Gaussian surfaces are given below with
charges inside each Gaussian surface. Rank
the electric flux through each Gaussian surface
in increasing order.

orders@surabooks.com

(a) D<C<B<A
(c) C<A=B<D

(b) A<B=C<D
(d D>C>B>A
[Ans. (a) D<C <B <A]

The total electric flux for the following closed
surface which is kept inside water

80q q

@ ® e
q q

(0 80¢. (d) 160¢,

[Ans. (D) %]

Two identical conducting balls having positive
charges g, and g, are separated by a center to
center distancer. If they are made to touch each
other and then separated to the same distance,
the force between them will be  (NSEP 04-05)

(b) same as before
(d) zero
[Ans. (c) more than before]

(a) less than before
(c) more than before

Rank the electrostatic potential energies for
the given system of charges in increasing
order. [PTA-4]

@) @_Q i 6 (b) @__Q r 6
Q -2Q ]
() @Lé (d) éZ_réQ

(a) 1=4<2<3 (b) 2=4<3<1
(c) 2=3<1<4 (d)3<1<2<4

[Ans. (a) 1=4<2<3]

An electric field E:]OxiA exists in a certain
region of space. Then the potential difference
V =V, -V,, where V is the potential at the
origin and V is the potential at x =2 m is:
(a) 10V (b) -20V
(c) +20V (d) -10V

[Ans. (c) +20 V]
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10.

11.

13.

I1.

1.

Ans. (i)

Two points A and B are maintained at a potential
of 7V and -4 V respectively. The work done in
moving 50 electrons from A to B is

(a) 8.80x107"] (b) -8.80x 107" ]

(c) 440x10"7] (d) 5.80 x107"7]

[Ans. (3) 8.80 x 107 J]

If voltage applied on a capacitor is increased
from V to 2V, choose the correct conclusion.
[Govt. MQP-2019]

(a) Q remains the same, C is doubled
(b) Qis doubled, C doubled
(¢) Cremains same, Q doubled
(d) Both Q and C remain same

[Ans. (c) C remains same, Q doubled]

A parallel plate capacitor stores a charge Q ata
voltage V. Suppose the area of the parallel plate
capacitor and the distance between the plates
are each doubled then which is the quantity that
will change? [QY-2019]

(b) Charge

(d) Energy density
[Ans. (d) Energy density]

(a) Capacitance
(c) Voltage

. 'Three capacitors are connected in triangle as shown

in the figure. The equivalent uE
capacitance between the points * N B
AandCis \ /
(a) 1uF 14E "
(b) 2 uF

(c) 3uF ‘

1
(d) ZMF

Two metallic spheres of radii 1 cm and 3 cm
are given charges of -1 x 10> C and 5 x 102 C
respectively. If these are connected by a conducting
wire, the final charge on the bigger sphere is
(AIIPMT -2012)

(b) 4x102C
(d) 2x102C
[Ans. (a) 3 x 1072 C]

SHORT ANSWER (QQUESTIONS :

[Ans. (b) 2 uF]

(a) 3x102C
() 1x102C

What is meant by quantisation of charges?

The charge g on any object is equal to an
integral multiple of the fundamental unit
of charge e.

q=ne

orders@surabooks.com

Ans.

Ans.

Ans.

(i)  Where n is any integer (0, +1, +2, +3,
4. .. ). this is called Quantisation of

electric charge.

Write down Coulomb’s law in vector form and
mention what each term represents.
(I)  According to Coulomb, the force on the
point charge g, exerted by another point
charge q, is

5

_; 499 "
F, =k=—=r
. r

where I,is the unit vector directed
from charge g, to charge g, and k is the
proportionality constant.

12

. 1
(i) Also k = dne,
10° Nm’C™?. Here g is the permittivity

and its value is k = 9 x

of free space or vacuum and the value of

- S12 C2NJ-1 -2
4nk—8.85><10 C*N'm

What are the differences between Coulomb
force and gravitational force?  [Qv; HY - 2019]

Coulomb Gravitational

i) | It may be attractive | It is
or repulsive.

always
attractive in nature.

ii) | It depends upon It does not depend

medium upon the medium
iii) | It is always greater | It is lesser than

in magnitude coulomb force

because of high because value of

value of Gis

K =9x10°Nm?C? | 662 x 10" Nm? kg
iv) | The force between | It is always same

the charges will whether the two

not be same during | masses are rest or

motion or rest. motion

Write a short note on superposition principle.

When a number of charges are interacting the
total force of a given charge is the vector sum of
the individual forces exerted on the given charge
by all the other charges.
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Ans.

Ans.

Ans.

Ans.

Ans.

10.

Ans.

Define ‘electric field’.

(I)  The electric field at the point P at a distance
r from the point charge q is the force
experienced by a unit charge and is given by

AN
Here r is the unit vector pointing from
q to the point of interest P. The electric
field is a vector quantity and its SI unit is

Newton per Coulomb (NC™).

(i)

The electric field lines never intersect. Justify.
[PTA-4]
If some charge is placed in the intersection point,
then it has to move in two different directions at
the same time, which is physically impossible.
Hence, electric field lines do not intersect.

Define ‘electric dipole’. Give the expression for
the magnitude of its electric dipole moment
and the direction.

Two equal and opposite charges separated by
a small distance, constitute an electric dipole.
The magnitude of the electric dipole moment is
equal to the product of magnitude of one of the
charges and the distance between them.

|B| =2qa
and it is directed from -q to +g

Write the general definition of electric dipole
moment for a collection of point charge.

The electric dipole moment for a collection of 'n'
point charges is given by,

l; = Z(]i ;i
i=1

where 7 is the position vector of charge g, from
the origin.

Define ‘electrostatic potential'.
Work done by an external force to bring a unit
positive charge with constant velocity from
infinity to ones point in E scalar.

Give the relation between electric field and
electric potential. [PTA-6]
Consider a positive charge q kept fixed at the
origin. To move a unit positive charge by a small
distance dx in the electric field E, the work done
is given by dW = -E dx. The minus sign implies
that work is done against the electric field.

orders@surabooks.com

Y Sura’s w XII Std - Physics - Volume-I

11.

Ans.

12.

Ans.

13.

Ans.

14.

Ans.

15.

Ans.

16.

Ans.

17.

Ans.

This work done is equal to electric potential
difference. Therefore,

dW = dV
(or) dV = -Edx
Hence E = —ﬂ
dx

The electric field is the negative gradient of the
electric potential.

Define ‘electrostatic potential energy’.

Electric potential energy is defined as the work
done in bringing the various charges to their
respective positions from infinitely large mutual
separation.

Define ‘electric flux’

The number of electric field lines crossing a
given area kept normal to the electric field lines
is called electric flux.

Write a short note on ‘electrostatic shielding’.

(i)

m

What is meant by electrostatic energy density? §.
The energy stored per unit volume of space is =g
1 Q

defined density u, = —— = —¢ F2 |
efined as energy density u, = 7= = ~ &, i
=5

(¢)

/]

The phenomenon of protecting a region
of space from any external electric field is
called electrostatic shielding.

Consider a cavity inside the conductor.
Whatever the charges at the surfaces
and whatever the electrical disturbances
outside, the electric field inside the cavity
is zero.

(i)

What is Polarisation?

(i)  Total dipole moment per unit volume of
the dielectric.
- -
P=Xe Eex

(i) x, electric susceptibility.

What is dielectric strength?

The maximum electric field the dielectric can
withstand before it gets breakdown is called
dielectric strength.

Define ‘capacitance’ Give its unit.

Ratio of the magnitude of charge to the potential

difference between the conductors. C:V
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18. What is Corona discharge?
Ans. The electric field near the edge of conductor

is very high and it ionizes the surrounding air.
The positive ions are repelled at the sharp edge
and negative ions are attracted towards the
sharper edge. This reduces the total charge of
the conductor near the sharp edge. This is called
action at points or corona discharge.

II1. LONG ANSWER QUESTIONS :

1.
Ans. (i)

2.

Discuss the basic properties of electric charges.

Electric charge : The electric charge is
fundamental property of particles having
mass and its unit is coulomb.
Conservation of charges : Charges are
neither be created nor be destroyed but
can only be transferred from one object
to the other. This is called conservation of
total charges.

