For 2024 Exam

@ OSWAAL BOOKS®
NEM AN INGEMA DS IMBHE

Chapterwise & Topicwise

PAPERS
CLASS 12

QUESTION BANK ¢
PHYSICS

Get the #0swaalEdge

1 100% Updated for 2023-24
with Latest Syllabus & Fully Solved
Board Papers

Crisp Revision
with Topic wise Revision Notes, Smart
Mind Maps & Mnemonics

3 Extensive Practice
with 3000+ Questions & Board
Marking Scheme Answers

Concept Clarity
4 with 1000+ Concepts

& 50+ Concept Videos
5 NEP 2020 Compliance

with Art Integration & Competency-
based Questions



& 19" comon

YEAR 2023-24

g 1SBN

“9789356349469”

=N
SYLLABUS

COVERED

CENTRAL BOARD OF

SECONDARY EDUCATION
DELHI

COPYRIGHT
RESERVED

BY THE PUBLISHERS

All rights reserved. No part of

PUBLISHED BY

@ OSWAAL BOOKS &
LEARNING PVT. LTD.

©)

1/11, Sahitya Kunj, M.G. Road,
Agra - 282002, (UP) India

©

this book may be reproduced,
stored in a retrieval system,
or transmitted, in any form or
by any means, without written
permission from the publishers.
The author and publisher will
gladly receive information

1/1, Cambourne Business Cenfre
Cambridge, Cambridgeshire
CB 236DP, United kingdom

G

0562-2857671

enabling them to rectify any
error or omission in subsequent
editions.

X

contact@oswaalbooks.com

&

www.OswaalBooks.com

DISCLAIMER

This book is published by Oswaal Books and Learning Pvt Ltd (“Publisher”) and is intended solely for educational use, to
enable students to practice for examinations/tests and reference. The contents of this book primarily comprise a collection
of questions that have been sourced from previous examination papers. Any practice questions and/or notes included by
the Publisher are formulated by placing reliance on previous question papers and are in keeping with the format/pattern/
guidelines applicable to such papers.

The Publisher expressly disclaims any liability for the use of, or references to, any terms or terminology in the book, which
may not be considered appropriate or may be considered offensive, in light of societal changes. Further, the contents of
this book, including references to any persons, corporations, brands, political parties, incidents, historical events and/or
terminology within the book, if any, are not intended to be offensive, and/or to hurt, insult or defame any person (whether
living or dead), entity, gender, caste, religion, race, etc. and any interpretation to this effect is unintended and purely
incidental. While we try to keep our publications as updated and accurate as possible, human error may creep in. We
expressly disclaim liability for errors and/or omissions in the content, if any, and further disclaim any liability for any loss or
damages in connection with the use of the book and reference to its contents”.




Contents

Latest CBSE Syllabus

Sample Question Paper-2022-23 Fully Solved

(Issued by Board dated 16 Sep. 2022) 17 - 33
® Solved Paper-2022 Term-Il
(Delhi & Outside Delhi Sets) 34 - 57

(To download Solved paper for Term-1 2021-22 &
Latest Topper's Answers 2020, scan the QR Code
given on Page 57)

® Supplement: New Typology of Questions

Introduced by CBSE for 2023-24 Examination 58 - 64
UNIT | : ELECTROSTATICS UNIT VI : OPTICS
1.  Electric Charges and Fields 1- 33 ; ;
2.  Electrostatic Potential and 9. Ray Optics and Optical
Capacitance 34 - 60 Instruments 208 - 237
&  Self Assessment Paper-1 61 - 62 10.  Wave Optics 238 - 955
UNIT Il : CURRENT ELECTRICITY ¢  Self Assessment Paper-6 256 - 257
3. Current Electricity 63 - 82 UNITVII: DUAL NATURE OF
¢  Self Assessment Paper-2 83 - 85
RADIATION AND MATTER
UNIT Il : MAGNETIC EFFECTS -
OF CURRENT AND 11.  Dual Nature of Radiation
MAGNETISM and Matter 258 - 284
4 Moving Charges and &  Self Assessment Paper-7 285 - 287
Magnetism 86 - 112 .
5. Magnetism and Matter 113 - 124 UNIT VIl : ATOMS & NUCLEI
¢  Self Assessment Paper-3 125 - 127 12 Atoms 288 - 311
UNIT IV : ELECTROMAGNETIC 13, Nuclei 319 - 304
INDUCTION AND ®  Self Assessment Paper-8 325 - 326

ALTERNATING CURRENTS
6.  Electromagnetic Induction 128 - 150  UNIT IX : ELECTRONIC DEVICES

7. Al i 151 - 1 . . .
’terréi'ﬁlfn'gsg:srsremrg; Paper-4 126 ) 122 14.  Semiconductor Electronics : Materials,
Devices and Simple Circuits 327 - 350
UNIT V : ELECTROMAGNETIC WAVES ¢ Self Assessment Paper-9 351 - 353
8.  Electromagnetic Waves 189 - 205 @  Practice Paper-1 354 - 361
¢  Self Assessment Paper-5 206 - 207 & Practice Paper-2 362 - 368

GET YOUR CBSE 2023
SOLVED BOARD

L
PAPER FREE! ﬂgrg'ﬂ
To get the fully solved CBSE Board Paper
2023 as will as other important CBSE Eﬂ. ‘

updates throughout the year

o~

Scan the Code

SCAM

(3)



How to use this Book

Chapter Navigation Tools

|El#' ] fojo}
B¥ E/‘
| » cE,
Syllabus Topicwise & - Revision - QR Codes
Conceptwise Notes S
Segregation
Prescribed by For Focused Chapter Summary For Concept
CBSE & Systematic Developed by Videos
Study Oswaal Experts

@

+

G esoresoreson o es onon an an o e e e

- Mnemonics Fundamentals Keywords Mind Maps 4
4 Facts
To To explore the For quick recall For better
Memorise Better endless World of of concepts retention of

Knowledge concepts

v

N

\» Latest Previous Academically Practice
Typologies of Years’ Board = Important =1 Questions \
Questions Papers Questions
Objective SA/LA/ To decode To Look out for For Better
Case-based the paper pattern Highly Expected Practice

Questions,
Picture based
Questions

Questions for the
upcoming exams

*

Did

Self Reflections Topper's Commonly
Assessment = = r = Answers [ = Made Errors
& Practice & Answering
Papers Tips
For Chapterwise To Ask To Learn to To write perfect
Assessment youself about write your way Answers

your learnings to success

(4)



What is on your wishlist for this Academic Year?

e Do better than the previous year

e Perfect every concept, every topic, and every question from the very beginning
You said it, we heard it!

Practice means to perform, repeatedly in the face of all obstacles, some act of vision, of faith, of desire. Practice is a
means of inviting the perfection desired.

-Martha Graham

As we usher into a brand-new Academic Year 2023-24, Oswaal Books, with its all-new Question Banks, empowers
you to perfect your learning, consistently!

These Question Banks have been updated for 2023-24 with utmost care. They are a unique blend of all the CBSE
Board Updates, Previous Years’ Questions, and specially curated Questions as per the Latest Typologies along with
best-in-class Learning Resources.
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All these together will charge you with the much-needed confidence to face the boards and emerge champions. But
what makes it so Unique?

1. 100% Updated with Latest Syllabus & Fully Solved Board Papers

2. Crisp Revision with Topic wise Revision Notes, Smart Mind Maps & Mnemonics
3. Extensive Practice with 3000+ Questions & Board Marking Scheme Answers

4. Concept Clarity with 1000+concepts & 50 + Concept Videos

5. NEP 2020 Compliance with Art Integration and Competency -Based Questions

For those who are looking to ramp up their preparation and to ‘PERFECT’ every nuance of concepts studied, these
Question Banks are a must in your Boards arsenal. This is the perfect time to start your exciting journey with these
Question Banks and fill in learning gaps, throughout the year with utmost ease & confidence.

This Question Bank would not have been made possible without the valuable contributions of the esteemed
members of the Oswaal Editorial Board-Authors, Editors, Subject matter experts, Proofreaders & DTP operators who
worked day and night to bring this incredible book to you. We are also highly grateful to our dear students for all their
valuable and impeccable inputs in the making of this one-of-a-kind exam preparation tool.

All the best Students!! Be the perfectionist that you are!

Team Oswaal Books
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Syllabus

Latest Syllabus

PHYSICS (Code No. 042)
CLASS-XII (THEORY)

Time : 3 Hours

Max Marks 70

No. of Periods | Marks

UnitlI Electrostatics

Chapter-1: Electric Charges and Fields

)
26

Chapter-2: Electrostatic Potential and Capacitance

> 16

Unit II Current Electricity

Chapter-3: Current Electricity

18 )

Unit III

Magnetic Effects of Current and Magnetism

Chapter—4: Moving Charges and Magnetism 25

Chapter-5: Magnetism and Matter

Unit IV

Electromagnetic Induction and Alternating Currents

}17

Chapter—6: Electromagnetic Induction

24

Chapter—7: Alternating Current

Unit V Electromagnetic waves

04 )

Chapter—8: Electromagnetic waves

Unit VI | Optics

> 18

Chapter—9: Ray Optics and Optical Instruments 30

Chapter—10: Wave Optics

Unit VII | Dual Nature of Radiation and Matter

Chapter—11: Dual Nature of Radiation and Matter

08 )

Unit VIII | Atoms and Nuclei

Chapter—12: Atoms

15

Chapter-13: Nuclei

Unit IX Electronic Devices

Simple Circuits

Chapter-14: Semiconductor Electronics : Materials, Devices and 10 } 7

Total

160 70

Unit I : Electrostatics (26 Periods)

Chapter-1 : Electric Charges and Fields

Electric Charges; Conservation of charge,
Coulomb’s law-force between two point charges,
forces between multiple charges; superposition
principle and continuous charge distribution.
Electric field, electric field due to a point charge,

electric field lines, electric dipole, electric field
due to a dipole, torque on a dipole in uniform
electric fleld.

Electric flux, statement of Gauss’s theorem and
its applications to find field due to infinitely long
straight wire, uniformly charged infinite plane
sheet and uniformly charged thin spherical shell
(field inside and outside).
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Chapter-2:Electrostatic Potential and Capacitance
Electric potential, potential difference, electric
potential due to a point charge, a dipole and
system of charges; equipotential surfaces,
electrical potential energy of a system of two point
charges and of electric dipole in an electrostatic
field.

Conductors and insulators, free charges and
bound charges inside a conductor. Dielectrics and
electric polarization, capacitors and capacitance,
combination of capacitors in series and in parallel,
capacitance of a parallel plate capacitor with and
without dielectric medium between the plates,
energy stored in a capacitor (no derivation,
formulae only).

Unit II : Current Electricity
Chapter-3 : Current Electricity
Electric current, flow of electric charges in a
metallic conductor, drift velocity, mobility and
their relation with electric current; Ohm’s
law, V-I characteristics (linear and non-linear),
electrical energy and power, electrical resistivity
and conductivity, temperature dependence of
resistance, Internal resistance of a cell, potential
difference and emf of a cell, combination of
cells in series and in parallel, Kirchhoff’s rules,
Wheatstone bridge.

Unit III : Magnetic Effects of Current and
Magnetism 25 Periods
Chapter—4 : Moving Charges and Magnetism
Concept of magnetic field, Oersted’s experiment.
Biot - Savart law and its application to current
carrying circular loop.

Ampere’s law and its applications to infinitely
long straight wire. Straight solenoids (only
qualitative treatment), force on a moving charge
in uniform magnetic and electric fields.

Force on a current-carrying conductor in a
uniform magnetic field, force between two
parallel current-carrying conductors-definition
of ampere, torque experienced by a current loop
in uniform magnetic field; Current loop as a
magnetic dipole and its magnetic dipole moment,
moving coil galvanometer its current sensitivity
and conversion to ammeter and voltmeter.
Chapter-5 : Magnetism and Matter

Bar magnet, bar magnet as an equivalent solenoid
(qualitative treatment only), magnetic field
intensity due to a magnetic dipole (bar magnet)
along its axis and perpendicular to its axis
(qualitative treatment only), torque on a magnetic
dipole (bar magnet) in a uniform magnetic field

18 Periods

(qualitative treatment only), magnetic field lines.
Magnetic properties of materials-Para-, dia-
and ferro-magnetic substances with examples,
Magnetization of materials, effect of temperature
on magnetic properties.

Unit IV Electromagnetic Induction and
Alternating Currents 24 Periods
Chapter-6 : Electromagnetic Induction
Electromagnetic induction; Faraday’s laws,
induced EMF and current; Lenz’s Law, Self and
mutual induction.

Chapter-7 : Alternating Current

Alternating currents, peak and RMS value
of alternating current/voltage; reactance and
impedance; LCR series circuit (phasors only),
resonance, power in AC circuits, power factor,
wattless current.

AC generator, Transformer.

Unit V : Electromagnetic Waves
Chapter-8 : Electromagnetic Waves
Basic idea of displacement current, Electromag-
netic waves, their characteristics, their transverse
nature (qualitative idea only).

Electromagnetic spectrum (radio waves, micro-
waves, infrared, visible, ultraviolet, X-rays, gam-
ma rays) including elementary facts about their
uses.

Unit VI : Optics 30 Periods
Chapter-9 : Ray Optics and Optical Instruments
Ray Optics : Reflection of light, spherical
mirrors, mirror formula, refraction of light, total
internal reflection and optical fibres, refraction at
spherical surfaces, lenses, thin lens formula, lens
maker’s formula, magnification, power of a lens,
combination of thin lenses in contact, refraction of
light through a prism.

Optical instruments: Microscopes and astronomi-
cal telescopes (reflecting and refracting) and their
magnifying powers.

