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SYLLABUS

Physics (Class-XII) 2021-22

Time: 3 hours Max. Marks: 70
Units No. of Periods Marks
I Electrostatics
1. Electric Charges and Fields 24
2. Electrostatic Potential and Capacitance 16
11 Current Electricity 18
3. Current Electricity
III |Magnetic Effects of Current and Magnetism
4. Moving Charges and Magnetism 22
5. Magnetism and Matter "
IV | Electromagnetic Induction and Alternating Currents
6. Electromagnetic Induction 20
7. Alternating Current
A% Electromagnetic Waves 04
8. Electromagnetic Waves
VI |Optics 18
9. Ray Optics and Optical Instruments 27
10. Wave Optics
VII |Dual Nature of Radiation and Matter
11. Dual Nature of Radiation and Matter 08
VIII |Atoms and Nuclei 12
12. Atoms 15
13. Nuclei
IX |[Electronic Devices .
14. Semiconductor Electronics: Materials, Devices and Simple Circuits 12
Total 150 70
Unit I: Electrostatics (24 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, metre bridge.

Potentiometer - principle and its applications to measure potential difference and for comparing EMF of
two cells; Measurement of internal resistance of a cell.

Unit lll: Magnetic Effects of Current and Magnetism (22 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; Cyclotron.

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

Current loop as a magnetic dipole and its magnetic dipole moment; Magnetic dipole moment of a
revolving electron; 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 (20 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 (04 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 (27 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 of
light through a prism.

Scattering of light— blue colour of sky and reddish appearance of the sun at sunrise and sunset.

Optical instruments: Microscopes and astronomical telescopes (reflecting and refracting) and their
magnifying powers.

Chapter 10: Wave Optics

Wave Optics: Wave front and Huygens' principle; Reflection and refraction of plane wave at a
plane surface using wave fronts. Proof of laws of reflection and refraction using Huygens’ 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; Resolving
power of microscope and astronomical telescope, polarisation; Plane polarised light; Brewster’s law;
Uses of plane polarised light and Polaroids.

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; Davisson-Germer experiment (experimental
details should be omitted; only conclusion should be explained).

Unit VIII: Atoms and Nuclei (15 Periods)
Chapter 12: Atoms

Alpha-particle scattering experiment; Rutherford’s model of atom; Bohr model, energy levels, hydrogen
spectrum.

Chapter 13: Nuclei

Composition and size of nucleus; Radioactivity; Alpha, beta and gamma particles/rays and their
properties; Radioactive decay law, half life and mean life.

Mass-energy relation; Mass defect; Binding energy per nucleon and its variation with mass number;
Nuclear fission; Nuclear fusion.

Unit IX: Electronic Devices (12 Periods)

Chapter 14: Semiconductor Electronics: Materials, Devices and Simple Circuits

Energy bands in conductors; semiconductors and insulators (qualitative ideas only)
Semiconductor diode- I-V characteristics in forward and reverse bias; Diode as a rectifier.

Special purpose p-n junction diodes: LED, photodiode, Solar celland Zener diode and their characteristics;
Zener diode as a voltage regulator.



Design of Question Paper

PHYSICS (Theory)

Maximum Marks: 70

Time: 3 hours

S.
No.

Typology of Questions

Total
Marks

Approximate
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 organizing, comparing, translating, interpreting, giving
descriptions, and stating main ideas

27

38%

Applying: Solve problems to new situations by applying acquired
knowledge, facts, techniques and rules in a different way.

22

32%

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 set of criteria.

Creating: Compile information together in a different way by
combining elements in a new pattern or proposing alternative
solutions.

21

30%

Total

70

100%

Practical: 30 marks

Note:

2.

Internal Choice: There is no overall choice in the paper. However, there will be at least 33%

internal choice.

The above template is only a sample. Suitable internal variations may be made for generating
similar templates keeping the overall weightage to different form of questions and typology of

questions same.

The changes for classes XI-XII (2021-22) internal year-end/Board Examination are as under:

Classes XI-XII
Examﬁi{zzii-(frrll/dBoard (2020-21) (2021-22)
Existing Modified

Examination (Theory)

Composition

including  Multiple  Choice 20%

% Objective  type  Questions | < Competency Based Questions will be

Question-20% These can be in the form of Multiple-
% Case-based/Source- based Choice  Questions, Case- Based

Integrated Questions-10% Questions, Source Based Integrated
% Short Answer/ Long Answer Questions or any other types

Questions- Remaining 70% % Objective Questions will be 20 %

% Remaining 60% Short Answer/ Long
Answer Questions- (as per existing
pattern)
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Electric Charges
and Fields

Pc%g!:%pts

The study of electric charges at rest is called Electrostatics.
1. Two Kinds of Electric Charges
When two bodies are rubbed together, they get oppositely charged. Experimental evidences show
that there are two types of charges:
(i) Positive Charge: Positive charge is produced by the removal of electrons from a neutral body.
That is, positive charge means deficiency of electrons.
(i7) Negative Charge: Negative charge is produced by giving electrons to a neutral body. That is,
negative charge means excess of electrons on a neutral body.
SI unit of charge is coulomb (C).
2. Properties of Charges
(i) Conservation of Charge: The charge of an isolated system remains constant. This means that
charge can neither be created nor destroyed, but it may simply be transferred from one body
to another.
(i1) Additive Property: Total charge on an isolated system is equal to the algebraic sum of charges
on individual bodies of the system. This is called additive property of charges. That is, if a
system contains three charges, ¢;, ¢», — ¢, then total charge on system, Q= ¢, + ¢o— ¢s.
(i7) Quantisation of Charge: The total charge on a body is the integral multiple of fundamental
charge‘e’
le., g =*tne where 7 is an integer (n = 1, 2, 3,...).
(iv) Charge is unaffected by motion: The charge on a body remains unaffected of its velocity, i.e.,

Charge at rest = Charge in motion
(v) Like charges repel while unlike charges attract each other.
3. Coulomb’s Law in General Form

It states that the force of attraction or repulsion between two point charges is directly proportional
to the product of magnitude of charges and inversely proportional to the square of distance
between them. The direction of this force is along the line joining the two charges, i.e.,

019
F=k—F
2
where £ = L is constant of proportionality; & is permittivity of medium between the charges. If

4me

gy 1s permittivity of free space and K the dielectric constant of medium, then e=Kg



_ 1 IEA)
4ne K )2
__1 9%
4ne, 4?2

F
For free space K = 1, Therefore

Dielectric constant or Relative permittivity (K): The dielectric constant of a medium is defined as
the ratio of permittivity of medium to the permittivity of free space, i.e., K = ¢/g

Definition of coulomb: 1 coulomb charge is the charge which when placed at a distance of 1 metre
from an equal and similar charge in vacuum (or air) will repel it with a force of 9 x 10°N.

4. Coulomb’s Law in Vector Form

Consider two like charges ¢, and ¢, located at points A and B in vacuum. The separation between
the charges is r. As charges are like, they repel each other. Let Fo1 be the force exerted on charge
¢o by charge ¢, and Fio that exerted on charge ¢, by charge ¢,. If 791 is the position vector of ¢,

relative to ¢; and 7, is unit vector along A to B, then the force Fo; is along A to B and

7 1 49 . 0
21 = 5 T ...
ane, ,2 21
N
R 791 A
But 7’21 = A r,y B
r 06— o
g F qq rip d, F
> 1 %% ra 1 N%- 12 -y 2
For =7 3 =3 5 T2l
e, 42 7 TE,

. . . g . .. . ~ . .
Similarly if r12is position vector of ¢; relative to gy and 7, is unit vector from B to A, then

- 1 q]qQ . 1 QIqQ - ()

19 = ——— Fio = — 719 .2
ne, ,2 12 4dme;
. -> g . ..
Obviously r,, =—r21, therefore equation (i7) becomes
> 1 49 > (i)
=_ — ro ()

1
2 4ne,

Comparing (¢) and (i2z), we get
f‘n = —fm
This means that the Coulomb’s force exerted on ¢, by ¢, is equal and opposite to the Coulomb’s
force exerted on ¢; by ¢o; in accordance with Newton’s third law.
Thus, Newton’s third law also holds good for electrical forces.
5. Principle of Superposition of Electric Charges

Coulomb’s law gives the force between two point charges. But if there are a number of interacting
charges, then the force on a particular charge may be found by the principle of superposition. It
states that

If the system contains a number of interacting charges, then the 4
force on a given charge is equal to the vector sum of the forces
exerted on it by all remaining charges.

The force between any two charges is not affected by the
presence of other charges.

Suppose that a system of charges contains n charges ¢, ¢s, ¢5,

. .. > = = g . . .
... g, having position vectors 7,1, 7,...r, relative to origin O

respectively. A point charge ¢ is located at P having position
P y- AP ge q gPpP



vector 1 relative to O. The total force on g due to all n charges is to be found. If E, fg, fg, Fn, are
the forces acting on ¢ due to charges ¢y, g, ¢5. ... ¢, respectively, then by the principle of superposition,
the net force on ¢ is
F=Fi+Fo+F+.. +F,
If the force exerted due to charge ¢; on ¢ is F,, then from Coulomb’s law in vector form

F, = e S (r =73

0|7 —7]
The total force on ¢ due to all n charges may be expressed as

FZ % fzz §:41 #(7—71)
i=1 =13 |y — ;|
1 u 4 -
_4n€097§1|7_77|3( !

Here > represents the vector-sum.
6. Continuous Charge Distribution
The electrostatic force due to a charge element dq at charge ¢, situated at point P is
1 %% 1 dd s

dF = R = ————(r =71
47‘[80 R® 47t80|7_,,f|3(

The total force on ¢, by the charged body is
1 dg (" =17)

F= 4me, To = 73

0 |r —7"|

For linear charge distribution, dg = A dl, where A is charge per Ya
unit length and integration is over the whole length of charge. %,

For surface charge distribution, dg = ¢ dS, where o is charge per
unit area and integration is for the whole surface of charge.

For volume charge distribution, dg = p dl] where p is charge per

=Y

unit volume and integration is for whole volume of charge. 9dq
Electric field

The electric field strength at any point in an electric field is a vector r

quantity whose magnitude is equal to the force acting on a unit positive >X
test charge and the direction is along the direction of force.

=2 . . . . . .. . =
If F is the force acting on infinitesimal positive test charge ¢, then electric field strength, E =

==

Therefore from definition, electric field can be given as

F A
E=lim —
q9—0 qO

s

The unitof electric field strength is newton/coulomb or volt/metre (abbreviated
as N/C or V/m respectively).

(i) The electric field strength due to a point charge ¢ at a distance r in

magnitude form ‘/% - b
£l 1

_ _ 9
1= g, 4me, 42




L q
4ne, o3

In vector form, E = r
() The electric field strength due to a system of discrete charge is
i
T 4me, ;2 T%

(i17) The electric field strength due to a continuous charge distribution is

1 dq
e, ~ 43 !

E’:

7. Electric field lines

An electric field line is a curve drawn in such a way that tangent to it at each point is in the direction
of the net field at that point.

Properties of electric field lines
(¢) Field lines start from positive charges and end at negative charges. If there is a single charge,
they may start or end at infinity.

() In a charge-free region, electric field lines can be taken to be continues curves without any
breaks.

(i17) No two electric field lines can intersect each other because if they do so, then two tangents
can be drawn at the point of intersection; which would mean two directions of electric field
strength at one point and that is impossible.

(7v) The electric field lines do not form any closed loops. This follows from the conservative nature
of electric field.

(v) The equidistant electric field lines represent uniform electric field while electric field lines at
different separations represent non-uniform electric field (Figure).

X -y §:

8. Electric Dipole

A system containing two equal and opposite charges separated by a finite distance is called an
electric dipole. Dipole moment of electric dipole having charges +¢ and — g at separation 2/ is defined
as the product of magnitude of one of the charges and shortest distance between them.

; = q27
It is a vector quantity, directed from — ¢ to + ¢

[Remark: Net charge on an electric dipole is zero.]



9. Electric Field Due to a Short Dipole =
|E‘ \ “—

) At int P is, £ = ! 2_17

(¢) At a point P on axis, ane, 5

() At a point P’ on equatorial line,
——————— 0P
po L L - I
4ne, 3

10. Electric Force and Torque on an Electric Dipole in a Uniform Electric Field

In a uniform electric field of strength E, the net electric

force is zero; but a torque equal to pE sin 0 acts on the dipole

+q
v
(where 0 is the angle between directions of dipole moment / R
- . - . . . 2l A8 o
p and electric field E ). This torque tends to align the dipole 0) <
&

along the direction of electric field. Torque in vector form

v

= _ = FALb
Fz——qE < _q N

T=pxE.
11. Electric Flux

The total number of electric field lines crossing (or diverging) a -
surface normally is called electric flux. - ”

. > > i
Electric flux through surface element dS is A¢p = E.dS = EdS cos 6, —

where E is electric field strength.

v

v

my

v

v

Electric flux through entire closed surface is
¢=JE.dS
s
ST unit of electric flux is volt-metre or Nm*C™.

12. Gauss’s Theorem

: . 1.
It states that the total electric flux through a closed surface is equal to o times the net charge

enclosed by the surface 0
. > = 1
le., ¢=fE-d5=_Z‘1
S 80 A
13. Formulae for Electric Field Strength Calculated from Gauss’s Theorem E

(a) Electric field due to infinitely long straight wire of charge per unit
length A at a distance r from the wire is

NN
4ne, r >
(b) Electric field strength due to an infinite plane sheet of charge per unit r g
area o is
E = L, independent of distance of point from the sheet.

2g,

(c) Electric field strength due to a uniformly charged thin spherical shell or conducting sphere
of radius R having total charge ¢, at a distance r from centre is

. . 1 9
(1) atexternal point E,, = ine, 7—2 (For r > R) E
() at surface point E, = L7 (For r = R) A\ B2
5 4dne, p? :
(iti) at internal point £, =0 (For r < R) T E=0 -

Electric Charges and Fields .



(d) Electric field strength due to a uniformly charged non-conducting solid sphere of radius R
at a distance r from centre

. . _ 19

(1) atexternal point E,, = ine, 2 (For r > R)

1) at surf: int £, = L F =R
() at surface point Eg ane, g2 (Forr = R)

1) at int I point, E. = L F <R ’
(ui) atinternal point, £, ane, g5 (Forr )

Selected NCERT Textbook Questions

Quantisation of Charge
Q. 1. A polythene piece rubbed with wool is found to have a negative charge of 3 X 107 C.
(a) Estimate the number of electrons transferred (from which to which?).
(b) Is there a transfer of mass from wool to polythene?

Ans. When two neutral bodies are rubbed together, electrons of one body are transferred to the
other. The body which gains electrons is negatively charged and the body which loses electrons
is positively charged.

(a) From quantisation of charge

q =ne
Here, ¢ = ?>><10_7C, e=1.6x10""7C
-7
. Number of electrons transferred, n = 1 = X107 = 1.875%x10'2
¢ 1.6x107"

When polythene is rubbed with wool, the polythene becomes negatively charged and wool
becomes positively charged. This implies that the electrons are transferred from wool to
polythene.

