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D> PREFACE

At Career Launcher, our goal is not only to help you maximize your scores in Class Xl
Board Exams, but also to lay a strong foundation in the core subjects to help you get
ahead in your college and professional career. Over the last decade, we all have seen
how the question paper pattern of Class Xll boards has kept changing. Bearing in mind
this unpredictable nature of board papers, we've come up with Chapter-wise Solved
Papers for Physics, Chemistry, Biology and English for Class XllI - to help you prepare
better and face Boards with confidence.

Exclusively designed for the students of CBSE Class XIl by highly experienced teachers,
the book provides solutions to all actual questions of Board Exams conducted from
2011 to 2024, in both Delhi and at the All India level. The solutions have been prepared
exactly in coherence with the latest marking pattern; after a careful evaluation of
previous year trends of the questions asked in Class Xl Boards and actual solutions
provided by CBSE.

The book follows a three-pronged approach to make your study more focused. The
questions are arranged Chapter-wise so that you can begin your preparation with the
areas that demand more attention. These are further segmented topic-wise and
eventually the break-down is as per the marking pattern. This division will equip you
with the ability to gauge which questions require more emphasis and answer
accordingly.

We hope the book provides the right exposure to Class Xl students so that you not
only ace your Boards but mold a better future for yourself. And as always, Career
Launcher's school team is behind you with its experienced gurus to help your career
take wings.

Let's face the Boards with more confidence!
Wishing you all the best,
Team CL
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Physics

Class 12t Physics 2024-25 Analysis Unit Wise

Time : 3 hrs. Max Marks : 70
No. of Periods Marks
Unit-I Electrostatics
Chapter—1: Electric Charges and Fields
Chapter—2: Electrostatic Potential and Capacitance 26 16
Unit-Il Current Electricity
Chapter—3: Current Electricity 18
Unit-lll Magnetic Effects of Current and Magnetism
Chapter—4: Moving Charges and Magnetism 25
Chapter—5: Magnetism and Matter 17
Unit-IV Electromagnetic Induction and Alternating Currents
Chapter—6: Electromagnetic Induction 24
Chapter—7: Alternating Current
Unit-V Electromagnetic Waves
Chapter—8: Electromagnetic Waves 04
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-VIll | Atoms and Nuclei 12
Chapter—12: Atoms 15
Chapter—13: Nuclei
Unit-IX Electronic Devices
Chapter—14: Semiconductor Electronics: Materials, 10
Devices and Simple Circuits 7
Total 160 70




Chemistry
Class 12" Chemistry 2024-25 Analysis Unit Wise
Time : 3Hours 70 Marks
S.No. | Title No. of Periods Marks

1 Solutions 10 7
2 Electrochemistry 12 9
3 Chemical Kinetics 10 7
4 d -and f -Block Elements 12 7
5 Coordination Compounds 12 7
6 Haloalkanes and Haloarenes 10 6
7 Alcohols, Phenols and Ethers 10 6
8 Aldehydes, Ketones and Carboxylic Acids 10 8
9 Amines 10 6
10 Biomolecules 12 7

Total 108 70

Biology

Class 12t Biology 2024-25 Analysis Unit Wise

Time 3 hours

Max. Marks: 70

Name of Units No: of .M?rks'
Periods Distribution

Unit VI Reproduction 30 16
UnitVIl | Genetics and Evolution 40 20
Unit VIl Biology and Human Welfare 30 12
Unit IX Biotechnology and Its Applications 30 12
Unit X Ecology and Environment 30 10

Total 160 70




English

Class 12" English 2024-25 Question Paper Design

Section Competencies Total marks
Reading Skills Conceptual understanding, decoding,
Analyzing, inferring, interpreting,appreciating,
literary, conventions and vocabulary, 22
summarizing and using appropriate format/s.
Creative Writing Skills | Conceptual Understanding, application ofrules,
Analysis, Reasoning, appropriacy of style and
tone, using appropriate format and fluency, 18
inference, analysis, evaluation and creativity.
Literature Text Books | Recalling, reasoning, critical thinking,
and Supplementary appreciating literary convention, inference,
Reading Texts analysis, creativity with fluency. 40
TOTAL 80
Internal Assessment 20
IAssessment of Listening and Speaking Skills
e Listening 5
e Speaking 5
Project Work 10
GRAND TOTAL 100




Physics
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 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).

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 polarisation, 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.

UNIT II: CURRENT ELECTRICITY 18 Periods

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, electrical resistance, V-1 characteristics (linear
and non-linear), electrical energy and power, electrical resistivity and conductivity, Carbon
resistors, colour code for carbon resistors; series and parallel combinations of resistors;
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 laws and simple applications, Wheatstone bridge.

UNIT lIl: 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 and toroidal
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; moving coil galvanometer-its current sensitivity and
conversion to ammeter and voltmeter.

Chapter-5: Magnetism and Matter

Magnetic field intensity due to a magnetic dipole (bar magnet) along its axis and
perpendicular to its axis, torque on a magnetic dipole (bar magnet) in a uniform magnetic
field; bar magnet as an equivalent solenoid, magnetic field lines; earth's magnetic field
and magnetic elements.

Para-, dia- and ferro - magnetic substances, with examples. Electromagnets and factors
affecting their strengths, permanent magnets.

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, Eddy
currents. Self and mutual induction.

Chapter-7: Alternating Current

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

AC generator and transformer.

UNIT V: ELECTROMAGNETIC WAVES 4 Periods

Chapter-8: Electromagnetic Waves

Basic idea of displacement current, Electromagnetic waves, their characteristics, their
Transverse nature (qualitative ideas only).

Electromagnetic spectrum (radio waves, microwaves, infrared, visible, ultraviolet, X-rays,
gamma 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 its applications, optical fibres, refraction at spherical surfaces, lenses,
thin lens formula, lensmaker's formula, magnification, power of a lens, combination of
thin lenses in contact, refraction and dispersion of light through a prism.
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Optical Instruments: Microscopes and astronomical 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, coherent sources and sustained interference of light, diffraction due
to a single slit, width of central maximum.

UNIT VII: DUAL NATURE OF RADIATION AND MATTER 8 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.

Matter waves-wave nature of particles, de-Broglie relation.

UNIT VIII: ATOMS AND NUCLEI 15 Periods

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 nth
orbit, hydrogen line spectra (qualitative treatment only).

Chapter-13: Nuclei
Composition and size of nucleus, nuclear force

Mass-energy relation, mass defect; binding energy per nucleon and its variation with
mass number; nuclear fission, nuclear fusion.

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 - |-V characteristics in forward and reverse bias, application of junction
diode-diode as a rectifier.




Chemistry

UNIT I: SOLUTIONS 10 PERIODS

Types of solutions, expression of concentration of solutions of solids in liquids, solubility
of gases in liquids, solid solutions, Raoult's law, colligative properties - relative lowering of
vapour pressure, elevation of boiling point, depression of freezing point, osmotic pressure,
determination of molecular masses using colligative properties, abnormal molecular mass,
Van't Hoff factor.

UNIT II: ELECTROCHEMISTRY 12 PERIODS

Redox reactions, EMF of a cell, standard electrode potential, Nernst equation and its
application to chemical cells, Relation between Gibbs energy change and EMF of a cell,
conductance in electrolytic solutions, specific and molar conductivity, variations of
conductivity with concentration, Kohlrausch's Law, electrolysis and law of electrolysis
(elementary idea), dry cell-electrolytic cells and Galvanic cells, lead accumulator, fuel cells,
corrosion.

UNIT lll: CHEMICAL KINETICS 10 PERIODS

Rate of a reaction (Average and instantaneous), factors affecting rate of reaction:
concentration, temperature, catalyst; order and molecularity of a reaction, rate law and
specific rate constant, integrated rate equations and half-life (only for zero and first order
reactions), concept of collision theory (elementary idea, no mathematical treatment),
activation energy, Arrhenius equation.

UNIT IV: D AND F BLOCK ELEMENTS 12 PERIODS

General introduction, electronic configuration, occurrence and characteristics of transition
metals, general trends in properties of the first-row transition metals - metallic character,
ionization enthalpy, oxidation states, ionic radii, colour, catalytic property, magnetic
properties, interstitial compounds, alloy formation, preparation and properties of K2Cr207
and KMnO,,.

Lanthanoids - Electronic configuration, oxidation states, chemical reactivity and lanthanoid
contraction and its consequences.

Actinoids - Electronic configuration, oxidation states and comparison with lanthanoids.