Chapter-10 : Wave Optics

Wave optics : Wave front and Huygen’s principle,
reflection and refraction of plane wave at a
plane surface using wave fronts. Proof of laws of
reflection and refraction using Huygen’s principle.
Interference, Young's double slit experiment and
expression for fringe width (No derivation final
expression only), coherent sources and sustained
interference of light, diffraction due to a single slit,
width of central maxima (qualitative treatment
only).

04 Periods
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Unit VII : Dual Nature of Radiation and Matter
08 Periods
Chapter-11 : Dual Nature of Radiation and
Matter
Dual nature of radiation, Photoelectric effect,
Hertz and Lenard’s observations; Einstein’s
photoelectric equation-particle nature of light.
Experimental study of photoelectric effect.
Matter waves-wave nature of particles, de-Broglie
relation.
Unit VIII : Atoms and Nuclei
Chapter-12 : Atoms
Alpha-particle scattering experiment; Rutherford’s
model of atom; Bohr model of hydrogen atom,
Expression for radius of nth possible orbit, velocity
and energy of electron in his orbit, of hydrogen
line spectra (qualitative treatment only).
Chapter-13 : Nuclei
Composition and size of nucleus, nuclear force.
Mass-energy relation, mass defect; binding ener-
gy per nucleon and its variation with mass num-
ber; nuclear fission, nuclear fusion.

15 Periods

Unit IX : Electronic Devices 10 Periods
Chapter-14 Semiconductor  Electronics:
Materials, Devices and Simple Circuits
Energy bands in conductors, semiconductors
and insulators (qualitative ideas only) Intrinsic
and extrinsic semiconductors- p and n type, p-n
junction
Semiconductor diode - I-V characteristics in
forward and reverse bias, application of junction
diode -diode as a rectifier.
Practicals
Total Periods 60
The record to be submitted by the students at the
time of their annual examination has to include :
® Record of at least 8 Experiments [with 4 from
each section], to be performed by the students.
® Record of at least 6 Activities [with 3 each from
section A and section B], to be performed by
the students.
® The Report of the project carried out by the
students.

Evaluation Scheme

Time: 3 hours

Max. Marks: 30

Two experiments one from each section 7+7 Marks
Practical record [experiments and activities] 5 Marks
One activity from any section 3 Marks
Investigatory Project 3 Marks
Viva on experiments, activities and project 5 Marks
Total 30 marks

SECTION-A

Experiments :

1. To determine resistivity of two / three wires by
plotting a graph for potential difference versus
current.

2. To find resistance of a given wire / standard
resistor using metre bridge.

3. To verify the laws of combination (series) of
resistances using a metre bridge.

OR
To verify the laws of combination (parallel) of
resistances using a metre bridge.

4. To determine resistance of a galvanometer by
half-deflection method and to find its figure of
merit.

5. To convert the given galvanometer (of known
resistance and figure of merit) into a voltmeter
of desired range and to verify the same.

OR

To convert the given galvanometer (of known
resistance and figure of merit) into an ammeter
of desired range and to verify the same.

6. To find the frequency of AC mains with a
sonometer.

Activities

1. To measure the resistance and impedance of an
inductor with or without iron core.

2. To measure resistance, voltage (AC/DC),
current (AC) and check continuity of a given
circuit using multimeter.

3. To assemble a household circuit comprising
three bulbs, three (on/off) switches, a fuse and
a power source.

4. To assemble the components of a given
electrical circuit.

5. To study the variation in potential drop with
length of a wire for a steady current.

6. To draw the diagram of a given open circuit
comprising at least a battery, resistor/rheostat,

(8)
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key, ammeter and voltmeter. Mark the
components that are not connected in proper
order and correct the circuit and also the circuit
diagram.

SECTION-B

Experiments :

1.

8.

9.

To find the value of v for different values of u
in case of a concave mirror and to find the focal
length.

. To find the focal length of a convex mirror,

using a convex lens.

. To find the focal length of a convex lens by

plotting graphs between u and v or between
1/u and 1/v.

. To find the focal length of a concave lens, using

a convex lens.

. To determine angle of minimum deviation for

a given prism by plotting a graph between
angle of incidence and angle of deviation.

. To determine refractive index of a glass slab

using a travelling microscope.

. To find refractive index of a liquid by using

convex lens and plane mirror.

To find the refractive index of a liquid using a
concave mirror and a plane mirror.

To draw the I-V characteristic curve for a p-n
junction diode in forward and reverse bias.

Activities

1.

2.

To identify a diode, an LED, a resistor and a
capacitor from a mixed collection of such items.
Use of multimeter to see the unidirectional flow
of current in case of a diode and an LED and
check whether a given electronic component
(e.g., diode) is in working order.

. To study effect of intensity of light (by varying

distance of the source) on an LDR.

. To observe refraction and lateral deviation of a

beam of light incident obliquely on a glass slab.
To observe diffraction of light due to a thin slit.
To study the nature and size of the image
formed by a (i) convex lens, or (ii) concave
mirror, on a screen by using a candle and a

screen (for different distances of the candle
from the lens/mirror).

To obtain a lens combination with the specified
focal length by using two lenses from the given
set of lenses.

Suggested Investigatory Projects

1.

2.

To study various factors on which the internal

resistance/EMF of a cell depends.

To study the variations in current flowing

in a circuit containing an LDR because of a

variation in

(a) the power of the incandescent lamp, used
to ‘illuminate” the LDR (keeping all the
lamps at a fixed distance).

(b) the distance of a incandescent lamp (of
fixed power) used to ‘illuminate’ the LDR.

. To find the refractive indices of (a) water (b)

oil (transparent) using a plane mirror, an equi
convex lens (made from a glass of known
refractive index) and an adjustable object
needle.

. To investigate the relation between the ratio of

(i) output and input voltage and (ii) number of
turns in the secondary coil and primary coil of
a self-designed transformer.

. To investigate the dependence of the angle of

deviation on the angle of incidence using a
hollow prism filled one by one, with different
transparent fluids.

. To estimate the charge induced on each one

of the two identical styrofoam (or pith) balls
suspended in a vertical plane by making use of
Coulomb’s law.

7. To study the factor on which the self-inductance

of a coil depends by observing the effect of this
coil, when put in series with a resistor/(bulb) in
a circuit fed up by an A.C. source of adjustable
frequency.

To study the earth’s magnetic field using
a compass needle -bar magnet by plotting
magnetic field lines and tangent galvanometer.

Practical Examination for Visually Impaired Students of
Class XI and XII Evaluation Scheme

Time: 2 hours

Max. Marks: 30

Identification/Familiarity with the apparatus 5 marks
Written test (based on given/prescribed practicals) 10 marks
Practical Record 5 marks
Viva 10 marks

Total 30 marks

(9)



Syllabus

General Guidelines

The practical examination will be of two-hour
duration.
A separate list of ten experiments is included
here.
The written examination in practicals for these
students will be conducted at the time of
practical examination of all other students.
The written test will be of 30 minutes duration.
The question paper given to the students
should be legibly typed. It should contain
a total of 15 practical skill based very short
answer type questions. A student would be
required to answer any 10 questions.
A writer may be allowed to such students as
per CBSE examination rules.
All questions included in the question papers
should be related to the listed practicals.
Every question should require about two
minutes to be answered.
These students are also required to maintain a
practical file. A student is expected to record at
least five of the listed experiments as per the
specific instructions for each subject. These
practicals should be duly checked and signed
by the internal examiner.
The format of writing any experiment in the
practical file should include aim, apparatus
required, simple theory, procedure, related
practical skills, precautions etc.
Questions may be generated jointly by the
external/internal examiners and wused for
assessment.
The viva questions may include questions
based on basic theory/principle/concept, ap-
paratus/ materials/chemicals required, proce-
dure, precautions, sources of error etc.

Class XII

.Items for Identification/ familiarity with the

apparatus for assessment in practicals (All
experiments)

Meter scale, general shape of the voltmeter/
ammeter, battery/power supply, connecting
wires, standard resistances, connecting wires,

voltmeter/ammeter, meter bridge, screw gauge,
jockey Galvanometer, Resistance Box, standard
Resistance, connecting wires, Potentiometer,
jockey, Galvanometer, Lechlanche cell, Daniell
cell [simple distinction between the two vis-a-
vis their outer (glass and copper) containers],
rheostat connecting wires, Galvanometer,
resistance box, Plug-in and tapping keys,
connecting wires battery/power supply, Diode,
Resistor (Wire-wound or carbon ones with
two wires connected to two ends), capacitors
(one or two types), Inductors, Simple electric/
electronic bell, battery/power supply, Plug-in
and tapping keys, Convex lens, concave lens,
convex mirror, concave mirror, Core/hollow
wooden cylinder, insulated wire, ferromagnetic
rod, Transformer core, insulated wire.

B. List of Practicals
. To determine the resistance per cm of a given

wire by plotting a graph between voltage and
current.

. To verify the laws of combination (series/

parallel combination) of resistances by Ohm’s
law.

. To find the resistance of a given wire / standard

resistor using a meter bridge.

. To determine the resistance of a galvanometer

by half deflection method.

. To identify a resistor, capacitor, inductor and

diode from a mixed collection of such items.

. To observe the difference between

(i) aconvex lens and a concave lens

(ii) a convex mirror and a concave mirror and
to estimate the likely difference between
the power of two given convex /concave
lenses.

. To design an inductor coil and to know the

effect of

(i) change in the number of turns

(ii) Introduction of ferromagnetic material as
its core material on the inductance of the
coil.

(10)
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8. Todesigna (i) step up (ii) step down transformer 2. Physics, Class XI, Part -I and II, Published by
on a given core and know the relation between NCERT.
its input and output V.oltages. . 3. Laboratory Manual of Physics for class XII
Note : The above practicals may be carried out Published by NCERT

in an experiential manner rather than recording
4. The list of other related books and manuals

observations.
Prescribed Books: brought out by NCERT (consider multimedia
1. Physics, Class XI, Part -I and II, Published by also).

NCERT.

aa
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QUESTION PAPER DESIGN

Theory (Class: XI/XII)
Maximum Marks: 70 Duration: 3 hrs.
S. . Total | Approximate
No. Typology of Questions Marks | Percentage
1. | Remembering : Exhibit memory of previously learned material by
recalling facts, terms, basic concepts, and answers.
Understanding : Demonstrate understanding of facts and ideas by | 27 38%
organizing, comparing, translating, interpreting, giving descriptions,
and stating main ideas
2. | Applying : Solve problems to new situations by applying acquired ” 329
knowledge, facts, techniques and rules in a different way. ¢
3. | Analysing : Examine and break information into parts by identifying
motives or causes. Make inferences and find evidence to support
generalizations
Evaluating : Present and defend opinions by making judgments about
information, validity of ideas, or quality of work based on a 21 30%
set of criteria.
Creating : Compile information together in a different way by
combining elements in a new pattern or proposing alternative
solutions.
Total Marks 70 100%
Practical 30
Gross Total 100
Note : plates keeping the overall weightage to different form
The above template is only a sample. Suitable internal of questions and typology of questions same.

variations may be made for generating similar tem-
aa
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Hear it from our Happy Readers!

All concepts have been explained with
examples which simplifies the
understanding of the concepts and makes
practice very easy. It is worth the money.

Good Book!
According to me, it is a brilliant book for CBSE

students. It prepares students really well for the
upcoming 2022-23 exams. Thankfully, Maths is Siddharth Gupta
no more a worry. Must buy!

Priyanka

This question bank is the best. It helps me to improve
my skills and knowledge. My teacher recommended
this book and it helps me a lot to increase
my grades.

Avishake Kar

Great Book
This is really a nice book. It helps my son a lot in

studies. Many of his friends recommended Oswaal
Question Bank to him, so we bought it.
It is good and helpful.

Amrik Singh Gujral

Very good book for 12th class preparation. This book
contains Previous Years' Questions which is very helpful in exams. It also
includes VSAQs, SAQs and one mark questions for exam practice. One
must read this book to achieve high percentile in exams.

€
Priya J.

Outstanding Book!
It is really an outstanding book. ‘
With this question bank, we are able to get 90+ % in CBSE Board.
It is really helpful.

Om Lingyat

Fantastic book! "
Along with Previous Years Questions & Board Marking
scheme answers this book also includes new typology of
questions: MCQs, Assertion-Reason, VSA ,SA , LA & case-
based questions. Fantastic to study!!

| would definitely recommend
this book for 12th Boards. It is
covering the latest and updated syllabus with
great-quality of questions.

Sumit
Aryan
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UNIT - I:. ELECTROSTATICS

CHAPTER

ELECTRIC
CHARGES
AND FIELDS

Electric Charges; Conservation of charge, Coulomb's law-force between
two-point charges, forces between multiple charges; superposition
principle and continuous charge distribution. Electric field, electric field
due to a point charge, electric field lines, electric dipole, electric field
due to a dipole, torque on a dipole in uniform electric field. Electric flux, statement of Gauss's theorem and
its applications to find field due to infinitely long straight wire, uniformly charged infinite plane sheet and
uniformly charged thin spherical shell (field inside and outside).

Syllabus

In this chapter you will study

Electric charge, Electric field, electric field due to a point charge, electric field lines,
electric dipole, electric field due to a dipole, torque on a dipole in uniform electric
field,Electric flux, statement of Gauss’s theorem and its applications to find field
due to infinitely long straight wire, uniformly charged infinite plane sheet and
uniformly charged thin spherical shell (field inside and outside).