(0) Yes as electrons have finite mass, the mass is transferred from wool to polythene.
AM =nxm, = 1.875x10"¥ x9.1x107" kg = 1.7 x107®kg

Coulomb’s Law
Q.2. What is the force between two small charged spheres having charges of 2 X 10 C and
3 X 107 C placed 30 cm apart in air?
Ans. Two charged spheres at finite separation behave as point charge and the Coulomb’s force of
repulsion

__1 9%
4ne, 4?2

Here ¢, =2x107C,q, = 3x107C,r = 30cm = 0.30m
(2x107)x (3x1077)

(0.30)2
Q. 3. The electrostatic force on a small sphere of charge 0.4 nC due to another small sphere of

charge — 0.8 pC in air is 0.2 N.
(2) What is the distance between the two spheres?

(b) What is the force on the second sphere due to the first?

Ans. The electrostatic force between two charged spheres is given by Coulomb’s law as
1 4%
e, 42

Here g, = 0.4pC = 0.4 x 10°C,

. Xam idea Physics—XII

F=9x%x10"x% =6x10°N

F =



gy = -0.8pC =-0.8X 10°C = 0.8 X 10™° (magnitude), F = 0.2 N
(a) As charges are of the opposite sign, the force between the charges magnitude is attractive

(0.4 X 107 % (0.8 x 107%)

0.2 =9x10" X 5
’
9 -6 -6
N 72:9><10 x(0.4x107)x(0.8x10 ):9><16><10‘4
0.2
Distance, r=12X10%m = 12cm
(b) The force on second sphere due to first is = 0.2 N. Since |F21 | =] Flo |

Q. 4. Four point charges g, = 2 uC, gz = -5 nC, gc = 2 pC and g, = -5 uC are located at the corners

of a square ABCD of side 10 cm. What is the force on a charge of 1 nC placed at the centre of
the sphere?

Ans. The coulomb’s forces acting on a charged particle due to s % C oG
all other charges are added by vector method. Force on do=—>m 2 Ge=2K
charge ¢,=1 pC placed at centre O will be the vector sum ;A
of forces due to all the four charges ¢,, ¢5, ¢ and ¢p. 9=1unC

Clearly, OA=0B=0C=0D o\ —»

—

—
Foo

Fos
10 =
= %«/102 +10% = fcm Foc
_ A B
=5y2cm = 5y/2 x10%m qa=2uC qg=-5uC

Force on ¢,=1pC due to charge ¢, =2pC is

(1x107°)(2x107°)
(5J§><10—2)2

= _ 1 994
04=
Force on g, =1 pC due to charge gc = 2 pC is

; along& =9x10?x = 3.6NalongO—C)

2

(1x107% (2% 107
(5v2 X 107%)?

-> _ 1 quC
oc —
4me, (0C)*

alongO_A>= 9x10" % =3.6NalongO—A>

Clearly, FOA + fo(; =0
The force on ¢, =1 pC due to charge g5 =—5 pC is

-~ 1 95 —, o (IX107%)(5x107) . .,
Fop = ;along OB = 9 X107 X 55 along OB = 9.0 N along OB
41e, (OB) (542 % 1072)
The force on ¢, =1 pC due to charge ¢p =-5 pC is
= 1 1x10°x5x107™°

alongﬁ= 9x10%x = 9.0Nalong@)

Fop =
" are, (opY? (5/2 x1072)°

Clearly, I?OB + I?OD =0

Therefore, net force on ¢ is
f=f0A+f03+foc+fOD=(F0A+Foc)+(i:03+f01))=0+0=0
that is, the net force on charge ¢, is zero.

Q. 5. (a) Two insulated charged copper spheres 4 and B have their centres separated by a distance
of 50 cm. What is the mutual force of electrostatic repulsion if the charge on each is 6.5 X 107C?
The radii of 4 and B are negligible compared to the distance of separation.

(b) What is the force of repulsion if each sphere is charged double the above amount, and the

distance between them is halved?
Electric Charges and Fields .



Ans. (a) Here, ¢, = 6.5 X 107 C, go= 6.5 x 107 C,7 = 50 cm = 0.50 m

P 9x 10'Nm?C™?
4n80
q,9 9 -7 -7
Using Coulomb’s law, F = 122 _ 9% 107 %x6.5%x10 2><6.5><10 N
r (0.50)
925 %1070
=% N=1521 x 10°N =15 X 102N

(b) If each sphere is charged double and the distance between them is halved, then the force of
repulsion is given by
2q,%2q 09
F=hk— " =16k~ = 24X 102N = 0.24 N
(r/2) r
Q. 6. Suppose the spheres A and B in above question have identical sizes. A third sphere of the
same size but uncharged is brought in contact with the first, then brought in contact with the
second, and finally removed from both. What is the new force of repulsion between A and B?
Ans. Charge on each spheres A and B = ¢ = 6.5 X 107 C when a similar but uncharged sphere C is

brought in contact with sphere A, each sphere shares a charge %, equally.
q Charge =0 % %

® +« ® —
Now, when the sphere C is brought in contact with sphere B, the charge is redistributed equally.

1 g 3q
Ch f sph B C= +
arge of sphere B or (q ]

Now q Y2 s s
’ - © —
n 34/,
G ©

A B

43
— 2" 4 _i -2 — -3
F=me 5 = XLX10N=56X10"N

Electric Field

Q. 7. Two point charges g, =+ 3 puC and gz = — 3 pC are located 20 cm apart in vacuum. (¢) What is
the electric field at the mid point O of the line AB joining the two charges? (b) If a negative test
charge of magnitude 1.5x107 C is placed at this point, what is the force experienced by the
test charge?

Ans. (a) The electric field strength at point O due “« 01m— e O01m—»
to charges A and B is additive (away from o OB . .
ositive charge and towards negative charge A > B

P ) 5 ge) qa=+31uC E gg=-3uC

.. Electric field strength at mid point due to
charge ¢, is

q -6 —
= 1 _‘; =9x10x 5x10 g = 2.7x10°NC"along A0
4ne, (0.10)
Electric field strength at O due to charge gy
q ° OB
, = ! —l; = 9x109x% = 2.7x10°NC"along OB
e, y (0.10)
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Q. 8.

Ans.

Ans.

Q. 10.

Ans.

Net electric field at O

E=E +E,=27x10°+27x10°= 54X 10°NC™ along AB
(b) Electric force on test charge ¢, placed at O
F=gq,E=15x10"x54x10°= 8.1x10°N

A system has two charges g, = 2.5 X 107 Cand qgg=-25X 107 Clocated at points A = (0,0,-15 cm)
and B=(0, 0, +15 cm) respectively. What are the total charge and electric dipole moment of
the system?

Z
Iy

A dipole has two equal and opposite charges with dipole moment 4 +B(0,0,150m)

E = qQZ directed from —¢ to + g.
Given g,=25%x10"C,q, =-25x107C
Total charge, ¢ = ¢, + ¢, = 2.5X107C-2.5x107C = 0. Y
20=AB = 30cm = 0.30 m
Electric dipole moment, j; = q22 directed from —¢ to +¢

X ga®A(0,0,—15¢cm)
=(2.5x107C)(0.30 m) = 7.5x 10 Cm along BA v
= 7.5 X 107® Cm directed along negative Z-axis.

An electric dipole with a dipole moment 4 X 10° Cm is aligned at 30° with the direction of a
uniform electric field of magnitude 5x 10* NC™! Calculate the magnitude of the torque acting
on the dipole.

A dipole placed in a uniform electric field, experiences a torque t =pE sin 0 which tends to align
the dipole parallel to the direction of field.

Torque t=pE sin 0
Here p=4x107C-m, E =5x10*NC™, 0 = 30°
Torque t=4x107 x5 x10* sin 30°

=4x10""% 5 x10* x %=10_4Nm

The figure shows tracks of three charged particles in a uniform electrostatic field. Give the
signs of the three charges. Which particle has the highest charge to mass ratio?

1 y

A 9
++++++++++++++y
.
P

»
»

________ —,

A positively charged particle is deflected towards a negative plate and a negatively charged
particle towards a positive plate and shows a parabolic path.

From fig. it is clear that the particles (1) and (2) are deflected towards positive plate; hence, they
carry negative charges.

Particle (3) is deflected along negative plate, so it carries positive charge.
The transverse deflection in a given electric field is

E
y = éatQ, where a = % and ¢ = (%)

2
So y=%<i)Ex (Xi.

m u2 m

From fig., it is obvious that the transverse deflection is the maximum for particle (3), hence,

particle (3) has the highest charge to mass ratio (¢/m).
Electric Charges and Fields .



Q.11.

Ans.

Ans.

Q. 13.

Ans.

A conducting sphere of radius 10 cm has an unknown charge. If the electric field 20 cm from
the centre of sphere is 1.5 X 10° NC™ and points radially inward, what is the net charge on the
sphere?

Given, radius of sphere R = 10 cm = 0.10 m

Distance from centre, r = 20 cm = 0.20 m

Electric field at distance » from centre, E = 1.5 x 10° NC™!

The electric field due to charged sphere at external point distance r from centre is
1 9

4re, o2

E =

. Substituting the given values,
q

1.5x10° = 9x 10 % 5
(0.20)

1.5%10°%(0.20)°
9% 107

As electric field is radially inward, charge on sphere is negative, therefore, charge on sphere
= -6.67 nC.

=6.67x107"C = 6.67 nC

= Charge on sphere, ¢ =

. An infinite line charge produces an electric field of 9 X 10* NC™! at a distance of 2 cm.

Calculate the linear charge density.

Electric field at a distance r from an infinite line charge is, E = A_ L 2

,
2ne,r  4meg,

Linear charge density A = %(47[80)7 E

Here,r =2 cm = 0.02 m, E = 9 x 10 NC™!

2 \9x10°
An oil drop of 12 excess electrons is held stationary under a constant electric field of 2.55 X 10* NC™
in Millikan’s oil drop experiment. The density of the oil is 1.26 g cm™. Estimate the radius of the
drop (g = 9.81 ms % e = 1.60 X 1070 C).
In Millikan’s oil drop experiment, the charged oil drop remains suspended (in equilibrium) when
downward weight of drop is balanced by upward electrostatic force and charge on drop, ¢ = ne, t.e.,

>\=L><< ! )><(o.02)><(9><104) =107 Cm™

gk = mg = nek = mg
If r is radius of oil drop, then mass m = %TW?’O
nell = inrg og
3
_ | 3nek B
= r=
4mpg

Here, n = 12,¢ = 1.6x107" C, E = 2.55x10*NC",p=1.26 gcm™ = 1.26x10°kg m~,
g=9.8lms?

3x12%1.6X10719 % 2.55%10% ]”3
4x3.14x1.26x1000 % 9.81

B [3><12><1.6><2.55><1000 0
T 4x3.14x1.26x9.81

x10~"m

=9.81x107m = 9.81X10~* mm
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Q. 14. A particle of mass m and charge (—q) enters the region between the two charged plates initially
moving along X-axis with speed v, as shown in fig. The length of plate is L and an uniform
electric field E is maintained between the plates. Show that the vertical deflection of the

EL?
particle at the far edge of the plate is Z [HOTS]
mv
X
+ o+ + F + + o+ o+ o+ o+
B .ﬁ—q
L.
X
A - - - - - - - - - C
< L > gE
Ans. Force on particle towards upper plate B, F,, = ¢E vertical acceleration of particle, ay =

Initial vertical velocity v, = 0
Speed of particle along X-axis =v, (constant)

Time taken by particle between the plates, ¢ = UA

X

E 2
From relation s = ut + %at2 vertical deflection y = 0 + éath =0+ %(q—><£>

gEI*

2
X

. 15. Suppose that the particle in above question is an electron projected with velocity v, = 2.0 X
PP P q Proj Y Uy
10° mys. If electric field between the plates separated by 0.5 cm is 9.1 X 10% N/C, where will the

- ) 2mv

electron strike the upper plate? (|¢|=1.6 x 107 C,m, = 9.1 x 107! kg.) [HOTS]
Ans. Vertical deflection for distance x along X-axis is R e S e e S s s
B gEx* _[2my T

= 2mvf - qk O e
Givenm =9.1x107! kg,y = 0.5 cm=0.5x10"m, —— l_

v, =2.0%x10°ms™ g =]e|=1.6x10""C,E = 9.1 X 10°N/C.

e \/2><9.1 X 1071x 0.5 x 1072
1.6 x107"9%x9.1x102

X 2.0x10°m

=4/11—6><10_8><2.0><106z0.8><2><10"2m=1.6><10_2m=1.6cm

Electric Flux

Q. 16. Consider a uniform electric field E =3X10%NC™. (@) What is the flux of this field through
a square of 10 cm on a side whose plane is parallel to the yz plane? (b) What is the flux through
the same square if the normal to its plane makes a 60° angle with the x-axis?

Ans. Given electric field E = 3X10*NC™ ,
Magnitude of area, S=10 cmXx 10 cm=0-10 mXx0-10 m=1x10" m*
(a) When plane is parallel to YZ plane, the normal to plane is along X-axis.
¢ = ES cosb
=3x10°x1x10%cos 0 (-0 = 0") = 30Nm*C™

Electric Charges and Fields .



Q. 17.

Ans.

Q. 18.

Ans.

Q. 19.

Ans.

v
v
<

/e
[
/) o~
[— .
(@) (b)
(b) In this case § = 60°, so electric flux, ¢ = EScos0

1
= 3X10°X1X107cos 60" = 30X 5 = 15Nm* C™".
What is the net flux of the uniform electric field E = 3X10% N/C through a cube of side
20 cm oriented so that its faces are parallel to the coordinate planes?
Electric field is along positive X-axis. The flux through Y,

v
m

v

v
x

v

v

. —E
two faces [1 and 2] ¥-Z plane is zero. =
For face 1, flux = ES cos 180° = - ES _€ a iR
For face 2, flux = ES cos 0° = ES O XY Plane o1

— R
Net flux through faces 1 and 2 = ES—-ES =0 = < T—
The electric flux through faces in XZ plane is zero because
E.S =ES_ cos90" = 0°. ~ X
Se

The electric flux through faces in XY plane is zero because
E.Sy = ESxy cos 90°=0.

. Net electric flux through cube is zero.

Careful measurement of the electric field at the surface of a black box indicate that the net
outward flux through the surface of the box is 8.0 X 10° Nm?/C.
(2) What is the net charge inside the box?

(b) If the net outward flux through the surface of the box were zero, could you conclude that
there were no charges inside the box? Why or Why not?

(@) Given electric flux ¢ = 8.0x10°Nm?C™!

From Gauss’s theorem ¢ = eLq
0

<. Charge enclosed, ¢ = g,¢ = 8.85x107"*x8.0x10° = 70.8x10™ C = 70.8 nC

(b) If the net outward flux is zero, it indicates that the net charge enclosed in the blackbox is
zero. The conclusion is either (z) there is no charge inside the box or (i) there may be different
types of charges in the box such that the algebraic sum of charges inside the box is zero.

A point charge + 10 nC is at a distance 5 cm directly above the ®q=10uC
the centre of a square of side 10 cm as shown in figure. What
is the magnitude of the electric flux through the square? [Hint: 5cm
Think of the square as one face of a cube with edge 10 cm]

[HOTS]
Obviously the given square ABCD of side 10 cm is one face of a
cube of side 10 cm. At the centre of this cube a charge + ¢=10 pC

10 cm

is placed.
According to Gauss’s theorem, the total electric flux through the /

six faces of cube= - <«—10cm——»
0
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Total electric flux through square
_19
6 €

_ 1, 10x107
6 885x107"?
= 1.88 x 10° Nm?*C™..