Quantisation of charges : The charge g on
any object is equal to an integral multiple
of the fundamental unit of charge e.
q = ne. Here n is any integer (0, £1, +2, +3,
et SO ). This is called Quantisation of
electric charge.

(i)

(iii)

Explain in detail Coulomb’s law and its various
aspects. [PTA-3]

Ans. Various aspects of Coulomb’s law :

(i)  Coulomb's law states that electrostatic
force between 2 stationary point charges is
directly proportional to the product of the
magnitude of the charges and is inversely
proportional to the square of the distance
between them.

(i) The force on the charge g, exerted by the

q, always lies along the line joining the two

A
charges. I';, is the unit vector from charge

g,to q,. Fa :kq;fz]

charge g, exerted by g, is along- r, (e, in
opposite direction).

- N - -
Fiz :k.%zz .ry e Fo=—Fa
r

N
2 y1». The force on the

(i) k= =9 x 10° Nm*C2in SI units.
4me,

€,-permittivity of free space or vacuum
g,= 8.85x 1072 C2N"' m™2

orders@surabooks.com

Ans.

(iv) Ifg,=q,=1C;r=1m,then

9%x10° x1x1
Fl=———

IFl 3 =9x10° N

1 61192; .
47[80 }"2 12

- A
In a medium F :LM
4re r

~.€=¢ . ¢ (g -relative permittivity)

>
(v) InvacuumF, =

>t €28

For air or vacuum ¢ =1 and for all other
media g > 1.

It has same structure as Newton's law
M1M2

2

(vi)

of gravitation, where F = G and

G = 6.626 x 10" Nm? kg r

(vii) The expression for Coulomb force is true
only for point charges.

(viii) Gravitational force is between 2 masses
is independence of the medium but
Coulomb force between 2 charges depends
on the nature of the medium.

Define ‘Electric field’ and discuss its various
aspects.

Electric Field :

Electric Field at the point P at a distance r from

the point charge g is the force experienced by a
-

I g~
—-r (1
4me, 1 W

0
Important aspects of the Electric field :

. 2 F .
unit charge. E=— ie. E=

(I)  Ifgispositive, electric field points away from
source charge g. If g is negative, electric

field points towards the source charge g.

(i) Force e;_c)perienced by the test charge q at P
F=q E

(ilf) From equation (1) electric field is
independent of ¢, (test charge) and
depends on g (source charge).

(lv) It is a vector quantity, which has unique

direction and magnitude, and electric field
decreases, when distance increases

(v)  Testcharge is very small. So that field value
of source charge is unaltered.

(vi)

Equation (1) is only for point charges.
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Uniform Electric field  Non uniform electric
field

LS « Pt
N ! N
- W 3,
v O W A
R
—¥
MNon uniform Mon unlform eectric
electric field

(vii) There are uniform and non-uniform

electric fields.

Uniform electric field : Ithas same direction

and constant magnitude at all points.

Non-uniform electric field : Different

directions or different magnitudes or both

at different points.
4. Calculate the electric field due to a dipole on
its axial line and equatorial plane. [PTA-5]

Ans. Electric field due to an electric dipole at
points on the axial line :

AB - Electric dipole; 2a -dipole distance.
C - point along axial line.

r - Distance from mid point 'O' to point C.
E at'C' due to +g

¢ 1

_4d 4
+ _4n80 (r—a)2 P along BC

- Axial line
A L. B[ E E
— a6 € =
4 O +q C
% P >
E at'C'due to -gq
- 1 A
B =— 4 > p along CA
4ne, (r+a)
- - >
Ew:=E++E-

at 'C' using superpostion principle
1 q A 1 q A
= 2P~ 2 P
4ne, (r—a) 4ng, (r+a)

= 1 4ra ~
E, = T o2 long BC
e, | () )7

orders@surabooks.com

But r >> a when 'C' is for away from the dipole
A -
and 2aq p=p

%
1 2p
T3

-
E =
for 41‘580 r

E acts along p

Electric field to dipole at a point on equatorial
line :

AB - dipole ; 2a - dipole distance.

P - dipole moment

L q
r-distance. Edueto+q= |E_|= ——
along BC along CA ane, (" +4q°)
Ed g o ——— 91 _

vetona= 1B e, 07 )
Equatorial plane

Electric field due to a dipole at a point

2
®
(¢}
:.
=)
®
-
Q
=
(¢)
()]

on the equatorial plane
resolving into components, the perpendicular
components are equal and opposite so they
cancel each other. Total Electric Field at C is sum
of parallel components.

- A A
Em,=—‘E+‘cos6p—‘g_‘cosep ()
|E |=|E|
E 3 1  2gcosB ~
tot dngy, (Prat)
- 1 2ga  ~
EtOt - 41‘c£0 . , , z p
(r*+a”)?
[cos O = ]
. r+a?
r>>aand P = 2qap
— 1 -
14
1B == = r>>a
fot 47580 }’3 ( )

N -
E is opposite to P
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Ans.

6.

Ans.

Derivean expression for the torque experienced
by a dipole due to a uniform electric field.
[PTA-3]

Electric dipole in uniform electric field :
-

AB - an electrical dipole;; P dipole moment.

- -
E - uniform electric filed : 6-angle made by P
%

with E 7 - Torque

qE — force experienced by +q ; -qE — force
experienced by - g. Total force acting on dipole
is zero.

Two unlike force acting at different points
produces torque._)Torque tends to set dipole in
the direction of E.

Total torque on dipole

- - N - -

t=0Ax|_q |+ OBxqE

T=qE.2asin0; T=pEsind

p=2aq

T= BX E, in terms of vector product

When 0 = 90° T is maximum. i.e. T = PE

0 =0°1t=0ie.dipole ail?ign with the electric field E.

M

Tugap In s i paper (50
Torque on dipole

Derive an expression for electrostatic potential
due to a point charge.

(I)  Consider a positive charge g kept fixed at
the origin. Let P be a point at distance r

from the charge g. This is shown in Figure.

e

Electrostatic potential at a point P
(if)  The electric potential at the point P is

V=£(_E)-d7=—£€d7 0

orders@surabooks.com
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Electric field due to positive point charge q

47580 T
The infinitesimal displacement vector,

2> _ N . A A
dr =drr and using r .r = 1, we have

r A 1 r
= — %r.driﬁz——'[%dr
4ne, T r 4ney < r
After the integration,

1 { l}r 1 g
V__4neo Nr. ame, r
Hence the electric potential due to a point
charge q at a distance r is

1 ¢

4me, v

(2)

Important points :

(i)

(i)

(iii)

(iv)

7.

If the source charge q is positive, V > 0. If q
is negative, then V is negative and equal to

1 ¢

4dme, r

V=

It is clear that the potential due to positive
charge decreases as the distance increases, but
for a negative charge the potential increases
as the distance is increased. At infinity; (r =eo)
electrostatic potential is zero (V =0).

A positive charge moves from a point of
higher electrostatic potential to lower
electrostatic potential, a negative charge
moves from lower electrostatic potential to
higher electrostatic potential.

The electric potential at a point P due to a
collection of charges q,, q,, q,..-..q, is equal
to sum of the electric potentials due to
individual charges.

Derive an expression for electrostatic potential

due to an electric dipole. [PTA-2,4; QY; HY-2019]

Ans. (i)

> AB - electric dipole.

> 2adipole distance.
7" be the distance between the point 'P'
and mid point 'O" of AB.

'0" angle between 'OP' and "AB'

>
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=

é
4 0 +q

=
=]

=

Potential due to electric dipole
(i) Let r, be the distance to P from +q and r,

be the distance of point P from —q.
q
4ne, 1
1 g

4me, 1,

Potential at P due +g =

Potential at P due -q =—
Total potential at P,

1 1 1
V= ql ——
4re, \n 1

By the cosine law for triangle BOP,
r =1 +a’ - 2racosd

rz _ 2 a2 261
1= | I+———~cosB

r r

(1)

(iii)

a
Since a<<r, Neglecting —
,

r

1
(or) r = r(l—z—acosﬂ)2

7

1
! 1
i: —(1—2—acos6)2

o r
Using binomial theorem
we get.