UNIT V: COORDINATION COMPOUNDS 12 PERIODS

Coordination compounds - Introduction, ligands, coordination number, colour, magnetic
properties and shapes, IUPAC nomenclature of mononuclear coordination compounds.
Bonding, Werner's theory, VBT, and CFT; structure and stereoisomerism, the importance
of coordination compounds (in qualitative analysis, extraction of metals and biological
system).

UNIT VI: HALOALKANES AND HALOARENES. 10 PERIODS

Haloalkanes: Nomenclature, nature of C-X bond, physical and chemical properties, optical
rotation mechanism of substitution reactions.
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Haloarenes: Nature of C-X bond, substitution reactions (Directive influence of halogen in
monosubstituted compounds only). Uses and environmental effects of - dichloromethane,
trichloromethane, tetrachloromethane, iodoform, freons, DDT.

UNIT VII: ALCOHOLS, PHENOLS AND ETHERS 10 PERIODS

Alcohols: Nomenclature, methods of preparation, physical and chemical properties (of
primary alcohols only), identification of primary, secondary and tertiary alcohols, mechanism
of dehydration, uses with special reference to methanol and ethanol.

Phenols: Nomenclature, methods of preparation, physical and chemical properties, acidic
nature of phenol, electrophilic substitution reactions, uses of phenols.

Ethers: Nomenclature, methods of preparation, physical and chemical properties, uses.

UNIT VIII: ALDEHYDES, KETONES AND CARBOXYLIC ACIDS 10 PERIODS

Aldehydes and Ketones: Nomenclature, nature of carbonyl group, methods of
preparation, physical and chemical properties, mechanism of nucleophilic addition, reactivity
of alpha hydrogen in aldehydes, uses.

Carboxylic Acids: Nomenclature, acidic nature, methods of preparation, physical and
chemical properties; uses.

UNIT IX: AMINES 10 PERIODS
Amines: Nomenclature, classification, structure, methods of preparation, physical and
chemical properties, uses, identification of primary, secondary and tertiary amines.

Diazonium salts: Preparation, chemical reactions and importance in synthetic organic
chemistry.

UNIT X: BIOMOLECULES 12 PERIODS

Carbohydrates - Classification (aldoses and ketoses), monosaccharides (glucose and
fructose), D-L configuration oligosaccharides (sucrose, lactose, maltose), polysaccharides
(starch, cellulose, glycogen); Importance of carbohydrates.

Proteins - Elementary idea of - amino acids, peptide bond, polypeptides, proteins, structure
of proteins - primary, secondary, tertiary structure and quaternary structures (qualitative
idea only), denaturation of proteins; enzymes. Hormones - Elementary idea excluding
structure.

Vitamins - Classification and functions.

Nucleic Acids: DNA and RNA.



Biology

UNIT VI. REPRODUCTION 30 Periods

Chapter-1: Sexual Reproduction in Flowering Plants

Flower structure; Development of male and female gametophytes; Pollination-types,
agencies and examples; Outbreeding devices; Pollen-Pistil interaction; Double fertilization;
Post fertilization events-Development of endosperm and embryo, Development of seed
and formation of fruit; Special modes - Apomixis, Parthenocarpy, Polyembryony;
Significance of seed and fruit formation.

Chapter-2: Human Reproduction

Male and female reproductive systems; Microscopic anatomy of testes and ovary;
Gametogenesis - Spermatogenesis & Oogenesis; Menstrual cycle; Fertilisation embryo
development upto blastocyst formation, implantation; Pregnancy and placenta formation
(Elementary idea); Parturition (Elementary idea); Lactation (Elementary idea).

Chapter-3: Reproductive Health

Need for reproductive health and prevention of sexually transmitted diseases (STD); Birth
control — Need and Methods, Contraception and Medical Termination of Pregnancy (MTP);
Amniocentesis; Infertility and assisted reproductive technologies - IVF, ZIFT, GIFT (Elementary
idea for general awareness).

UNIT VII. GENETICS AND EVOLUTION 40 Periods

Chapter-4: Principles of Inheritance and Variation

Heredity and Variation: Mendelian Inheritance; Deviations from Mendelism-Incomplete
dominance, Co-dominance, Multiple alleles and Inheritance of blood groups, Pleiotropy;
Elementary idea of polygenic inheritance; Chromosome theory of inheritance; Chromosomes
and genes; Sex determination - in humans, birds, honey bee; Linkage and crossing over;
Sex linked inheritance - Haemophilia, Colour blindness; Mendelian disorder in humans -
Thalassemia; Chromosomal disorders in humans; Down's syndrome, Turner's and
Klinefelter's syndromes.

Chapter-5: Molecular Basis of Inheritance

Search for genetic material and DNA as genetic material; Structure of DNA and RNA; DNA
packaging; DNA replication; Central dogma; Transcription, Genetic code, Translation; Gene
expression and regulation - Lac Operon; Genome and human ganeome project; DNA
fingerprinting.



Chapter-6: Evolution

Origin of life; Biological evolution and evidences for biological evolution (paleontological,
comparative anatomy, embryology and molecular evidence); Darwin's contribution, Modern
Synthetic theory of Evolution; Mechanism of evolution - Variation (Mutation and
Recombination) and Natural Selection with examples, Types of natural selection; Gene
flow and genetic drift; Hardy - Weinberg's principle; Adaptive Radiation; Human evolution.

UNIT VIII. BIOLOGY AND HUMAN WELFARE 30 Periods

Chapter-7: Human Health and Diseases

Pathogens; Parasites causing human diseases (Malaria, Filariasis, Ascariasis, Typhoid,
Pneumonia, Common Cold, Amoebiasis, Ring Worm); Basic concepts of Immunology -
Vaccines; Cancer, HIV and AIDs; Adolescene — Drug and Alcholol Abuse.

Chapter-8: Microbes in Human Welfare

In household food processing, Industrial Production, Sewage Treatment, Energy Generation
and as Biocontrol Agents and Biofertilizers. Antibiotics; Production and Judicious use.

UNIT IX. BIOTECHNOLOGY AND ITS APPLICATIONS 30 Periods

Chapter-9: Biotechnology - Principles and Processes
Genetic Engineering (Recombinant DNA technology).
Chapter-10: Biotechnology and its Applications

Application of Biotechnology in Health and Agriculture: Human Insulin and Vaccine
Production, Stem cell Technology, Gene therapy; Genetically modified organisms-BT crops;
Transgenic Animals; Biosafety Issues, Biopiracy and Patents.

UNIT X. ECOLOGY AND ENVIRONMENT 30 Periods

Chapter-11: Organisms and Populations

Organisms and environment: Habitat and niche, Population and ecological adaptations;
Population Interactions - Mutualism, Competition, Predation, Parasitism; Population
Attributes - growth, birth rate and death rate, age distribution.

Chapter-12: Ecosystem

Patterns, Components; Productivity and Decomposition; Energy Flow; Pyramids of Number,
Biomass, Energy; Nutrient Cycles (Carbon and Phosphorous); Ecological Succession;
Ecological Services - Carbon Fixation, Pollination, Seed Dispersal, Oxygen Release (in brief).



Chapter-13: Biodiversity and its Conservation

Concept of Biodiversity; Patterns of Biodiversity; Importance of Biodiversity; Loss of
Biodiversity; Biodiversity Conservation; Hotspots, Endangered Organisms, Extinction, Red
Data Book, Biosphere Reserves, National Parks, Sanctuaries and Ramsar sites.



English
SECTION A
Reading Skills
Reading Comprehension through Unseen Passage 22 Marks

[.  Oneunseen passage to assess comprehension, interpretation and inference. Vocabulary
and inference of meaning will also be assessed. The passage may be factual, descriptive

or literary. (12x1=12 Marks)
II.  One unseen case-based passage with verbal/visual inputs like statistical data,
charts etc. (10x1=10 Marks)

Note: The combined word limit for both the passages will be 700-750 words.
Multiple Choice Questions/ Objective Type Questions will be asked.

SECTION B
lll. Creative Writing Skills 18 Marks
The section has Short and Long writing tasks.

i.  Notice up to 50 words. One out of the two given questions to be answered.
(4 Marks: Format : 1 /Organisation of Ideas: 1/Content : 2 / Accuracy of Spelling and
Grammar: 1).

ii. Formal/Informal Invitation and Reply up to 50 words. One out of the two given
questions to be answered. (4 Marks: Format : 1/ Organisation of Ideas: 1/Content:
2 / Accuracy of Spelling and Grammar :1).

iii. Letters based on verbal/visual input, to be answered in approximately 120-150 words.
Letter types include application for a job with bio data or resume. Letters to the
editor (giving suggestions or opinion on issues of public interest) . One out of the
two given questions to be answered . (5 Marks: Format : 1/ Organisation of Ideas:
1/Content : 2/ Accuracy of Spelling and Grammar :1).

iv. Article/ Report Writing, descriptive and analytical in nature, based on verbal inputs,
to be answered in 120-150 words. One out of the two given questions to be.
(5 Marks: Format : 1 /Organisation of Ideas: 1/Content : 2 / Accuracy of Spelling and
Grammar :1).