List of Topics
Topic-1: Electric Field and Dipole
Page No. 1
Topic-2 : Gauss's Theorem and

its Applications
Page No. 15

___________________________________________________________________________

Electric Field and Dipole i
Topic- 1 Concepts Covered e Electric charge, ® Electrostatic charge, ® Properties of electric charge, |

e Coulomb’s law, e Principle of superposition, e Electric field, e Electric field lines, e Electric
dipole, ® Torque on a dipole, e Electric dipole moment, e Electric field due to dipole

___________________________________________________________________________

E Revision Notes

Electric Charge similar in sFrength as electrostatic field in an electron

» Electric charge is the property of a | Scantoknow ¥lth olpptosﬁe polirlty. t i1l tend t | each
matter due to which, it experiences this topic > WO electrons or two profons wit tend 1o Tepel eac
a force when placed in an < other as they carry like charges, negative and positive
electromagnetic field. Ol E—. respectively. ——

> Point charge is an accumulation of the | |1 = The electron and proton will get ﬁ?cifre°ab332”
electric charges at a point, without L attracted towards each other due to this topic
spatial extent. Elecﬁ;:‘;gl‘:rges their unlike charges. Ok=40]

» Electrons are the smallest and lightest » The charge present on the electron is L
fundamental particles in an atom having negative equal and opposite to charge on the [=]
charge as these are surrounded by invisible field proton. Electric Field
known as electrostatic field. Charge on a proton =+ 1.6 X 10°°C

» Protons are comparatively larger and heavier than and, charge on an electron = — 1.6 x 1079 ¢C

electrons with positive electrical charge which is
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Electrostatic Charge
» Electrostatic charge means the charge is at rest.
» Electrostatic charge is a fundamental physical quantity
like length, mass and time.
Silk
Glass -
P

y

% r
g +
Neutral(sphere) A negative rod nearby
separates +ve and —ve charges

=, Electrons

4+ I
7 flowtothe *
1Earthv1a wire
+ %+
Ground
Withrod nearby the negative With rod away, the positive

end may be discharged. charges distribute evenly

\

Charge on a body is expressed as g = + ne

The magnitude of charge is independent of the speed

of the particle.

» Based on the flow of charge across them, materials are
classified as:

* Conductors: Allow electric charge to flow freely,
e.g., metals.

* Semi-conductors: Behave as the conductor
or insulator depending on the number of free
electrons and holes availability. e.g., silicon.

* Insulators: Do not allow electric charge to flow,
e.g., rubber, wood, plastic, etc.

» Net charge on a body is given by:

* Charging by friction: Charging insulators

* Charging by conduction: Charging metals and
other conductors

* Charging by induction: Wireless charging

Charging by Rubbing

» On rubbing a glass rod and silk cloth piece together,
glass rod gets positively charged whereas silk cloth
gets negatively charged.

» If a plastic rod is rubbed with wool, it becomes
negatively charged.

Charging by Induction

» Charging by induction means charging without
contact.

» If a negatively charged rod is brought near neutral

metal with insulator mounting, it repels free

electrons and attracts positive charges on metal.

\

Electric Charge: Electric charge is the i
physical property of matter that causes it ;
to experience a force when placed in an i
electromagnetic field. !
Friction: It is the opposing force. i
Neutral metal: Metal having no net charge. |

ELECTRIC CHARGES AND FIELDS

» If far end is connected to Earth by a wire, electrons
will flow towards ground while positive charges are
kept captive by the rod.

» When the rod is removed, the captive positive
charge is distributed evenly.

Properties of Electric Charge

Addition of charges

» If a system contains three point charges g, 9,, and g,
then the total charge of the system will be the algebraic
addition of gy, g, and g3, i.e., charges will add up.

g=hm+t 9 +q;

Conservation of charges

» Electric charge is always conserved. It is the sum of
positive and negative charges present in an isolated
system, which remains constant.

» Charge can neither be created nor destroyed in the
process, but only exists in positive-negative pairs.

Quantization of charges

» Electric charge is always quantized
i.e., electric charge is always an
integral multiple of charge ‘e’. EvRE

» Net charge g,,; of an object having N, y
electrons, N, protons and N, neutrons
is:
Jpet = — €N, + eN, + ON,, = e(N,—N,) =
* ne

» Neutron (n): m = 1.675 X 10 kg; g = 0

» Proton (p): m = 1.673 X 10 kg; g = +1.6 x 107 C

» Electron (e): m = 9.11 x 103 kg; g = -1.6 X 10 C

Coulomb’s Law

» The force of attraction or repulsion between two point
charges g; and g, separated by a distance r is directly
proportional to product of magnitude of charges
and inversely proportional to square of the distance
between charges, written as:

F= k| 91149, | 1

r? 4me, r

Scan to know
more about

this topic

=5

Electric Dipole

lq: 11|

2

where,

F = Force of attraction/repulsion between charges
gy and g,

g, 9= Magnitudes
2 respectively

r = Distance between charges g, 9,

k = Constant whose value depends on medium where

of charge 1 and charge

1
charges are kept, k =
4me,
Ase=K'g, k= !
SEZR% T ke,

€y = Permittivity of vacuum or free space

= 8.854 X 1072 F/m
K’ = Relative permittivity of medium or dielectric
constant.
For vacuum, relative permittivity, K’ = 1,
As e = K g, therefore the force of attraction/repulsion
between two electric charges g;, g, placed in the
vacuum and medium will be:

\

\

= L% (vacuum) and
ine, r
1 4949

=————12 (medium)
4mepe, 12

d



» The unit coulomb (C) is derived from the SI unit
ampere (A) of the electric current.

» Current is the rate at which charge moves past a point
. d
or through a region, 1 = d% ,hence 1 C=(1A) x (15s).

» The vector form of Coulomb force with 7 1 = unit
vector from g; to g, is given as:

z 1 a4y 7 1 g4,
FlZ - 47580 rTrlz and Fl - Are 7 21
= by =-F
r/v
/ /‘; 7, Flz
1,12 21
q1
E

Principle of Superposition

» The force on any charge due to other charges at rest is
the vector sum of all the forces on that charge due to
the other charges, taken one at a time.

» The individual forces are unaffected due to presence
of other charges.

» Force exerted by g, on q; = F13
-
» Force exerted by g, on q; = F23

- -
» Net force exerted on g3 is vector sum of Fi3 and Fy3

Electric field

» The space around a charge up to which its electric
force can be experienced is called electric field.

IE

qu

» If a test charge g, is placed at a point where electric
field is E, then force on the test charge is F = q,E

Oswaal CBSE Question Bank Chapterwise & Topicwise, PHYSICS, Class-XII

» The electric field strength due to a point source charge
‘g’ at an observation point ‘A’ at a distance ‘7’ from the
source charge is given by:

1 g7 1

=" orE=

. A
ame, r

4me, 12

5
E=

» The unit of electric field is N/C.

» Electric field inside the cavity of a charged conductor is
Zero.

» If a charged/uncharged conductor is placed in an
external field, the field in the conductor is zero.

» In the case of a charged conductor, electric field is
independent of the shape of the conductor.

N4

ZON

» Electric field lines are imaginary lines that originates
from the positive charge and terminates at negative
charge.

» Direction of electric field lines around positive charge
is imagined by positive test charge g, located around
source charge.

Electric field lines

» Electric field has the same direction as force on the
positive test charge.

» Electric field lines linked with negative charge are

directed inward described by force on positive test

charge q,.

The electric field lines never intersect each other.

Strength of electric field is encoded in density of field

lines.

Electric Dipole

AR

» The system formed by two equal and opposite charges
separated by a small distance is called an electric
dipole.

» The electric field exists due to a dipole.

» The force on a dipole in a uniform electric field is zero
in both stable as well as unstable equilibrium.

» The potential energy of a dipole in an uniform
electric field is minimum for a stable equilibrium and
maximum for an unstable equilibrium.



Torque on a dipole

» Inadipole, when the net force on dipole due to electric
field is zero and center of mass of dipole remains fixed,
the forces on charged ends produce net torque T about
its center of mass.

T = Fdsin 6 = qE dsin © = pEsin 6
% = i}XE

.

e
Vo —
g

e

=
_F:qE

* If 6 = 0° or 360°, dipole exists in stable equilibrium
state.
» If6 = 180°, dipole exists in an unstable equilibrium
state.
» In the uniform electric field, the dipole experiences
torque, the net force on dipole is zero.
» In the uniform electric field, the dipole experiences a
rotatory motion.
» In the non-uniform electric field, dipole experiences
torque and net force.
» In the non-uniform electric field, dipole experiences
rotatory and translatory motion.
* The torque aligns the dipole with the electric field
and it becomes zero.
* The direction of the torque is normal to the plane
going inward.

+// OBJECTIVE TYPE QUESTIONS

n Multiple Choice Questions

Q.1. A negatively charged object X is repelled by
another charged object Y. However an object Z is
attracted to object Y. Which of the following is the
most possibility for the charge of object Z?

[CBSE Term I 2021]

(A) positively charged only

(B) negatively charged only

(C) neutral or positively charged

(D) neutral or negatively charged

Option (C) is correct.

Explanation: X is negatively charged. Since it

is repelled by Y, this means Y is also negatively

charged. Now, if Z is neutral or positively charged

then it will be attracted by Y.

. In an experiment three microscopic latex spheres
are spread into a chamber and became charged
with charges +3e, +5e and -3e respectively. All
the three spheres came in contact simultaneously
for a moment and got separated. Which one of the

Ans.

ELECTRIC CHARGES AND FIELDS

Electric Dipole Moment

» Dipole moment is a vector quantity whose unit is
coulomb-metre (Cm).

» Dipole moment vector of electric dipole is p = qx2a
between pair of charges g, —q, along the line, separated
by distance 2.

Electric field due to a dipole

» For point P at distance r from the centre of the dipole
on charge g, for r>>a, total field at point P is

E:Laa
4meyr
-1 2—;’ (ifa<<r)
4dmey r
E, E, q P q
q<_ ?_> +'______<__“2L_Z _______
: - |

» For point P on the equatorial plane due to charges +¢
and —g, electric field of dipole at a large distance,

17
e 13
+q e
: .
M E
(1 mark each)

following are possible values for the final charge
on the spheres? [CBSE Term I 2021]
(A) +5e, -4e, +5e (B) +6e, +6e, -7e
(C) —4e, +3.5e, +5.5e (D) +5e,-8e, +7e
Ans. Option (B) is correct.
Explanation: When three spheres are brought in
contact the net charge will be -3e + 3e + 5e = 5e
When separated this 5e charge will be distributed.
In option (A), Total charge is 6e. So, this option is
not correct.
In option (B), Total charge is 5e. So, this option is
correct.
In option (C), Total charge is 5e. But option have
charges in fraction which violates quantization of
charge principle. Hence this option is not correct.
In option (D), Total charge is 4e. Hence this option
is not correct.
So, (B) is the correct option.
. An object has charge of 1 C and gains 5.0 x 10"
electrons. The net charge on the object becomes:

[CBSE Term I 2021]

d
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(A) -0.80C
(C) +180C
Ans. Option (D) is correct.

(B) +0.80C
(D) +0.20C

Explanation: Charge on 1 electron = — 1.6 x 10°C
So Charge on 5 x 10'® electrons

-5x10¥x 1.6 x10YC=-08C [+ q=ne]
Already existing charge = 1 C
So, net charge after electron gain = 1 + (- 0.8) = 0.2

Q. 4. Which of the diagrams correctly represents the

electric field between two charged plates if a
neutral conductor is placed in between the plates?
[CBSE Term I 2021]

FF=F FF ]
|
|
Ry T R
YV VY \ Y YVVY
(B) ®
E——
- ¢ - ¢ -
e s S e
<
N
o
(©) 2

¥ ¥ ¥
+
(D) ; (

Ans. Option (D) is correct.

Explanation:

(FF+ +

+ + |
= = |
Upper side of the neutral conductor will be
negatively charged. Lower side of the neutral
conductor will be positively charged. Then the field

lines will be from negative to positive as shown in
the diagram.

Q. 5. Themagnitude of electric field due to a point charge

24, at distance r is E. Then the magnitude of electric
field due to a uniformly charged thin spherical
shell of radius R with total charge g4 at a distance

% (r >> R) will be [CBSE Term I 2021]

(A) g (B) 0 (C)2E (D) 4E

Oswaal CBSE Question Bank Chapterwise & Topicwise, PHYSICS, Class-XII l

Ans. Option (C) is correct.

Explanation: Electric field due to the point charge

Kx2
zgzixzq

B
Electric field due to the spherical shell

Kxq
(r/2y

=F = =2E

Q. 6. Four objects W X, Y and Z, each with charge +g

are held fixed at four points of a square of side
d as shown in the figure. Objects X and Z are
on the midpoints of the sides of the square. The
electrostatic force exerted by object W on object X
is F. Then the magnitude of the force exerted by

object Won Z is [CBSE Term I 2021]
W X Y
¢ ----———- P o
: |
\ 1
\ 1
\ 1
\ 1
\ 1
1
i 4
1
\ 1
\ 1
\ 1
\ 1
\ 1
\ 1
________ 4._———————I -
Z
@ Bt ©of ot
7 5 3 ) 2

Ans. Option (B) is correct.

. i qu
Explanation: Force on X by Wis F = (d/2)?
4kg?

dz
Wz = Jd* +(d/2)?

_ [5t
- 4
e
orce on y wWist = ﬁ

4
_ 4kq?
5d°

_r

5



Ans.

Ans.

Q. 10.

Ans.

Q.11.

. Plastic rod rubbed with fur and glass rod rubbed

with silk

(A) repel each other

(B) mix up with each other
(C) attract each other

(D) None of the above
Option (C) is correct.
Explanation: Rubbing a rod with certain materials
will cause the rod to become charged. A plastic rod
when rubbed with fur becomes negatively charged
and a glass rod when rubbed with silk becomes
positively charged.

. Electric charge between two bodies can be

produced by:
(A) sticking

(C) oiling

(B) rubbing
(D) passing AC current

. Electric charges under the action of electric forces

are called:
(A) electrostatic

(C) electric field
Option (A) is correct.
Explanation: Electrostatic charges are the charges
under electric forces.

Law stating that “force is directly proportional to
product of charges and inversely proportional to
square of the separation between them” is called
(A) Newton’s law. (B) Coulomb’s law

(C) Gauss's law. (D) Ohm’s law

Option (B) is correct.