1 1
—=—(1+ﬁcose)
n r\ r

Similarly applying the cosine law for
triangle AOP,

r’,=1"+a’ - 2ra cos (180-0)
Since cos(180 - 8) = —cos O we get

r’, =1+ a*+2racos 0
2
Neglecting a_2 (because r>>a)
r

(iv)

-(2)

2
r22=r2(1+ acose)

r
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1
3 ( 2acosO )2
rnL=r|l+
r
Using Binomial theorem, we get

1 1( cose)
—=—|1-a
nor r

Substituting equation (3) and (2) in
equation (1),

(3)

. 1 q(l(l_l_acose)_l(l_acose))
4TCSO r v r 7
1 2
= #cose
47580 r
V) p=2qa,

- U (pcose)
dme, \ 2

Special cases

Case (i) If P lies on the axial line of +g
side, then 6 = 0, then
1 p
V= = ..(4
41'580 1”2 ( )
Case (1i) If P lies on —q side then 0 = 180¢,
then
v=-—L 2 .(5)
4“80 r
Case (1ii) P lies on the equatorial line, then
0 = 90°. Hence
V=0 .(6)

8. Obtain an expression for potential energy due
to a collection of three point charges which are
separated by finite distances.

Ans. (i) Theelectric potential at a point ata distance

r from point charge g, is given by

Ve 4

- 4me, r

(if)  This potential V is the work done to bring
a unit positive charge from infinity to the
point. Now if the charge g, is brought from
infinity to that point at distance r from g,
the work done is the product of g, and the
electric potential at that point. Thus we
have

W=¢q,V

2
®
(¢}
:.
=)
®
-
Q
=
(¢)
()]
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(111)  This work done is stored as the electrostatic

(iv)

(@)

(b)

(©

(d)

potential energy U of a system of charges g,
and g, separated by a distance r. Thus we have

U=g,V= 1 a9 (1)

4me, r

Three charges are arranged in the following
configuration as shown in Figure.

Electrostatic potential energy for
Collection of point charges
Bringing a charge q, from infinity to the
point A requires no work, because there
are no other charges already present in the
vicinity of charge g,.
To bring the second charge g, to the point
B, work must be done against the electric
field at B created by the charge g,. So the
work done on the charge q,is W =g, V..
Here V  is the electrostatic potential due
to the charge g, at point B.

U= 1 q9,

4ne, n,

-(2)

Similarly to bring the charge g, to the
point C, work has to be done against the
total electric field due to both the charges
g, and g,. So the work done to bring the
charge g, is = q, (V,. + V,.). Here V _is
the electrostatic potential due to charge
g, at point C and V__ is the electrostatic
potential due to charge g, at point C.

The electrostatic potential is

U= I (9193 + 2%
4meg \ 73 3
Adding equations (2) and (3), the total

electrostatic potential energy for the
system of three charges q,, g, and g, is

ue | (qlqz +611‘13+‘12‘13) .(4)
dneg\ iy fiz I

..(3)

orders@surabooks.com

(€)

This stored potential energy U is equal to
the total external work done to assemble
the three charges at the given locations.

Electrostatic ~ potential ~ energy is
independent of the configuration of charges
since coulomb force is a conservative one.

9. Derive an expression for electrostatic potential
energy of the dipole in a uniform electric field.

Ans. (i)

(i)

(iii)

(iv)

Consider a dipole placed in the uniform

electric field E This dipole experiences
a torque which rotates the dipole to align
it with the direction of the electric field.
To rotate the dipole (at constant angular
velocity) from its initial angle 6" to another
angle 0, an equal and opposite external
torque must be applied on the dipole.

=y

E

+q ,@B

The dipole in a uniform electric field

The work done by the external torque
to rotate the dipole at constant angular
velocity is

0
W= |1, do (1)
o

Since ?ex, is equal and opposite to
R
TE=pXE
We have
- -
. =FE‘=‘pr (2)

=p,sinB=1
Substituting equation (2) in equation (1),
we get

0
W= pEsin6d0
o
W = pE (cos®’- cosB)

This work done is equal to the potential
energy difference. between n 6" and 0.
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(v)

AU = - pE cos0 + pE cost’

If the initial angle is 8" = 90°, then U (6”) = pE
€0s90°=0.

U’ also depends on the orientation ' 0" other

- -
than P and E.
- >
U=-pEcosd =-p. E ..(3)

The potential energy is maximum when
the dipole is aligned anti-parallel (0 = )
and minimum when the dipole is aligned

parallel (0 = 0) to the external field.

10. Obtain Gauss law from Coulomb’s law.

Ans. (i)

(i)

A positive point charge Q is surrounded by
an imaginary sphere of radius r electric flux
through the closed surface of the sphere

o, =fE.dA= fEdAcosd ()
Since the electric field of the point charge

N
is directed radially outward both d A and

>
E are along the same direction therefore
0= 0.

everywhere normal to the surface

‘When the charge is at the center
of the sphere, the electric field is
and constant in magnitude.

Spherical
gaussian
surface

5@, = QEdA since cos0° =1 ..(2)
E is uniform on the surface of the sphere,

SE dA=4xr’

L Q
5@, = 4nr’E agd E= dme, rzl
ONES =X 4nr’=4n Q
e, r 4me,
Q
Pp= ~(3)

The equation (3) is called as Gausss law
and is true fro any shaped surface that
encloses 'Q" and total electric flux is same
for all surfaces.
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11. Obtain the expression for electric field due to
an infinitely long charged wire. [PTA-1]
Ans. (I) >\ - Linear charge density of an infinitily
long, uniformly charged wire, 7 - distance
between wire and point P’

> A, A two charge elements.
> 'The resultant 'E' due to A, and A, act
radially outward and is same at all points.
> r & L radius & length of cylindrical

Gaussian surface of radius 'r.

i
: v,
ol AN
i P
+ 4
L vy,
' P
H @ e
Electric field due to infinite long charged wire =3
(if)  The total electric flux 8
-
— — m
dy=PE-dA =
(g)
— — — — — — m
FEdA+ fEdA+ fE-dA
et e i (1)

- - - - d
(iii) for the curved surface, E || A and E.d A
= E dA. For the top and bottom surfaces,
- - - -
Elr Aand E-dA =0
Applying Gauss law to the cylindrical surface,

Qencl
)

gp=|E-dA=

Curved
surface

(2)

i

|

| T

p

+ + + 4+ + F + + +

=~

A
e
+ + + +2

v
A

++0+

-
E

A
n

=

Cylindrical Gaussian surface
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(vi)

Since E is constant, Q___,= AL.
L
E| da=L

Curved 8O

surface

..(3)

But f dA =Total area of the curved surface

= 2mrl.
~E. . 2nrL = &
€
1 A
= — (or
2me, r (or)
- A
In vector form E= —TI and is true for an
2me, r

infinitely long wire.

12. Obtain the expression for electric field due to a

cha

(i)
(i)

:IE-dX+_[

(iii)

(iv)

rged infinite plane sheet.

Ans. Electric field due to charged infinite plane sheet :

6 — surface charge density of an infinite
plane sheet.

2r & A — length & area of cylindrical
Gaussian surface,

o =E-dA

- - - -
E-dA+| Eod A= Sed
Curved P P! 8()

surface

(1)

Gaussian

surface
d&
4

)

+ o+ o+ o+

|
|

4 ) + + o+
J
o >
=1
=

+ o+ o+

<2}
oL
>
\++++++++++

+ + +

Electric field due to charged infinite
planar sheet

The E is perpendicular to the area element

on the curved surface at all points

Then, E is parallel to A atP & P’.

0p=[EdA+ [ Baa= et

P P’ €o
Q,, = 0A,

2EJdA=%
P

-(2)

encl

€

orders@surabooks.com

[da=A
P
A
Hence 2EA = i or E = o 3)
80 280 “es
- [e) A
==—n
or E = 5 @

N Unit vector normal to the plane.

If o> 0, E— outward perpendicular to
plane.

6 < 0, E — inward perpendicular to plane.