SECTION C
Literature Text Book and Supplementary Reading Text
This section will have variety of assessment items including Multiple Choice
Questions, Objective Type Questions, Short Answer Type Questions and Long Answer

Type Questions to assess comprehension, analysis, interpretation and extrapolation
beyond the text.
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IV. Reference to the Context 40 Marks
i.  One Poetry extract out of two from the book Flamingo to assess comprehension,
interpretation, analysis and appreciation. (6x1=6 Marks)

ii. One Prose extract out of two from the book Vistas to assess comprehension,
interpretation, analysis and appreciation. (4x1=4 Marks)

iii. One prose extract out of two from the book Flamingo to assess comprehension,
interpretation and analysis. (6x1=6Marks)

iv. Short answer type question (from Prose and Poetry from the book Flamingo), to be
answered in 40-50 words. Questions should elicit inferential responses through critical
thinking. Five questions out of the six given are to be answered. (5x2=10 Marks)

v. Short answer type question, from Prose (Vistas), to be answered in 40 - 50 words.
Questions should elicit inferential responses through critical thinking. Any 2 out of
3 questions to be done. (2x2=4 Marks)

vi. One Long answer type question, from Prose/Poetry (Flamingo), to be answered in
120-150 words. Questions can be based on incident / theme / passage / extract /
event as reference points to assess extrapolation beyond and across the text. The
question will elicit analytical and evaluative response from student. Any 1 out of
2 questions to be done. (1x5=5 Marks)

vii. One Long answer type question, based on the chapters from the book Vistas, to be
answered in 120-150 words to assess global comprehension and extrapolation beyond
the text. Questions to provide evaluative and analytical responses using incidents,
events, themes as reference points. Any 1 out of 2 questions to be done.

(1x5=>5 Marks)
Prescribed Books

1. Flamingo: English Reader published by National Council of Education Research and
Training, New Delhi

(Prose)

* The Last Lesson

* Lost Spring

* Deep Water

* The Rattrap

* Indigo

* Poets and Pancakes
* The Interview

* Going Places



(Poetry)

* My Mother at Sixty-Six
* Keeping Quiet

* AThing of Beauty

* ARoadside Stand

e AuntlJennifer’s Tigers

2. Vistas: Supplementary Reader published by National Council of Education Research
and Training, New Delhi

* The Third Level

* TheTiger King

* Journey to the end of the Earth

* The Enemy

* On the Face of It

*  Memories of Childhood
»  The Cutting of My Long Hair
> We Too are Human Beings

INTERNAL ASSESSMENT

Assessment of Listening Skills - 5 Marks
Assessment of Speaking Skills - 5 Marks
Project Work - 10 Marks
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Physics






CHAPTER 1

Electric Charges and Fields

[Topic 1] Coulomb’s law, electrostatic field and

electric dipole

Summary
Electric Charge

e Electrostatic charge is a fundamental property of
matter due to which it produces and experiences
electrical and magnetic effects.

e Properties of atoms, molecules and bulk matter
are determined by electric and magnetic forces.

e It can be inferred from simple experiments based
on frictional electricity that there are two type of
charges in nature: negative and positive; and like
charges repel and unlike charges attract.

e By convention, the charge on electron is
considered as negative and the charge on proton
is considered as positive and the charge present is
equal. The S.I. unit of electric charge is coulomb.
Its C.G.S unit is stat coulomb.

e The nature and amount of electric charge present in
a charged body is detected by Gold-leaf electroscope.
e Total charge on a body is expressed as q = * ne.

Conductors and Insulators

e Objects that allow charges to flow through them
are called Conductors (metals) and objects that
do not allow charges to flow through are called
Insulators (rubber, wood, and plastic).

e Objects that behave as an intermediate between
conductors and insulators are called semi-
conductors, for example- silicon.

e The process of sharing charges with the earth,
when we bring a charged body in contact with the
earth is called grounding or earthing.

Charging by Induction

e Charging by induction means charging without
contact.

e If a plastic comb is rubbed with wool, it becomes
negatively charged.

Three basic properties of electric
charge

* Quantization: When the total charge of a body is
an integral multiple of a basic quantum of charge,
this is known as quantization of electric charge.
i.e., q = ne where

n=x=1,4+2,43, ...

e Additivity: It means that the total charge of a
system is the algebraic sum (adding taking into
account negative and positive signs both) of all
the charges in the system.

e Conservation of charge: Conservation of
electric charges means that there will be no
change in the total charge of the isolated system
with time. There is transfer of the electric charge
from one body to another, but no charge will be
created or destroyed.



1.2

Coulomb’s law

The force between two point charges q, and q,
is directly proportional to the product of the two
charges(q,q,) and inversely proportional to the
square of the distance between them(r?)and it acts
along the straight line joining the two charges.

F,, = force on q, due to q, = _k ((121CI2) £,
21
where k = 1
4re,

The experimental value of the constant ¢ is
8.854 x 10 2C2N'm™

Therefore, the approximate value of k is

9 x 10°Nm?C-2

Fig. Depiction of Coulomb’s law

Facts about Coulomb’s law:

e Coulomb’s law is not valid for charges in motion;
it should only be used for point charges in vacuum
at rest.

e The electrostatic force obeys Newton’s third law
of motion and acts along the line joining the two
charges.

* Presence of other charges in the neighborhood
does not affect Coulomb’s force.

e The ratio of electric force and gravitational force
between a proton and an electron is represented

ke?
by Gm_m

e p

=~ 2.4 x10%

Superposition Principle

The presence of an (or more) additional charge does
not affect the forces with which two charges attract
or repel each other. Superposition principle states
that the net force on any charge due to n number of
charges at rest is the vector sum of all the forces on
that charges, taken one at a time.

ie. Fo = Fm + Foz + F03 +..F0n

e The force on a small positive test charge q placed
at the point divided by the magnitude of the
charge is the electric field E at a point due to
charge configuration.

CHAPTER 1 : Electric Charges and Fields

Electric Field

e The space around a charge up to which its force
can be experienced is called electric field.
e Electric field due to a point charge q has a

q

R
4ne,r

magnitude E (r) =

» It is radially outwards if q is positive.
» It is radially inwards if q is negative.

e Electric field satisfies the superposition principle.
»  The unit of electric field is N/C.

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

Electric Field lines

e The tangent at each point on the curve of electric
field line, gives the direction of electric field at
that point.

e The relative strength of electric field at different

points is indicated by the relative closeness of
field lines.

» In regions of strong electric field, they crowd
near each other.

» In regions of weak electric field, they are far
apart.

» In regions of constant electric field, the field
lines formed are uniformly spaced parallel
straight lines.

¢ Field lines are continuous curves. There will be
no breaks.

+ +

Fig. Electric field lines

e Field lines are not intersecting. They cannot cross
each other.

e Electrostatic field lines begin at positive charges
and terminate at negative charges.

e No closed loop can be formed by them.

Electric Dipole

e A pair of equal and opposite charges q and
—q separated by small distance 2a is known
as electric dipole. The magnitude of its dipole
moment vector is 2qa and is in the direction of
the dipole axis from —q to q.
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E —2a—»
4”—-—>ﬂ——%——<i—:o
e—rt—
Fig. Electric dipole
e Field of an electric dipole in its equatorial plane
at a distance r from the center:

__p 1
4me, (a2 + r2)3/2
~_P 3 forr>>a

4ne r

e Dipole electric field on the axis at a distance r
from the center:
2pr

E=——r——
dne, (r2 - az)
= 2p 3 forr>>a
4ne r

The 1/r® dependence of dipole electric fields should
be noted in contrast to the 1/r* dependence of electric
field due to a point charges.

e In a uniform electric field E, a dipole experiences
a torque t given by

Tt =pxE

But no net force will be experienced by it.