Explanation: Coulomb’s law states that: The
magnitude of the electrostatic force of attraction
or repulsion between two-point charges is directly
proportional to the product of the magnitudes of
charges and inversely proportional to the square of
the distances between them.

In the given figure, two positive charges g, and
q; fixed along the y-axis, exert a net electric force

(B) electric flux
(D) electric field lines

in the + x direction on a charge ¢, fixed along the
x-direction. If a positive charge Q is added at (x, 0),

the force on g,

Ans.

13 e

(A) shall increase along the positive x-axis.

(B) shall decrease along the positive x-axis.

(C) shall point along the negative x-axis.

(D) shall increase but the direction changes because
of the intersection of Q with g, and g5.

Option (A) is correct.

Q.12

Q.13.

Q.14.

Ans.
Q. 15.

ELECTRIC CHARGES AND FIELDS

Explanation: Net force on charge g;, by other
charges g, and g5 is along the + x-direction, so
nature of force between ¢; and ¢, and g; and g5
is attractive. This is possible when charge g, is
negative. Now, if a positive charge Q is placed at (x,
0), then, the force on g; will increase. The direction
will be along positive x-axis.

(A) directly proportional to the product of both
charges.

The magnitude of electric force, F is:

(B) directly proportional to the distance between
both charges.

(C) directly proportional to the square of the
distance between both charges.

(D) constant.

A body is negatively charged means:

(A) It has only negative charges.

(B) Positive charges have been neutralized by
negative charges.

(C) The quantity of negative charge present is more
than the quantity of positive charge present.

(D) The positive are displaced from their original

When a body is charged by conduction, its mass

(A) remains same.

positions.

(B) increases.
(C) decreases. (D) increase or decrease.
Option (D) is correct.

A point positive charge is brought near an isolated
conducting sphere in Figure. The electric field is

best given by:
0 L S=
(ii) +q
(iii)

]
(iv)

]

These questions are for practice and their solutions are available at the end of the chapter.
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(A) Fig (i)
(C) Fig (ii)

(B) Fig (i)
(D) Fig (iv)

Ans. Option (C) is correct.

Q. 16.

Ans.

Q.17.

Ans.

Q.18.

Explanation: When a point positive charge is
brought near an isolated conducting sphere, then
there develops some negative charge on left side of
the sphere and an equal positive charge on the right
side of the sphere. Electric lines of force emanating
from the point positive charge end normally on the
left side of the sphere. And due to positive charge
on the right side of the sphere, the electric lines of
force emanate normally from the right side. So, the
electric field is best given by Fig (ii).
A point charge +g, is placed at a distance d from
an isolated conducting plane. The field at a point
P on the other side of the plane is:
(A) directed perpendicular to the plane and away
from the plane.
(B) directed perpendicular to the plane but
towards the plane.
(C) directed radially away from the point charge.
(D) directed radially towards the point charge.
Option (A) is correct.
Explanation: When you place a positive charge
near a conducting plane, then electric field lines
from positive charges will enter into the conducting
plane (from the side where positive charge is kept)
and emerge from opposite side of the plane.
In both cases, the direction of electric field lines
will always be perpendicular to the surface of the
plane.
A hemisphere is uniformly charged positively.
The electric field at a point on a diameter away
from the centre is directed:
(A) perpendicular to the diameter.
(B) parallel to the diameter.
(C) at an angle tilted towards the diameter.
(D) at an angle tilted away from the diameter.
Option (A) is correct.
Explanation: As the side or diameter of hemisphere
is plane surface, and whole hemisphere is charged
with positive charge so, the electric field line of
forces emerging outward will be perpendicular to
the plane surface or diameter.
The Figure shows electric field lines in which an
electric dipole p is placed as shown. Which of the

following statement is correct?

v

Ans.

(A) The dipole will not experience any force.

(B) The dipole will experience a force towards the
right.

(C) The dipole will experience a force towards the
left.

(D) The dipole will experience a force upwards.

Option (C) is correct.

Explanation: We know electric field emerges

radially outward from positive point charge.

In the figure given above, space between field

lines is increasing (or density of electric field line

is decreasing). In other words, the electric force is

decreasing while moving from left to right.

Thus, the force on charge —g is greater than the force

on charge + g and in turn, dipole will experience a

force towards left direction.

n Assertion & Reason

Ans.

Q.2

Q. 3.

Ans.

Directions: In the following questions, a statement
of Assertion (A) is followed by a statement of
Reason (R). Mark the correct choice as:

(A) Both Assertion (A) and Reason (R) are true,
and Reason (R) is the correct explanation of
Assertion (A).

Both Assertion (A) and Reason (R) are true,
but Reason (R) is not the correct explanation of
Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false, but Reason (R) is true.

(B)

. Assertion (A): In a non-uniform electric field, a

dipole will have translatory as well as rotatory
motion.

Reason (R): In a non-uniform electric field, a dipole
experiences a force as well as torque.
Option (A) is correct.

Explanation: When an electric dipole is placed in a
uniform electric field at an angle 8 with the field,
the dipole experiences a torque.

The torque produced by two parallel forces gE
acting as couple = t = gE (2/ sin 0)

In case of non-uniform field, force acting on both
the ends of the dipole will not be equal. So, there
will be a combination of couple and a net force. In
this way, dipole will have both rotational as well as
linear motion.

So, both assertion and reason are true. Reason also
explains the assertion.

Assertion (A): Electric lines of force cross each
other.

Reason (R): The resultant electric field at a point
is the superposition of the electric fields at that

point.
Assertion (A): When bodies are charged through
friction, there is the transfer of charge from one
body to another. No charge is created or destroyed.
Reason (R): This is according to the law of
conservation of electric charge.
Option (A) is correct.

These questions are for practice and their solutions are available at the end of the chapter.



Explanation: When two bodies are rubbed,
electrons move from one body to another. The body
which loses electrons becomes positively charged.
The body which receives the electron becomes
negatively charged. So, the assertion is true.

Law of conservation of electric charge states that
electric charge can neither be created nor destroyed.
In a closed system, the amount of charge remains
same. Hence the reason is also true and properly
explains the assertion.

. Assertion (A): If two spherical conductors of

different radii have the same surface charge
densities, then their electric field intensities will be
equal.

Total charge

Reason (R): Surface charge density =
area

Ans.

ELECTRIC CHARGES AND FIELDS

Option (B) is correct.

Explanation: If ¢ be the surface charge density of
the two spheres of radius r and R, then electric
fields for the two spheres are respectively:

2
E, = K4Tczr 9 - Kdno
r
2
E,= %z K4no

So, electric field intensities are equal. The assertion
is true.

Surface charged density is charge per unit area
= Total charge/area.

So, reason is also true.
But the reason does not explain the assertion.

QUESTIONS

+// SUBJECTIVE TYPE

©

Q. 1

Ans.

Ans.

Q.3.

Ans.

Q.4.

Very Short Answer Type
Questions (1 mark each)
Draw the equipotential surfaces for an electric

dipole. [CBSE Delhi Outside Set 1 2019]

1

(Even if a student mentions or draws equatorial
plane, award 1 mark.)

[CBSE Marking Scheme, 2019]

. Does the charge given to a metallic sphere depend

on whether it is hollow or solid ? Give reason for

[CBSE Delhi Set 1 2017]

No. Y2
Because the charge resides only on the surface of
the conductor. Va

[CBSE Marking Scheme, 2017]

your answer.

A point charge + Q is placed at point O as shown
in the figure. Is the potential difference V, - Vj

positive, negative or zero ?
[CBSE Delhi Set 1 2016]
+Q0- - - ®-———--- -*
QO A B
Positive. [CBSE Marking Scheme, 2016] 1

A charge’q’ is moved form a point A above a dipole
of dipole moment ‘p’ to a point B below the dipole
in the equatorial plane without acceleration. Find
the work done in the process.

Ans.

Ans.

Q.6.

Ans.

Ans.
Q.s.

Ans.

[CBSE Delhi Outside Set 1 2016]

No work is done.
W=gqVp=qgx0=0 1
[CBSE Marking Scheme, 2016]

. A plastic rod and a glass rod are rubbed with fur

and silk respectively. What will happen if they are
brought close to each other ?
They will attract to each other.
[Explanation: If a plastic rod is rubbed with fur, it
becomes negatively charged. If glass rod is rubbed
with silk, it becomes positively charged. Since
they are being oppositely charged, they will be
attracted.] 1
What is the name of the electrical force acting
between two charges at rest ?
Electrostatic force.
[Coulomb force acts between two charges at rest.
Coulomb force is also known as electrostatic force
since the force is acting between two static charges.]
1

. Name the law which states “force is directly

proportional to the product of charges and
inversely proportional to the square of the
separation between them” ?

Coulomb's law. 1
Do electrostatic field lines form closed loops for
No. Electrostatic field lines never form closed loops
for point charges. 1

point charges ?

- I



Q. 9. If E; and E, be the electric field strength of a short
dipole on its axial line and on its equatorial line
respectively, then what is the relation between E,
andE,?
E, =2E, 1
[Explanation: Electric field at a point on equatorial
line of a dipole is Kp/r® and that on axial line is

2Kp/r.]

Commonly Made Error

» Students sometimes get confused and cannot
remember the correct relation between electric
field at a point on the equatorial line of a dipole
and that on axial line.

Ans.

5@3 Answering Tip

» Remember that the equatorial line is the |
perpendicular line at a point half-way of a i
dipole. So, the electric field at a point on the !
equatorial line will be half of the electric field |
at a point on the axial line. ;

1
1
1
1
1
1
1
1
1
:
Q. 10. Two point charges ‘g," and ‘g, are placed at a

distance ‘d’ apart as shown in the figure. The

electric field intensity is zero at a point ‘P’ on the

line joining them as shown. Write two conclusions

that you can draw from this.

Ans. (i) The two point charges (g, and g,) should be of
opposite nature. Y
(i) Magnitude of charge g; must be greater than
that of charge g,. Y

Short Answer Type
Questions-I (2 marks each)
Q. 1. Derive the expression for the torque acting on
an electric dipole, when it is held in a uniform
electric field. Identify the orientation of the dipole
in the electric field, in which it attains a stable
equilibrium. [CBSE Delhi Set 2020]
An electric dipole AB consisting of charge +4 and

— g and of length 24 is placed in uniform electric
field E making an angle 8 with the direction of

Ans.

electric field.

7 >

=gE

bl e

|
! A -
----------------------- 2.01-- o 9:

:Zulsine E

| A -

—q} 0 T * >

—_gE S0 D R A
h=-1t<H N .
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Ans.

Ans.

Force acting on — g is -E
Force acting on + g is gE

These two forces are equal and opposite to each
other. Hence, a torque on the dipole is developed.

Torque = Force X perpendicular distance between
the forces

Or,
Or,

T = gE X 2asin®
T = (g X 2a)E sinB
T = pE sin® (where p is dipole moment)

The dipole will attain stable equilibrium when it
will be oriented along the direction of the electric
field. 1

. Write an expression for the work done on an

electric dipole with a dipole moment of p in a
uniform electric field E to move it from a stable to
an unstable equilibrium state.
The torque on a dipole is given by the formula
T = pEsin 0.

Integrate the work done from 6; to 6, to find the
work done,

6

W = [ pEsin®
6y
= pE(cos®, —cos6,)

According to the question 6; = 0° & 6, = 180°

On Substituting the values, in above
W = pE(cos0° - cos180°)
=pE(1-(-1))
=2pE
Therefore, the equation of work doneis W =2pE. 1

. What is the force between two tiny charged

spheres positioned 30 cm apart in air with charges
of 2x107 Cand 3 x 107 C?
The magnitude of the repulsive force is 6 X 10~ N

The charge on the first and second sphere are
q;=2x%107Cand g, =3 X 107 C respectively.
The separation between the spheres is of 30 cm or
r=03m.

The connection, gives the electrostatic force

9192

between the spheresis F = -
4me,r

The value of is is 9 x10° Nm?C>2.

4me,
Substitute the values into the formula,

(9><109)(2><10’7)(3><10’7)
(0.3)?
=6x10° N

1%
As a result, there is a force of 6 x 10 N between
the two tiny charged spheres. The charges are of
the same kind. So, repulsive force will be present
between these charges. b2

. In air, the electrostatic force on a small 0.4 uC

charge sphere due to another small -0.8 uC charge
sphere is 0.2 N. What is the difference between



Ans.

Ans.

the two spheres in terms of distance?
The given electrostatic force on the first sphere is
F=02N.

The charge on the first and second sphere are
g; =04 puC =04 x 10°Cand

g, =—0.8 uC = - 0.8 x 107 C respectively.
The connection, gives the electrostatic force

1192 ]

between the spheres F = 5
4me,r

is9 x 10° Nm?C2.

The value of
g,
Substitute the values into the formula,

(9%10%)(0.4x10°*)(0.8x10™)

= 1
1’2
r* =144x107*
r=0.12m
The two spheres are separated by 0.12 m. 1

. Two charges, g,= 2.5 X 107C and g5 = - 2.5 X

1077C, are situated at positions A (0, 0, 15 cm) and
B (0, 0, -15 cm) respectively, in a system. What
is the system's total charge and electric dipole
moment?

Both charges can be found in the coordinate frame
of reference as shown in the diagram.

Yy

/,OA 0,0, 15)

The charge at point A and point B are g,= 2.5 X
107C and g = —2.5 X 107C respectively.

Add both the charges to get the total charge in the
system,

q=q4+4qz
=25x107 -2.5%x107 C
=0C
Therefore, total system’s charge is 0 C.