13. Obtain the expression for electric field due
to a uniformly charged spherical shell.

[Govt. MQP-2019]

Ans. Electric field due to a uniformly charged
spherical shell :
Consider a uniformly charged spherical shell.
Radius - R
Total charge - Q

(@)

(i)

At a point outside the shell (r > R) :

P is a point outside the shell at a distance
r from the centre. The charge is uniformly
distributed on the surface of the sphere.

If Q > 0, field point radially outward.

If Q <0, field point radially inward.

Applying Gauss law
gs E.dA = g (1)
Gaussian 80

surface

d —_
E and dA are in the same direction. at all
point

Hence E Cﬁ dA= 82
0
But Cj)dA = total area of Gaussian surface

= 4mr?
Substituting in (1)

Q I Q
E. 4nr’= — (or) E= —
€, (or) 4me, 1’
In vector from ]S = 1 gf’
4me, 1’

E at a point outside the shell will be the
same and entire charge 'Q’ is concentrated
at the centre.
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(b)

(©)

At a point on the surface of the spherical
shell (r = R). Electric field at points on the

spherical shell, is r = R
B=—
4ne,R
At a point inside the shell (r<R) :

Consider a point P inside the shell at a
distance r from the center.

r

$EdA-2

Gau;sian 8()
E. 4nr = Q
€

Since Gaussian surface encloses no charge,
so Q=0.
SE=0

14. Discuss the various properties of conductors
in electrostatic equilibrium.

Ans. (i)

(i)

(iii)

(iv)

The Electric Field is zero everywhere inside
the conductors whether the conductor is
solid or hallow.

Gaussian
surface

No net charge inside the conductor
There is no net charge inside the
conductors. The charges must reside only
on the surface of the conductors.

The Electric Field outside the conductor

is perpendicular to the surface of the
(6

conductorandhasamagnitude of - where
0

o is the surface charge density at the point

(ie.Ee< o)

The electrostatic potential has the same

value on the surface and inside of the
conductor.

Potential is constant within and on the
surface of a conductor.
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15. Explain the process of electrostatic induction.
Ans. Charging without actual contact is called
electrostatic induction.

(i)

(i)

(iii)

Consider an  uncharged (neutral)
conducting sphere at rest on an insulating
stand. Suppose a negatively charged rod
is brought near the conductor without
touching it, as shown in Figure (a).

The negative charge of the rod repels the
electrons in the conductor to the opposite
side. As a result, positive charges are
induced near the region of the charged rod
while negative charges on the farther side.
Before introducing the charged rod, the
free electrons were distributed uniformly
on the surface of the conductor and the net
charge is zero.

Once the charged rod is brought near the
conductor, the distribution is no longer
uniform with more electrons located on
the farther side of the rod and positive
charges are located closer to the rod. But
the total charge is zero.

o .

L L

()

G
T

.
(c)

Various steps in electrostatic induction

_<m

(d)
Now the conducting sphere is connected
to the ground through a conducting wire.
This is called grounding. Since the ground
can always receive any amount of electrons,
grounding removes the electron from the
conducting sphere.
Note that positive charges will not flow to
the ground because they are attracted by the
negative charges of the rod (Figure (b)).
When the grounding wire is removed from

the conductor, the positive charges remain
near the charged rod (Figure (c))

(m
®
(¢}
q.
=)
®
=S
Q
=5
(¢)
()]
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(iv) Now the charged rod is taken away from
the conductor. As soon as the charged rod is
removed, the positive charge gets distributed
uniformly on the surface of the conductor
(Figure (d)). By this process, the neutral
conducting sphere becomes positively charged.

16. Explain dielectrics in detail and how an electric

field is induced inside a dielectric.

Ans. (I)  When an external electric field is applied

on a conductor, the charges are aligned in
such a way that an internal electric field is
created which cancels the external electric
field. But in the case of a dielectric, which has
no free electrons, the external electric field
only realigns the charges so that an internal
electric field is produced.

(i) The magnitude of the internal electric field is
smaller than that of external electric field. Therefore
the net electric field inside the dielectric is not
zero but is parallel to an external electric field
with magnitude less than that of the external
electric field. Let us consider a rectangular
dielectric slab placed between two oppositely
charged plates (capacitor) as shown in the Figure
(b).

(i)  The uniform electric field between the plates
acts as an external electric field E_,
which polarizes the dielectric placed between
plates. The positive charges are induced on
one side surface and negative charges are
induced on the other side of surface.

(iv) But inside the dielectric, the net charge is
zero even in a small volume. So the dielectric
in the external field is equivalent to two
oppositely charged sheets with the surface
charge densities +o0, and —o,. These charges
are called bound charges. They are not free
to move like free electrons in conductors.

This is shown in the Figure (b).

Polar molecules are When an external
randomly oriented in electric field is applied,
the absence of an the molecules partially
external electric field. N align with the field.
Ecxt o
: 4 .
N XLy * P P>d® D> |-
24 > Il a» a» |-
+ -
<« ﬁ &% I < o® -
an —
L & > >
I =
(a) et (b)

Induced electric field lines inside the dielectric
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(v) For example, the charged balloon after
rubbing sticks onto a wall. The reason is that
the negatively charged balloon is brought
near the wall, it polarizes (induces) opposite
charges on the surface of the wall, which
attracts the balloon.

Wall

(a) (b)

(a) Balloon sticks to the wall (b) Polarisation of
wall due to the electric field due to the balloon

17. Obtain the expression for capacitance for a
parallel plate capacitor. [PTA-2]
Ans. Capacitance of a parallel plate capacitor

Consider a capacitor with two parallel plates,
A - Area of each plate
d - Distance between the plates

o - surface charge density on the plates

The Electric Field between the plates is
-
Ag,
Since the Electric Field is uniform, the electrical
potential between the plates V = Ed = 18_:0

.. Capacitance of the capacitor
c_Q_Q _&A

v Qd
Ag,

18. Obtain the expression for energy stored in the
parallel plate capacitor.

Ans. The capacitor stores not only charge but also it
stores energy.
When battery is connected to the capacitor,
electrons of total charge - Q are transferred from
one plate to another.
To transfer charge, work is done by the battery.
This work done is stored as Electrostatic Potential
energy in the capacitor.
dQ - Infinitesimal charge
V - potential difference

Work done dW = V.dQ
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19.

Ans.

where V = E

The total work done to charge the capacitor
Q 2
Q Q
W= |=.dQ=—
I C Q 2C

This work done is stored as Electrostatic Potential

Energy
2
_1
u=2L-lev [ Q=cv]
2C 2 £,A
For parallel capacitor, capacitance q
V =Ed
1
‘UE='§( )(Ed) —--eo(Ad)E2

Ad - volume of the space between the capacitor
plates.

U
E density,
nergly ensity, u, Volume
u, = 5 i-:OE2

Explain in detail the effect of a dielectric
placed in a parallel plate capacitor. [PTA-6]
Capacitance of a parallel plate capacitor with
a dielectric medium:
(I) X, Y - conducting plates ; A - area

6 — charge density

t - Thickness of dielectric

€ - relative permittivity
(if)  Thickness of air gap = (d - t). Electric field
at any point in the air between the plates as
shown in figure, E’ = S

8CI

Electric field at any point, in the dielectric

slab E'=—

(iii)

+o

Air

d Dielectric t

v e

Dielectric in capacitor

V= E(d-1t) +Et

V= Z(d-n+2

2]

Air

v)
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20.

Ans.

(vi) The charge on the plate X, g = 6A

Hence the capacitance of the capacitor is,

A A
o9 _ c _ &

Voo } (@-0)+ -

[(d—t)+t r

€, €,
the capacitance increases, when dielectric
is placed.

Derive the expression forresultant capacitance,
when capacitors are connected in series and in
parallel.

Capacitors in series :

C,, C,. C, - capacitances of capacitors connected
in series.

V - battery voltage

Q - charge on each capacitor is same.
V,V,V,- potential difference across C,C,C,
V=V +V +V.

!
Since Q=CV; V = Cg+cg+cg g
Q. Q,Q, Q" 7 7 -]
¢ C C G 8
-
1 1 1 1 Q
— = —t— =
G G G G (¢}
(7))

The inverse of the equivalent capacitance in
series is equal to the sum of the inverses of each
capacitance.