D 10 cm C

Q. 20. A point charge of 2.0 §0C is at the centre of a cubic Gaussian surface 9.0 cm on edge. What is
the net electric flux through the surface?
Ans. Given ¢=2.0pC =2.0x10"°C

Net electric flux through the cubical surface

q 2.0x107° S 9l
=—=-—"""—=226x10°Nm’°C
br €&  8.85x107'? "

Q. 21. A point charge causes an electric flux of - 1.0 X 10> Nm® C™ to pass through a spherical

surface of 10.0 cm radius centred on the charge.

(a) If the radius of the Gaussian surface were doubled, how much flux would pass through the
surface?

(b) What is the value of the point charge?
Ans. (a) The electric flux through a surface depends only on the charge enclosed by the surface.

If the radius of the spherical surface is doubled, the charge enclosed remains the same, so
the electric flux passing through the surface will remain unchanged.

(b) 1f ¢ is the point charge, then by Gauss theorem, the electric flux ¢, = ei
0

= g=¢gy 0p= 8.85x107* X (- 1.0 X 10%) = - 8.85 X 10 C

Q. 22. A uniformly charged conducting sphere of 2.4 m diameter has a surface charge density of

80.0 1C/m? (a) Find the charge on the sphere. (b) What is the total electric flux leaving the
surface of the sphere?

. i 4
Ans. (@) Radius of sphere r = Diameter _ 2—m =12m

2 2
Surface charge density 6 = 80.0 tC/m?* = 80.0x 107° C/m?

Charge on sphere Q = ox4m*

=80.0x10°%x4x3.14x(1.2)*=1.45x 107 C
(b) Total electric flux leaving the surface of the sphere
b = 4 _ 145x107°
ET& T 885x1077
Q. 23. Two large, thin metal plates are parallel and close to each other. On their inner faces, the
plates have surface charge densities of opposite signs and of magnitude 17.0 X 10 C/m®

What is electric field strength E: (a) in the outer region of the first plate, (b) in the outer region
of the second plate, and (c) between the plates?

= 1.6x108Nm?*C™!

Ans. The electric field due to each surface charge = 2%
0

Given ¢ = 17.0 x 107* C/m*
(a) The electric field in the outer region of first plate (point P).

Electric Charges and Fields .



(b) The electric field in the outer origin of second plate (point Q ).

B
- r _p =0 0 _ At -
El E2 280 280 0 : :
(¢) The electric field between the plates +0 : Ey -| |-o
9 0 -
= + = — 4+ — +——P + _ [ ——o—>
E=E*E 2e, 2g, Et P E| |+ E _| |[E2 Q@ E
+
0% 10722 + -
= 0 TOXI0T g9 % 100N/C + -
0 8.85X10” + -

Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.

1.

A body can be negatively charged by

(a) giving excess of electrons to it (b) removing some electron from it

(¢) giving some protons to it (d) removing some neutrons from it.

How many electrons must be removed from an electrically neutral metal plate to give it a
positive charge of 1 X 10~ coulomb?

@) 6.25 x 10" (b) 6.45 x 10" () 6.25 x 1071 d) 6.45 x 10713
The unit of permittivity of free space (g) is
(@) CN"'m™! (b) Nm*C™ ) C*N'm™ d) C*N?m™?

Which of the following is not a property of field lines?

(a) Field lines are continuous curves without any breaks

(b) Two field lines cannot cross each other

(¢) Field lines start at positive charges and end at negative charges

(d) They form closed loops

Gauss's law is valid for

(@) Any closed surface (b) Only regular closed surfaces

(¢) Any open surface (d) Only irregular open surfaces.

The spatial distribution of the electric field due to two charges (4, B) is shown in figure.

Which one of the following statements is correct?

(@) Ais + veand Bis—veand |A|>|B]| A
(b) Ais—veandBis + ve, |A|=|B]| Q.@
(¢) Both are + ve but A>B v
(d) Both are — ve but A>B v

The electric field due to a uniformly charged sphere of
radius R as a function of the distance from its centre is represented graphically by

(@) )
! !
o} R r— o R r—
(©) ()
i i
o} R r— o} R r—
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10.

11.

12.

13.

When air is replaced by a medium of dielectric constant K, the force of attraction between two
charges separated by a distance r

(a) decreases K times (b) remains unchanged
(¢) increases K times (d) increases K2 times
A point positive charge is brought near an isolated conducting sphere (Fig. given below). The
electric field is best given by [NCERT Exemplar]
*q *q
(i) (ii)
+q *q
(iii) (iv)
(@) Fig (i) (b) Fig (id) (¢) Fig (uur) (d) Fig (iv)
The Electric flux through the surface [NCERT Exemplar]
S
S
' . S
(0 (i) (i) (@v)

) in Fig. (@) is the largest.

) in Fig. (i) is the least.

¢) in Fig. (&) is same as Fig. (i) but is smaller than Fig. (iv)

(d) is the same for all the figures.

A hemisphere is uniformly charged positively. The electric field at a point on a diameter away
from the centre is directed [NCERT Exemplar]
(a) perpendicular to the diameter (b) parallel to the diameter

(¢) atan angle tilted towards the diameter (d) at an angle tilted away from the diameter

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.

(¢) directed radially away from the point charge.

(d) directed radially towards the point charge.

Figure shows electric field lines in which an electric dipole p is -

placed as shown. Which of the following statements is correct?
[NCERT Exemplar] T

a) the dipole will not experience any force.

b) the dipole will experience a force towards right. _q e—s p rq

¢) the dipole will experience a force towards left. —

(
(
(
(

d) the dipole will experience a force upwards.

—
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

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 [NCERT Exemplar]

(a) directed perpendicular to the plane and away from the plane.
(b) directed perpendicular to the plane but towards the plane.

(¢) directed radially away from the point charge.

(d) directed radially towards the point charge.

There are two kinds of charges—positive charge and negative charge. The property which
differentiates the two kinds of charges is called

(@) amount of charge (b) polarity of charge

(¢) strength of charge (d) field of charge

A method for charging a conductor without bringing a charged object in contact with it is called
(a) electrification (b) magnetisation

(¢) electromagnetic induction (d) electrostatic induction

If f EdS =0 overa surface, then [NCERT Exemplar]

(a) the electric field inside the surface and on it is zero.

(b) the electric field inside the surface is necessarily uniform.

(¢) the number of flux lines entering the surface must be equal to the number of flux lines
leaving it.

(d) all charges must necessarily be outside the surface.

A cup contains 250 g of water. The number of negative charges present in the cup of water is

@ 1.34 x 10" C () 1.34 x 10" C () 3.34 x 10’ C @) 1.34 x 107 C

When the distance between two charged particles is halved, the Coulomb force between them
becomes
(@) one-half (b) one-fourth (¢) double (d) four times.

Two charges are at distance d apart in air. Coulomb force between them is F. If a dielectric

material of dielectric constant K is placed between them, the Coulomb force now becomes

(@) F/K (b) FK (c) F/IK? d) K°F

Two point charges ¢, and ¢, are at separation r. The force acting between them is given by
ks)

r2

F=K

. The constant K depends upon

(a) only on the system of units (b) only on medium between charges
(¢) both on (a) and (b) (d) neither on (@) nor on (b)
Which among the curves shown in figure possibly represent electrostatic field lines?

(@) (b)
Three charges +4q, Q and q are placed in a straight line of length [ at points at distance 0, //2,
and [ respectively. What should be Q in order to make the net force on g to be zero?

(@) — (b) =29 ©) -5 () 4q

An electron falls from the rest through a vertical distance 4 in a uniform and vertically upward
directed electric field E. The direction of electric field is now reversed, keeping its magnitude
the same. A proton is allowed to fall from rest in it through the same vertical distance h. The
time of fall of the electron, in comparison to the time of fall of the proton is

(@) smaller (b) 5 times bigger (¢) 10 times bigger (d) equal
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25. Two point charges 4 and B, having charges +q and —q respectively, are placed at certain
distance apart and force acting between them is F. If 25% charge of 4 is transferred to B, then
force between the charges becomes:

9F 16F 4F
(@) F ® 16 © —35— ) 5~
Answers
1. (a) 2. (a) 3. (¢) 4. (d) 5. (a) 6. (@)
7. (b) 8. (a) 9. (a) 10. (d) 11. (a) 12. (a)
13. (c) 14. () 15. (b) 16. (d) 17. (), (d) 18. (a)
19. (d) 20. (a) 21. (c) 22. (b) 23. (a) 24. (@) 25.(b)

Fill in the Blanks [1 mark]

The quantisation of charge was experimentally demonstrated by in 1912.

The value of the permittivity of free space (g) in SI unit is

A simple apparatus to detect charge on a body is the

The process of sharing the charges with the earth is called

FU ok o=

The concept of field was first introduced by and is now among the central
concepts in physics.

6. Two point charges are separated by some distance inside vacuum. When space between the
charges is filled by some dielectric, the force between two point charges

7. Two point charges, one coulomb each are separated by vacuum and placed I meter apart from
each other. The force acting between them is

8. Direction of electric field intensity due to a dipole on equatorial point is to the
direction of dipole moment.

9. Two equal and opposite charges of magnitude 0.2 X 10 C are 15 cm apart, the magnitude and
direction of the resultant electric intensity E at a point midway between the charge is

10. A proton at rest has a charge e. When it moves with high speed v, its charge is

Answers
1. Millikan 2. 8.854 X 1072 C*N"'m™ 3. gold-leaf electroscope
4. grounding or earthing 5. Faraday 6. decreases 7.9 x 10N
8. opposite 9. 6.4 X 10° N/C, towards the —ve charge 10. ¢

Very Short Answer Questions [1 mark]

Q. 1. Sketch the electric field lines for two point charges ¢, and ¢, for ¢, = ¢, and ¢, > q, separated
by a distance d. [CBSE Chennai 2015] [CBSE 2019 (55/2/3)]

Ans. When the charges are equal, the neutral point N lies at the centre of the line joining the charges.
However, when the charges are unequal, the point N is closer to the smaller charge.

A

91=q;

9,>q,
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Q.2

Ans.

Q.3.

Ans.

Q. 4.

Ans.
Q. 5.

Ans.

Ans.

Q.7.

Ans.

Q.8.

Ans.

Ans.

Draw the pattern of electric field lines, when a point charge —-Q is kept Q
near an uncharged conducting plate. [CBSE 2019 (55/1/1)]

As —(Q charge is kept near an uncharged conducting plate, positive

charge is induced on the plate due to electrostatic induction. The field

lines will be perpendicular to the metal surface.

Why do the electrostatic field lines not form closed loops?
[CBSE (AI) 2014, Allahabad 2015]

Electric field lines start from positive charge and terminate at negative | + o+ o+ o+ o+ A

charge. If there is a single positive charge, the field lines start from the
charge and terminate at infinity. So, the electric field lines do not form closed loops.

Does the charge given to a metallic sphere depend on whether it is hollow or solid? Give
reason for your answer. [CBSE Delhi 2017]
No, Reason: This is because the charge resides only on the surface of the conductor.

Two identical conducting balls 4 and B have charges —-Q and +3Q respectively. They are
brought in contact with each other and then separated by a distance d apart. Find the nature
of the Coulomb force between them. [CBSE 2019 (55/4/1)]

30-Q
92 _Q

The nature of the coulomb force between them is repulsive.

Final charge on balls Aand B =

Two insulated charged copper spheres 4 and B of identical size have charges ¢, and ¢
respectively. A third sphere C of the same size but uncharged is brought in contact with the
first and then in contact with the second and finally removed from both. What are the new
charges on 4 and B? [CBSE (F) 2011]

.4 . +2
New charge on 4 is ?A and new charge on B is %.
Fig. shows three point charges +2¢, — ¢ and +3q. The charges +2¢q
and —q are enclosed within a surface ‘S’. What is the electric flux due

to this configuration through the surface ‘S’? [CBSE Delhi 2010] +3qe

S
: 1 I
Electric flux = = X (Net charge enclosed within the surface)
0
1 1
=g, G T
What is the electric flux through a cube of side 1 cm which encloses an electric dipole?
[CBSE Delhi 2015]

Net electric flux is zero.
Reason : (1) Independent to the shape and size.
() Net charge of the electric dipole is zero.

Two metallic spheres 4 and B kept on insulating stands are in P 4 °c
contact with each other. A positively charged rod P is brought near ﬁ
the sphere 4 as shown in the figure. The two spheres are separated

from each other, and the rod P is removed. What will be the nature

of charges on spheres 4 and B? [CBSE 2019 (55/3/1)]
® Sphere A will be negatively charged.

® Sphere B will be positively charged.

Explanation: If positively charged rod P is brought near metallic sphere 4 due to induction
negative charge starts building up at the left surface of 4 and positive charge on the right surface
of B.
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Q. 10.

Ans.

Q.11.

Ans.

Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

If the two spheres are separated from each other, the two spheres are found to be oppositely
charged. If rod P is removed, the charges on spheres rearrange themselves and get uniformly
distributed over them.

Two charges of magnitudes — 2Q and + Q are located at points (a, 0) and (4a, 0) respectively.
What is the electric flux due to these charges through a sphere of radius ‘3a’ with its centre at
the origin? [CBSE (AI) 2013]

I -2Q *Q
l(o, 0) (a,0) (4a, 0)

-2Q

€

Electric flux, ¢ =
0

Concept: Imagine a sphere of radius 3¢ about the origin and observe that only charge —2Q is
inside the sphere.

A metal sphere is kept on an insulating stand. A negatively charged

rod is brought near it, then the sphere is earthed as shown. On

removing the earthing, and taking the negatively charged rod away, —
what will be the nature of charge on the sphere? Give reason for Ground
your answer. [CBSE 2019 (55/3/1)]

The sphere will be positively charged due to electrostatic induction.

Explanation: When a negatively charged rod is brought near a metal sphere, the electrons will
flow to the ground while the positive charges at the near end will remain held there due to the
attractive force of the negative charge on the rod. On disconnecting the sphere from the ground,
the positive charge continues to be held at the near end. On removing the electrified rod, the
positive charge will spread uniformly over the sphere.

How does the electric flux due to a point charge enclosed by a spherical Gaussian surface get
affected when its radius is increased? [CBSE Delhi 2016]

Electric flux through a Gaussian surface, enclosing the charge g is ¢, = ei

This is independent of radius of Gaussian surface, so if radius is increased, the electric flux
through the surface will remain unchanged.

A charge Q nC is placed at the centre of a cube. What would be the flux through one face?
[CBSE (F) 2010, (AI) 2012]

: . 1
Electric flux through whole cube = == Electric flux through one face = N pVm.
0 0

A charge ¢ is placed at the centre of a cube of side I. What is the electric flux passing through
two opposite faces of the cube? [CBSE (Al) 2012]
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Ans.

Q. 15.

Ans.

Q. 16.

Ans.

Q. 17.

Ans.

Q. 18.

Ans.