PREVIOUS YEARS’

EXAMINATION QUESTIONS

TOPIC 1
1 1 Mark Questions

1. What is the geometrical shape of equipotential
surface due to a single isolated charge?

[DELHI 2014]
2. Why do the electric field lines never cross each
other? [ALL INDIA 2014]

3. Apoint charge +Q is placed at point O as shown
in the figure. Is the potential difference V, —V,
positive, negative or zero?

+te—me—o
QO A B

[DELHI 2016]

4. In which orientation, a dipole placed in a
uniform electric field is in (i) stable, (ii) unstable
equilibrium? [DELHI 2018]

5. Draw a graph to show the variation of E with
perpendicular distance r from the line of charge.

[DELHI 2018]

10.

11.

12.

1.3

Draw the pattern of electric field lines, when
a point charge - Q is kept near an uncharged
conducting plate. [DELHI 2019]

How does the mobility of electrons in a conductor
change, if the potential difference applied across
the conductor is doubled, keeping the length and
temperature of the conductor constant?
[DELHI 2019]

A point charge is situtated at an axial point of a
small electric dipole at a large distance from it.
The charge experiences a force F. If the distance
of the charge is doubled, the force acting on the
charge will become
(a) 2F (b) F/2
(c) F/4 (d) F/8 [DELHI 2020]
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 object Z?
(a) Positively charged only
(b) negatively charged only
(¢) neutral or positively charged
(¢) neutral or negatively charged

[DELHI TERM I, 2022]

In an experiment three microscopic latex spheres
are sprayed 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 following are possible values for the final
charge on the spheres?

(@) +be, —4e, +5e

(b) +6e, +6e, —Te

(c) —4e, +3.5e, + 5.5e

(d) +5e, —8e, +7e [DELHI TERM 1, 2022]

An object has charge of 1 C and gains 5.0 x 1018
electrons. The net charge on the object becomes—

(@) —0.80C (b) +0.80C
(c) +1.80C (d) +0.20C
[DELHI TERM I, 2022]

Two parallel conductors carrying current of 4.0
Aand 10.0 A are placed 2.5 cm apart in vacuum.
The force per unit length between them is —

(@) 6.4 x 105 N/m
(b) 6.4 x 102 N/m
(¢) 4.6 x 10* N/m
(d) 3.2 x10* N/m
[DELHI TERM I, 2022]
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13.

14.

15.

Which of the diagrams correctly represents the
electric field between two charged plates if a
neutral conductor is placed in between the plates?
(o) T FTF=F T *T =

{flml)

b) B
3

]
]
F ¥ ¥ F T 1]
H + |+] 4

L & A ® vy ¢y

b

W

[DELHI TERM I, 2022]

The magnitude of electric field due to a point
charge 2q, 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 g

at a distance %(r >> R) will be

E
(a) Z (b) 0
(c) 2E (d) 4E
[DELHI TERM 1, 2022]

Three charges q, —q and q, are placed as shown
in figure. The magnitude of the net force on the

1
charge q, at point O is | k =
(4m <)
y

_q_.

9
X

Me—w—

q
a—>

2kqqy

a2

(©) ﬁk_;lqo @ LK%

a \/53.2

[DELHI TERM I, 2022]

(a) 0 (b)

16.

17.

18.
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A + 3.0 nC charge Q is initially at rest at a
distance of r; = 10 cm from a +5.0 nC charge g
fixed at the origin. The charge Q is moved away
from q to a new position at r, = 15 cm. In this
process work done by the field is

(@) 1.29 x 10-°J (b) 3.6 x10°J
(c) —4.5x107"J (d) 45x107J
[DELHI TERM I, 2022]

Given below are the two statements labelled as
Assertion (A) and Reason (R). Select the most
appropriate answer from the options given below as:

Assertion (A): A negative charge in an electric
field moves along the direction of the electric field.

Reason (R): On a negative charge a force acts
in the direction of the electric field.

(a) Both (A) & (R) are true and (R) is correct
explanation of (A).

(b) Both (A) & (R) are true, and (R) is not correct
explanation of (A)

(¢) (A)is true, but (R) is flase.
(d) (A) is false and (R) is also false.
[DELHI TERM I, 2022]

An electric dipole of length 2 cm is placed at an
angle of 30° with an electric field 2 x 105 N/C. If
the dipole experiences a torque of 8 x 10~ Nm,
the magnitude of either charge of the dipole is
(@) 4 nC (b) 7uC

(¢) 8 mC (d) 2mC [DELHI, 2023]

] 2 Marks Question

19.

An electric dipole of length 4 cm, when placed
with its axis making an angle of 60° with a
uniform electric field, experiences a torque of
43 Nm. Calculate the potential energy of the
dipole, if it has charge + 8 nC. [DELHI 2014]

1 3 Marks Questions

20.

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

(b) The electric field inside a parallel plate
capacitor is E. Find the amount of work
done in moving a charge q over a closed

rectangular loop abcda.
+HF A+

a > b
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21.

22.

OR

(a) Derive the expression for the capacitance of
a parallel plate capacitor having plate area
A and plate separation d.

(b) Two charged spherical conductors of radii R,
and R, when connected by a conducting wire
acquire charge q, and q, respectively. Find
the ratio of their surface charge densities in
terms of their radii. [DELHI 2014]

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.

[DELHI 2016]

(a) Draw the equipotential surfaces corresp-
onding to a uniform electric field in the
z-direction.

(b) Derive an expression for the electric

potential at any point along the axial line
of an electric dipole. [DELHI 2019]

] 5 Marks Question

23.

24.

/2 Solutions

(a) Derive an expression for the electric field
E due to a dipole of length “2a’ at a point
distant r from the centre of the dipole on the
axial line.

(b) Draw a graph of E versus r for r >> a.

(¢) If this dipole were kept in a uniform
external electric field E ,diagrammatically
represent the position of the dipole in stable
and unstable equilibrium and write the
expressions for the torque acting on the
dipole in both the cases.

[ALL INDIA 2017]

(a) Derive an expression for the electric field
at any point on the equatorial line of an
electric dipole.

(b) Twoidentical point charges, q each are kept
2m apart in 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. [DELHI 2019]

1. The equipotential surfaces of an isolated charge

are concentric spherical shells(co-centric shells)
and potential will be inversely proportional to
distance. [Y2]

1.5

[Y2]

Fig. Equipotential surfaces of an isolated charge

2.

If two electric fields cross each other then there
would be two different values of electric field
with individual directions at that location which
is impossible, hence electric field lines never
cross each other. [1]

Potential at a distance r from a given point
charge Q is given by,

L . °
0] A B
«—T7 —
< g > [V2]
v-_L289
e, 1
Vy = Q
4re,ry
Vg = Q
471'607'3
Since, A <rg = Vs >Vp
Hence, V, — V, is positive. 2]

A dipole placed in a uniform electric field is in:

(i) Stable Equilibrium: When the electric field
is directed along the direction of the dipole

i.e. when E is parallel to ; . [2]

(i1) Unstable Equilibrium: When the electric
field is directed at an angle of 180° with the

direction of the dipole i.e. when E is anti-

parallel to B . [Y2]

r

Fig: graph to show the variation of E with
perpendicular distance r from the line of charge.

[1]
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10.

11.

Equal charge of opposite nature induces in the
surface of conductor nearer to the source charge

[1]
Electric lines of forces should fall / normally 90°
away on / from the conducting plate.
If the potential difference applied across the
conductor is doubled, keeping the length and
temperature of the conductor, mobility of electron
remains unchanged because mobility (p) is
independent of applied potential difference. [1]
(d) As electric field on axial line varies as,
E « i} OR £ o LS
r Q r
So, when distance is doubled, force reduce to F/8.
(c) (neutral or positively charged)
Since we know that like charges repel and unlike
charges attract each other. If we suppose Y is
having negative charge and X is repelled to
it, then X is also having negative charge. Also
Y having negative charge, can get attracted
towards positive charge, since Z is attracted to
Y, so we can suppose Z having positive charge.
And among the options, option C satisfies being
Neutral/Positive Charge. [1]
(b) +6e, +6e, —Te
Given, the charges +3e, +5e and —3e before being
sprayed together in the container. After keeping
them in the container and making them in
contact, the charges get distributed equally, hence
the total charge after cancelling the opposite
charges of +3e becomes +5e. So net charge over
each electron becomes +5e. Now, calculating the
sum of charges for each option shows -

OR Fou ~  [1]
T

Charges TOTAL SUM
+5e -4e +be +6e
+6e +6e -Te +5e
-de +3.5e +5.5e +13e
+5e —8e +7e +4e

Hence, correct option is (b) +6e, +6e, —=7e  [1]
(d) +0.20 C
Given, Number of electrons, n = 5.0 x 108

Charge supplied, Q . = charge of 1 electron x
number of electrons

We know that, charge of 1 electron
=-1.6 x 10-°C

Q,.. = (1.6 x 1071°C) x (5.0 x 10®)
=-8x101=-0.8C

net

12.