Total distance between both the charges,
d=15+15cm

=30cm 1

The dipole moment is given by the product of
charge and the distance between them.
The dipole moment,

ELECTRIC CHARGES AND FIELDS

P=q4d=qpd
=25x107x0.3
=7.5x10"* Cm
Therefore, the system’s electric dipole is 7.5 X 10 Cm
along positive z-axis. 1
Short Answer Type

Questions-II (3 marks each)

Q. 1. Two small identical electric dipoles AB and CD,

Ans.

each of dipole moment p are kept at an angle of
120° to each other in an external electric field E
pointing along the x-axis as shown in the figure.
Find the

(a) dipole moment of the arrangement, and

(b) magnitude and direction of the net torque

acting on it. [CBSE Foreign Set-1I 2020]
y
D A \+q
1 120°
X 5 I > X
/// E
// C
/ Be-q ta
z 2
yV
y
D A \+q
1 120°
X D > X
T *
// C
/ Be-q T4
z 12
yV

(a) Given: AB and CD are two dipoles kept at an
angle of 120° to each other.

Now, the resultant dipole moment is,

p= \/pz +p* +2ppcos120°

=2p” +2p* cos120°

= [2p* +2p® (—;)

_ ZPZ—PZ

1 [
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Hence, the resulant dipole moment of arrangement
is p, making an angle either 60° with y-axis or 30°

with x-axis.
(b) T=pxE
T=pEsin®
=pEsin30°
1
=—pE
5P

The direction of torque is perpendicular to both p
and E, and hence along negative z-direction i.e.,

—z-axis. 1%
Ans.
E Topper Answer, 2020
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Q. 2. (i) Derive the expression for the electric field
at a point on the equatorial line of an electric
dipole.

(ii) Depict the orientation of the dipole in (i) stable,
(ii) unstable equilibrium in a uniform electric

field. [CBSE Delhi Set-I 2018]
Ans. (a) Derivation of expression of electric field on
equatorial line of the dipole 2

(b) Depiction of orientation for stable and unstable
equilibrium. YatVs

Erq
P 3E atP
E Eq
oL \o
3 >
- ---- ]
2a

(i) Let the point ‘P" be at a distance ‘+’ from the mid
point of the dipole.

Eyp= % %
41teo(r +a)

E,= qz 2 Y
4n80(r +a)

Both are equal and their directions are as shown
in the figure, hence net electric field,

E, = [—(E+q +E_q)cose]f1 1
2qa A
B = o (e ”
e (r +a )
(ii) In stable equilibrium, 8 = 0° Y
E
-4 P +q
In unstable equilibrium, 6 = 180° %)
E
.—41)—.
+q -

[CBSE Marking Scheme, 2017]

Commonly Made Error

» Students are often confused with the two
terms: equatorial line and axial line.

5@3 Answering Tip

» Axial line is the line joining the two charges
of a dipole. The line perpendicular to the axial
line passing through the centre of the dipole is
called an equatorial line.

Q. 3. A charge is distributed uniformly over a ring of

radius 'a'. Obtain an expression for the electric
intensity E at a point on the axis of the ring. Hence



show that for points at large distances from the
ring, it behaves like a point charge.

[CBSE Delhi Set-I 2016]

Ans. Obtaining an expression for electric field intensity
2
Showing behavior at a large distance 1

(@)

d Esin®

: dE
+ /edEcose + dEcos
] Pi\’\—\ dE
e dEsin®
57+
dq

b
2ma
Net Electric Field at point P = Io dE cos©

dE = Electric field due to a small element

having charge dg
__1 dq
B dng, 12 o~
Let A = Linear charge density
_ 4
dl 1
dq = Adl
Hence, E = J.ZML.X—EZHXE,wherecose =z
0 4me, r* 7 r
Ax
= 2ma
4n80r3( ) Z
1 Qx
 4ne a7
0 (x* +a*)?

where total charge Q = A X 2 ma

(ii) At large distancei.e., x>>a Y
g o
= dng, x? 1
This is the electric field due to a point charge at
distance x.

(NOTE: Award two marks for this question, if a
student attempts this question but does not give
the complete answer)

[CBSE Marking Scheme, 2016]

>
Q.4. (i) Obtain the expression for the torque 7
experienced by an electric dipole of dipole

- -

moment 7 in a uniform electric field E .

(ii) What will happen if the field were not uniform?
[CBSE Delhi Set-III 2017]

ELECTRIC CHARGES AND FIELDS

Ans. (i) Obtainingthe expression for torque experienced
by an electric dipole 2

(ii) Effect of non-uniform electric field 1

(@)

Forceon +¢q, F = qE
Forceon—g, F = —4E
Magnitude of torque
T =qgE X 2asin 0
= 2ga E sin 6

© = pxE 5

(ii) If the electric field is non uniform, the dipole
experiences a translatory force as well as a torque.
1

[CBSE Marking Scheme, 2017]

Q. 5. Two point charges + g and — 24 are placed at the
vertices ‘B’ and ‘C’ of an equilateral triangle
ABC of side ‘a’ as given in the figure. Obtain
the expression for (i) the magnitude and (ii) the
direction of the resultant electric field at the vertex

A due to these two charges.
A
a a
+q 2
B a C q
Ans. (i) The magnitude
1
E, L4 _p ,

AB| = ime, i T V2
E_> = : 20 2E 1
ACl T dmey 2 z

Epet = \/(ZE)Z +(E2)+2 x 2E x E cos 120°

En = \/(ZE)Z +E? +2><2E><E><(-;J

o I



Ent = VAE?* +E*-2F?
1
Ew =E3 = 3

47580 uz

Va

(ii) The direction of resultant electric field at vertex A

E 455in120° L
an o = p T E,pcos120° Y
Exg 1
tana = ——F—~=—+
2E+E><(_—1) V3
2
o = 30° (with side AC) Y2

Q. 6. Four point charges Q, 4, Q and g are placed at the
corners of a square of side ‘a’ as shown in the figure.

Find the resultant electric force on a charge Q.
[CBSE Board Paper, 2018]

Q q
1 a Q
Ans.
Q / — 1
[Za
q q Q
Since, electric force = L%
dme, 1
Hence, electric force on Q by other charge Q
_ 100 )
ame, (v/2a)
Now, the electric force on Q due to both g
V2 Qg
= =1 1
dne, a

Hence, the resultant electric force,
1Q V2

4mg, 2a°  Anmeg, a’

1
Q xz—az(Q +2\/§q)

4me,

or, F= %(Qu\/ﬂ)
a

[acts along the diameter away from the Q.]

k= 1 1
4me,

+

i ' hoy 8

______________________________________________
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Topper Answer, 2018
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Long Answer Type
& Questions

Q.1. (a) Define an ideal electric dipole. Give an
example.

(b) Derive an expression for the torque
experienced by an electric dipole in a uniform
electric field. What is net force acting on this
dipole?

(c) An electric dipole of length 2 cm is placed
with its axis making an angle of 60° with
respect to uniform electric field of 10° N/C. If
it experiences a torque of 8v3 Nm, calculate
the

(i) The magnitude of the charge on the dipole.
(ii) Its potential energy. U&A

[CBSE SQP 2020-2021]
Yo+ 1

Derivation of torque 2

(5 marks each)

Ans. Definition of ideal dipole and example

Putting values in correct formula and solving value

of charge and potential energy
Q=8x10"°C 1
U=-8j 1
(a) Ideal electric dipole: An ideal electric dipole
consists of two very large charges + g and — g
separated by a very small distance. An ideal dipole
has almost no size. )



Example: Molecules of water, ammonia, etc are
examples of ideal electric dipoles. Y

(b) Consider an electric dipole consisting of two
charges + g and — g and separated by a distance 2!

5
is placed in a uniform electric field E so that that
dipole makes an angle 6 with the electric field.

S
Force acting on —gis —gE

5
Force acting on +qis +qE

The magnitude of torque developed

= gE X perpendicular distance between the forces
=gE X 2Isin ®
=g x 21 Esin 0
= pE sin 8 [p is the dipole moment]

Z A
21 R
—E « . R
2
(c) Torque = q X 21 X Esin 6
Oy, 8v3 =g x 0.02 X 10° X sin 60°
g=8x103C 1

Potential energy = —¢q X 2/ X E cos 6
=-8x 107 x 0.02 x 10° X cos 60°
=-8] 1
Q. 2. (a) Derive an expression for the electric field
at any point on the equatorial line of an electric
dipole.

Topic-2

Concepts Covered e Electric flux, e Continuous charge distribution, ® Gauss’ theorem

E Revision Notes

Electric Flux

» Electric flux is proportional to algebraic number
of electric field lines passing through the surface,
outgoing lines with positive sign, incoming lines with
negative sign.

ELECTRIC CHARGES AND FIELDS

(b) Two identical point charges, g each, are kept 2 m
apartin the air. A third point charge Q of unknown
magnitude and sign is placed on the line joining
the charges such that the system remains in
equilibrium. Find the position and nature of Q.

[CBSE Delhi Set-I 2019]

Ans. (a) Derivation for the expression of the electric

field on the equatorial line 3
(b) Finding the position and natureof Q 1 +1
(a) Try it yourself. See Q. No. 2(i) of 3 marks

questions.

(b) q Q q

e—x —k—(2-x)—)
| |

) 2m | 173

The system is in equilibrium, therefore net force on
each charge of the system will be zero.

For the total force on ‘Q’ to be zero

1 g0 1 qQ

dre, 2 4me, (2—x)° &
xX=2-x
2x =2 b2
x=1m

(Give full credit of this part, if a student writes
directly 1 m by observing the given condition)

For the equilibrium of charge “q”, the nature of
charge Q must be opposite to the nature of charge g.

[CBSE Marking Scheme 2019] 72

_______________________________________________

Gauss’' Theorem and its Applications

_______________________________________________

» Due to arbitrary arrangement of electric field lines,
electric flux can be quantified as ¢p=EA

» If vector A is perpendicular to the surface, magnitude
of vector A parallel to electric field is Acos 6
Ay = Acos 6
¢ = EAy = EAcos 0

» In non-uniform electric field, the flux will be o= [E.dA

Continuous Charge Distribution

» It is a system in which the charge is uniformly
distributed over the material. In this system, infinite
number of charges are closely packed and have minor
space among them. Unlike the discrete charge system,
the continuous charge distribution is uninterrupted

s I
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and continuous in the material. There are three types
of continuous charge distribution system.

A E

|
» For linear charge distribution (1), F= ZO J.
(Where, A = linear charge density)
| 8
» For surface charge distribution (c), F :qioj's%ds}
(Where, = surface charge density) ~ 47~ 7 -
g
V)
(29
|
» For volume charge distribution (p), F = J P vy

(Where, p = volume charge density) 47580
Gauss' theorem

» The net outward normal electric flux through any
closed surface of any shape is equal to 1/, times to net  »
charge enclosed by the surface.

» The electric field flux at all points on Gaussian surface

is ¢ = EfdA = L. -

€

If there is a positive flux, net positive charge is enclosed.

If there is a negative flux, net negative charge is

enclosed. -

If there is zero flux, no net charge is enclosed.

The expression for electric field due to a point charge

q
dmeyr?

Al

Al

on Gaussian surface is E =

@ Mnemonics

Concept: Characteristics of Electric field lines

iy

Gaussian
surface

In an insulating sheet, the charge remains in the sheet,
c
so electric field, E=—
2¢gg
Gauss theorem works in cases of cylindrical, spherical
and rectangular symmetries.
The field outside the wire points radially outward
A -
n
2meyr

N
which depends on distance from wire, E =

where, A is linear charge density.

Closed surface: It is a surface which | Scan to know
more about

divides the space inside and outside this topic
E%E
[=]

Gauss Theorem

region, where one can’t move from

one region to another without

crossing the surface.

Gaussian surface: It is a hypothetical
closed surface having similar
symmetry as problem on which we are working.
Electrostatic Shielding: It is the phenomenon of
protecting a certain region of space from external
electric field.

Dielectric: The non-conducting material in which
charges are easily produced on the application of
electric field is called dielectric. e.g., air, H, gas, glass,
mica, paraffin wax, transformer oil, etc.

Mnemonic: India Starts Playing Night Cricket Tournament Daily with New Inspiration.

Interpretation:

India Starts Playing Night Cricket Tournament Daily with New Inspiration.

Tangent

loops
Never
forms
Positive
charge

Start
from

Imaginary

|
|
I
|
|
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I l
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
! line
1

_________________________________________________

Closed at any point

. . Never
Direction

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Intersects !
1
of field i
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

__________________________________________
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€, = permittivity of free space = 8.85 X 10
[C¥N m?], r = distance (m), k = 9 x 10° Nm2C™>

1
» Coulomb’s force: F= R% ; » Electric field due to a ring at a distance x is:
0 T
where all alphabets have their usual meanings. p= L LS/Z
» Electric field due to point charge g: 4meg (72 + xz)
» When, x>>>r: E=———
47[80 X

» Electric field due to a dipole at a point on the
1 2 » Whenx<<<riE=0

dipole axis: E=——— (r >>>a)
dmey 1 » Electric field due to a charged disc:

» Electric field due to a dipole at a point on an

7 i

1

1

1
i 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 5 2 1
1 1
H r 47'580 r H
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

. F-_1 P
equatorial plane: £= Er_"’ (r>>>a)

» Torque on an electric dipole placed in an
electric field, T = pEsin

» Electric flux through an area A: ¢ = EA =
E = electric field [N/C]
» Electric flux through a Gaussian surface: _ ) )
0= Cﬁ E.dS 6 = charge per unit area [C/m~]
gy = 8.85 x 1072[C*/Nm?
» Gauss's Law: 0= 12 0 [C/Nm]
€0 x = distance from charge [m]
» Electric Field due to an infinite line of charge: R = radius of the disc [m]
E= A - 2kn » Electric field due to a thin infinite sheet:
2negr 1 - 0 ~
E=—mn
2¢,

where, E = electric field [N/C],
A = charge per unit length [C/m]

1 1

1 1
1 1 1 1
1 1 1 1
1 1 1 1
H H : H
H ! i H
1 1 1 1
] 1 1 1
1 1 : :
1 1
1 1 1 1
1 1 1 1
1 1 : :
H H ' '
! ! 1 where, 1
! EAcos 6 ' i i
! ! i :
- : : :
i i ' '
1 1 1 1
1 1 1 1
1 1
v ! ' '
: : : :
1 1 1 1
' ' : ,
: : i i
: H ' '
: , 1 1

n Multiple Choice Questions 7

Q. 1. The electric flux through the surface: [Ap] (iii) (iv)

S S|

) (&) (A) in Figure (iv) is the largest.