Sketch the electric field lines for a uniformly charged hollow cylinder shown +& + + + + £+
in figure. [NCERT Exemplar|[HOTS] + +
+ +

+ +

+ +

+ +

~— + +

+ + +

\ / — —— T e

By symmetry, the flux through each of the six faces of the cube will be same when charge ¢ is

. 1
placed at its centre. .. ¢, = 19
6 ¢, .y
Thus, electric flux passing through two opposite faces of the cube = 2'68_
0
What orientation of an electric dipole in a uniform electric field corresponds to its (i) stable
and (ii) unstable equilibrium? [CBSE Delhi 2010][HOTS]

(¢) In stable equilibrium the dipole moment is parallel to the direction of electric field (i.e., 0 = 0).

(i) In unstable equilibrium PE is maximum, so 6 = «, i.e., dipole moment is antiparallel to
electric field.

What is the nature of electrostatic force between two point electric charges ¢; and ¢, if
(@) g1 + ¢2>07 (b) g1 + ¢2<0?
(a) If both ¢, and ¢, are positive, the electrostatic force between these will be repulsive.

However, if one of these charges is positive and is greater than the other negative charge, the
electrostatic force between them will be attractive.

Thus, the nature of force between them can be repulsive or attractive.
(0) If both ¢; and ¢, are —ve, the force between these will be repulsive.

However, if one of them is —ve and it is greater in magnitude than the second+ve charge, the
force between them will be attractive.

Thus, the nature of force between them can be repulsive or attractive.

. . . R
Figure shows a point charge +0, located at a distance —- from the centre

2
of a spherical metal shell. Draw the electric field lines for the given system.
[CBSE Sample Paper 2016]

++ + + + +

/+\ ] e

Top view m Side view
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Q. 19. The dimensions of an atom are of the order of an Angstrom. Thus there must be large electric
fields between the protons and electrons. Why, then is the electrostatic field inside a conductor
zero? [NCERT Exemplar]

Ans. The electric fields bind the atoms to neutral entity. Fields are caused by excess charges. There
can be no excess charge on the inner surface of an isolated conductor. So, the electrostatic field
inside a conductor is zero.

Q. 20. An arbitrary surface encloses a dipole. What is the electric flux through this surface?

[NCERT Exemplar]
Ans. Net charge on a dipole = — ¢ + ¢ = 0. According to Gauss’s theorem, electric flux through the
surface,
9 _0
=== 0
& &

Short Answer Questions-I [2 marks]

Q. 1. (a) An electrostatic field line is a continuous curve. That is, a field line cannot have sudden breaks.
Why is it so?
(b) Explain why two field lines never cross each other at any point. [CBSE (AI) 2014]
Ans. (a) An electrostatic field line is the path of movement of a positive I
test charge (g, — 0) ! @
A moving charge experiences a continuous force in an electrostatic
field, so an electrostatic field line is always a continuous curve. A
(b) Two electric lines of force can never cross each other because if ®
they cross, there will be two directions of electric field at the point E,
of intersection (say A); which is impossible.
Q. 2. Define electric dipole moment. Is it a scalar or a vector quantity? What are its SI unit?
[CBSE (AI) 2011, 2013, (F) 2009, 2012, 2013]
Ans. The electric dipole moment is defined as the product of either charge and the distance between
the two charges. Its direction is from negative to positive charge. “ 2 >
ie., Ip|=¢(20) -q . +q
Electric dipole moment is a vector quantity.

Its ST unit is coulomb-metre.
Q. 3. Depict the orientation of the dipole in (a) stable, (b) unstable equilibrium in a uniform electric

field. . _ [CBSE Delhi 2017]
Ans. (a) Stable equilibrium, 6 = 0° P is parallel to E
_____________________ .
—q + P

_____________________ .
_____________________ o>
[ +q —q
———— — — ———————-— — - E
_____________________ >
_____________________ >

Q. 4. Two equal balls having equal positive charge ‘g’ coulombs are suspended by two insulating
strings of equal length. What would be the effect on the force when a plastic sheet is inserted
between the two? [CBSE AI 2014]
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Ans. Force will decrease.

Reason: Force between two charges each ‘¢’ in vacuum is

1 ¢

0 4me )2

On inserting a plastic sheet (a dielectric K > 1)
2

1 ¢ K

ime K 2 1.e., Force F = X

The force between charged balls will decrease.

Then F=

1
Q. 5. Plot a graph showing the variation of coulomb force (F) versus (—2> , where r is the distance
r

between the two charges of each pair of charges: (1 nC, 2 pC) and (2 nC, - 3 uC). Interpret the

graphs obtained. [CBSE (AI) 2011]
709
Ans. - L A%
4ne, 2

The graph between F and L? is a straight line of slope ﬁql g, passing through origin in both
the cases. r 0

T 1r2—s

F Repulsive

F
e l Attractive

Since, magnitude of the slope is more for attraction, therefore, attractive force is greater than
repulsive force.

Q. 6. An electric dipole is held in a uniform electric field.
(@) Show that the net force acting on it is zero.

(ii) The dipole is aligned parallel to the field. Find the work done in rotating it through the angle

of 180°. [CBSE (AI) 2012]

Ans. (i) The dipole moment of dipole is |Z7)| = ¢X(2a) B

Force on —qatA=—qE /+,“_,+qg’

Force on +¢gat B = +q§

o 2q
Net force on the dipole = ¢E—¢gE = 0 2
. . -q
(1) Work done on dipole -a,/\ N
W = dU = pE (cosB,—cos ) A

= pE (c0s0—cos 180°)
W = 2pE
Q.7. (a) Define electric flux. Write its SI unit.

(b) A spherical rubber balloon carries a charge that is uniformly distributed over its surface. As
the balloon is blown up and increases in size, how does the total electric flux coming out of the
surface change? Give reason. [CBSE (F) 2016]
Ans. (a) Total number of electric field lines crossing a surface normally is called electric flux.
Its SI unit is Nm?C™! or Vm.
(0) Total electric flux through the surface = Eio

As charge remains unchanged when size of balloon increases, electric flux through the
surface remains unchanged.
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Q. 8. (a) Define electric flux. Write its SI unit.

(b) “Gauss’s law in electrostatics is true for any closed surface, no matter what its shape or size
is.” Justify this statement with the help of a suitable example. [CBSE Allahabad 2015]

Ans. (a) Refer to above question.

(0) According to Gauss theorem, the electric flux through a closed surface depends only on the
net charge enclosed by the surface and not upon the shape or size of the surface.

For any closed arbitrary shape of the surface enclosing a charge the outward flux is the same
as that due to a spherical Gaussian surface enclosing the same charge.

Justification: This is due to the fact that

(@) electric field is radial and

(@) the electric field E o LQ
R

Thus, electric field at each point inside a charged thin spherical shell is zero.

Q. 9. Two concentric metallic spherical shells of radii R and 2R are given charges Q, and Q,
respectively. The surface charge densities on the outer surfaces of the shells are equal.
Determine the ratio Q, : Q,. [CBSE (F) 2013]

Ans. Surface charge density c is same.

Charge Q, = 4nR%6
and  Charge Q, = 4m(2R)"6 ’
, Q& _ 4mr’e _1
h Q  4n(2R)*c 4
Q. 10. The sum of two point charges is 7 1C. They repel each other with a force of 1 N when kept 30cm

apart in free space. Calculate the value of each charge. [CBSE (F) 2009]
Ans. ¢, +¢q,=7x107°C 0)
1 4%

= — 2
4TE (0.30) I = ¢4, = (47 (0.30)

or 0,45 =mx9x10‘2 =10" ... (if)
(¢1- 92" = (q1 + 42"~ 4192
= (7x107%2 —4x107"!
=49 x 102-40 x 10"?=9 x 107"
g1-92=3x10°C ... (i)
Solving (i) and (iti), we get
g1 =5x107°C, ¢,=2x10°C
= g=5uC.g=2C
Q. 11. Two identical point charges, q each, are kept 2 m 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. [CBSE 2019 (55/1/1)]
Ans. System is in equilibrium therefore net force on each charge of system will be zero.

For the total force on ‘Q’ to be zero

q Q
1 992 1 qQ beeemmrecne e e !
= R -
ane, x> ATE) (2 - x)? A:—X - ce—I2 X)—:B
>x=2-x = 2x = 2

=>x=1m
For the equilibrium of charge “¢” the nature of charge Q must be opposite to the nature of

charge g¢.
Electric Charges and Fields .



Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

joining them.

Figure shows two large metal plates P, and P,, tightly held against each other Pi P2
and placed between two equal and unlike point charges perpendicular to the line

(7) What will happen to the plates when they are released?
(ii) Draw the pattern of the electric field lines for the system. [CBSE (F) 2009] 9 Q
(¢) Charges induced on outer surfaces of P| and P, are — Q and + Q respectively.

When plates are released, they will tend to move away from one another; plate
P, moving towards +Q and P, towards —Q due to attraction.

(i) The field pattern is shown in fig.

D
10
N

+
+
9]
|
+ + + + + + + + +
|
[9)

- -Q +Q

Calculate the amount of work done in rotating a dipole, of dipole moment 3 X 1078 Cm, from
its position of stable equilibrium to the position of unstable equilibrium, in a uniform electric
field of intensity 10* N/C. [CBSE (F) 2011]

P =3x10"°Cm; E = 10" N/C
At stable equilibrium (8;) = 0°
At unstable equilibrium (0,)=180°
Work done in a rotating dipole is given by:
W = PE (cos 0, — cos 8y) = (3 X 10™) (10%) [cos 0° - cos 180°] = 3 x 107 [1 — (-1)]
W=6x10"]
Given a uniform electric field E = 5x10° i N/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? [CBSE Delhi 2014]
Here, E=5X10%; N/C, i.e., field is along positive direction of X-axis.
Surface area, A= 10cm X 10 cm = 0.10 m X 0.10 m = 1072 m?
(2) When plane is parallel to Y-Z plane, the normal to plane is along X-axis. Hence
06=0°
¢ = EAcos® = 5x10°x 10 cos0° = 50 NC™' m*
(1) When the plane makes a 30° angle with the X-axis, the normal to its plane makes 60° angle
with X-axis. Hence 6 = 60°
b = EAcos®=5X10>X10"%cos60° = 25 NC ' m?

Five point charges, each of charge +¢q are placed on five vertices of a regular hexagon of
side ‘I. Find the magnitude of the resultant force on a charge —q placed at the centre of the
hexagon. [CBSE 2019 (53/3/1)]

The forces due to the charges placed diagonally opposite at the vertices of

*q +q
hexagon, on the charge — ¢ cancel in pairs. Hence net force is due to one
charge only.
2
— 1 ¢ -9\/F A
Net force |F|= — »)+q
4ne, [?
+q *q
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Q. 16. Represent graphically the variation of electric field with distance, for a uniformly charged

plane sheet. [CBSE Sample Paper 2017]
Ans. Electric field due to a uniformly charged plane sheet. E
[9)
E = 9¢. E = Constant
0

which is independent of distance.

So, it represents a straight line parallel to distance axis.

,
Q. 17. A metallic spherical shell has an inner radius R; and outer radius R,. A charge Q is placed at
the centre of the spherical cavity. What will be surface charge density on (i) the inner surface,
and (i7) the outer surface? [NCERT Exemplar]
Ans. When a charge + Q is placed at the centre of spherical cavity,
the charge induced on the inner surface = - Q

the charge induced on the outer surface = +Q 3 ‘
Surface charge density on the inner surface =

4nR?
+tQ
4TR; Q
Q. 18. The given figure shows the electric field lines around threé point charges
A, B and C.
(@) Which charges are positive?
(b) Which charge has the largest magnitude? Why? )
(¢) In which region or regions of the picture could the
electric field be zero? Justify your answer.

Surface charge density on the outer surface =

(7)) near A (ii) near B (iii) near C (iv) nowhere.
[NCERT Exemplar] [HOTS]
Ans. (a) Charges A and C are positive since lines of force
emanate from them.

(b) Charge C has the largest magnitude since maximum number of field lines are associated with it.
(¢) (2) near A.

Justification: There is no neutral point between a positive and a negative charge. A neutral
point may exist between two like charges. From the figure we see that a neutral point exists
between charges A and C. Also between two like charges the neutral point is closer to the charge
with smaller magnitude. Thus, electric field is zero near charge A.
Q. 19. Two isolated metal spheres 4 and B have radii R and 2R respectively, and same charge ¢q. Find
which of the two spheres have greater energy density just outside the surface of the spheres.
[CBSE Sample Paper 2016]
Ans. Energy density,

_1 2
U—§€0E
But,E=—=&
o Ag,
2 2
€
_1 &Y I U,>U, Q q
2 A%¢ 24%¢, A*

Q. 20. Four point charges Q, ¢, Q and q 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 2018]
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Ans. Let us find the force on the charge Q at the point C
Force due to the other charge Q

2 2
1 Q1 (Q
L= 4TE) (4/2)?  4me, (M)(along AC)

Force due to the charge ¢ (at B), Fy

1 99
= ine, o2 along BC QA\ B,
Force due to the charge ¢ (at D), Iy \\aﬁ
=1 @ along DC N 0 =
4ne, ¢ a5 S _}Fa
Resultant of these two equal forces « F2s
O
1 9Q(2) o

Yy = e, g2 (along AC)

. Net force on charge Q (at point C)
1 Q

4mne, ?
This force is directed along AC. (For the charge Q, at the point A, the force will have the same
magnitude but will be directed along CA)

F=K+FE;=

Q. 21. Three point charges ¢, — 4q and 2q are placed at the vertices of an equilateral triangle ABC
of side ‘I’ as shown in the figure. Obtain the expression for the magnitude of the resultant

electric force acting on the charge gq. [CBSE 2018]
A
q
4 2
B C —
Ans. Force on charge ¢ due to the charge —4¢ 0 =120° I
2
1[4
F = 47(80( 2 ), along AB _»
F
Force on the charge ¢, due to the charge 2¢ !
2
1 [ —4q 29
= 47'[80( 2 ), along CA B I c

The forces F; and F, are inclined to each other at an angle of 120°
Hence, resultant electric force on charge ¢

F=\/F12 +F22 +2F F,cos6

= F2+ F} +2F F, cos 120°

— 2 2
=V F tF,-HKE

. Xam idea Physics—XII



2
=L 7 16+4-8
4re, [

S

4me,\ g

Q. 22. A simple pendulum consists of a small sphere of mass m suspended by a thread of length .
The sphere carries a positive charge q. The pendulum is placed in a uniform electric field of
strength E directed vertically downwards. Find the period of oscillation of the pendulum due

to the electrostatic force acting on the sphere, neglecting the effect of the gravitational force.
[CBSE 2019 (53/3/1)]

Ans. Restoring force:
F = —Esin¢
= ma=—qE sin¢
When ¢ is small
= ma = —qE¢

d*x X
ma T M
dx _ Ex
dt2 m |
Comparing with equation of linear SHM
2 E
dx _ o 2=
dt? m/
qE
= W=,/ —
ml
_2n_ [l
Now, T = ® =2n JF

Short Answer Questions-II [3 marks]

Q. 1. (a) A point charge (+0) is kept in the vicinity of uncharged conducting plate. Sketch electric
field lines between the charge and the plate. [CBSE Bhubaneswar 2015]

(b) Two infinitely large plane thin parallel sheets having surface charge densities 5, and o,

(01> oy) are shown in the figure. Write the magnitudes and directions of the net fields in

the regions marked II and III. [CBSE (F) 2014]

+ v
+
e G
4 B
Gq b
+
+ ¢ 1II

+II%

T A

Ans. (a) The lines of force start from + Q and terminate at metal place inducing negative charge on
it. The lines of force will be perpendicular to the metal surface.
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+Q

t++++++++++++++++

. . . . 1
(b) (¢) Net electric field in region /I = 2—80(01 ~0,)

Direction of electric field is from sheet A to sheet B.