13.

14.

15.

16.

17.
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Qﬁnally =Q,,, + Initial charge
=-08+1=+0.20C [1]
(d) 3.2 x 10 N/m

We know F = Holilz
2nr

_4nx1077 x4x10

2nx 2.5x1072
(d) 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

-3.2x107*N/m [1]

represented by figure. [1]
(¢) We know, the Electric Field due to a point
charge =E = k x2q
r
Electric field due to a spherical shell
_Ep-KX2_op [1]

2
r
3)
(c) \Ek_;lqo

a
Positions of qo, —q and q are shown.
Both q and — q is equidistant from q,.
So, the magnitude of both the forces on q, will
be equal. The angle between the forces will be
900° as in figure.
Hence the resultant force

—JF2 + F2 4 2F x F x c0s 90°

2k
:mz_dg%zﬁx(;}&
a

ne a2

(0]

(d)4.56X107d
We know that, Work Done

J.T2Fdr: ) kqQ
1 2

I r

=kqQ {ll—iz} =(8.99 x 10%) x (5 x 109
T T

x (3 x 107 X[L—L}
0.1 0.15

=4.5x10*C [1]
(d) Assertion is wrong since electron moves in
opposite direction of the electric field.

Reason is also false since on negative charge
force acts in the opposite direction of the electric
field. [1]
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18. (a) 21=2cm

P50

1=PxE = PEsin6
— 8x 103 =qx(2]) x 2 x 10° x sin30°

:8X1O*3=qX2X1O*2X2X1O5X%

-3
_ 8x10 3><2=4uC
4%x10
19. Ast=pEsin0
43 = pEsind

:>pE><§=4\/§

=pE=8

Potential energy of dipole,
U =-—pEcos b6

U = —pE cos 60°

U=-4J

[1]

[1]

[1]

20. (a) Let us consider a parallel-plate capacitor of
plate area A. If separation between plates is
d metre (meter), capacitance C in given by

€A

C= F

[1]

d
We know that the magnitude of the electric
field between the charged plates of the

capacitor in

E=-2
13

o
Where, o is the surface density of either

plate. Therefore, the plate charge in is
Q =cA =g, EANow, the energy stored in the

2 EA)
capacitor in U = lQ_ = EM
2C 2¢,A/d
U=Lc E?(Ad)s 4]
2

The volume between the plates is Ad metre?®.
Therefore, the energy per unit volume is

given by,
U _ la E?J /m?
Ad 2°

+Q -Q

+

+

F F

+ —>

+

+

a b [Y2]

Fig.: Parallel plate capacitor

(®)

(@)

®)

1.7

Work done, W = F d
Here, F is the exerted on the charge (q) due
to electric field (E) and is given by, F' =gFE
Net displacement, d = 0 [1]
Hence, W=0

OR
Derivation for the capacitance of parallel
plate capacitor:

Surface charge  Areq A

density o

| 1

FHHH At

| 2 |

Surface charge

density —c RZ]|

Fig. Capacitance of a parallel plate capacitor

A parallel plate capacitor consists of two
large plane parallel conducting plates
separated by a small distance d. The two
plates have charges q and -1 and distance
between them is d.

Plate 1 has charge density ¢ = a

A

Plate 2 has charge density © = —%

In the inner region between the plates 1 and
2, the electric fields due to the two charged
plates add up

2¢, E g, Aeg,
For this electric field, potential difference
between the plates in given by,
V=Ed-= 1aqd
8O

E-_4,9_49_ %9 [V4]

The capacitance C of the parallel plate
Q _ €,A [v4]
\Y% d

capacitor is then, C =

The surface charge density for a spherical
conductor of radius R, is given by:

o= LQ

47'CR1
Similarly, for spherical conductor R,, the
surface charge density is given by:

Gy = [%]
4nR%

o _ iR}

O QQR% (1)
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As the spheres are connected so the charges
will flow between the spherical conductors
till their potential become equal.

kay _ kay

Ry Ry [V2]
S _ 92

R, Ry (2)
Using (2) in (1) We have,

o _Ry B3 Ry

- 2

o, Ry Rf Ry

o Ry

o2 Ry [V2]

21. Suppose we have a ring of radius a that carries
a uniformly distributed positive charge q.

di dE Sin 6
dE
dE Cos 0
dE
dl dE Sin 6
Fig. Uniform distribution of a charge over a ring

[Y2]
As the total charge q is uniformly distributed,
the charge dq on the element dl is
dg=-2 a1

Ta

The magnitude of the electric field produced
by the element dl at the axial point P is
dE — .99 _ kq dl

rz 2ra r2

(i) The axial components dEcos6 and

(i) The perpendicular component dEsin®. [%%]
Since the perpendicular component of any two
diametrically opposite elements are equal and
opposite, they cancel out in pairs. Only the axial
components will add up to produce the resultant
field.

2ma

E at point P is given by, E = f dEcosf  [Y]
0

(" Only the axial components contribute towards E)

2ma
E = fﬁ.ﬂ.f
2ra p2 r
2ma
kgx 1 X
E=——— | dl ==
ora r3‘£ ( cosf r)
kgx 1 ,\27a
E = (1
2ra r3()0
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Ezsﬂ-;”-%ra RZ]
Ta (x2+a2)/
r2 :x2+a2
B kqx [V2]
E= 9 9\3/2
(x +a )

If x > > a, then x? + a% ~ x2
1 qx
T U 1 9\32
4me, (x2)/

dne ) x2 [v2]
This expression is similar to electric field due to
point charge.

22. (a) Equipotential surfaces due to an electric
dipole :

Equipotential
surface

[1]
(b) Let distance of point p where field has to be
calculate be y from axial line,

and

E,,

T [1]
47580 (y2 + az )
~E=E +E,
Due to symmetry electric field in y direction
will cancel out.

2qa(—i)

E ZZ‘E_q ‘cose(—i) =

3/2
fory >>a 4mg, (32 +Y2)
2 -
- a N
fB=—E ()= [1]
4me,y 4ne,y
23. —q 0 +q B, Ep
. + ° +«——[
Ale—]—>ie—]—B B

l— Q] ————Pie—(x-])P»
— X ———pi
—— (X+]) ————» [Ve]
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Electric field intensity due to as electric dipole

(a) Dipole at a point on the axial wire: we have
to a calculate the field intensity (E) at a
point P on the axial line of the dipole and dt
a distance OP = 7 from the centre O of the
dipole. Resultant electric field intensity at
the point P, E, = E, + E, The vectors E, and
E; are collinear at opposite.

~E,=E,-E,
__ 1 _a __1 _a
Here, BA = ey ot "0 T ney (nr1)?
Y2l
Thus,
B _ 1 g g |_ 1  4qlx
P 4ne, (x—l)2 (x+l)2 47ey (x2fl2)2
Hence, E, = L 4px s.p=gqx2l] ['4]

47T60 . (x2 _l2 )2 [
1 4px

4re (x2 B 12)2

If the dipole is short,i.e. , 2] << x, then [Y2]

2 |P|
3

In vector form, E, =

p - 471'60 X

The direction of E, is long BP produced clearly,
1

Ep o — A
x

(b) Graph of E versusr forr >> a

'

E

r—» [1]
Fig.: E versusr
(¢) Torque on an electric dipole in uniform
electric field :-

#
rvy
=

+q

[\
~

R’ W C

A'—
—-q

VVVVVYY

[Y2]
Consider an electric dipole considering of two
changes —q and +q placed is a uniform external
electric field of intensity E. The dipole moment
P makes an angle 6 with the direction of the
electric field. The net force is zero. Since, the
two forces are equal in magnitude and opposite
in direction and act at different points therefore
they constitute a couple. A net torque 1 acts

1.9

on the dipole about an axis passing through
the mid-point of the couple. Now 1 = force x
perpendicular distance BC between the parallel
force qE (21 sin 0)

1=(0x2]) Esin0ort=pE sin 6 [Ye]
In vector notation, t=p x E

SI unit of torque is newton-meter (N-m) and its
dimensional formula is [ML?T?]