(B) in Figure (iii) is the least.
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Ans.

Ans.

(C) Figure (ii) is the same as Figure (iii) but is
smaller than Figure (iv).

(D) is the same for all the figures.
Option (D) is correct.

Explanation: Electric flux, through the closed
surface (or space) depends only on the charge
enclosed inside the surface. Here, charges inside all
figures are same. So, electric flux will remain same.

. Five charges gy, 4,, 45, 44, and g5 are fixed at their

positions as shown in Figure. S is a Gaussian
surface. The Gauss’s law is given by:

$EdS =q/¢,

Gaussian surface
I

o,

o1,

Which of the following statement is correct?

(A) E on the LHS of the above equation will have a
contribution from g, g5, and g3, while g on the
RHS will have a contribution from g, and g,
only.

(B) E on the LHS of the above equation will have
a contribution from all charges, while g on the
RHS will have a contribution from g, and g,
only.

(C) E on the LHS of the above equation will have
a contribution from all charges, while g on the
RHS will have a contribution from g, g; and g
only.

(D) Both E on the LHS and g on the RHS will have
contributions from g, and g, only.

Option (B) is correct.

Explanation: As all charges are positive (or of same
signs), so electric field lines on R.H.S. of Gaussian
surface will be due to g, and g, only.

On L.H.S. of Gaussian surface, the electric field
lines on ‘E” will be due to q;, 45, 43, 44 and gs. So,
answer (B) is verified.

. If there is only one type of charge in the universe,

then:

(A) $E.dS = 0 on any surface.

Ans.

Ans.

. Gauss' law is effective for:

(B) $E.dS = ¢y/qif the charge is outside the surface.
(C) $E.4S can not be defined.

(D) $E.dS = g/g, if charges of magnitude g is inside
the surface.

. What is the value of electric flux on a surface

whose area is meter square when an electric field
of 2 V/m intersects at an angle of 60° degree?

(A)4Vm (B) 5Vm
(C)1Vm (D)3 Vm
Option (C) is correct.

Explanation: The electric flux is given by
¢ = EA cos 0.

On substituting the given values,

¢ =2-1(cos60°)
.1
2
=1

Therefore, the correct answer is 1 Vm.

Concept Applied

i Electric flux

(A) any enclosed area
(B) only near uniform surfaces
(C) any unobstructed surface

(D) only open irregular surfaces

. What is the electric flux connected to Earth if there

is only one sort of charge g on the planet?
(A) It can be zero through any Earth's surface.
(B) The Earth has infinite flux.

(C) If the charge is placed outside of the Earth, it
is zero and if the charge is placed inside the

Earth, it is 1 .
€
(D) It's impossible to define.
Option (C) is correct.

Explanation: The Earth's surface can be viewed as a
closed surface.

According to Gauss's law, the total electric flux
q

emerging from a closed surface is ¢ = o
0
As a result, if the charge g is placed within Earth,
the electric flow through Earth will be ¢ = 1.
€

0
If the charge is placed outside the Earth, then

These questions are for practice and their solutions are available at the end of the chapter.



Ans.

Ans.

. The electric flux is caused by:

g = 0 so, the flux through the Earth is zero, because
0.

As a result, if the charge is placed outside of the
Earth, the correct answer is zero, and if the charge
is placed inside the Earth, the correct answer is one.

Therefore, the correct option is (C).

(A) The intensity of the electric field
(B) Area of the surface

(C) Angle of the surface with respect to the electric
field

(D) Each one of these

. A +g charge is placed in the centre of a cubical

box. The total flux coming out of a wall has a value

of:
) é (B) %

6
(©) ;Z (D) i

Option (A) is correct.
Explanation: According to the Gauss’ theorem, the
9

flux through a surface is given by ¢ = o

0
A cube has 6 faces, so the flux trough 6 faces will be,

60 =1
€y
-1

¢ 6¢g,

Therefore, the correct answer is e
0

. A point charge g is put immediately above the

X
centre of a cube with side x at a distance of 3 The

flow of flux through the cube is
A a4
3 G (B) 2
q 4
C) — D
© 3 ®)

Option (B) is correct.
Explanation: According to the Gauss’s theorem, the
flux through a surface is given by ¢ = a.

A point charge g will be at the face of a cube with

x
side x if it is put at a distance 5 exactly above the
centre.

The charge g is shared evenly by two cubes if it is
put at C, the centre of one of the cube's faces.

Q. 10.

Ans.

Q.11

Ans.

Q.12

Ans.

ELECTRIC CHARGES AND FIELDS

Therefore, the total flow through the faces of the

provided cube is equal to

2¢,

When a ring is put in an electric field and its plane
is parallel to the field, the electric flux associated
with the ring,
(A) Will be negative (B) Will be positive

(C) Will be zero (D) Cannot evaluate
Option (C) is correct.

Explanation: The electric flux associated with the
area is given by ¢ = EA cos 6, here the electric field
is E and the area is A and the symbol 6 denotes the
angle between the surface and the electric field.
Because the ring's plane is parallel to the electric
field, the angle formed by the surface and the
electric field is 90°.

As cos 90° = 0so, ¢ = 0.

Therefore, the ring's electric flux will be zero.
When a square loop with a surface area of 50 cm?
is placed in a homogeneous electric field with
an intensity of 50 N/C and the angle between the
surface and the electric field is 60°, the electric flux

associated with the loop is:
(A) 1250 Vm (B) 125 Vm
(C) 0.125 Vin (D)1.25Vm

Option (C) is correct.

Explanation: The area is 50 cm? or 50 X 107 m?
Substitute E =50, A =50 x 10*and 6 = 60° into
¢ =EAcos 6,

¢ =50x50x107*x cos60°
:50><50><10’4><%
=0.125 Vm

Therefore, the correct answer is 0.125 Vm.

When an electric field rotates a circular ring
along its axis, the electric flux associated with the
ring:
(A) Will decrease (B) Will increase

(C) Remains the same (D) I'm not sure

Option (C) is correct.

Explanation: If the electric field is E and the area

is A, the electric flux associated with the area is
¢ = EA cos 0.

Where 6 represents the angle formed between the
surface and the electric field.

When a circular ring is rotated in an electric field
along its axis, its alignment with the electric field

These questions are for practice and their solutions are available at the end of the chapter.

» I
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remains constant, hence the value of 0 remains
constant.

It follows that the area of the circular ring, the
electric field strength, and the angle between the
circular loop and the electric field will remain
unchanged when the circular ring is rotated along
its axis in the electric field.

Itis concluded that E, A, and 0 are constant so, the
electric flux value will be constant as well.

Q.13. Suppose a closed square loop whose area is
51 —6}' is placed in an electric field of 2i -47,
then what will be the electric flux?
(A) (2{ - 4}') Vm (B) 34 Vm
(C) 10 Vi (D) (3i -2j)Vm

Ans. Option (B) is correct.
Explanation: The electric flux is the dot product of
electric field and the area so,
o= E.A

= (20 -4j)-(5i —6])

=10+24

=34Vm
Therefore, the correct answer is 34 Vm.

Q. 14. Which of the following is called as “The number
of electric force lines that pass through a unit
region”?
(A) Density (B) Electric flux
(C) Electric field (D) Nothing

Ans. Option (B) is correct.
Explanation: Electric flux is defined as the number
of electric lines of force moving through a unit
region.
Therefore, the correct answer is electric flux.

n Assertion & Reason

Directions: In the following questions, a statement
of Assertion (A) is followed by a statement of
Reason (R). Mark the correct choice as:

(A) Both Assertion (A) and Reason (R) are true,
and Reason (R) is the correct explanation of
Assertion (A).

(B) Both Assertion (A) and Reason (R) are true,
but Reason (R) is not the correct explanation of

Assertion (A).

0.1

Ans.

Ans.

Ans.

Ans.

(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false, but Reason (R) is true.

Assertion (A): In a cavity of a conductor, the electric
field is zero.

Reason (R): Charges in a conductor reside only at
its surface.
Option (A) is correct.

Explanation: The charge enclosed by the Gaussian
surface surrounding the cavity is zero. Hence, the
electric field is also zero. So, the assertion is true.
Charges in a conductor reside only at its surface.
So, in cavity there is no charge. So, the reason is
also true and properly explains the assertion.

. Assertion (A): Three point charges Q,, Q, and Q;

are shown in the figure. The flux over the Gaussian

surface depends on only one charge point.

. QZ
Gaussian surface

Reason (R): Electric flux depends on the all charges
enclosed by the Gaussian surface.

Option (D) is correct.

Explanation: According to Gauss’s law, electric flux
depends on the enclosed charges only. Here the
enclosed charges are Q; and Q only. Hence the
assertion is false and the reason is true.

. Assertion (A): Using Gauss’ law, it is possible to

find the electric field at any point.

Reason (R): Gauss’ law is applicable for any type of
charge distribution.

Option (C) is correct.

Explanation: ~Considering suitable Gaussian
surface, we can easily find the electric field at any

point. So, the assertion is true.

But it is very difficult to apply Gauss law, if the
charge distribution is so that the Gaussian surface
is complicated in shape. So, reason is false.

. Assertion (A): When the inverse square law is not

obeyed, Gauss’ law shows deviation.

Reason (R): The conservation of charges leads to
Gauss’ law.

Option (B) is correct.
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Explanation: The total electric flux out of a closed spherical or cylindrical symmetry or is distributed
surface is equal to the charge enclosed divided by uniformly throughout the plane, Gauss law is most
the permittivity, according to Gauss' law. beneficial. A system of two equal and opposite

point charges separated by a very tiny and finite

I d d f the electric field
[ verse square cepentency of the eectic ield on distance is called an electric dipole.

distance is the basis of Gauss' theorem.
Therefore, both assertion and reason are correct

Therefore, both assertion and reason are correct . . .
and reason is correct explanation of assertion.

but reason is not correct explanation of assertion.

Q. 6. Assertion (A): When one body may not be charged
there can be Coulomb attraction between them.
Reason (R): Coulomb attraction occurs when two

Q. 5. Assertion (A): The electric field near an electric
dipole cannot be calculated using Gauss law.

R.easonl (R): The charge distribution of an electric bodies are charged in opposite directions.
dipole is not symmetrical. Ans. Option (B) is correct.
Ans. Option (A) is correct. Explanation: Even when one body is charged and

the other is not, Coulomb attraction exists.
Therefore, both assertion and reason are correct
but reason is not correct explanation of assertion.

Explanation: The Gauss’ law can be applied to any
closed surface. When the charge distribution has

+// SUBJECTIVE TYPE QUESTIONS

@ Very Short Answer Type Answering Tip

Questions (1 mark each)

i .
1. What will be the ratio of ¢ h . 1 » Student should keep the precaution about the
Q at will be the ratio of the surface charge density : keywords while doing the practice of Gauss
1
1

of the inner surface to that of the outer surface

of a hollow conducting sphere if a point charge ._.___. W, L H
is placed at the centre of the hollow conducting
sphere having internal radius ‘# and outer radius

Q. 3. How does the electric flux due to a point charge
enclosed by a spherical Gaussian surface get

‘27 ? [CBSE Delhi Set-I 2020/Modified] affected when its radius is increased?

Ans. -4 1. . 1 [CBSE Delhi Set-I 2016]
Explanation: If + q charge is placed at the centre of 5 4 What is the electric flux through a cube of side
the hollow sphere, charge on inner surface will be 1 cm which encloses an electric dipole ?
—g.So, charge density at the inner surface = — g/4nr>. -
Charge on outer surface will be +q. So, charge Ans. Zero (as the net charge enclosed by the surface is
density at the outer surface = g/4n(2r)* . zero.) [CBSE Marking Scheme, 2015] 1
So, the required ratio = [- g/4nr?)/ [g/4m(2r)*] Detailed Answer:

=_4:1 In a cubic surface, the net electric charge will be zero
Q. 2. State Gauss' law in electrostatics. since dipole carries equal and opposite charges. It
[Delhi Set-I, I, III 2016] is observed that the net electric flux through closed

cubic surface will be
Ans. Gauss' law in electrostatics: “The surface

. .. = Charge enclosed
integral of electrostatic field E produced by =

any source over any closed surface S enclosing &0
a volume V in the vacuum, i.e., total electric and because the charge enclosed is zero,
1 . ; ;
flux, over the closed surface S in the vacuum, is — < electric fluxis also zero. 1
€ Q. 5. A square surface of side L meters is in the plane
times i.e., the total charge (Q) contained inside S, of the paper. A uniform electric field E volt m™ is
> = Q also in the plane of the paper and is limited only
- losed
O = 9SE-d 5= ensc - 1 to the lower half of the square surface as shown
0

in the figure. What is the electric flux (in SI unit)
[CBSE Marking Scheme, 2016]

associated with the surface?
Commonly Made Error T
i » Most of the candidates are unable in stating 1 @)
1 . 1
! Gauss'law correctly. Key words like net charges, 1 l' .
| closed surface etc. are missed by students. ! >
! Some candidates write magnetic flux instead of ! >
1 1
1 1

electric flux.

These questions are for practice and their solutions are available at the end of the chapter.



Ans. The electric flux will be zero. 1

[Explanation: As the electric field lines are parallel
to the surface of the square, so there will not be any
field lines crossing the surface. Hence the electric
flux through the surface will be zero.]

Commonly Made Error

» Most of the students are unable to find the
electric field from Gauss’s law properly.