2¢,
Direction is away from the two sheets i.e., towards right side.

(1) Net electric field in region 1] = (6, +0,)

Q. 2. A spherical conducting shell of inner radius r; and outer radius r, has a charge ‘Q’. A charge
‘g’ is placed at the centre of the shell.

(a) What is the surface charge density on the (i) inner surface, (ii) outer surface of the shell?
(b) Write the expression for the electric field at a point x>, from the centre of the shell.

[CBSE (A1) 2010]
Ans. (a) Charge Q resides on outer surface of spherical conducting shell.
Due to charge ¢ placed at centre, charge induced on inner surface Q+q
is —¢ and on outer surface it is +¢. So, total charge on inner surface ‘
—¢ and on outer surface itis Q + q. P
() Surface charge density on inner surface = ———
4mr;
y . _Q+*q
(1) Surface charge density on outer surface = 5
4nr,
(b) For external points, whole charge acts at centre, so electric field at distance x>7,
1 Q+tygq
Et) = 4me, 52
Q. 3. A thin metallic spherical shell of radius R carries a charge Q oA
_-742Q
on its surface. A point charge 2 is placed at the centre C and et
Q /// x
another charge +20 is placed outside the shell at 4 at a distance -7
x from the centre as shown in the figure.
(?) Find the electric flux through the shell.
(i1) State the law used.
(7i7) Find the force on the charges at the centre C of the shell and
at the point A. [CBSE East 2016]
) ) ) Total enclosed charge
Ans. (i) Electric flux through a Gaussian surface, ¢ = c
0

Net charge enclosed inside the shell, ¢ = 0

Electric flux through the shell ei =0

0
. Xam idea Physics—XII



. . . N
(1) Gauss’s Law: Electric flux through a Gaussian surface is o tmes the net charge enclosed
within it. | 0
Mathematically, f E.ds = o Xq
0

(#17) We know that electric field or net charge inside the spherical conducting shell is zero. Hence,

the force on charge o is zero.

2|

+_
e es] e
orce on charge at 4, F, ine, 2 ine, 2

Q. 4. Three point electric charges +q each are kept at the vertices of an equilateral triangle of side a.
Determine the magnitude and sign of the charge to be kept at the centroid of the triangle so
that the charges at the vertices remain in equilibrium. [CBSE (F) 2015] [HOTS]

Ans. The charge at any vertex will remain in equilibrium if the net force experienced by this charge
due to all other three charges is zero.

Let Q be the required charge to be kept at the centroid G.
Considering the charge at A,
Force Fi on charge at A due to charge at B
2
1

_ 1 B2
= ine, 2 along BA

F)

Force F2 on charge at A due to charge at C
2

_ 7 =
= Ine, E along CA

2

Since angle between fl and fg is 60°.
2

fl +f2 = ﬁﬁq—?alongG—A)
0 a

Also, the distance of centroid G from any vertex is %
The nature of charge to be kept at G has to be opposite (- ve) g4 c

+ +
so that it exerts a force of attraction on charge (+¢) kept at 4 to ¢2 =( ?

balance the force fl + fg

1 Q% 1 Q%
4me,, ( a )2 4ne, 4

Force exerted by (- Q) kept at G on charge (+¢) at A =

)

Equating the two forces, being equal and opposite

2
3
ﬁIQ_lQ‘]:) q

4me, 42 4ng, 42 Q=- /3

Q.5. (a) An infinitely long positively charged straight wire has a linear charge density A Cm™. An
electron is revolving around the wire as its centre with a constant velocity in a circular
plane perpendicular to the wire. Deduce the expression for its kinetic energy.

(b) Plot a graph of the Kkinetic energy as a function of charge density A. [CBSE (F) 2013]
Ans. (a) Infinitely long charged wire produces a radical electric field.

A
Electric Charges and Fields .
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The revolving electron experiences an electrostatic force

and provides necessarily centripetal force.
mu 2

eNn  mu? 9 eA

= = mu =
2ne,r r 2me,

L 1
Kinetic energy of the electron, K = — mv® = A
2 4ne,

)

A—>
Q. 6. Two small identical electrical dipoles AB and CD, each of dipole
moment ‘p’ are kept at an angle of 120° as shown in the figure. What
is the resultant dipole moment of this combination? If this system is
subjected to electric field (E) directed along + X direction, what will be

the magnitude and direction of the torque acting on this?

[CBSE Delhi 2011, 2020 (55/2/1)]
Ans. Resultant dipole moment

Zr = \/pIQ +p§ + 2P, pycos 120°
= /2% + 2 cos120° (P =Py = D) gl

I
= o+ @) (~5) =2 -1 =p.

Using law of addition of vectors, we can see that the resultant
dipole makes an angle of 60° with the y axis or 30° with x - axis.

Torque, T= Z XE (T is perpendicular to both Z and £ )

= pEsin30° = %pE.
Direction of torque is into the plane of paper or along positive
Z-direction.

Q. 7. State Gauss’s law in electrostatics. A cube with each side ‘a’ is
kept in an electric field given by E = C X+, (as is shown in the
figure) where C is a positive dimensional constant. Find out y

[CBSE (F) 2012]
(@) the electric flux through the cube, and
(7i) the net charge inside the cube.

Ans. Gauss’s Law in electrostatics states that the total electric flux
1

€

2= - S —

—
P

120°

through a closed surface enclosing a charge is equal to — / < ad—><—a—> .
0
7

times the magnitude of that charge.

_ —_— —>_i
¢—S§E.d5— c

0
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(1) Netflux, ¢ = ¢, + d>2

E
where ¢, = E.dS Ae o _:
= 2aC dS cos 0° g T
=92C xa’>=2°C T 'y
by = aC x a” cos 180° = —a’C <_a_2><_a_> >
b = 24°C + (a*C) = a®C Nm? ¢! /
(1) Net charge (q) = gy X ¢ = a*C g, coulomb
q = a’C g, coulomb.
Q. 8. A hollow cylindrical box of length 1 m and Y
area of cross-section 25 cm?® is placed in L L R
a three dimensional coordinate system as E _E>
shown in the figure. The electric field in the " ~— — 7
region is given by E = 50 x f, where E is in /9_ 1m _»i ;(
NC™ and x is in metres. }
Find
4 - 1m =

() net flux through the cylinder.
(71) charge enclosed by the cylinder. [CBSE Delhi 2013]
Ans. (i) Electric flux through a surface, ¢ = ES
Flux through the left surface, ¢; = ES cos 180° = - ES = (- 50x)S
Sincex = 1 m, b =50 x 1 x 25 x 107
=-1250 X 107" =-0.125 Nm* "
Flux through the right surface,

o = ES cos 0°
= ES = (50x)S
Since x = 2 m, dg = 50 X 2 X 25 x 107 = 2500 x 10~ = 0.250 N m* C™!

Net flux through the cylinder, ¢, = ¢p + ¢;,

net
=0.250 - 0.125 = 0.125 N m* C™'
(1) Charge inside the cylinder, by Gauss’s Theorem

q
<l)ne),‘ - 8_0 = 4= 80 ¢Net

1

= 8.854X10712X0.125 = 8.854X10‘12><§ =1.107X107'%C

Q. 9. Two parallel uniformly charged infinite plane sheets, ‘I’ and ‘2’, have charge densities + ¢ and
-2 o respectively. Give the magnitude and direction of the net electric field at a point

(?) in between the two sheets and (i) outside near the sheet ‘1°. [CBSE Ajmer 2015]
Ans. A4 e P2
E, |
1 l +0 1 +0
P1 .—> E E2
|
2 - 20 2 - 20

(¢) Let El) and EQ be the electric field intensity at the point P;, between the plates. So,
|EP1 | = E, |+ E2|

o} 20
e Te

g g
30 .
=22 (directed towards sheet 2)

Electric Charges and Fields .




(1) Outside near the sheet ‘1°, |E)p2 |=|Eq|-|E1|

_2 o

= %, _ %, 2780 (directed towards sheet 2)

- o A 0 ~
Ep, = 2—80(—J) QEOJ

Q. 10. Aright circular cylinder of length ‘a’ and radius ‘7’ has its centre at the origin and its axis along
thex-axis sothatonefaceisatx = + a/2 and the other atx = -a/2,as shown in the figure. A uniform

electric field is acting parallel to the x-axis such that E= Eof forx > 0and E = —Eof for x > 0.

y-axis

— —
E<«— (\\—’E .
1) \) x-axis

-«x=-0a/2 —>|<—x=a/2 —

Find out the flux (i) through the flat faces, (ii) through the curved surface of the cylinder. What
is the net outward flux through the cylinder and the net charge inside the cylinder?
[CBSE Chennai 2015]

Ans.

—X

—E,1 O Eg N

al2 al2

(¢) Flux through the flat faces (both)

b, = Ejimw*i = | E, | m? [oid = 1]
(1) Flux through the curved surface

by = Eyi.(2mra)]

=0 [.i]=0]
(Field and area vector are perpendicular to each other)
Net outward flux through the cylinder,

¢m’t = 24)1 + ¢2
= 2E,m*

According to Gauss’s theorem, ¢ == eg
. Charge inside the cylinder !

Q = 2ney” E,
.11. (a) “The outward electric flux due to charge +0 is independent of the shape and size of the
g P P
surface which encloses it.” Give two reasons to justify this statement.

(b) Two identical circular loops ‘1’ and ‘2’ of radius R each have linear charge densities -\
and + C/m respectively. The loops are placed coaxially with their centres Ry/3 distance
apart. Find the magnitude and direction of the net electric field at the centre of loop ‘1°.

[CBSE Patna 2015]
. Xam idea Physics—XII



Ans. (@) In figure, a charge + Q is enclosed inside the surfaces S; and S,.

b\

(i) For a given charge Q the same number of electric field
lines emanating from the surfaces S; and S, depends on
the charge Q and independent to the shape and size of the
surfaces of §| and S,. < >

(i1) From Gauss’s law the net-outward electric flux through any ’ N

o 1.
closed surface of any shape and size is equal to o~ times
0

the charge enclosed within that surface i.e.

g,
(b) 2 *h ! ’

>

Electric field at the centre O, due to loop 1 is given by
IEi| =0@AsZ=0)
Electric field at a point outside the loop 2 on the axis passing normally through O, of loop 2

° [ A—
2 28, (R2 + 72)%?
Since 7= Ry3
AR RY3

27—:0 (R? + 3R%)>?
AV3

towards right (As A is positive)

" 16¢,R
So, net electric field at the centre of loop 1
E=E +E»

AB A3

16e,R  16g,R

F
Q. 12. The electric field E due to any point charge near it is defined as E = lim? where g is the test
q-0

charge and F is the force acting on it. What is the physical significance of lim in this expression?
q-0

Draw the electric field lines of point charge Q when (i) @ > 0 and (ii) Q < 0.

Ans. The physical significance of hn(l) in the definition of electric field E = hmo—
7= -
The point test charge ¢ produces its own electric field, hence it will modify the electric field
strength to be measured. Therefore, the test charge used to measure the electric field must be
too small.

The electric lines of force are shown in figure below.

A \4
V. < 4 /3
OR O
'S H 4 < i ¥
Q>0 (i)Q<0

Electric Charges and Fields .



Q. 13. Two charges g and -3q are placed fixed on x-axis separated by distance ‘d’. Where should a

third charge 2¢ be placed such that it will not experience any force? [NCERT Exemplar]
Ans. p q d "
2q' - :3q

- X —>
Let the charge 2¢ be placed at point P as shown. The force due to ¢ is to the left and that due to
-3¢ is to the right.

2¢° 6¢°

5= 5 = ([@d+x)?=3
4me \x 4ne (d + x)

ey

d

Ww?—%2x-d*=0 = x=gi

No

(—ve sign shows charge 2¢ at p would be lie between ¢ and -3¢ and hence is unacceptable.)

d 3d _d

= x=§+%=§(l+/§) to the left of ¢.

Q. 14. Two point charges of + 5 X 107'? C and +20 x 107'? C are separated by a distance of 2 m. Find
the point on the line joining them at which electric field intensity is zero.

Ans. Let charges ¢;=+5x107" C and ¢,=+20x107"? C be placed at 4 and B respectively. Distance

AB=2 m.
As charges are similar, the electric field strength will be zero between the charges on the line
joining them. Let P be the point (at a distance x from ¢;) at which electric field intensity is zero.
Then, AP = x metre, BP = (2 —x) metre. The electric field strength at P due to charge ¢, is

— 1

1

= kil , along the direction A4 to P.
4ne, 2

The electric field strength at P due to charge ¢, is
= _ 1 95
T dme, @y

along the direction B to P.

q,=20x107'°C
R Ef-@ By .

B
———X—Pt——(2-X)—>

- - . . . . .
Clearly, Ejand E2 and are opposite in direction and for net electric field at P to be zero,

E1and E9 must be equal in magnitude.
507 El = EQ
1 4 1 9o

= = =
dme, x2  4me; (2 - x)?

Given, ¢, = 5x1077 C, g, = 20107 C

% 10-19 % 10-19
Therefore, 5 120 = 20 102
X (2-x)
1_ «x _2
or 5 =9 _x or x=3gm

. 15. 'Iwo charges of value 2 nC and -50 pnC are place cm apart. Calculate the distance of the
15. Two charges of value 2 uC and -50 uC are placed 80 part. Calculate the di f th
point from the smaller charge where the intensity is zero.

—— x——H+
Ans. X 2uC -50 uC
Ex P B, A
A B ¢ 80 cm »

. Xam idea Physics—XII



Q. 1.

Ans.

The electric field cannot be zero at a point between the charges because the two charges are of
opposite signs. The electric field cannot be zero at a point to the right of B because magnitude
of charge at B is of opposite sign and is greater in magnitude than the charge at A.

Let the resultant electric field be zero at P located at a distance x metre to the left of point A.
AP = x metre and BP = (x + 0.8) m

2x10° _ 50x107°

k
x? (x+0.8)%
- ,  (x+0.8)
LR
(x+0.8)
= =+ —"
5
= hx=+(x+ 0.8)
= by =x+ 0.8 or by =-x-0.8
= 4x = 0.8 or 6x = -0.8
= x=0.2m or X =—_%'8 m
= x=0.2m =20 cm

The negative answer is not possible because in that case P will lie between the charges.
Therefore, x = 20 cm.

Answer Questions [6 marks]

(a) Find expressions for the force and torque on an electric dipole kept in a uniform electric field.
OR  [CBSE (AI) 2014; 2019 (55/5/1); 2020 (55/3/1)]

An electric dipole is held in a uniform electric field. (i) Using suitable diagram show that
it does not undergo any translatory motion, and (ii) derive an expression for torque acting
on it and specify its direction.