C, is always less than the smallest individual

capacitance in series.

(a) Capacitors connected in series
Capacitor in parallel :

C,. C,, C, - capacitances of capacitors connected
in parallel connection.

V - Applied parallel potential.

Potential difference across each capacitor is

same. Q,, Q,, Q, - charge storedin C, C,, C,.
Total charge Q=Q, + Q, + Q,
Q=CV;

Q=CV+CV+CV
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21.

Ans.

CPV =(C1+C2+C3)V
C =C. +C +C
p 1 2 3

(®)
(b) capacitors in parallel

The equivalent capacitance of capacitors
connected in parallel is equal to the sum of the
individual capacitance. C  is always greater than
the largest individual capacitance.

Explain in detail how charges are distributed
in a conductor, and the principle behind the
lightning conductor.

() The radius of conductor spheres A & B=r,
& r,. A & B are connected by thin wire.

9,
A B qZ

T conduyctnrc avo cannactod
Ao Condactors are connected
through conducting wire

(if)  The distance between the spheres > radii of
A & B. A- change given to A. This charge
is redistributed into both A & B and
Electrostatic potential becomes equal
q, - charge on A
q, - charge on B

Q=g +q,
The electrostatic potential at the surface of
the sphere A is given by
1 g
Vy=—-—— (1
A 4me, 1 M
(ii1) The electrostatic potential at the surface of
the sphere B is given by
)
B 47'[80 }"2 "'(2)
(iv) The spheres are connected by the

conducting wire, the surfaces of both the
spheres together form an equipotential
surface.

V,=V,

G@_%
n n

..(3)

or
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22.

Ans.

(V) Let us take the charge density of A = o,
charge density of B = o,

~.q, =4mr’o and g, = 4mr? o, Substituting

q

0 = 4nir *these values into equation (3),

we get
..(4)
..(5)

017’1 = 0-27"2
or = constant

1
0o —
r

For a smaller radius, the charge density will
be larger and vice versa.

(vi)

Explain in detail the construction and working
of a Van de Graaff generator. [QY-2019]
It is a machine which produces large electrostatic
potential difference of the order of 107 V.
Principle:

Electrostatic induction and action at points.
Construction:

(i) It consists of a hollow metallic sphere
(A) mounted on insulating pillars.

(if) A pulley B is mounted at the centre of the
sphere and another pulley C is mounted
near the bottom.

(i) A belt made of silk moves over the pulleys.

(iv) Two comb-shaped conductors D and E are
mounted near the pulleys.

(v)  The comb D is maintained at a positive
potential of the order of 10* volt.

(vi) The upper comb E is connected to the
inner side of the hollow metal sphere.

i Rubber Belt
T |J o i
N Van de Graaff Generator
Working:
(I)  Because of the high electric field near the

comb D, the air gets ionized.
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(if)  The negative charges in air move towards

the needles and positive charges are

repelled towards the belt due to action of

points.

The +ve charges stuck to the belt moves up

end and reaches near the comb E.

E acquires negative charge and the sphere

acquires positive charge due to electrostatic

induction.

The acquired +ve charge is distributed on

the outer surface of the sphere.

Thus the machine, continuously transfers

the positive charge to the sphere.

The leakage of charges from the sphere can

be reduced by enclosing it in a gas filled

steel chamber at a very high pressure.

(viii) The high voltage can be used to accelerate
positive ions for the purpose of nuclear
disintegration.

EXERCISES :

(iii)
(iv)

(V)
(vi)
(vii)

1. When two objects are rubbed with each
other, approximately a charge of 50 nC can
be produced in each object. Calculate the
number of electrons that must be transferred
to produce this charge. [PTA-6]
Given: Charge produced g = 50 nC =50 x 10 C;
To find:

No. of electrons n=?

q = ne magnitude of electrons =1.6 x 10°C

Ans.

Solution:
X107
n =2=% =31.25 x 10" electrons.
e .OX

2. The total number of electrons in the human
body is typically in the order of 10*. Suppose,
due to some reason, you and your friend lost
1% of this number of electrons. Calculate the
electrostatic force between you and your friend
separated at a distance of 1m. Compare this
with your weight. Assume mass of each person
is 60 kg and use point charge approximation.
Given:

Number of electrons in human body = 10*

Ans.

Charge appeared on my friend and me (ie)
C = 1% of charge on 10* electrons
1
= 100 x10%x1.6x 107 C
1.6 x 10’ C
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Ans.

qu
r2

Electrostatic force between us F =

9 7N\2
= X0 x(1.6x10°)" _ g 5 56%10°% 101

12

F = 23.04x10”N
Also mass of the personm = 60 kg
: weight = mg
= 60x9.8
W = 588N
E _F _23.04x10*

. — 21
SFW =3.9183 x 10

g

588

Five identical charges Q are placed equidistant
on a semicircle as shown in the figure. Another
point charge q is kept at the centre of the circle
of radius R. Calculate the electrostatic force
experienced by the charge q.

1

(m
®
(¢}
:.
=)
®
=S
Q
=5
(¢)
()]

.

R ,l’ o
450 F4cos45

Q5
These forces are equal and opposite.
Forces due to Q, and Q, on g is resolved into
components.
F,sin® and F, sinB i.e F, sin45° and F, sin45° are
equal and opposite. So they get cancel.
Total force acting on q is due to Q, (i.e F,)
F, cos0, F, cosO F= F. +F, cosO + F, coso

k
Total force F = k.@ +k.£. cos45° + q_?
R R R
kgQ 5 cos45°
q
= ——1+—
R> [ \/§:|
k A
Total F - ;—?[l+\/§]i
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Ans.

(@)

(b)

! ﬂ[nﬁ]?

) 4me, R? |
-]
4me,

Suppose a charge +q on Earth’s surface and
another +q charge is placed on the surface of
the Moon. (a) Calculate the value of q required
to balance the gravitational attraction between
Earth and Moon (b) Suppose the distance
between the Moon and Earth is halved, would
the charge g change? (Take m_ = 5.9 x 10* kg,
m, =7.9 x 10 kg)

Given:

Mass of the earth m = 5.9 x 10** kg

Mass of the moon m, = 7.9 x 10 kg

Charge placed on earth and moon is g

To find: The amount of charge required to balance
gravitational attraction between earth & moon = ?
If q is the charge placed on the moon & earth, then
I gxq G Me X My,

47580 l"2 }’2

Formula :

=9x10°
4me,

G =6.6 x 10" Nm? kg™
4me, =0.11 x 107
(or)

q= 4ne, Gmg .my,

= J0.11x107° x6.6x10™' x5.9x10* x7.9%10%

q= /33.84x10%°

q=582x10"C.
The distance between moon & earth is halved,
the charge g =?

1 @9 _  mpmy

)

There will not be any change in the charge g.

Draw the free body diagram for the following
charges as shown in the figure (a), (b) and (c).

I e e

+q -4 0

(b)

orders@surabooks.com

Ans.
N T qE
<«—eo—>QE —> 4 °
l ‘-
v e "
@ (b) ©
6. Consider an electron travelling with a speed
v, and entering into a uniform electric field E
-
which is perpendicular to v as shown in the
Figure. Ignoring gravity, obtain the electron’s
acceleration, velocity and position as functions
of time.
L.
[ ,,,,,,,,,,,,
7 7
- :
.............
Ans. The speed of the electrons =v

0
LN
Electric field strength = E

Acceleration of the electronsa =7?
Velocity of the electrons v =?

Position of the electrons r =2
According to Newton's I law F = ma

The force on the electrons in an uniform electric
field.

F=Ee
The e~ s acceleration due to electric field

F Ee

a= —=—
m m
. Ee|. .
The acceleration of the electrons | a =— [is in
m

the downward direction. The horizontal velocity
remains v, as there is no acceleration in this

direction.
— eE A
a=—".j

m
The downward component of the velocity of the
electrons as it emerges from the field region is

A A
V= itv,j
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Ans.

The horizontal component of the velocity
remains v = v, The vertical component
(downward) velocity as it emerges from the field

region is

4 eE A
v,=at=——1.]
i i - N~ eBE A
The velocity of the electron, v =y, j—=—¢_;
m
The electrons starts with a velocity v,.
1

From equation of motion, s = ut + 5 at?
The position of the electrons s=r =?