Case-I: If 0 = 0° then t = 0,

The dipole is in stable equilibrium
Case-II: If 6 = 90°, thent = PE (maximum value)
The torque acting on dipole will be maximum.
Case-III: If 6 = 180° then t = 0 [V2]
The dipole is in unstable equilibrium

24. (a) Let P be an equatorial point for a dipole

consisting of charges —q and + q with a
separation 2a, then

E, = electric field due to the charge + q

E,
Enet e P
e \\\\
E- \\\
r AN
00
a
-q +q [1]
- 1 .
E+ = X 3 q 3 (1)
4me, a’+r
Again,

E = electric field due to the charge — q

1
— x 2‘1 - .. (i)
4mey a”+r

By superposition principle,

Enet :E+ +E*
- 2 q a
SAE . |=2E_ cosO= X X
net + 471:80 (a2+r2) a2+r2
[1]
1 2aq
_4 € x 2 2 3/2
&g (a +r )
In vector form,
%
- 1 —
E X P

net

4me, (a2+r2)3/2



For short dipole, r >> a, then

5
g L |-p

net — 3

4mey| r

[1]
(b) To overcome the electrostatic repulsion
between the point charges q each, Q must be
at the centre of the line segment joining the
two. The sign of Q must be opposite to that of q.

kq> k 2
.‘.%+q—%=0 :>ki=_kq_Q [1]
2y @ 4 1
Q
[ L 4 o
q q
<—— Im—><— 1Im—>
q
>+2=—
7=
0=-9
~Q ;"
Hence, Q must be at a distance of 1 m from
each charge q. [1]

MULTIPLE CHOICE QUESTIONS

1.

When the distance between the charged particles
is halved, the force between them becomes.

(a) One-fourth (b) Half
(¢) Double (d) Four times

Acharge q, exerts some force on a second charge
q,- If third charge q, is brought near, the force
of q, exerted on q,.

(a) Decreases
(b) Increases
(¢) Remains unchanged

(d) Increases if q, is of the same signs as q,
and decreases if q, is of opposite sign

The minimum charge on an object is
(a) 1 coulomb

(b) 1 stat coulomb

(¢) 1.6 x 101 coulomb

(d) 3.2 x 107* coulomb

Three charges 4q, Q and q are in a straight line
in the position of 0, 1/2 and 1 respectively. The
resultant force on q will be zero, if Q =

(@) —q (b) —2q

© 5 (d) 4q

The number of electrons in 1.6 C charge will be
(@) 10%° (b) 10%°

(¢) 1.1 x10% (d) 1.1 x10?

10.

11.
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The electric charge in uniform motion produces
(a) An electric field only

(b) Amagnetic field only

(c) Both electric and magnetic field

(d) Neither electric nor magnetic field

Figure shows the electric lines of force emerging
from a charged body. If the electric field at A
and B are E, and E; respectively and if the
displacement between A and B is r, then

(@) E,>E, (b) E,<E,

E E
(© Ey=-2 @ BEx=—

The electric field near a conducting surface
having a uniform surface charge density o is
given by

c
(a) o and is parallel to the surface
0

260
(b) . and is parallel to the surface
0

c
(e) o and is normal to the surface
0

20
(d) . and is normal to the surface
0

Deutron and a-particle are put 1 A apart in air.
Magnitude of intensity of electric field due to
deutron at a-particle is

(a) zero (b) 2.88 x 101t N/C
(¢) 1.44 x 10" N/C (d) 5.76 x 10 N/C
An electric dipole when placed in a uniform
electric field E will have minimum potential

energy, if the positive direction of dipole moment
makes the following angle with E

(@) = b
2

37
(d) zero (d) o

The electric potential at a point on the axis of
an electric dipole depends on the distance r of
the point from the dipole as

1
(@ o ®) “ 5
© =r d) «—=

I'3
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12.

13.

14.

15.

An electric dipole is kept in non-uniform electric
field. It experiences

(a) Aforce and a torque

(b) A force but not a torque

(¢) Atorque but not a force

(d) Neither a force nor a torque

The distance between the two charges +q and
—q of a dipole is r. On the axial line at a distance
d from the centre of dipole, the intensity is
proportional to

qr

@ ) g2
q qr

(0) el (d) el

The electric field due to an electric dipole at a
distance r from its centre in axial position is E.
If the dipole is rotated through an angle of 90°
about its perpendicular axis, the electric field at
the same point will be

(@) E (b) B
4

E
© 3 (d) 2E
An electric dipole of moment p placed in a
uniform electric field E has minimum potential

energy when the angle between p and E is

(a) Zero (b) r
2
© n @ =
Answer Keys
1.(d) 2. (c) 3. (c) 4. (a) 5. (a)
6. (¢) 7. (@) 8. (c) 9. (c) 10. (¢)
11. (d) 12. (a) 13. (d) 14. (¢) 15. (a)
/2> Solutions
1 i fot
r
. when r is halved the force becomes four
times. [1]
2. The force will still remain unchanged.
Lo _N192
4m 801‘2 [1]
3. All other charges are its integral multiple.
~. Minimum charge on an object = 1.6 x 10
coulomb [11
4. The force between 4q and q.

1 4qxq
F1=4 . 9
T &gy 1

10.

11.

12.

13.

14.

15.

The force between Q and q

_ 1 Qxq
2 47580‘ 12
2)

4 4
F1+F2=00rL2———§q Q=-q [1]
n=4__ 16 = =10" [1]

e 1.6x10"

A movable charge produces electric field and
magnetic field both. [1]
In non-uniform electric field. Intensity is more,
where the lines are more denser. [1]

Electric field near the conductor surface is given

by S anditis perpendicular to surface.  [1]
€0
Due to deutron, intensity of electric field at 1 A

distance

1 e 9x109x1.6x107"
2 10720

- dmey 12
=1.44 x 10" N/C
Potential energy = —pE cos 0.
when 0 =0,
Potential energy = —pE (minimum)

[1]

[1]
Electric potential due to dipole in it’s general

position is given by v = k.pcos® -

Voo —
r? r?
As the dipole will feel two forces which are

although opposite but not equal.

.. A net force will be there and as these forces
act at different points of a body. A torque is also
parent. [1]

Field along the axis of the dipole

-1 2 1 2(gxr)
C4mey g3 4me, g3
ar
d’ [1]

When the dipole is rotated through at an angle
of 90° about it’s perpendicular axis then given
point comes out to be on equator. So field will

E
become 9 at the given point. [1]
U = -PE cos 0.
It has minimum value when 0 = 0°.

ie. U , =-PE cos0° = -PE [1]
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Topic 2: Electric Flux

Summary

e Electric flux is proportional to number of lines
leaving a surface, outgoing lines with positive
sign, incoming lines with negative sign.

=

—_—

Fig. Electric flux
¢ Through a small area element AS, the flux A¢ of
electric field E is given by
A = E.AS
And the vector area element AS is
AS = ASn

Where AS is the magnetic of the area element and 1
isnormal to the area element, which can be considered
planar for the sufficiently small AS.

Gauss’s Law and its application

e The flux of electric field through any closed
surface S is 1/, times the total charge enclosed
by S.

¢ — E_[ dA — qenclosed
€9
e The law is mainly useful in determining electric
field E, when the source distribution has simple
symmetry:
» Thin infinitely long straight wire of uniform
linear charge density A

E3
+
_ +
=4[ =~
g 4 >
s < J
ING_ | 21
[ &4 |
+
| I
+
Por s |
D ey (4 il
E + |
| + |
- +l 1
|- Y
{ )
NN 4 e
+
Lt

Fig. Thin infinitely long Straight wire

E-_" 4

2me T

Where, r is the radial (perpendicular) distance of the
point from the wire and n is the radial unit vector in
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the plane normal to the wire passing through the

point.

¢ Infinite plane sheet (thin) of uniform surface
charge density o

Surface charge

‘/ density &

Fig. Infinite plane sheet (thin)
E=—"h
2,
Where n is a unit vector normal to the plane and
going away from it.
e Thin spherical shell of uniform surface charge

density
E-_—Y4 5T (r > R)
4ne r
Gaussian surface
Surface charge _..... ©
density .- *

Fig.: Thin uniformly surface charged spherical

shell (r > R)
(Forr>R)
E=0(<R)
Gaussian
Surface charge  surface

density &

Fig.: Thin uniformly surface charged spherical
shell (r < R)

(Forr <R)
Where r is the distance of the point from the center
of the shell whose radius is R with the total charge
q. The electric field outside the shell is the same as
the total charge is concentrated at the center. A solid
sphere of uniform volume charge density shows the
same result. Inside the shell at all the points, the
field is zero.
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PREVIOUS YEARS’

EXAMINATION QUESTIONS

TOPIC 2
1 1 Mark Questions

1.