(b) Derive an expression for the work done in rotating a dipole from the angle 6, to 6, in a
uniform electric field E. [CBSE East 2016]

OR

(?) Define torque acting on a dipole of dipole moment Z)) placed in a uniform electric field
E . Express it in the vector form and point out the direction along which it acts.

(i) What happens if the field is non-uniform?

(¢17) What would happen if the external field E is increasing (i) parallel to i; and (#i) anti-
parallel to p ? [CBSE (F) 2016]

(a) Consider an electric dipole placed in a uniform electric field of strength E in such a way that

its dipole moment ;Z makes an angle 6 with the

direction of E . The charges of dipole are — ¢ and +q at VAV -ndi =§E
separation 2/ the dipole moment of electric dipole,

b =q2 @) A L0 Je 7
Force: The force on charge +q is, F1 = qE), along the / £_' E
direction of field E .

The force on charge — ¢ is Fo= qf, opposite to the
direction of field E .

. - =g . . . . . .
Obviously forces F'1 and Fg are equal in magnitude but opposite in direction; hence net

force on electric dipole in uniform electric field is
Electric Charges and Fields .

v

F=F -F,=qE-qE = 0 (zero)



As net force on electric dipole is zero, so dipole does not undergo any translatory motion.
Torque: The forces F) and Fy form a couple (or torque) which tends to rotate and align the
dipole along the direction of electric field. This couple is called the torque and is denoted by 7.
Torque t = magnitude of one force X perpendicular distance between lines of action of forces
= gE (BN) = qE (2l sin 0) = (¢2[) E sin
=pEsin®  [using (i)] .. (1)
Clearly, the magnitude of torque depends on orientation () of the electric dipole relative to
electric field. Torque (1) is a vector quantity whose direction is perpendicular to the plane
containing ; and E given by right hand screw rule.
In vector form T = ]; xXE .(u2)
Thus, if an electric dipole is placed in an electric field in oblique orientation, it experiences no

force but experiences a torque. The torque tends to align the dipole moment along the direction
of electric field.

Maximum Torque: For maximum torque sin 6 should be the maximum. As the maximum
value of sin © = 1 when 0 = 90°

. Maximum torque, T, = pE

When the field is non-uniform, the net force will evidently be non-zero. There will be
translatory motion of the dipole.

When E) is parallel to ; , the dipole has a net force in the direction of increasing field.

When E is anti-parallel to Z, the net force on the dipole is in the direction of decreasing
field.

In general, force depends on the orientation of p with respectto £ .

E E
——e
Force on —¢ o —e
Force on ¢ 4 b B
Force on ¢
B —

O ........ — e F -

- ) q orce on —¢
Direction of net force = — Direction of net force = <—
Direction of increasing field = — Direction of increasing field = —

E parallel to p E antiparallel to p

(b) Let an electric dipole be rotated in electric field from angle 6, to 0, in the direction of electric

field. In this process the angle of orientation 6 is changing continuously; hence the torque
also changes continuously. Let at any time, the angle between dipole moment ?7) and electric
field E be 0 then
Torque on dipole t = pE sin 6
The work done in rotating the dipole a further by small angle d0 is
dW = Torque X angular displacement= pE sin 6 d0
Total work done in rotating the dipole from angle 6, to 0, is given by
0, 6
W= f PEsin0d0 = pE[ - cos e]el
e0
= —pE[cos 0, —0y] = pE (cos 6, — cos 0)) ..(2)
Special case: If electric dipole is initially in a stable equilibrium position (8, = 0°) and rotated
through an angle 6(6, = 8) then work done
W = pE[cos 0° — cos 8] = pE (1 — cos 6) ..(1)



. 2. Find an expression for the electric field strength at a distant point situated (i) on the axis and
p g p
(i) along the equatorial line of an electric dipole.  [CBSE (AI) 2013; (F) 2015; 2019 (55/5/1)]
OR

Derive an expression for the electric field intensity at a point on the equatorial line of an

electric dipole of dipole moment ; and length 2a. What is the direction of this field?
[CBSE South 20165 2019 (55/1/1)]
Ans. Consider an electric dipole AB. The charges —¢ and +¢q of dipole are situated at A and B
respectively as shown in the figure. The separation between the charges is 2a.

Electric dipole moment, p = ¢.2a

The direction of dipole moment is from — to +¢. < 2a > > -
. . .. . A 0 B Eo P E4
(7)) At axial or end-on position: Consider a —=q fq e >

point P on the axis of dipole at a distance r ‘«— q—pie—a—»

from mid-point O of electric dipole. h : r :
The distance of point P from charge +¢ at h T >

. r+a P
Bis :
BP =r-a

and distance of point P from charge —q at 4 is, AP = r + a.
Let E| and E, be the electric field strengths at point P due to charges +¢ and —¢ respectively.
We know that the direction of electric field due to a point charge is away from positive charge

and towards the negative charge. Therefore,
1 1

= dne. i 5 (from B to P) and E =7 5
& (r—a) T (r+a)

(from P to A)

1 2

. . . = = . .
Clearly the directions of electric field strengths E; are Eg along the same line but opposite
to each other and E, > E, because positive charge is nearer.

. The resultant electric field due to electric dipole has magnitude equal to the difference of
E,and E, direction from B to P i.e.

1 q 1 q

E :EI_EQ - 47[80 (T—Q)Q h 47‘[80 (T+a)2
I R R T N (VR i (et 0
€| ( — a)’ (r+a)2] 70| (r-a) (r +a)’

__ 1 4ra _ 1 2(q2a)r
4ne,, (72 _ 02)2 4ne, (TQ _ d2>2
But ¢.2 a = p (electric dipole moment)
L 0
- N
47[80 (7'2 _ a2)2

If the dipole is infinitely small and point P is far away from the dipole, thenr >> a, therefore
equation (¢) may be expressed as
1 2pr 12

= — or E= — (1
4me, 4 4me, 3 (u)

This is the expression for the electric field strength at axial position due to a short electric
dipole.

(ii) At a point of equatorial line: Consider a point P on
broad side on the position of dipole formed of charges



+¢ and —¢ at separation 2a. The distance of point P E,

from mid point (0O) of electric dipole is r. Let E; and .
E- 9 be the electric field strengths due to charges +¢q E= E10059+E20059

and — ¢ of electric dipole. E ““ P
From fig. AP =BP =/’ +d° .
E; = 47180 ﬁ along B to P ,Ez """ TEzsme““ |
Eg = ! L along P to A AC'/ ekf‘OB
4ane, 2 + 42 ] o] +q
Clearly E; and E, are equal in magnitude ie. , ’ 2a -

|E1 |=| Es |or E,=E,

To find the resultant of £ and E g, we resolve them into rectangular components.
Component of El parallel to AB = E cos 6, in the direction to BA

Component of E, perpendicular to AB = E| sin 0 along OP

Component of E9 parallel to AB = E, cos 0 in the direction BA

Component of Es perpendicular to AB = E, sin 0 along PO

Clearly, components of Ei and E perpendicular to AB: E| sin 6 and E, sin 0 being equal

and opposite cancel each other, while the components of El and EQ parallel to AB : E, cosb
and E, cos 0, being in the same direction add up and give the resultant electric field whose

direction is parallel to BA .
Resultant electric field at P is E = E, cos 0 + E, cos 0

1 q
But E, = E, = PEPE——
47'58 (r* +a?)
OB a a
From the figure, cos0 = — = =
PB /24 42 (2 + a2)1/2
1 q a 1 2qa

E = 2E, cosf = 2X ) = -
2 2 o 1/2 o 0\ 3/2
4ane, (»* +4%) (G2 + 42) 4ne,, (2 + 42)

But ¢.2a=p=celectric dipole moment ..(w1)

1 P

47'[80 ( 2 4 2)3/2

If dipole is 1nﬁn1t651mal and point P is far away, we have a << 7, so a*

compared to ¥ and so equation (iii) gives
1 b 1P

4ne, (72)3/2 e, 3

may be neglected as

i.e., electric field strength due to a short dipole at broadside on position

= dne ﬁ in the direction parallel to BA ...(10)
€ »°

Its direction is parallel to the axis of dipole from positive to negative charge.
It may be noted clearly from equations (ii) and (iv) that electric field strength due to a short dipole
at any point is inversely proportional to the cube of its distance from the dipole and the electric field
strength at axial position is twice that at broad-side on position for the same distance.

Important: Note the important point that the electric field due to a dipole at large distances falls

1 1 : :
offas — and notas — as in the case of a point charge.
7 r



Q.3.

Ans.

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 2016]
Consider a point P on the axis of uniformly charged

ring at a distance x from its centre O. Point P is at
distance r = v a® + x* from each element dl of ring.

If ¢ is total charge on ring, then, charge per metre
_ 9

length, A = o

The ring may be supposed to be formed of a large

number of ring elements.

Consider an element of length dl situated at A.
The charge on element, dg = L dl

The electric field at P due to this element
= _ 1 dg 1 d

dE, = ine, 2 Ine, 7, along PC

The electric field strength due to opposite symmetrical element of length dl at B is

—- _ 1 dg 1 Al —
dE o = are, 2 = ine, 2 along PD

If we resolve df; and df; along the axis and perpendicular to axis, we note that the components
perpendicular to axis are oppositely directed and so get cancelled, while those along the axis are
added up. Hence, due to symmetry of the ring, the electric field strength is directed along the axis.
The electric field strength due to charge element of length dl, situated at 4, along the axis will be

1 Adl
ne, 2

dE = dE, cos0 =

x
But, cosf = o

1 ANdlx 1

A —dl

dE = P 4me, 3

0
The resultant electric field along the axis will be obtained by adding fields due to all elements of
the ring, i.e.,
_ 1 a1 A
=] 4me, ,3 = 4me, )3 Ja

But, [dl = whole length of ring = 27ma and r = (a* + x*)"?

1 Ax

- e, (o2 + 122 2na
(50 )
As, A= L, we have E = ! 27a —97a
2ma 4me, (a2+x2)3’/2

or, - = along the axis
’ 4ne, (o2 + 5232 ’
1 7
At large distances i.e., x >> a, 4me, 42

i.e., the electric field due to a point charge at a distance x.
For points on the axis at distances much larger than the radius of ring, the ring behaves like a

point charge.



Q. 4. State and Prove Gauss theorem in electrostatics. [CBSE Ajmer 2015]
Ans. Statement: The net-outward normal electric flux through any closed surface of any shape is equal
to 1/g, times the total charge contained within that surface, i.e.,

— > 1
§ E-dS = X
S

where f indicates the surface integral over the whole of the closed surface,
S

> q is the algebraic sum of all the charges (i.e., net charge in coulombs) enclosed
by surface S and remain unchanged with the size and shape of the surface.

Proof: Let a point charge +¢ be placed at centre O of a sphere S. Then § is a
Gaussian surface.

Electric field at any point on § is given by
1 9

4ne, 2

The electric field and area element points radially outwards, so 6 = 0°.
Flux through area ds s

d =E .dS = EdScos0° = E dS
Total flux through surface S is

b= fdb = §EdS =E §dS =E x Area of Sphere
S S $

q . ,
b= —4m® or, ¢= = which proves Gauss’s theorem.
0

Q.5. (i) Using Gauss Theorem show mathematically that for any point outside the shell, the field
due to a uniformly charged spherical shell is same as the entire charge on the shell, is

concentrated at the centre. [CBSE 2019 (55/4/1)]
(i) Why do you expect the electric field inside the shell to be zero according to this theorem?
OR [CBSE Allahabad 2015]

A thin conducting spherical shell of radius R has charge Q spread uniformly over its
surface. Using Gauss’s theorem, derive an expression for the electric field at a point

outside the shell. [CBSE Delhi 2009]
Draw a graph of electric field E(r) with distance r from the centre of the shell for 0 < r <o,
OR
Find the electric field intensity due to a uniformly charged spherical shell at a point (i)
outside the shell and (i) inside the shell. Plot the graph of electric field with distance from
the centre of the shell. [CBSE North 2016; 2020 (55/1/1)]
OR
Using Gauss’s law 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. [CBSE (AI) 2013; 2020 (55/2/1)]

Ans. (i) Electric field intensity at a point outside a uniformly charged thin spherical shell:
Consider a uniformly charged thin spherical shell of radius e
R carrying charge Q. To find the electric field outside the g )
shell, we consider a spherical Gaussian surface of radius
r (>R), concentric with given shell. If ﬁo is electric field :"
outside the shell, then by symmetry electric field strength has :
same magnitude F, on the Gaussian surface and is directed
radially outward. Also the directions of normal at each point

. Xam idea Physics—XII




Ans.

. . = = . . .
is radially outward, so angle between E¢ and dS is zero at each point. Hence, electric flux

through Gaussian surface. ¢ = f Eo -dg.
S
¢ = §E-dS = § E,dScos0 = E, .41
S S

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

Hence, by Gauss’s theorem

ffo .dS = 817 X charged enclosed
S 0

1 @

4ne, 2

1
= E04m?=8—0><Q:E0=

Thus, electric field outside a charged thin spherical shell is the same as if the whole charge Q
is concentrated at the centre.

If & is the surface charge density of the spherical shell, then
Q = 4nR*6 coulomb

g1 4tR’6 _ R%6
0 4me 2 - 2
0 r Eor

(i) Electric field inside the shell (hollow charged conducting sphere):

The charge resides on the surface of a conductor. Thus a hollow
charged conductor is equivalent to a charged spherical shell. To find
the electric field inside the shell, we consider a spherical Gaussian

surface of radius r (< R) concentric with the given shell. If E is the
electric field inside the shell, then by symmetry electric field strength
has the same magnitude E; on the Gaussian surface and is directed
radially outward. Also the directions 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

= f ﬁi.d§= fEi dScos0 = E1..47tr2
S
Now, Gaussian surface is inside the given charged shell, so charge enclosed by Gaussian
surface is zero.
Hence, by Gauss’s theorem

> 1
f E .dS = e X charge enclosed T
S O

= E.4Tc72=€L><O - E. =0
1 0 1

Thus, electric field at each point inside a charged thin
spherical shell is zero. The graph is shown in fig.
State Gauss theorem in electrostatics. Apply this theorem to obtain the expression for the
electric field at a point due to an infinitely long, thin, uniformly charged straight wire of
linear charge density & C m™". [CBSE Delhi 2009; 2020 (55/5/1)]
Gauss Theorem: Refer to point 12 of Basic Concepts.
Electric field due to infinitely long, thin and uniformly charged straight wire: Consider an
infinitely long line charge having linear charge density A coulomb metre™ (linear charge density

means charge per unit length). To find the electric field strength at a distance r, we consider a
cylindrical Gaussian surface of radius r and length [ coaxial with line charge. The cylindrical

Gaussian surface may be divided into three parts:

(¢) Curved surface S; (i) Flat surface So and (i22) Flat surface Ss.



Ans.

By symmetry, the electric field has the same ds,

magnitude E at each point of curved surface E E E

S, and is directed radially outward. T T

We consider small elements of surfaces S, NS A

So and S4 The surface element vector S, is ds, % r o0 ds,
directed along the direction of electric field Y A RS SR P IR
(i.e., angle between E and dS; is 7€ro); S, S,

the elements dgg and d§3 are directed

perpendicular to field vector E (., angle

between d§2 and E is 90° and so also angle between d§3 and E).
Electric Flux through the cylindrical surface

JE+dS=[[E-dSi+ [ E-dSy+ [ E-dSs

= [ B dS cos0° + [ EdS,cos90° + [( E dS,cos 90°

=[EdS,+0+0
=F f ds, (since electric field E is the same at each point of curved surface)
= E2ml (since area of curved surface = 2 1 /)

As M is charge per unit length and length of cylinder is / therefore, charge enclosed by assumed
surface = (Al)

By Gauss’s theorem

f E +dS = SLO X charge enclosed

A

2me,r

= E2mrl = EL(?\Z) =
0

Thus, the electric field strength due to a line charge is inversely proportional to ».