N

Initial velocity of the electrons u =v,

N
Acceleration of the electrons a = (_é)/]\

m
- A 1( Ee 2)4
,-,r=v0tl+5. ——t|.J

m
I Ee 2/\
=viti——.—.1
0 m
= A Ee 2/\
r =vti——. —.t
0 m

A closed triangular box is kept in an electric
field of magnitude E = 2 x 10° N C' as shown
in the figure.

15cm

Calculate the electric flux through the (a)

vertical rectangular surface (b) slanted surface

and (c) entire surface.

Given:

The magnitude of electric field E =2 x 10° NC™*

Area of the surface A = 0.15 x 0.05

[From the diagramlo.=15cm=0.15m,b=5cm
=0.05m]

To find:

The electric flux through

Vertical rectangular surface ¢ = ?
Solution:

According to Gauss law ¢ = E A cos 0
= 2x10°x0.15 % 0.05 x cos 0°
0.015 x 10° =15 Nm? C!

q)vertical surface
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D)  Electric flux through slanted surface
(I)slanted surface =
q)slanted surface =E A cos e

1
0 =60°:>cos60°=5

D opposite
5 307 hyp
0 site
Opposite =5 cm. hyp = P?IJL
sin 30°
5x1072
hyp. = B 2x.05
2
=0.10 m

Area of the slanted surface
A = (0.10 x 0.15) m?
q)slanted surface N EA COSG
2 x 10° x (0.10 x 0.15) x cos 60°
0.015 x 10° =15 Nm?>C™!

c)  Entiresurface ¢, =?

(I)tot A q)vs + (l)s.s + (l)ends
=-15+15+0 0=90°; cos90°=0

¢tot =0. (I)ends =0

8. The electrostatic potential is given as a
function of x in figure (a) and (b). Calculate
the corresponding electric fields in regions A,
B, C and D. Plot the electric field as a function

slanted surface

¢,..,=EAcos0

of x for the figure (b).
v 14
30
A 20
6 AN w L\
4 ! D 0 I b 4 1 x(cm)
10
2 N \[/
0702 04 06 xm 30
(a) (b)
Ans. N
(a‘) E=- dx
(i) Region A
N _ B ve Y
02 P dr

s E=-(-15) =15 Vm'!

2
®
(¢}
:.
=)
®
-
Q
=
(¢)
()]
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(i) Region B Vi
av _ 0 L Formula: E = q
de 02 Solution: ..V = E.d
(iii) Region C = 0.6x107x3x10°
N ) = 1800 V.
A 02" 10 (b) From the above, we come to know when the gap
N is increased. potential also increase.
E=-"3 =(10)Vm™ (c) Thedistance,d=1mm=1x10>m
(iv) Region D Electric field, E = 3 x 10° Vm™!
av _ —6 _ 30 New potential difference due to increase in the
dc 02 gap.

E av/ 30) = 30V V=E.d=3x10°%x1x1073
=g - (30 =30Vm. = 3000 V.

(b) v 10. A point charge of +10 uC s placed at a distance
of 20 cm from another identical point charge
of +10 pC. A point charge of -2 pC is moved
from point a to b as shown in the figure.
Calculate the change in potential energy of the

30
20
10

0

x(cm)

s I O system? Interpret your result.
-20
-30
b 2uC
9. A spark plug in a bike or a car is used to ignite 5cm
the air-fuel mixture in the engine. It consists
of two electrodes separated by a gap of around 10pC @ Scm L 15 cm @10uC
0.6 mm gap as shown in the figure. a ~

Ans. Given: g, =10x10°C,q,=-2x 10°C
r=5x102m

Solution: Change in potential energy

A 1 g9, 9x10°x(10)(=2)x107"

To create the spark, an electric field of AU = 4ne, r 5%107?

magnitude 3 x 10° Vm™' is required. .

(a) What potential difference must be applied —9x10°x 20 x 102 x 10?

to produce the spark? (b) If the gap is increased, = 3

does the potential difference increase, decrease

or remains the same? (c) find the potential =-36x10"=-3.6]

difference if the gap is 1 mm. AU = -3.6 ], negative sign implies that to move
Ans. Given: the charge —2puC no external work is required.
(a) The distance between two electrodes d = 0.6mm System spends its stored energy to move the

—06x10°m charge from point a to point b.
The magnitude of electric filed E = 3 x 10° V™!
To find:

Potential difference need to produce spark V=2
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11. Calculate the resultant capacitances for each
of the following combinations of capacitors.

(2) (b) (c)
P
Cl CZ C
{ >, P<—
S
C ¢, ;\/
°Q
(d) (e)
Ans.
3¢
al 0
T
C,-L <,
1] T2
Capacitor 1 & 2 are connected in parallel
C, =C+C=2C,
Capacitor Cp and C, are in series.
1 1 1 1 1 1
C, c, ¢ C 2 C,
123
- 2C, 2C,
2
~C, = =.C
3 2
The resultant capacitance = 3 C,
b.

1 1 2
C, & C, are in series Csl = C. + c. G
) ) 1 2
C, & C, are in series C_82 = C_o
Cs, & Cs, are in parallel.

. G G
R Cp= CSI+CSZ= 74‘7 =C0

Resultant capacitance = C;

orders@surabooks.com
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C. | / Co
1 1Co

o

=}
I}
|
1T
Q]
=)

€ andC areinseries L - L4 1 _G+C,
,and C, are in series G c oG
Cl C3
Cs, = =
! C+C, -
C, and C, are in series 3
(¢}
RS q
Cs, C, C, 8
C,+C C,C, 5
T cc, TG +C =
2%y 2 4 (-5.
Now Cs, and Cs, are parallel @
Cp = Cs +Cs,
C C, N C,C,
- G, +C, C,+C,

~ (C,C;)(C,+C)+(C,C,)(C,+Cy)
- (C,+C,)(C,+C,)
The resultant capacitance
CC,C,+C/C,C,+C/C,C,+C,C,C,
B (C,+C,)(C, +C,)

CU Cﬂ
M -
3% {
P . Q
L 4 5 |12 C
| E— i S
CO CU

Capacitors 1 and 2 are in series

1 1 1 2

— = —t—==

Cs, Cc, C, C,
G,

Cs, = 7
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Parallerly 4 and 5 are in series

CO
Cs, = B3
Cs,, Cs,, 3 are in parallel
Cc = &+&+CO
P 2 2
= C,+C,

Resultant capacitance = 2C .

12. Anelectronanda proton are allowed to fall through
the separation between the plates of a parallel plate
capacitor of voltage 5 V and separation distance
h =1 mm as shown in the figure.

(a) Calculate the time of flight for both electron
and proton (b) Suppose if a neutron is allowed
to fall, what is the time of flight? (c) Among the
three, which one will reach the bottom first?
(Take m = 1.6 x 10 kg, m_ =9.1 X 10 kg
and g=10ms7?)

Ans. Given: Potential difference between the plates of

Parallel plate capacitor = V = 5V

Distance between the plates of
h=1mm=1x10"m

Mass of proton m_=1.6 x 10" kg

Mass of electron m = 9.1 x 107" kg

Charge of proton, e =1.6 x 10°° C

To find:

a.  Time of flight of an electron ¢, = ?