What is the electric flux through a cube of side
1 cm which encloses an electric dipole?
[DELHI 2015]
Figure shows three point charges +2q, -q and
+3q. Two charges +2q and —q are enclosed within
a surface ‘S’. What is the electric flux due to this
configuration through the surface ‘S’?

[DELHI 2015]

S
+§q

How does the electric flux due to a point charge
enclosed by a spherical Gaussian surface get
affected when its radius is increased?

[DELHI 2016]

If the net electric flux through a closed surface
is zero, then we can infer

(a) no net charge is enclosed by the surface.

(b) uniform electric field exists within the
surface.

(c) electric potential varies from point to point
inside the surface.

(d) charge is present inside the surface.
[DELHI 2020]

A square sheet of side ‘a’ is lying parallel to XY

plane at z = a. The electric field in the region

isE = cz?k. The electric flux through the sheet
is

3

1
4 b)) =
(a) a*c ()3ac

4

1
— d 0
(c)3ac (d)

[DELHI TERM I, 2022]

1 2 Marks Questions

6.

Given a uniform electric field E = 5x 103N /C ,
find the flux of this field through a square of 10
cm on a side whose plane is parallel to the y-z
plane. What would be the flux through the same
square if the plane makes a 30° angle with the
x-axis? [DELHI 2014]

1.13

Given a uniform electric field E = 2x 103 N, /C.

Find the flux of this field through a square of
side 20 cm, whose plane is parallel to the y-z
plane. What would be the flux through the same
square, if the plane makes an angle of 30° with
the x-axis? [DELHI 2014]

Given a uniform electric field E = 4 x103; N/C,
find the flux of this field through a square of 5
cm on a side whose plane is parallel to the y-z
plane. What would be the flux through the same
square, if the plane makes an angle of 30°with
the x-axis? [DELHI 2014]

] 3 Marks Question

9.

Using Gauss’s law to obtain the expression for
the electric field due to a uniformly charged thin
spherical shell of radius R at a point outside the
shell. Draw a graph showing the variation of
electric field with r, for r > R and r < R.

[ALL INDIA 2011]

] 5 Marks Questions

10.

(@) An electric dipole of dipole moment P
consists of point charges +q and —q separated
by a distance 2a apart. Deduce the expression

for the electric field E due to the dipole at a
distance x from the centre of the dipole on ts

axial line in terms of the dipole moment P .
Hence show that in the limit

(b) Given the electric field in the region E = 231,
find the net electric flux though the cube and
the charge enclosed by it.

AY

OR

(a) Explain, using suitable diagrams, the
difference in the behavior of a (i) conductor
and (ii) a dielectric in the presence of
external electric field. Define the terms
polarization of a dielectric and write its
relation with susceptibility.

(b) A thin metallic spherical shell of radius a
carries a charge Q on its surface. A point

Q

charge o is placed at its centre C and

another charge +2Q is placed outside the
shell at a distance x from the centre as



11. (a)

(®)

shown in the figure. Find (i) the force on the

charge at the centre of shell and at the point

A, (ii) the electric flux through the shell.
[DELHI 2015]

Use Gauss’s theorem to find the electric field
due to a uniformly charged infinitely large
plane thin sheet.

An infinitely large thin plane sheet has a
uniform surface charge density +o. Find
the amount of work done in bringing a point
charge q from infinity to a point, distance r,
in front of the charged plane sheet

[ALL INDIA 2017]

12. (a) Define electric flux. Is it a scalar or a vector

(®)

13. (a)

(b)

quantity? A point charge q is at a distance of

g directly above the centre of a square of side

‘d’, as shown in the figure. Use Gauss’s
theorem to obtain the expression for the
electric flux through the square.

q
d
+—d—
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.

OR
Use Gauss’ law to derive the expression for

the electric field (E) due to a straight

uniformly charged infinite line of charge density
AC/m. [ALL INDIA 2018]
Using Gauss law, derive expression for
electric field due to a spherical shell of
uniform charge distribution ¢ and radius
R at a point lying at a distance x from the
centre of shell, such that

(i) 0<x<R,and

(i)x >R

An electric field is uniform and acts along
+ x direction in the region of positive x. It
is also uniform with the same magnitude
but acts in — x direction in the region of
negative x. The value of the field is E = 200
N/C for x > 0 and E = — 200 N/C for x < 0.
A right circular cylinder of length 20 cm
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and radius 5 cm has its centre at the origin
and its axis along the x-axis so that one flat
face is at x = + 10 cm and the other is at
x =—10 cm.

Find :

(i) The net outward flux through the cylinder.

(i) The net charge present inside the cylinder.
[DELHI 2020]

ﬁ Solutions

From Gauss law the net flux passing through
a surface is proportional to the charge enclosed
within the surface. Since , net charge enclosed by
electric dipole is zero hence flux will be zero. [1]

2. From gauss law net flux is ratio of total charge

enclosed divided by (S)= si from the figure

(]
total charge enclosed is +2q — q = q. Hence

(s)=L [1]

3. According to Gauss’s law, ¢ = f e-ds= qe” [Ye]

Where q_, is the total charge enclosed by the
surface. From above formula it is clear that
electric flux does not depend on radius, hence it
remains constant.

Flux depends only on the charge enclosed.

Hence, the electric flux remains constant.

4. (a) No net charge is enclosed by the surface, if
the net electric flux through a closed surface is
zero. [1]

5. (a) E=cz2k
Where, z = ®©, =?

We know that, ¢ = [E.ds
ds = dxdyk

o= (caz)kdxdyk = [ ca®dxdy

= ,[(? caZdx = ,[(? ca?dy = ca? [a][a]= ca’
6. When the plane is parallel to the y-z plane:

Electric flux, ¢ = EA

Here, E =5x103jN/C

A =10cm?,i=10"2im? =10 2im? [1]

0=5x 10%i107%i = ¢ = 50 Weber or Nm?C-!

When the plane makes a 30° angle with the
x-axis, the area vector makes 60° with the x-axis.

0=EA = ¢=EAcos0

¢ =5 x10%x 102 cos 60°

50
q)__

= ¢ = 25 Weber or Nm? C! [1]

[1]
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7. When the plane is parallel to the y-z plane:
¢p=EA
E=2x10%
A =(20cm)’i = 0.04M%
A=(20 cm)?*i=(20 x 10%)? = 0.04m?
= (2 x 1032)-(0.042) —0=82
Weber or 80 Nm?C-! [1]

When the plane makes an 30°angle with the
x-axis, the area vector makes an 60° angle with
the x-axis.

¢:E-X:>¢:EACOS9

¢ =2x10% x0.04 cos 60°

0 =2 x10%x 0.04 cos 30°

¢ =2x103 ><0.04><%

= ¢ = 40 Weber or 40 Nm?C? [1]
8. When the plane is parallel to the y-z plane:

Electric flux, ¢ = E-A

Here, E = 4 x 103 N/C

A=(50m)°i=0.25x10 2im?

¢ = (4 X 1032) : (25 x 10*42)

= ¢ = 10 Weber or Nm?C™* [1]

When the plane makes an angle of 30° with the
x-axis, the area vector makes an angle of 60°
with the x-axis.

¢:E-Z:>¢:EACOSH
= 0 =(4 x10%) (25 x 10™) cos 60°

10

=¢=—

¢ 2
= ¢ =5 Weber or Nm?C™* [1]

[Vl

Fig.: Spherical Gaussian surface

Consider a spherical Gaussian surface of radius
r GR), concentric with given shell. If E is electric
field outside the shell, then by symmetry,
electric field strength has same magnitude E,
on the Gaussian surface and is directed radially
outward. Also the direction of normal at each
point is radially outward, so angle between E_
and ds is zero at each point. Hence, electric flux
through Gaussian surface [V2]

10.

=¢ E ds

=¢, E, dscos 0°=E 4 nr’ds

Now, Gaussian surface is outside the given
charged shell, so charge enclosed by the

Gaussian surface is Q. Hence, by Gauss’s
theorem

1
¢ E, -ds = — x charge - enclosed
8O
Add sign of integration in this formula

:>E0-4nr2 =Ei><Q
o
1 Q

471'60 r2

= E, = [1]
Thus, electric field outside a charged thin
spherical shell is same as if the whole charge Q
is concentrated at the centre. Graphically,

Y
E

max

E
T Ex1/r?

0 X
r=R—»r [2]

E is proportional to 1/r? not multiple as shown
in the figure.