(a) Define electric flux. Write its SI unit.
(b) Using Gauss’s law, prove that the electric field at a point due to a uniformly charged
infinite plane sheet is independent of the distance from it.
(c) How is the field directed if (i) the sheet is positively charged, (ii) negatively charged?
[CBSE Delhi 2012, Central 2016]
(a) Electric flux: It is defined as the total number of electric field lines passing through an area
normal to its surface.

Also, ¢=§E.d§

The SI unit is Nm?/C or volt-metre.

6=90°
(b) Let electric charge be uniformly d§3

distributed over the surface of a o

: S s, EWs, = S,
thin, non-conducting infinite sheet. 4 ~
Let the surface charge density (i.e., _, +;§ o
charge per unit surface area) be o. _Ed. ! éy = dS;
We need to calculate the electric ~0=0° o 0=0°
field strength at any point distant r B == A
from the sheet of charge. Sheet

To calculate the electric field strength near the sheet, we now consider a cylindrical Gaussian
surface bounded by two plane faces A and B lying on the opposite sides and parallel to the
charged sheet and the cylindrical surface perpendicular to the sheet (fig). By symmetry the
electric field strength at every point on the flat surface is the same and its direction is normal



Ans.

outwards at the points on the two plane surfaces and parallel to the curved surface.

Total electric flux
or {E.dS=[E.daS\+ [ E.dS:+ [ E.dSs
~ “1 Y2 3

fSE .dS = fSIEdSlc050°+’fSQEdSQCOSO°+fSSEdSzcos9O°

= E[dS, +E[ dS, = Ea+ Ea = 2Ea
Total electric flux = 2Ea

As o is charge per unit area of sheet and « is the intersecting area, the charge enclosed by
Gaussian surface = oa

According to Gauss’s theorem,

Total electric flux = eL X (total charge enclosed by the surface)
0

-0

2%,

Thus electric field strength due to an infinite flat sheet of charge is independent of the
distance of the point.

ie., 2Fa = eL(Ga) .. E
0

(¢) () If o is positive, E points normally outwards/away from the sheet.
(1) If o is negative, E points normally inwards/towards the sheet.

Apply Gauss’s Theorem to find the electric field near a charged conductor.
OR

. .= o . .
Show that the electric field at the surface of a charged conductor is E = e N where o is
0

surface charge density and 7 is a unit vector normal to the surface in the outward direction.
[CBSE (AI) 2010]

Let a charge Q be given to a conductor, this charge
under electrostatic equilibrium will redistribute and the
electric field inside the conductor is zero (i.e., £;,=0).

Let us consider a point P at which electric field
strength is to be calculated, just outside the surface of
the conductor. Let the surface charge density on the
surface of the conductor in the neighbourhood of P be
o coulomb/metre” . Now consider a small cylindrical box
CD having one base C passing through P; the other base
D lying inside the conductor and the curved surface being perpendicular to the surface of the
conductor.

Let the area of each flat base be a. As the surface of the conductor is equipotential surface, the
electric field strength E at P, just outside the surface of the conductor is perpendicular to the
surface of the conductor in the neighbourhood of P.

The flux of electric field through the curved surface of the box is zero, since there is no
component of electric field E normal to curved surface. Also the flux of electric field through the
base D is zero, as electric field strength inside the conductor is zero. Therefore the resultant flux
of electric field through the entire surface of the box is same as the flux through the face C. This
may be analytically seen as:

If §; and S, are flat surfaces at C and D and S is curved surface, then
Total electric flux f;l_f dS = fsl E. d§1 + J;,Q E. dg)g + J;s E. d§3
= fSl E dS, cos0 + fSQO .dSe + fsjE dS, cos90°

§,E dS, = Ea



Q.9.

Ans.

Q. 10.

As the charge enclosed by the cylinder is (caz) coulomb, we have, using Gauss’s theorem,
Total electric flux = % X charge enclosed
0

- é()(ocn

0

E=g (0)

Thus the electric field strength at any point close to the surface of a charged conductor of any
shape is equal to 1/¢, times the surface charge density o. This is known as Coulomb’s law. The
electric field strength is directed radially away from the conductor if ¢ is positive and towards
the conductor if ¢ is negative.

= Ea or

If n is unit vector normal to surface in outward direction, then

=g 0 .

E = TN
0

Obviously electric field strength near a plane conductor is twice of the electric field strength near a
non-conducting thin sheet of charge.

- - —

Consider a system of n charges ¢y, g, ... g, with position vectors 7, 7,, 15,...,7, relative to some

origin ‘0’. Deduce the expression for the net electric field E ata point P with position vector

a , due to this system of charges. v

Electric field due to a system of point charges.
Consider a system of N point charges ¢, qo, ..., ¢,

having position vectors 7,7,,...,7, with respect to

Ty -
2’
origin O. We wish to determine the electric field at
. .. . -> .
point P whose position vector is 7. According to

Coulomb’s law, the force on charge ¢, due to charge

q1is

N

AN

Oq2

1 44
o Tip
4rne,, 5,

Fi=

where 7,

Hence the electric field at point P due to charge ¢, is

is a unit vector in the direction from ¢, to P and 17, is the distance between ¢, and P.

Similarly, electric field at P due to charge ¢ is

E 1 %,
9= ———"—"—"77
4me, .2 2P
0 T9p

According to the principle of superposition of electric fields, the electric field at any point due to
a group of point charges is equal to the vector sum of the electric fields produced by each charge
individually at that point, when all other charges are assumed to be absent.

Hence, the electric field at point P due to the system of n charges is

— — — —

E=E1+Eqo+..+FE,
1[4 ‘12A+ +‘]nA 1 on 4
T Ume |2 TP 2 Top e 2P| T Ape ~ 2 TiP
4me, np Top rp " 4TE802211’Z.P L

A uniform electric field E = Exi N/C forx > 0 and E = —Exf N/C for x < 0 are given. A right

circular cylinder of length / cm and radius r cm has its centre at the origin and its axis along
the X-axis. Find out the net outward flux. Using Gauss’s law, write the expression for the net
charge within the cylinder. [HOTS]

Xam idea Physics—XII



Ans. Electric flux through flat surface S,
b =§ Er.dSi = § (£,D).@8,) = Es,
Electric flux through flat surface S,
by = [ Ee.dSo = [ E,D).(dS,0) = [| EdS, = E,S,

Electric flux through curved surface Sy

by = [ (Es.dSs) = [ EydS,cos90° = A
. Net electric flux, ¢ = d)l + ¢2 =E (S, 1S, SgT
But  $;=S,=1(rx 109 m?= 2 x10™* m? rch/\ : /\E
d=E.2(n 7> x 107" units E / O \/; X
1 x : 1
By Gauss’s law, ¢ = — :
y ¢ € 1 S2 < lcm >
g=¢g0=2gy E, Qmu*x107
E " x107
=2ne E r*x107" = 4ne, ("T)
1 [Es*x107
9x10° 2
= 5.56Exr2 x 107" coulomb.
Self-Assessment Test
Time allowed: 1 hour Max. marks: 30
1. Choose and write the correct option in the following questions. B3 x1=3)

(1) A charge Q is enclosed by a Gaussian spherical surface of radius R. If the radius in doubled,
then the outward electric flux will

(@) be doubled (b) increase four times
(¢) be reduced to half (d) remain the same

(2) Which one of the following plots represents the variation of electric field with distance r due
to a thin spherical shell of radius R? (r is measured from the centre of the spherical shell)

(@) E 0 E () et . @ E

»r 0

(iii) An electric dipole is placed at an angle of 30° with an electric field intensity 2 x 10° NC™. Tt
experiences a torque equal to 4 N m. The charge on the dipole, if the dipole length is 2 cm.

(@) 8 mC (b) 2 mC (¢) 5 mC (d) 7mC
2. Fill in the blanks. 2x1=2)
(i) A silk cloth rubbed with a glass rod has a charge (¢ = —1.6 X 1077 C), then the charge on the
glass rod will be C.

(i1) A proton and alpha particle enter into a region of uniform electric field. The ratio of the

force on the proton so that on the alpha particle is
Electric Charges and Fields .



10.

11.

12.

13.

Two insulated charged copper spheres A and B of identical size have charges ¢, and -3¢,
respectively. When they are brought in contact with each other and then separated, what are the
new charges on them? 1

Two charges of magnitudes — 3Q and + 20 are located at points (@, 0) and (4a, 0) respectively.
What is the electric flux due to these charges through a sphere of radius ‘5a’ with its centre at
the origin? 1
A charge Q nC is placed at the centre of a cube. What is the electric flux coming out from any one
surface? 1
Two identical point charges, ¢ each, are kept 2 m 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). 2

Calculate the amount of work done in rotating a dipole, of dipole moment 2 X 107® cm, from its
position of stable equilibrium to the position of unstable equilibrium, in uniform electric field of
intensity 5 x 10* N/C. 2
A simple pendulum consists of a small sphere of mass m suspended by a thread of length /. The
sphere carries a positive charge ¢. The pendulum is placed in a uniform electric field of strength
E directed vertically downwards. Find the period of oscillation of the pendulum due to the
electrostatic force acting on the sphere, neglecting the effect of the gravitational force. 2

Along charged cylinder oflinear charge density +2, is surrounded by a hollow coaxial conducting
cylinder of linear charge density —A,. Use Gauss’s law to obtain expressions for the electric field
at a point (2) in the space between the cylinders, and (i) outside the larger cylinder. 2

Given a uniform electric field E =2x10° i 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? 3

Two large charged plane sheets of charge densities 6 and -2 C/m? are arranged vertically with

a separation of d between them. Deduce expressions for the electric field at points (7) to the left

of the first sheet, (iz) to the right of the second sheet, and (i) between the two sheets. 3

A spherical conducting shell of inner radius r; and outer radius 7, has a charge Q.

(a) A charge ¢ is placed at the centre of the shell. Find out the surface charge density on the
inner and outer surfaces of the shell.

() Is the electric field inside a cavity (with no charge) zero, independent of the fact whether the
shell is spherical or not? Explain. 3

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

(0) An infinitely large thin plane sheet has a uniform surface charge density +c. Obtain the
expression for the amount of work done in bringing a point charge ¢ from infinity to a point,

distant 7, in front of the charged plane sheet. 5

Answers

NOXC) (i) (b) (idi) (b) 2. () +1.6 x 107"°C (i) 1:2

_ X

4. ¢, = 6.x=1m 7. 20 X107 ] 10. () 80 NC™' m? (ii) 40 NC™' m?

€



Electrostatic
Potential and
Capacitance

P(%Sé%pks

1. Electric Potential

The electric potential is the physical quantity which determines the direction of charge flow
between two bodies when brought in contact. The positive charge always flows from a body at
higher potential to that at lower potential.

Definition: The electric potential at any point in an electric field is defined as the work done in
bringing a unit positive test charge from infinity to that point without acceleration.

If W is the work done in bringing infinitesimal positive test charge ¢, from infinity to given point,

then electric potential

W
V=

Electric potential at any point is also defined as the negative line integral of electric field from
infinity to given point (independent of path followed).

i.e., = —L: E d_[
The unit of electric potential is joule/coulomb or volt and its dimensional formula is [ML? T > A™].

2. Potential Difference

The potential difference between two points in an electric field is defined as the work done in
bringing unit positive charge from one point to another.

3. Formulae for Electric Potential

. . . . 1 9
(a) Due to a point charge ¢ at a point distant ris V' = pr—
0
(b) Due to a short electric dipole at a distance r from its centre
. o 1 P
(1) atitsaxisis V = Y
4me, 42

() atits equatorial position, IV = 0
(2) at a general point having polar coordinates (r, 0) with respect to centre of dipole is

cosf
L_ 1 peosd
4ne, 42
(¢) due to a system of charges is
N 1 qi 1 [ql q? QN]
=V +V,+..+V, = - = —t—+ .t
V=nt, Vv Eﬁlneo 7 47180[71 Ty N

4. Equipotential Surface

An equipotential surface is the surface having the same potential at each point. The surface of a

charged conductor in equilibrium is a equipotential surface.



10.

. Electric Potential Energy of a System of Point Charges

1 4%
ne, Mo

If ¢, and ¢, are point charges at separation 7o, then electric potential energy U =

If there are n point charges ¢y, go,.... ¢, In system at separation r;; between "™ and j™ charge
(=1, 2,..., n, j=2, 3,...n) then potential energy of system ‘
1 9:9;

D
dme, T30 T

U= (=1, 2,..,n,j=2,3,..n)

. Electric Potential Energy of a Dipole in Uniform Electric Field

Potential energy of dipole in uniform electric field is
U=—pE cos 6 =—Z. E

Work done in rotating the dipole in uniform electric field from inclination 6, to 6,
W=Uy-U,=pE (cos 0;— cos 0,)

If dipole is initially in stable equilibrium position (6;=0) and finally its inclination is 6, then
W= pE (1- cos 0)

. Conductors and Insulators

Conductors are those substances which contain free charge carriers and so allow easy flow of
current.

Insulators are those substances which contain practically no free charge carriers and do not allow
the flow of current.

. Free and Bound Charges Inside a Conductor

The electrons are free charge carriers inside a metallic conductor while positive ions fixed in lattice
are bound charge carriers.

. Dielectrics and Electric Polarisation

The insulators are often referred as dielectrics. Each dielectric is formed of atoms/molecules. In
some dielectrics the positive and negative charge centres coincide, such dielectrics are said to be
non-polar dielectrics. While in some other dielectrics the centres of positive and negative charges
do not coincide, such dielectrics have permanent electric dipole moment and said to be polar
dielectrics. The example of polar dielectric is water, while example of non-polar dielectric is carbon
dioxide (COy).

When a dielectric is placed in an external electric field, the centres of positive and negative dipoles
get separated (in non-polar dielectrics) or get farther away (in polar dielectrics), so that molecules
of dielectric gain a permanent electric dipole moment; this process is called polarisation and the
dipole is said to be polarised.

The induced dipole moment developed per unit volume in an electric field is called polarisation
density. Numerically it is equal to surface charge density induced at the faces which are perpendicular
to the direction of applied electric field.

The Behaviour of a Conductor and Dielectric in the Presence of External Electric Field.

Conductor Dielectric

— PP

—> | — ——

E
— K ——
where K is dielectric constant
1. No electric field lines travel inside conductor. 1. Alignment of atoms takes place due to electric

field.




2. Electric field inside a conductor is zero. 2. This results in a small electric field inside
dielectric in opposite direction.

E
Net field inside the dielectric is f .

11. Capacitor and Capacitance

A capacitor contains two oppositely charged metallic conductors at a finite separation. It is a device
by which capacity of storing charge may be varied simply by changing separation and/or medium
between the conductors.