1
s=ut+ 5 at?, initial velocity (1) = 0

Solution:

1
—at’= t= é
2 \ a

S

a = — (according to Newton's II law)
m
[F = ma]
F - force due to electric field
A
F —BeE= Vo>
Ad 10

orders@surabooks.com

Il
3 (5

/2sm
St= Ee

istance of separation =1 x 10° m
e 2hm,
e AV
—.e
Ad
2hm, 2x107°x9.1x107' x10”
AVe 5x1.6x107"

s =h

o,

£, =Adx

[ o 2x107°%9.1x107' x107°
¢ 5x1.6x107"

=,/2.275x107"® = 1.5% 107 s (or) 1.5 ns

Pz 2x107 x 16 x107" x 10~
5% 16 x107"°

P
= §x10‘33x101°:\/0.4x10‘14

t,= 0.63 x 107 s (or) 63 x 10~%s (or) 63 ns

D.  If Neutron falls, it is a neutral charge so it

does not experience any electric filed. (It is
like a force fall)

=% [i.e.t=£]a=g,s=h
g a

-3
t= /2X1100 = J2x10™

t=1.414 x 107? sec.
c.  Electron will reach first
" the time to reach the bottom first by
electron is 1.5 ns.

tZ

13. Duringa thunder storm, the movement of water
molecules within the clouds creates friction, partially
causing the bottom part of the clouds to become
negatively charged. This implies that the bottom
of the cloud and the ground act as a parallel plate
capacitor. If the electric field between the cloud and
ground exceeds the dielectric breakdown of the air
(3 x 10° Vm™' ), lightning will occur.

R R
e

+ Positive charge
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(a) Ifthebottom part of the cloud is 1000 m above
the ground, determine the electric potential
difference that exists between the cloud and
ground.

(b) In a typical lightning phenomenon, around
25 C of electrons are transferred from cloud
to ground. How much electrostatic potential
energy is transferred to the ground?

Ans. Given:
a.  Electric field between ground and cloud
E=3 x10°Vm™
Distance between ground and the cloud
d=1000m

To find: Electric potential between ground
and the cloud V =7

Formula: E = % =V =Ed.

E=3x10°%x10°=3x10°V
b.  The amount of electrons transfered from
cloud to ground g =25 C

Electrostatic P.E. transfered from cloud to
ground U =2
Solution:

U =

C =

<la NI-
p—

1 : ¥
U = 2><25><3><10— > x 10

= 37.5x10°].
14. For the given capacitor configuration /QY-2019]
(a) Find the charges on each capacitor
(b) potential difference across them

(c) energy stored in each capacitor
6uF

slg
| HE

8uF —— 2uF —— 8uF

I
ln
EAY%

Ans.
6UE b a2 b&C d
T[: :]—J — —
SHEL  JuF d FuF SUF SH)F—‘
al ., TeuF .

II9V
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B & C are parallel so C = (6 + 2) UF = 8uF
Now all a, b & ¢, d are in series.

_ . 1 1113 8
Effective capacitance C_s = §+§+§ =3
a.  Charges on each capacitor :

Total charges on capacitor = g = C..

V= g x9x10°=24nuC
Charge on capacitor a =g, = C.V.
g, =24pC

In case of capacitor in series the charge
flowing through capacitor is same.

q, =4q,= 24pC
But across b & ¢, the charge is not same
since they are in parallel.

6
Chargeonb =g, = 3 x9x10°

= 18 uC m

Charge on ¢ =q:z><9><10’6 g
T3 o

=6uC 8

b.  Potential difference across capacitor a 5
g, 24x10° =2

Vo=, = 8x10° ~ ®

Potential difference across capacitor b
q, 18x10°°
V= C, 6x10° ~

Potential difference across capacitor ¢
q.  6x10°

Ve= ¢, = 2x10°

Potential difference across capacitor d
4, 24x10°°

Ve c,~ gx10° 3V

=3V

1
C.  EnergystoredinaU = 5 CV?
1
= Ex8x10‘6x3x3:36u]
Energy stored in b

1
U, = E><6><3><3><10'6=27M]
[C,= 6 uF]
Energy stored in ¢

1
Uc=§><2><3><3><10‘6=9u]
[C.= 2 uF]
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Energy stored in d | d/2
! (ii) dielectric C, &
U= 5x8x10°x3x3=36x10°=6] | &=l Gair d2
= 36 lj This is equivalent to a series combination of two
it
15. Capacitors P and Q have identical cross capactiors q
sectional areas A and separation d. The space Plate of separation —
between the capacitors is filled with a dielectric Dielectric constant for first medium = K
of dielectric constant £ as shown in the figure. [air K A . ]1
Calculate the capacitance of capacitors P and Q. . ' aTr LT
[PTA-4] Dielectric constant for second medium = K,
! i [direction K, = € ]
KA 2¢KA
I | | I Capacitance of first = C, = % dl = Eod !
| ) i ! 2
! : K,A 2¢,K,A
P Q . € €
Ans. (i) air dielectric Forsecond Capacitance=C,= —* d2 = Od 2
. [ , hl
A2 A2 2
ICZ / C1I If C is the capacitance of the capacitor
g =1 g, 1 1 1
The given arrangement is equivalent to parallel cC _cCc o
combination of the capacitor each plate of 1 ?
areas = A __d [L+L}: d_[Ki+K,
2 2e,) ALK, K, 2¢,A | KK,
Plate of separation = d .
The medium of one dielectric constant = K, l - d [ +E, ]
g =1(inK =1 C 2e)A | &,
The medium of other dielectric constant = K, 2e Al &
i.e, I<2 = 87 CR = c(; [ﬁ } .
The capacitance for K, = C, r
. €A
The capacitance for K, = C C=—
P A A e [ d ] Model Questions & Answers
g, —.K, e KA
C = 2d == 2dl CHOOSE THE CORRECT ANSWER 1 MARK
A 1. An air-core capacitor is charged by a battery.
g, +-K, After disconnecting it from the battery, a
2 e K, A g Y;
G, = d 2 dielectric slab is fully inserted in between its
If C is the capacitance of the capacitor. then plates.. Now, Whlc:l of the following quantities
B . C remains constant? [PTA-1]
b2 (a) Energy (b) Voltage
& KA + &K, A ) (K, +K,)A (c) Electric field (d) Charge
2d 2d 2d [Ans. (d) Charge]
C = g (+e)A 2.  The unit of permittivity is: [PTA-2]
2d (a) C*N"'m> (b) Nm?C?2
For CapaCitor Q. (C) Hm™! (d) N C_Z m-2
[Ans. (a) C*N*m~]
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A coil of area of cross-section 0.5 m> with 10
turns is in a plane which is parallel to a uniform
electric field of 100 N/C. The flux through the

plane is: [PTA-2]
(a) 100 V.m (b) 500 V.m
(c) 20 V.m (d) zero

[Ans. (b) 500 V.m]
Dimension and unit of Electric flux is
[PTA-3]
(a) ML*T*A2, Nm*C™!
(b) ML*TA"!, Nm?*C!
(¢) ML*T'A2, Nm?*C!
(d) ML*T*A2, Nm?*C™!
[Ans. (b) ML3T=A, Nm?C]
At infinity, the electrostatic potential is /P7A-4]
(b) maximum
(d) zero
[Ans. (d) zero]

(a) infinity

(¢) minimum

Five balls marked 1, 2, 3,4 and 5 are suspended
by separate threads. The pairs (1, 2) (2, 4) and
(4, 1) show mutual attraction and the pairs
(2,3) and (4, 5) show repulsion. The number of
ball marked as 1 is [PTA-5]
(a) positive (b) negative

(d) can’t determine

[Ans. (C) neutral]

(c) neutral

The resultant capacitance of four plates, each
is having an area A, arranged as shown above,

will be (plate separation is d) [PTA-5]
d
| a Q
| d
Ag, Ag,
@) = (b) Sd
2Ae 3Ae
© =5 @ 5
2Ae

[Ans. (c) 7 9
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VERY SHORT ANSWER QUESTIONS

1.

Ans.

Ans.

Ans.

Ans.

Ans.
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An electric dipole is placed at an angle 30° with an
electric field intensity of 2 x 10°N C'. It experiences
atorque equal to 4 N m. The charge on the dipole

if the dipole length is 2 cm is [PTA-6]
() 8mC (b) 2mC
() 5mC (d) 7uC

[Ans. (2 mC)]

2 MARKS

The electric field outside a conductor is
perpendicular to its surface. Justify.  [P74-1]

(i)  The electric field outside the conductor
is perpendicular to the surface of the

(0
conductor and has a magnitude of -
0

where o is the surface charge density at
that point.

If the electric field has components parallel
to the surface of the conductor, then free
electrons on the surface of the conductor
would experience acceleration.

This means that the conductor is not in equilibrium.
Therefore at electrostatic equilibrium, the
electric field must be perpendicular to the
surface of the conductor.