» The given figure should be carefully studied to
know that the electric field lines are parallel to

the surface and electric field lines will cross the
surface.

Answering Tip

Q. 6. Two charges of magnitudes -2Q and +Q are
located at points (a, 0) and (44, 0) respectively.
What is the electric flux due to these charges
through a sphere of radius ‘34’ with its centre at

Ans. Gauss theorem states that the electric flux through

the origin ?

a closed surface enclosing a charge is equal to

(1)

L? J times the magnitude of the charge enclosed.
0

-2Q +Q

(0,0) (a,0) (4a, 0)

The sphere encloses a charge of — 2Q, so

o= 2 1

€

Q. 7. On which factors does the electric flux through a
closed Gaussian surface depend upon ?

[CBSE Delhi Set-I 2020/Modified]
Q. 8. What will be the changes in outward electric flux
if the radius of the Gaussian spherical surface of
radius R enclosing a charge Q is doubled ?

Ans. Flux will remain same.

Explanation: According to Gauss’'s law, the

flux depends on the charge enclosed and the
permittivity of the medium. It does not depend on
the surface area. 1

Q. 9. Is Gauss' law valid for an open surface?
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Ans. No. Gauss' law is not valid for any open surface. 1

Q. 10. A charge Q is kept at the centre of the cube. What
is the electric flux through the two opposite faces
of the cube?

Ans. Electric flux (¢) = L % =

€o

1 1
3¢,
Q. 11. Is electric flux a scalar or a vector quantity? Give

reason.

©) Short Answer Type

Questions-I (2 marks each)

g A
Q. 1. Given the electric field in the region E = 2xi,
find the net electric flux through the cube and the
charge enclosed by it.

[Delhi Set-I, II, IIT 2015]

Ny

) >X

/ a

Z

Ans. From the given diagram,

Only the face perpendicular to the direction of
x-axis, contribute to the electric flux. The remaining
faces of the cube gives zero contribution. Y

Total flux, ¢ = ¢; + ¢y

= cﬁE%ﬂﬁEﬁTs 1
| 1

=0 + 2(a). a* %

=24 A

Charge enclosed, g = g,0 = 24,

Q. 2. Anelectric flux of -3 X 107* Nm?/C passes through
a spherical Gaussian surface is caused by a point

charge. Compute the point charge’s value.
Ans. The total electric flux via a closed Gaussian surface

is provided by Gauss’ theorem, ¢ = 1,

€

Substitute ¢ = -3 x 10* and g,= 8.85 x 1072 into

the Gauss’ theorem,

Bx10t=— T

8.85x10™
q=(-3x10")(8.85x10™)

=-2.655x10"% C

These questions are for practice and their solutions are available at the end of the chapter.



Ans.

Ans.

Therefore, the value of point charge is —2.655 X
10 C. 2

. Find the flux of a uniform electric field E = 5 x

10°; N/C held through a square of 10 cm on a
side with a plane parallel to the YZ-plane. What
would be the flux across the same square if the
plane intersected the X-axis at a 30° angle? [JgA

The given value of electric field intensity is

|E| =5 x 10°i N/C.

The length of one side of the square is 10 cm or
0.1 m. So, the area of the square will be 0.01 m*
The square's plane is parallel to the YZ-plane. So,
there is no angle between the unit vector normal to
the plane and the electric field, 6 = 0°.

Substitute |E| =5 x 10°, A = 0.01, and 6 = 0° into
the flux through the plane ¢ = |E| Acos 6,

¢=5x10%(0.01)cos0°
=5x10°(0.01)
=50 N-m*/C

Therefore, the flux when the square's plane is
parallel to the YZ-plane is 50 N-m?C.

When the plane makes a 30° angle with the x axis
then, 6 = 60°.

Substitute |E| =5 x 10%, A = 0.01, and 8 = 60°into
the flux through the plane ¢ = |E| A cos 6,
¢ =5x10(0.01)cos60°
=5x10%(0.01)(0.5)
=25N-m?/C

Therefore, the flux when the square's plane is
intersected the X-axis at a 30° angle is 25 Nm?%C. 2

. A particle whose mass 5 X 107 is held over a

huge horizontal charge sheet with a density of
4 x 10° C/m* What charge should be applied
to this particle such that it does not fall when
released?

+ + + + + +

Given surface charge density is 4 X 10° C/m? and
the mass of the particleis 5 x 10 g.

The electric field, F= %
2¢g,
. 4x10°°

- 2(8.85x1072)
=2.26x10° N/C

Therefore, the electric field is 2.26 x 10° N/C.

The electric force gE acts in the upward direction
if the particle is given a charge g. The particle's
weight is balanced by this force, F = gE.

ELECTRIC CHARGES AND FIELDS

The force F is downward force. So, mg = gE.

Substitute the values into the formula,
(5%10°)(9.8) = q(2.26x10%)

(5%107°)(9.8)

1= 26%10°

=22x107"" C
Therefore, the charge applied is 2.21 x 107°C. 2

Q. 5. Why can't you compute the field of a cube using
Gauss' law?

Because the electric field of a cube fluctuates
along any segment of the Gaussian surface, Gauss
law cannot be used to calculate its field. In this
case, Gauss' law is applied to all closed surfaces
of any shape. Furthermore, when the charge
distribution is symmetrical, the validity of this law
is determined. 2

O)

Q. 1. A hollow conducting sphere of inner radius r; and
outer radius r, has a charge Q on its surface. A
point charge - g is also placed at the centre of the
sphere.

Ans.

Short Answer Type

Questions-II (3 marks each)

(a) What is the surface charge density on the (i) inner
and (ii) outer surface of the sphere ?

(b) Use Gauss’ law of electrostatics to obtain the
expression for the electric field at a point lying
outside the sphere.

[CBSE Delhi Outside Set-I 2020]

Ans. (a) Charge placed at the centre of the hollow sphere
is — g. Hence, a charge of magnitude + g will
be induced to the inner surface. Therefore, total
charge on the inner surface of the shell is + 4.
Surface charge density at the inner surface,

Totalcharge  +q

Inner surface area 4an2

Oinner =

A charge of — g is induced on the outer surface of
the sphere. A charge of magnitude Q is placed on
the outer surface of the sphere. Therefore, total
charge on the outer surface of the sphere is Q — g.
Surface charge density at the outer surface,
_Q-g

Outer surfacearea  4mry

Total charge

Gouter -

(b) Electric field at a point lying outside the sphere at a
distance r from the centre of the sphere:
Applying Gauss' theorem

2« I



Flux _ 4 - Charge enclosed

0
Or, Exam? =271
€

LE=271

)
4nrg,

1

Q. 2. Aninfinitely long thin straight wire has a uniform
linear charge density A.
(a) Obtain the expression for the electric field (E) at
a point lying at a distance x from the wire, using
Gauss’ law.
(b) Show graphically the variation of this electric
field E as a function of distance x from the wire.

[CBSE Delhi Outside Set-I 2020]

Ans.

a2
~
<

ds

+ 4+ ++ |+ + o+
-

(a) Electric field due to an infinitely long straight
wire having uniform linear charge density A:
x = Distance of the point P from the wire where the
electric field is to be evaluated
E = Electric field at the point P
A Gaussian cylinder of length [, radius x is
considered.

An infinitesimally small area dS on the Gaussian
surface is considered.

The electric field is the same at all points on the
curved surface of the cylinder and directed radially
outward. So, E and dS are along the same direction.
The total electric flux (¢) through the curved
surface =[EdS cos6

Since E and ds are along the same direction , so 6 = (0°

So, o = E21xl)

The net charge enclosed by the Gaussian surface is,
g=»M

.. By Gauss law,
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Q. 3. Two large charged plane sheets of charge densities
o and - 20 C/m? are arranged vertically with a
separation of d between them. Deduce expressions
for the electric field at points

(i) to the left of the first sheet, (ii) to the right of the
second sheet, and (iii) between the two sheets.
[CBSE Delhi Outside Set-12019]

Ans. Diagram 1+%2
Deducing electric field expression
(i) To the left of the first sheet Y2
(ii) To the right of the second sheet b3
(iii) Between the two sheets Va
Diagram:
A +0 B -20
— = i:
- El
E, «— N «
E— 1'% | 4—7%
1
I I I
1/

The electric field in the region left of first sheet
EI = El ar EZ

E =+— Y2

It is towards the right,

The electric field in the region to the right of the
second sheet,

(o) (o)
o= =
" 25 &
c
E, = _E b
It is towards the left.
The electric field between the two sheets
Em = EI + En
c o
E, =—+—
il 80 280
36
EIII = 2_
€ v,

The electric field is towards the right.
[CBSE Marking Scheme, 2019]

Q. 4. A spherical conducting shell of inner radius r; and
outer radius r, has a charge Q.
(a) A charge g is placed at the centre of the shell. Find
out 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-independent of the fact whether the shell is
spherical or not? Explain.

[CBSE Delhi Outside Set-I 2019]

Ans. Diagram Y2
Finding the surface charge density in the inner
and the outer surface of the shell 1+%
The electric field in the cavity 1
Diagram:

(@)

Q+g

¥
The charge induced on the inner surface of the
shell will be —g.

The surface charge density on inner surface of the

shell is o, =- q 5 1
4nr,

The surface charge density on the outer shell is
__Q+g

5= 4nr)? %

(b) Consider a Gaussian surface inside the shell, net
flux is zero since g,,., = 0. According to Gauss' law,

it is independent of the shape and size of shell. 1
[CBSE Marking Scheme, 2019]
Q. 5. Define electric flux and write its SI unit. The
electric field components in the figure shown

are:
Y

%
Ey
O, -
i - >X
a
Z

E,=ox, Ey =0,E,=0where o= 100N Calculate
Cm

the charge within the cube, assuming a = 0.1 m.
[Delhi Outside Comptt. I, 11, 11T 2018]

Ans. Definition of Electric flux 1
SI unit Y2
Formula (Gauss' Law) Ya
Calculation of Charge within the cube 1
Electric Flux is the dot product of the electric field
and area vector. 1
Also accept,

0= [EdS
SI Unit: Nm%C or Volt-metre %

ELECTRIC CHARGES AND FIELDS

g
For a given case,

0 =0, + 0, = [E (atx =2a)-E,(at x =) |a*

= [o(2a) - oa)]a*

= (xa3
=100 x (0-1)> =01 Nm%C %
But o=
€0
q=r¢,0=8854x10"2x107'C
= 0.8854 pC 1

[CBSE Marking Scheme, 2018]

Q. 6. An electron falls through a distance of 1.5 cm in a
uniform electric field of magnitude 2.0 x 10* N/C

M

FFFFFFFTF

Calculate the time it takes to fall through this
distance starting from rest.

T TP y T (®)
+  F +

If the direction of the field is reversed (Fig. b)
keeping its magnitude unchanged, calculate the
time taken by a proton to fall through this distance
starting from rest.

@ [Delhi Outside Comptt. I, II, III 2018]

Ans. Relevant formulae 1
Calculation of time taken by the electron 1
Calculation of time taken by the proton 1
We have
Force = gE
Acceleration,

o= E 2
m
Also

1
s = Elltz asu =0

p= |2 YV
a
(i) For the electron,
eE
a= —
m
stm
B eE
t \/2><1.5><10_2><9.1><10_31
"\ 16x107Px2.0x10%
=2.92ns 1

(ii) For proton,

\/2 x1.5x1072 x1.67 x 107
1.6x107? x2x 104

= 0.125 ps 1
[CBSE Marking Scheme, 2018]



Q. 7. Use Gauss’ law to find the electric field due to a
uniformly charged infinite plane sheet. What is
the direction of the field for positive and negative
charge densities?

[CBSE Delhi Outside Set-I 2016]

Ans. Derivation for electric field due to infinite plane
Sheet of charge 2

%t

Directions of field

=

>
Symmetry of situation suggests that E is
perpendicular to the plane. A Gaussian surface is
considered through P like a cylinder of flat caps
parallel to the plane and one cap passing through
P. The plane being the plane of symmetry for the
Gaussian surface.

E.4S = [E.dS

through caps
- o
E 1 dS for all over the curved surface and hence
- -
E.dS =0
J.EdS = 2EAS

caps

AS = area of each cap
By Gauss' law

JEdS = 1 - 9

g €y
2EAS = 945
)
o
g ==
2¢g

2

If o is positive E points normally outwards/

away from the sheet.

If ¢ is negative, E points normally inwards/to-
wards the sheet. 1
[CBSE Marking Scheme, 2016]

Q.8. A hollow cylindrical box of length 1 m and
area of cross-section 25 cm? is placed in a three
dimensional co-ordinate system as shown in the
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figure. The electric field in the region is given by

- n
E =50 xi, where E is in NC! and x is in meter.
Find

(i) Net flux through the cylinder.
(ii) Charge enclosed by the cylinder.

Y
\
i ‘ | >X
O(—lm— } k }
V4
Ans. (i) Given:
d A
E =50xi
and AS = 25 cm? or 25 x 107* m?

As the electric field is only along the X-axis, hence,
flux will pass only through the cross-section of
cylinder.

€<—Im—>
V4
Y2
The magnitude of the electric field at cross-section
A/

E, =50 x 1 =50 N/C.

The magnitude of the electric field at cross-section
BI

Ep =50 x 2 =100 N/C
The corresponding electric fluxes are
- =
95¢ . = E.AS
50 x 25 x 107 x cos 180°
~0.125 Nm?/C? Ve

$op = E.4S
=100 x 25 x 10™* X cos 0°
= 0.25 Nm%C? Y
So, the net flux through the cylinder,

$o = fos + Po
=-0.125 + 0.25
= 0.125 Nm?%/C? A



(ii) Using the Gauss’ law,

o= @Ed? =4
€
= 0125 = ——
8.85x10
= q =885 x 1072 x 0.125
=1.106 x 1072C. 1

Q.9. Using Gauss' law deduce the expression for
the electric field due to a uniformly charged
spherical conducting shell of radius R at a point
(i) outside, and (ii) inside the shell.