Forr <R, there is no strength of electric field

inside a charged spherical shell. For r >R |
electric field outside a charged thin spherical
shell is same as if the whole charge Q is
concentrated at the centre.

(a) Electric field at a point on the axial line

= kq 17— kq

E,  |= E |=

| +q| (x_a)Z | q| (x+a)2 [1]
==

4me,

[ P= 2aq}

If x>>>a,

In vector form, E = 2p [1]

4n80x3

(b) Since, the electric field is parallel to the faces
parallel to xy and xz planes, the electric flux
through them is zero.

Electric flux through the left face, [1]

o, = (E)) (a?) cos 180°
o, = (0 )(@? cos 180°=0



D

Electric flux through the right face,
¢, = (By) (a%) cos 0°
¢, = (2a) (a?) x 2a°

Total flux (‘D) =943 = Yenclosed (1
€
-~ Uenclosed = 23380
OR
A
2Q
[1]

(i) Conductor E, - External field

E_ — Internal field created by the
redistribution of electrons inside the metal

When a conductor like a metal is subjected
to external electric field, the electrons
experience a force in the opposite direction
collecting on the left side. [1]

A positive charge is therefore induced on the
right hand side. This creates an opposite
electric field (E ) that balances out (E ).

Hence, the net electric field inside the

conductor becomes zero. [1]
+
< +
Metal +
< +
Em
+
E

0

(i1) Dielectric

»
»

@ @ ~>£ntlzrnal electric
¢ e
) CD
<+— +—
> Eo

When external electric field is applied,
dipoles are created (in case of non-polar
dielectrics). The placement of dipoles is
as shown in the given figure. An internal
electric field is created which reduces the
external electric field.

Polarization of dielectric (P) is defined as
the dipole moment per unit volume of the
polarized dielectric.

P=y ¢ E

Where, y susceptibility [1]
E — Electric field

11.

(®)

(@)

(®)
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Net force on the charge %, placed at the

centre of the shell, is zero.
Force on charge 2Q kept at a point A [1]

I(SQ) 2Q
F-Ex2Q=——’
4me,r
2
o k3§
r Q [1]
Electric flux through the shell, ¢ = —

80
Gaussian surface for a thin infinite plane
sheet of uniform charge density

Cylinderical ;0 Sheet R
Gaussian Surface__—=7 i ¥z 1’19
et ds
S S, *i;-:jjt*:TES
ds s] *"" Qti
—Tr

[1]
Let o be the surface charge density of the
sheet. From symmetry, E on either side
of the sheet must be perpendicular to the
plane of the sheet, having same magnitude
at all points equidistant from the sheet. We
take a cylindrical cross-sectional area A and
length 2r as the Gaussian surface. On the

curved surface of the cylinder E and 7 are
perpendicular to each other. Therefore flux
through curved surface = 0. Flux through
the flux surface = EA + EA = 2EA

..'Total electric flux over the centre surface
of cylinder ¢ = 2EA [1]
Total charge enclosed by the cylinder, q = cA

acc. to Gauss’law, ¢p = 4

)
. oEA =2
€0
or =2 (1]
280

Let V, be the potential on the surface at
sheet that at a distance r from it

dV = E-dr

Vo-V=—2r
2g
V=Vy-—r
280

12. (a) Electric flux is defined as, ¢, = E. ds

(®)

It is scalar quantity. Electric flux through

square is ¢ = % [3]

o

Flux will not change, i.e. ¢, = LG [2]
80
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OR
To calculate the field, imagine a cylindrical Gaussian
surface,as shown in the figure. Since the field is
every where radial,flux through the two ends of
the cylindrical Gaussian surface is zero. At the
cylindrical part of the surface, E is normal to
the surface at every point,and its magnitude is
constant, since it depends on r. The surface area
of the curve if 2nrl, where 1 is the length of the
cylinder. [1]
Flux through the Gaussian surface
= flux through the curved cylindrical part of the
surface
=E x2nrl
The surface includes charge equal to Al. Gauss’s
law then gives

Ex2nrl=£ [1]
U3
ie,E= [1]
2nrg,,
}\’ A
Vectorially, E at any pointis givenby E = n
— 2nrd,,
i
- + -
//’ H R
I = )
NS o
It :T
Do
<_P'_r1 1]
E, | :l
1 + 1
[Pl P N
ey
SN 1 I 2]
i
L+ |
[1]

Here, Two gaussian spheres are S, and S,
For points P, (x <R) and P, (x > R). Now,
(i) By Gauss’s law,

Net outward flux through S,

(I)= ¢Ed4ng_

= E=0
[-- change enclosed by S, = 0] [1]

1.17
(i) Net outward flux through S,,
b= q}ﬁ cdA =%
S, €y
2
S, €y
Since <JSdA =4nx’
S,
_ o(4nR)’
(4nx*)g,
2
- [g=& [1]
€,X
(b)
S VA«
- —F

o

(i) Net outward flux through cylinder :
o=1f +1f,+1
= E(pr?) + E(pr?) + O
= 2E pr?
=2x 200 x 3.14 x (5 x 102
=400 x 3.14 x 25 x 10*

=3.14 N-m?%C [1]
(i1)) Net charge, present inside the
cylinder,
q=¢e,
= q=3.14 x 8.854 x 1012
=27.801x1012C [1]

MULTIPLE CHOICE QUESTIONS

1. ACylinder of radius R and length L is placed in
a uniform electric field E parallel to the cylinder
axis. The total flux for the surface of the cylinder

is given by
#R?
(a) 2rnR?’E (b) E
nR2
nR
(c) E (d) zero

2. An electric charge q is placed at the centre of a
cube of side a. The electric flux on one of its faces

will be
a 1
(@) ¢, (b) e,a
q

©) 4re a2 d) ¢,



10.

Total electric flux coming out of a unit positive
charge put in air is

(a) &, ) g

(c) (4pe )™ (d) 4ne,

For a given surface the Gauss’s law is stated as
gﬁE .ds = 0. From this we can conclude that
(a) E is necessarily zero on the surface

(b) E is perpendicular to the surface at every
point

(¢c) The total flux through the surface is zero.
(d) The flux is only going out of the surface

A cube of siclAe ( is placed in a uniform field E,
where E = Ei The net electric flux through the
cube is

(a) zero (b) 2E

(c) 4 PE (d) 6 ’E

A charge q is placed at the centre of the open
end of cylindrical vessel. The flux of the electric
field through the surface of the vessel is

a

(@) zero b) &,
9 2q
(c) 2, d) g

According to Gauss’s Theorem, electric field of
an infinitely long straight wire is proportional
to

[t

(@r b) 2
1

© 3

===

(d)

The S.I. unit of electric flux is

(a) Weber (b) Newton percoulomb
(¢) Volt x meter (d) Joule per coulomb
Gauss’s law is true only if force due to a charge
varies as

(b) 2

d) r*

An electric dipole is put in north-south direction

in a sphere filled with water. Which statement
is correct

(@) rt
(c) r3

(a) Electric flux is coming towards sphere

(b) Electric flux is coming out of sphere

(c¢) Electric flux entering into sphere and leaving
the sphere are same

(d) Water does not permit electric flux to enter
into sphere.
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Answer Keys
1. (d) 2. (a) 3. (b) 4. (¢) 5. (a)
6. (c) 7.(d) 8. (c) 9. (b) 10. (¢)

o

1

Solutions

. Flux through surface A ¢, = E x tR? and ¢, = E

x R2.

=l

Flux through curved surface
C= fﬁ.dgszdscos90°=0
- Total flux through cylinder = ¢, + ¢, + ¢, =0

[1]
2. By Gauss’s theorem,
q
Electric flux (¢) = g~ [1]
0
3. Total flux coming out from unit charge
0=F.ds=Lx1=¢, " [1]
80
4. The total flux through the surface is zero. [1]
5. As there is no charge residing inside the cube,
hence net flux is zero. [1]
6. To apply Gauss’s theorem it is ( \
essential that charge should be
placed inside a closed surface. So,
imagine another similar cylindrical ~—_2 % 4
vessel above it as shown in figure
(dotted).
. Required flux ¢ = i
1
A 1 [1]
7. E= = Eox= [1]
2me,r r
8. S.I. unit of electric flux is
2
Nxm? = Ixm = volt X metre
C C [1]
9. Gauss’s law is true only if force due to a charge
varies as r2. [1]
10. In electric dipole the flux coming out from

positive charge is equal to the flux coming in at
negative charge i.e. total charge on sphere = 0.
From Gauss law, total flux passing through the
sphere = 0. [1]