(ii)

(iii)

State the law of conservation of electric
charges. [PTA-2]
The total electric charge in the universe is
constant and charge can neither be created
nor be destroyed. In any physical process,
the net change in charge will always be zero.

Define the physical quantity whose unit is Vm,
and state whether it is scalar or vector. [PTA-3]

Unit of Electric flux is Vm or Nm?C!
It is a scalar quantity.

Define electric dipole. [PTA-5]
Two equal and opposite charges separated by a

very small vector distance.

Define electric potential. [PTA-6]

It is defined as the amount of work done in
moving a unit positive charge from infinity
to that point.

(m
®
(¢}
:.
=)
®
=S
Q
=5
(¢)
()]
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SHORT ANSWER QUESTIONS

1.

Sol.

Sol.

3 MARKS

Four point charges +¢, +q, -q and -q are to
be arranged respectively at the four corners of
a square PQRS of side r. Find the work needed
to assemble this arrangement. [PTA-1]
The work done to arrange the charges in the
corners of the square is independent of the way
they are arranged. We can follow any order

(i)  First, the charge +¢ is brought to the corner
P. This requires no work since no charge is
already present, W, =0

Work required to bring the charge —q to
the corner Q = (-gq) x potential at a point Q
due to +q located at a point P.

(ii)

dne, a 4me; a

Work required to bring the charge +¢q to
the corner R= g x potential at the point R
due to charges at the point P and Q.

| e, a
4re, | a V2a

2
— ! q_[_ 1+L]
4ne, a 2
Work required to bring the fourth charge

—q at the position S = g x potential at the
point S due the all the three charges at the

W,=-9x
(iii)

WR =q

(iv)

point P, Q and R
9.9 q
W =-gx —|L+L+ L
s 1 Ane,\a a \/Ea]
_ Logf, 1
4ne, a \/5

Two capacitors of unknown capacitances
are connected in series and parallel. If net
capacitances in two combinations are 6 pF
and 25 pF respectively, find their capacitances.

[PTA-2]
L:L—‘,— L: Cl + C2
CS Cl CZ C1C2
12
=C = CiC, ButC,=C, +C,
CC
HenceC = —— = 6= C.G,
G, 25
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Sol.

()

Ans. (i)

.. C,C,=25%6=150

150

=>C2=F;C1+C2=25
1
150 ,

Ci=¢ =25=CP+150=25C,
(or)

C2-25C +150 = 0
C2-10C -15C +150 = 0

C,(C,-10) -15(C,-10) = 0
(C,-10) (C,-15) or C, 10 or 15
if C,=10uF;C, 15uF
C=15UF;C, = 10uF

Calculate the force between electron and
proton in Hydrogen atom.(e=1.6 x 10" Cand
r,=0.53A) [PTA-3]
The proton and the electron attract each other.
The magnitude of the electrostatic force between
these two particles is given by

g ket 9x107x(1.6x107")°

¢ 2 (5.3x107'")?

9 x2.56
X

28.09
=82x108N
Four point charges are placed at the four
corners of a square in two ways (a) and (b) as
shown in figure. Will the (i) electric potential
and (ii) electric field, at the centre of the
square be the same or different in the two
configurations and why? [PTA-5]

A B A B
Ll -

107

‘O O
N 24 b N d
¥ <

,q Pt \s _q +q It A _q
D C D C

Electric field at the centre of fig (b) will be
zero because same charges on the diagonally
opposite corners of a square give zero electric
field at the centre whereas it will be 'non
zero'in fig (a).

Electric potential will be the same in case of
fig(a) and (b) because there are two positive
and two negative charges of same magnitude
at equal distance from centres in both figures.

(i)
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Government Exam Questions & Answers

CHoOSE THE CORRECT ANSWER 1 mARK

1. Whenapoint charge of 6mC is moved between
two points in an electric field, the work done is
1.8 x 10~ J. The potential difference between
the two points is [Govt. MQP-2019]
(a) 1.08V (b) 1.08 uVv
(c) 3V (d) 30V
[Ans. (c) 3 V]

W 1.8x107°
\ = =%
q 6x10
= 3V

2. Two point charges A and B having charges +Q and
-Qrespectively, are placed at certain distance, apart
and force acting between them is F. If 25% charge
of A is transformed to B, then force between the

charges becomes. [QY-2019]
(a) OF () AF
9 3
9
F d —F
(c) (d) T

[Ans. (d) 16 F]

3. Acylinder of radius R and length L is placed in
auniform electric field E parallel to the cylinder
axis. The total flux for the surface of the cylinder

is given by . [QY-2019]
(a) 2nR’E (b) = R?
(c) (mR?-7wR)/E (d) Zero

[Ans. (d) Zero]

VERY SHORT ANSWER QUESTIONS 2 MARKS

1. Show graphically the variation of electric field
E (y-axis) due to a charged infinite plane sheet
with distance d (x-axis) from the plate.

[Govt. MQP-2019]

Ans. Itis independent of the distance. It is a straight line
parallel to x-axis.

YA

E

>
=X

0 distance - d
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2. A parallel plate capacitor has square plates of
side 5 cm and separated by a distance of 1mm,
then calculate the capacitance of the capacitor.

[QY-2019]

Ans. The capacitance of the capacitor is

C - EoA_885x1072x25x107*

d 1x1073
= 2212x10BF
C =2212x102F=22.12 pF

SHORT ANSWER QUESTIONS 3 MARKS

1. Define and derive an expression for the energy
density in parallel plate capacitor.

[Govt. MQP-2018]
The total work done to charge a capacitor is
stored as electrostatic potential energy in the
capacitor
Energy stored in the capacitor

Ans.

1
U, = ECW . (1)
& & V = Ed.

This is rewritten as using C=

Ug :l(%)(Ed I = %eo (Ad)E? (2)

2\ d
where Ad = volume of the space between the
capacitor plates. The energy stored per unit
volume of space is defined as energy density

U
Volume

Ug From equation (4),

We get :%EOEZ ..(3)
The energy density depends only on the electric
field and not on the size of the plates of the
capacitor.

2. State the rules followed while drawing electric

field lines for the representation of electric

field. [QY-2019]

The following rules are followed while drawing

electric field lines for charges.

(i)  The electric field lines start from a positive
charge and end at negative charges or at
infinity.

Ans.

(ii) The electric field vector at a point in space
is tangential to the electric field line at that

point.

(m
®
(¢}
:.
=)
®
=S
Q
=5
(¢)
()]
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(iii) The electric field lines are denser (more
closer) in a region where the electric field
has larger magnitude and less dense in a
region where the electric field is of smaller
magnitude.
No two electric field lines intersect each
other. If two lines cross at a point, then
there will be two different electric field
vectors at the same point.
(v) The number of electric field lines that
emanate from the positive charge or end at
a negative charge is directly proportional to

(iv)

the magnitude of the charges.

NumericaL PROBLEMS 3 MARKS

1. Charges of + 1 x 107 C are placed at each of

the four corners of a square of side 8 cm. Find
the potential at the intersection of the diagonals.

q ( 1 1 1 1 j [QY-2019]
8

Ans. V =

dngg\n L B I
_ 10 o v o
[g= 5 x10°Cl | o
8 . |8
=9x109x?x10-9 O %
x1 8

1 1 1 1
+ + +
(4J§x10‘2 42x1072 42 %1072 4J§x10‘2j

V = 21216 x 10* V.

.0
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L 4 000

2. A dipole is formed by two charges of 5 pC and
-5 nC at a distance of 8 mm. Find the electric
field at

a) a point 25 cm away from center of dipole
along its axial line.

b) a point 20 cm away from center of dipole
along its equatorial line. [HY-2019]

Given :
q =5 uC, E along axial line at 25 cm = ?,
E along equatorial line at 20 cm = ?
Solution :

a) dipole moment p
=2qd=2x5x10°x 8x10°=80x 10°cm
E along axial line at 25 cm
1 2p
X 4me, P

2x80x107°

= 9 ———————
P 50

=0.09216 x 10°
=9.2 x 10* NC*

b) E along equatorial line at 20 cm

o S0x10°
L S0x10
(20x102)’

=0.09 x 10°=9 x 10* NC*
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