Plot a graph showing the variation of the electric
field as function of r > R and r < R (r being the

Ans. Electric field due to a uniformly charged thin
spherical shell:

distance from the centre of the shell).

Gaussian surface

e e Charged spherical shell

(i) When point P lies outside the spherical shell:
Suppose that we have to calculate electric field at
the point P at a distance r (v > R) from its centre. Draw
the Gaussian surface through point P so as to enclose
the charged spherical shell. The Gaussian surface is a
spherical shell of radius  and centre O. 1

>

Let E be the electric field at point P, then the
-

electric flux through area element d s is given by,

- -
Ad = E-AS

Long Answer Type Questions

ELECTRIC CHARGES AND FIELDS

Since AS is also along normal to the surface,

A$ = E-dS
.. Total electric flux through the Gaussian surface is
given by.

0 = JEdS=Edds

Now, (JSdS = 4m2

¢ = E x 4nr? ...(@)
Since the charge enclosed by the Gaussian surface

is g, according to the Gauss’s law,

o=1 ...(ii)

€

From equations (i) and (ii), we obtain

Exdn? =1
€
1 ¢
E= — (forr>R) 1
47580 T

(ii) When point P lies inside the spherical shell:
In such a case, the Gaussian surface encloses no
charge. According to the Gauss’s law,

E x 4nr* =0

ie. E=0 (r <R)

A graph showing the variation of the electric field
as a function of r is shown in the figure.

E(N/C)
A

Ey

R » 1(m)

(5 marks each)

Q. 1. (a) Use Gauss' law to show that due to a uniformly charged spherical shell of radius R, the electric field at any

point situated outside the shell at a distance r from its centre is equal to the electric field at the same point,

when the entire charge on the shell were concentrated at its centre. Also plot the graph showing the variation

of electric field with 7, forr <R and r > R.

(b) Two point charges of + 1 pC and + 4 nC are kept 30 cm apart. How far from the + 1 pC charge on the line
joining the two charges, will the net electric field be zero ?

-
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Ans.

ﬂ Topper Answer, 2020
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Q. 2. (a) Define electric flux. Is it a scalar or a vector
quantity?

A point charge g is at a distance of % directly
above the centre of a square of side d, as shown in

the figure. Use Gauss’ law to obtain the expression
for the electric flux through the square.

Tq

r/z

«——

«—a——>

(b) If the point charge is now moved to a distance ‘d’
from the centre of the square and the side of the
square is doubled, explain how the electric flux

will be affected. [CBSE Delhi 2018]
Ans. (a) Definition of electric flux 1
Stating scalar/ vector ¥
Gauss's Theorem b3

Derivation of the expression for electric flux 1

(ii) Explanation of change in electric flux 2
(i) Electric flux through a given surface is defined as
the dot product of electric field and area vector
over that surface. 1

Alternatively, ¢ = IEdé

Electric flux, through a surface equals the surface
integral of the electric field over that surface. %
It is a scalar quantity. %

—a—

Constructing a cube of side 'd' so that charge 'q'
gets placed within of this cube (Gaussian surface)
According to Gauss' law the Electric flux,

Charge enclosed
€0

ELECTRIC CHARGES AND FIELDS

This is the total flux through all the six faces of the
cube.

Hence, electric flux through the square

1,49 _4a

6 € 6¢ 1

(ii)  If the charge is moved to a distance d and the
side of the square is doubled, the cube will be
constructed to have a side 24 but the total charge
enclosed in it will remain the same. Hence the
total flux through the cube and therefore the flux
through the square will remain the same as before.
[Deduct 1 mark if the student just writes
No change/not affected without giving any
explanation.] 1+1

Q. 3. (a) Use Gauss' theorem to find the electric field
due to a uniformly charged infinitely large plane
thin sheet with surface charge density c.

(b) An infinitely large thin plane sheet has a uniform
surface charge density +o. Obtain the expression
for the amount of work done in bringing a point
charge g from infinity to a point, distantr, in front
of the charged plane sheet.

[CBSE Delhi Outside Set-1 2017]

Ans. (a) Using Gauss’s theorem to find E due to an
infinite plane sheet of charge 3

(b) Expression for the work done to bring charge g
from infinity to r 2

Surface

(a) Z charge density Q

gSE.dszi

The electric field E points outwards normal to the
sheet. The field lines are parallel to the Gaussian

surface except for surfaces 1 and 2.

c_ﬁE.dS:izﬁzzm
& &

Hence the net flux =

where A is the area of each of the surfaces 1 and
2.

cﬁE.dS:i:%=2EA
& &

9
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E. S
2g, 1
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a, | ze) %

(®)] Case based MCQs

I

Ans.

Q.2.

Ans.

Read the following text and answer any four of the
following questions on the basis of the same:

Faraday Cage: A Faraday cage or Faraday shield
is an enclosure made of conducting material.
The fields within a conductor cancel out with
any external fields, so the electric field within the
encloser is zero. These Faraday cages act as big
hollow conductors you can put things in to shield
them from electrical fields. Any electrical shocks
the cage receives, pass harmlessly around the
outside of the cage.

. Which of the following material can be used to
make a Faraday cage ?
(A) Plastic (B) Glass
(C) Copper (D) Wood

Option (C) is correct.

Explanation: A Faraday cage or Faraday shield is an
enclosure made of a conducting material.

Since copper is the only metal given in the list of
options, copper is the correct answer.

Example of a real-world Faraday cage is:

(A) car (B) plastic box
(C) lighting rod (D) metal rod
Option (A) is correct.

Explanation: Cars are example of Faraday Cages
in the real world. Cars can help keep us safe from
lightning. Its metal body acts as a Faraday Cage.

Q.3.

Ans.

Ans.

Ans.

What is the electrical force inside a Faraday cage
when it is struck by lightning ?

(A) The same as the lightning
(B) Half that of the lightning
(C) Zero

(D) A quarter of the lightning
Option (C) is correct.

Explanation: The fields within a conductor cancel
out with any external fields, so the electric field
within the enclosure is zero.

. If isolated point charge +q is placed inside the

Faraday cage. Its surface must have a charge equal
to:

(A) Zero
© -
Option (C) is correct.

(B) +q
(D) +29

Explanation: If a charge is placed inside an
ungrounded Faraday shield without touching the
walls of the internal face of the shield becomes
charged with - g, and + g accumulates on the
outer face of the shield. If the cage is grounded, the
excess charges will be neutralized by the ground
connection.

. A point charge of 2 C is placed at centre of Faraday

cage in the shape of cube with surface of 9 cm
edge. The number of electric field lines passing
through the cube normally will be:
(A) 1.9 x 10° Nm?/C entering the surface.
(B) 1.9 x 10° Nm?C leaving the surface.
(C) 2.26 x 10° Nm?/C leaving the surface.
(D) 2.26 x 10° Nm?/C entering the surface.
Option (D) is correct.
Explanation: The number of electric field lines
passing through the cube normally and leaving the
surface = Q/,

Q=2uC=2x10°C

€y = 8.85 x 10712 C%/Nm?
- Qfey = 2.26 x 10° Nm?/C



II. Read the given text and answer any four of the

following questions on the basis of the same:
Triboelectric series:
The triboelectric series is a list that ranks materials
according to their tendency to gain or lose
electrons. The process of electron transfer as a
result of two objects coming into contact with one
another and then separating is called triboelectric
charging. During such an interaction, one of the
two objects will always gain electrons (becoming
negatively charged) and the other object will lose
electrons (becoming positively charged). The relative
position of the two objects on the triboelectric series
will define which object gains electrons and which
object loses electrons.

In triboelectric series, materials are ranked from
high tolow in terms of the tendency for the material
to lose electron. If an object high up on this list
(Glass, for example) is rubbed with an object low
down on the list (Teflon, for example), the glass
will lose electrons to the teflon. The glass will, in
this case, become positively charged and the teflon
will become negatively charged. Materials in the
middle of the list (steel and wood, for example) are
items those do not have a strong tendency to give
up or accept electrons.

Tend to lose
electrons
A
Human hand
Glass
Human hair
Nylon
Cat fur
Silk
Cotton
Steel
Wood
Amber
Ebonite
Plastic wrap
Teflon

A4
Tend to gain
electrons

Q. 1. Materials in the upper position have _
tendency to become positively charged.
(A) low (B) high
(C) no (D) medium

Ans. Option (B) is correct.

Explanation: In triboelectric series, materials are
ranked from high to low in terms of the tendency

Ans.

Ans.

Ans.

Q.5.

Ans.

ELECTRIC CHARGES AND FIELDS

o+ I

for the material to lose electron i.e., they are ranked
high to low tendency of getting positively charged.

. Name two materials which do not have a strong

tendency to give up or accept electrons.
(A) Ebonite, Nylon
(C) Nylon, cat fur
Option (D) is correct.

(B) Plastic wrap, Teflon
(D) Steel, wood

Explanation: Materials in the middle of the list
(steel and wood, for example) are items those do
not have a strong tendency to give up or accept
electrons.

. If human hair is rubbed with amber, how those

will be charged?

(A) Both negative

(B) Both positive

(C) Hair will be positively charged, Amber will be
negatively charged.

(D) Hair will be negatively charged, Amber will be
positively charged.

Option (C) is correct.

Explanation: Since human hair is placed at the

upper portion of the list, it will leave electron and

will be positively charged. Since amber is placed

at the lower portion of the list, it will accept the

electron and will be negatively charged.

. Triboelectric charging is the process of electron

transfer between two objects

(A) By contact

(B) Without contact

(C) By any one of the above

(D) By none of the above

Option (A) is correct.

Explanation: The process of electron transfer as a
result of two objects coming into contact with one
another and then separating is called triboelectric
charging.

The object which loses electron becomes
charged and the object gains electron becomes
__ charged.

(A) negatively, negatively

(B) positively, positively

(C) positively, negatively

(D) negatively, positively

Option (C) is correct.

Explanation: During triboelectric charging, one of
the two objects always gains electrons and become
negatively charged. The other object loses electrons
and become positively charged.
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Case based Subjective

Solutions for Practice Questions (Topic-1)

Questions

I. Read the following news article and answer any

four questions that follows:

The total number of electric field lines passing a
given area in a unit time is defined as the electric

flux.

-
-

ATt
area

flux = ¢ = EA cos 0

field

If the plane is normal to the flow of the electric
field, the total flux is given as:
¢ =EA

When the same plane is tilted at an angle 9, the
projected area is given as A cos 6 and the total flux
through this surface is given as

¢ = EA cos 6
where,
* Eis the magnitude of the electric field.
* A is the area of the surface through which the

electric flux is to be calculated.

Multiple Choice Questions

Ans. 8. Option (B) is correct.

Explanation: The triboelectric effect is a type of
contact electrification on which certain materials
become electrically charged after they come into
frictional contact with a different material.

Ans. 12. Option (A) is correct.

Explanation: The magnitude of the electric force
F is directly proportional to the amount of an
electric charge, g;, multiplied by the other, g,
and inversely proportional to the square of the
distance ‘7’ between their centres.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans. 13. Option (C) is correct.

Assertion & Reason
Ans.

* 0 is the angle made by the plane and the axis
parallel to the direction of flow of the electric
field.

. If a unit positive charge is kept in the air, then

what is the total flux coming out of unit charge?

The total flux coming out is g,

. What is the value of electric flux (®) on a plane

of area 1 m? on which an electric field of 2 V/m

crosses with an angle of 30°.
¢ =EAcos 0
= (2)(1)(cos 90° - 30°)
= (2)(1)(cos 60°)
= @(1)(1/2)
=1Vm

. When is the flux through a surface taken as

positive?
It will be positive when the flux lines are directed

outwards.

. On which factor the net flux through a closed

surface in a given medium depends?

It depends on the net charge enclosed.

. A plane surface is rotated in a uniform electric

field. When is the flux of the electric field through

the surface maximum ?

It is when the surface is perpendicular to the field .

Explanation: When a neutral body gains electrons,
it becomes negatively charged. It means that the
quantity of negative charge present is more than
the quantity of positive charge present.

2. Option (D) is correct.

Explanation: Electric lines of force never cross
each other. If they cross each other, then at that
point, we get two directions of electric field,
which is not possible. So, the assertion is false.
The resultant electric field at a point is a vector
sum of the electric fields at that point.
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Solutions for Practice Questions (Topic-2) -

' Multiple Choice Questions The electric flux is clearly dependent on the
Ans. 3. Option (D) is correct. electric field strength, area, and angle between

Explanation: If a charge q is enclosed inside the surface and the electric field.

Gaussian surface then according to Gauss law Very Short Answer Type Questions

$E.dS = g/g,. Ans. 3. Electric flux remains unaffected.
. . [Note: (As per the Hindi translation), change in

Ans. 5. Option (A) is correct. Electric field is being asked, hence give credit if
Explanation: The Gauss’ law is applicable for any student write answer as decreases]

Ans. 7. Option (D) is correct. Ans. 7. The net charge enclosed by the surface and the
Explanation: If the electric field is E and the area permittivity of the medium. ) )
is A, the electric flux associated with the area is ¢ [Gauss's laws mathematical expression is
=EAcos©. (l) = Qenclosed/eo]

Ans. 11. The electric flux is the number of electric field
lines crossing an imaginary area. So, it is a scalar
quantity.

Where 0 represents the angle formed between
the surface and the electric field.

i
i
i
i
1
: closed surface. Hence, option (A) is correct. [CBSE Marking Scheme, 2016]
i
i
i
i

@ REFLECTIONS

1
1
After completion of this chapter, are you now clear (c) Charging by induction |
with the following concepts: (d) Gaussian Surface i
(a) Quantization of charges (e) Superposition Principle i
(b) Electrostatic shielding :