The capacitance of a capacitor is defined as the ratio of magnitude of charge (Q) on either plate and
potential difference (') across the plate, i.e.,

Q
C=7

The unit of capacitance is coulomby/volt or farad (F).
12. Combination of Capacitors in Series and Parallel

(a) Series Combination: When capacitors are connected in series, then net capacitance C is given by

1 1 1 1
cTatete
Net charge Q=¢;= ¢o = ¢4 (remain same)
Net potential difference V=V+V,+V;
(b) Parallel Combination: When capacitors are connected in parallel, then the net capacitance
C=Ci+Cy+Cy
In parallel combination net charge Q = ¢; + ¢qo + ¢
Net potential difference V=V,=V,=Vs (remain same)

13. Capacitance of Parallel Plate Capacitor

A parallel plate capacitor consists of two parallel metallic plates separated by a dielectric. The
capacitance is given by

KEOA ’
d

where K is dielectric constant, A = area of each plate and d = separation between the plates.

C =

Special Cases:

(2) When there is no medium between the plates, then K=1, so
g c
vacuum d ()
() When space between the plates is partly filled with a medium of thickness ¢ and dielectric
constant K, then capacitance

g, 4 g,4

C:

o 1
d-t+ X d—t(l—K>

Clearly, C>C,, i.e., on introduction of a dielectric slab between the plates of a parallel plate capacitor,
its capacitance increases.

14. Charge Induced on a Dielectric ! !

+ + + + + + + +

¢ =- q<1—1?> where ¢ is free charge on the capacitor plates. SSSSSSS——aa
‘ dielectric ;




15. Energy stored in a Charged Capacitor

2
A |
U_QCV_QC_QQV

This energy resides in the medium between the plates.

The unit is joule (]J) . The energy stored per unit volume of a charged capacitor is given by

_U_1,
Yy T 9%

where E is electric field strength. The unit is joule/m?(J/m”)

Selected NCERT Textbook Questions

Electric Potential and Potential Energy

E2

Q. 1. Two charges 5 X 10® C and - 3 X 107 C are located 16 cm apart. At what point(s) on the line
joining the two charges is the electric potential zero? Take the potential at infinity to be zero.

Ans. Let P be a point on the line joining charges x cm (16-x) cm
¢ =5%10%Candg, =-3 x 10°® Catadistance ="~~~ """ Lal— =
x cm from charge ¢;. e o 4
e ¢;=5x10%C P g, ==3x107°C

Its distance from charge ¢, will be (16 —x) cm.
For potential at P

_ 1 4 1 % o 1
VI+V2_0:>4TC€071+4TE8072_0:1’1+1’2_0

Given,r; =xcm = x X 1072 m, ro = (16 —x) cm = (16 —x) X 102 m

5x107%  (8x1079)
xX1072  (16-x)x 1072
5 3 5 3

el

X T (16-x) X (16-x)

= 5(16-x)=3xor 8 =80 or x =10 cm
Q. 2. A regular hexagon of side 10 cm has a charge 5 puC at each of its vertices. Calculate the

potential at the centre of the hexagon.
Ans. Key idea: The potential due to similar charges is additive.

Let O be the centre of the hexagon.

In triangle OAB all angles are 60°, so

OA =0B=A4B =a

So, in a regular hexagon distance of each corner from centre is

equal to the side of the hexagon

r=04=0B=0C=0D=0E=0F=a=10cm = 0.10m

1 9

4Tt80 a

The net potential at O,V = 6X

Here ¢ = 5pC =5%x107"°C, a = 0.10m

-6

V=6x9x10° x5x 10 =2.7x10° volt
0.10

Q. 3. Two charges 2 nC and - 2 uC are placed at points A and B 6 cm apart.
() Identify an equipotential surface of the system.
(b) What is the direction of the electric field at every point on this surface?

. Xam idea Physics—XII



Ans.

Q. 4.

Ans.

Q.5.

Ans.

(a) Let P(x, y) be a point on zero potential surface. Let A (location WP y)
of charge ¢ = 2 pC) be origin of coordinate system.

7 - ! = ~
Distance 7, = x* + y%, Distance 7, = (d - x)2 +y? Q" L______::‘i"‘B
whered = 6 cm = 6 x 1072 m.

. _ <—Qid =6cm—>
Potential at P due to charges ¢; = + 2 uCand ¢, = -2 pCis

given by
-6 _ -6
po Loa 1 og_ 1 2x<10° 1 (2x10%) o
4ne, 1 4ne, 1, 4ng, /x2+y2 4mne, J(d - x)? + 9y’
or (1 — = 1( - =>x2+y2=(d—x)2+y2=>x=i=3cm
JHyE Jd-x)?+y? 2 Pl

So, plane passing through mid point of line joining 4 and B has zero potential |, ¢
everywhere.

(b) The direction of electric field is normal to surface PCQ everywhere as shown Q
in figure.

A charge 8 mC is located at the origin. Calculate the work done in taking a small charge of
—2x107 C from a point P(0, 0, 3 cm) to a point Q(0, 4 cm, 0) via a point R(0, 6 cm, 9 cm).

In electric field the work done in carrying a charge depends only on initial and final points and
is independent of path.

The points P Q, R are shown in figure. Charge ¢ = 8 mC=8 x 107 C is located at the origin O. Clearly,
OP =7, =3%cm = 3%x10%m

0Q =ry=4cm =4x10"m z zﬁcmgcm)
As electrostatic field is conservative; so the work done 1 ' '
is independent of path. Hence, work done along path
PRQ (path 1) is same as work done along path PQ P
directly (path 2). By work-energy theorem, the work (0,0, 3cm)
done is simply the change in electrostatic potential P M
energy at two positions of charge g(say)=—-2x107C 9o »Y
fa Q

Work, W=Potential energy of system when charge ¢, is at
0 —Potential energy of system when charge ¢, is at P
I x
4me, Ty 4me, p  4me, Yo\ 7, "1
Substituting given values, we get

(0,4 cm, 0)

3-4
- = — 71 S — 1
4102 leog] 144 x 10 < 12 ) 1.2 joule.

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

W=9x10"%(8x107)x (-2x 107

O is the centre of cube ABCDEFGH. Charge q is placed at each of eight corners of the cube.
Electric Potential: Side of cube = b

Length of each diagonal =./b* +b* +b* =/3b 7 G

Distance of each corner from centre O = half the diagonal = % E —H
. q 1 2 e O
Potential at O due to charge at each corner = = 3 B
dne, (J3b/2) 4me, V3 b
. Net potential at O due to all 8 charges at corners of the cube e

1 2 1 16
4ne, /3y  4me, J3b

V=8x



Electric Field: The electric field at O due to charges at all corners of the cube is zero, since,
electric fields due to charges at opposite corners such as 4 and H, G and D, B and E, F and C are
equal and opposite.

Q. 6. Two tiny spheres carrying charges 1.5 nC and 2.5 1C are located 30 cm apart. Find the potential
and electric field
(a) at the mid-point of the line joining the two charges, and
(b) at a point 10 cm from this midpoint in a plane normal to the line and passing through the
mid-point.
Ans. The potential due to similar charges is additive while electric field at a point due to individual
charges are added vectorially.

— -
(a) The electric potential at mid point O, ﬁ E,«—O—>E; E
CE— re——»
v :L(Q_IJFQ_?J a;=15 uC 0,=2.5 1uC
dmeg (% % r=30cm=0.30m
_ 030

Here, % =X, —T=0-15m
1-5x107° _Ir2-5><10'6
0-15 0-15

= 9><109><83—0><10-6=2.4><105V

V:9><10{ :|:9><109[10x106+5—??x10'6}

Electric field at O due to ¢, is towards AB and that due to o 1s towards BO . The net electric
field at mid point O is

. -6 . -6
E=E, - E =L(&—q—ljz9x109{25xlo _1:5x10 }

dne, |\ %y x] (0-15)* (0-15)

= 4.0 x 10° N/C directed from g, to ¢,.

(b) Let P be a point at distance 10 cm = 0.10 m from O, in a plane
normal to line AB.

AP = BP = (0-15)’ + (0-10)> = 0-18m

Electric potential at P

v, = 1 |: 4 i 9o }
4me, | (AP) (BP)

A B
q, X1 O X2 d,
ol 1:5x107°  2.5x107° <« 015 m —»><—0.15m —»
=9x10 +
0-18 0-18
_ 9X107X4.0x107 _, sy
0.18 ’
Electric field at P due to ¢,
— q — HX -6 —_—
E, = L% along AP = 9x10° X%along AP
Ame, y) (0.18)
Electric field at P due to ¢,
— q P— . Xl -6 R —
9 = ! %alongBP = 9X109X%alongBP
4mE r; (0.18)

Resolving £, and E, along and normal to AB.

Net electric field along ﬁ, E = E,cos 0 - E cosb



x
1
= (Ey— E))cosB = (Ey,— EI)TI

_ou10°] 28X10° ~15x10° X(o-wj
(0-18)* 018

9 -6
- 9X1°(0X11;)’;10 x(g'igj= 2.3x10° N/C

Net electric field normal to AB, E,=(Ey+E)) sin 6

(0-18)? 0-18

ou10t x H0x10° 10

L x—=6.2x10°N/C
018 " 18

-6 -6
zgxlog{%xlo +1-5%10 }0-10

Net electric field E = \/Ef +E} = \/(2-3>< 10°)? +(6:2x10°)* =6.6 X10° N/ C
If o is the angle made by resultant field with AB then

5
S 026100y 69
E, 2.3x10°
a =tan”' (2.69) = 69.6°

That resultant electric field at point P is 6.6 X10° N/C making an angle 69.6° to the line
joining the charge 2.5 uC to 1.5 pC.

tan o =

=

Q. 7. Inahydrogen atom, the electron and proton are bound at a distance of about 0.53 A.
(a) Estimate the potential energy of the system in eV, taking the zero of potential energy at
infinite separation of electron from proton.

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

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

[HOTS]
Ans. (a) Charge on proton ¢;= + 1.6X 107"¢C
Charge on electron go= - 1.6x107'?C
Separation r=0.53 A = 0.53 x107"m
Potential energy of system U=U,,, - U

1 g, ~0

4re, r

at o

-19\/ -19
o100 (L6X107) 1.(‘?:10 )
0.53x10
=-43.47x107"]
As1eV =1.6x107" ], we have

-19
—%eV ~-27.2eV
0O X

(b) Kinetic energy is always positive, so kinetic energy of electron = 272 _ 13.6 eV

Total energy of electron =-27.2+13.6 =-13.6 eV
Minimum work required to free the electron =- Total energy of bound electron=13.6 eV
(¢) Potential energy at separation, r, = 1.06 Ais
Lo
' dme,

Electrostatic Potential and Capacitance .



(1.6 X 10719 (=1.6 x 10719
1.06 x 107"
=-2173 x 107 ] =-13.6 eV
Potential energy of system when zero of potential energy is taken at r, = 1.06 A
U=U@r)-Uy;=-272+13.6 =-13.6 eV
Now total energy of hydrogen atom is zero
Minimum work = E - U = 0 - (- 13.6) eV = 13.6 eV
Q. 8. Ifone of the two electrons of a H, molecule is removed, we get a hydrogen-molecular ion H; . In
the ground state of an H;, the two protons are separated by roughly 1.5 A, and the electron is
roughly 1 A from each proton. Determine the potential energy of the system. Specify your
choice of the zero of potential energy. [HOTS]

Ans. The choice of zero potential energy is when all charges are c
initially at infinite distance apart. ’

=9x10%x

The system of charges: 2 protons (each of charge +¢) and an
electron (of charge — ¢) is shown in figure.

The potential energy of system 1 A 1A
g1 [@_'_e(—e)_'_e(—e)}
dme, | 7y Tac Tsc
L T S -
4n80 VAB 7AC /rBC

Given: 7,3=15A =1.5x10""m, r,o = 75 =1 A =107 m, ¢ = 1.6 x107'°C

} 1 1 1
U =9x10"x(1.6x10 19)2[1.5><1010 T10° _1010}
=9 x 2.56 x 107" x (— %)
=-30.72 x 107]

Converting it into eV (keeping in mind 1 eV=1.6x107""])
-30.72 x 10"
U= -19
1.6 X 10
Thus, electrostatic potential energy of system
U=-30.72x10"" joule or -19.2 eV

Q. 9. Two charged conducting spheres of radii a and b are connected to each other by a wire. What
is the ratio of electric fields at the surfaces of the two spheres? Use the result obtained to
explain why charge density on the sharp and pointed ends of a conductor is higher than on its

eV =-19.2eV

flatter portions. [HOTS]
Ans. When conducting spheres are connected by a wire, the potential of each sphere will be the same.

e, V=V,

If ¢, and ¢, are charges on them after connection, then
a1 a
4ne, @ 4me, b

. q .
Ratio of charges q—; = % ... ()

That is, the ratio of charges on two spheres after their electrical contact is the same as the ratio
of their radii.

. Xam idea Physics—XII



Q. 10.

Ans.

Electric field strengths on the surfaces of two spheres

1 1
K= 4, E=—2="
nEe, a 4ne, b
2 2
E _q b _ (ﬁj [ﬁj [using ()]
E, ¢ & \b)\a
E b
or ==
E, a

Thus, the ratio of electric field strengths on their surfaces is equal to the inverse ratio of their
radii.
If 5, and o, are the surface charge densities of two spheres, then ¢, =41 a’c, and ¢, =41 b° o,

2
From (z), dna’s, _a jﬂ_ﬁ

4mb’s, b 6, a

A flat portion is equivalent to a spherical surface of large radius and a pointed portion that of
small radius.
Oflae _ small
Opointed  large

Obviously, charge density on flatter parts is very small and on sharp and pointed ends it is very
large.

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

The potential of inner sphere (due to its own charge and due to charge on shell) is

v = 1 (4.%
dneg, \ 7%

9t
Potential of shell, V, = LR
2 dme, %

. Potential difference, V=V, -V, = L (4 - kil
L2 dre \ o %

This is independent of ¢o. If ¢, is positive, the potential of inner sphere is always greater than
the potential of shell; so if both inner sphere and shell are connected by a wire, the charge will
necessarily flow from sphere to shell.

Capacitors

Q.11.

Ans.

A parallel plate capacitor with air between the plates has a capacitance of 8 pF (1pF = 107 F).
What will be the capacitance if the distance between the plates is reduced by half and the
space between them is filled with a substance of dielectric constant 6?

Capacitance of parallel plate air capacitor,

C—T—8pF ...(1)

When separation between the plates becomes%and the space between the plates is filled with
dielectric (K = 6), then new capacitance

) Ke, A 2Ke, A
c = 42 - 4 ...(2)

Electrostatic Potential and Capacitance .



Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

(o
C—QK

or C" = 2KC = 2x6x8 pF = 96 pF

=

Three capacitors each of capacitance 9 pF are connected in series:
(a) What is the total capacitance of the combination?

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

(a) Given C; = Cy = C4 = 9 pF
When capacitors are connected in series, the equivalent capacitance Cy is given by
1 1 1 1 1 1 3 1
— =t —t —=— 4= —==
G ¢ ¢ ¢ 9 9 9 3
Cy =3 pF
(0) In series, charge on each capacitor remains the same, so charge on each capacitor
g=CgV=(3x10"2F) x (120 V) = 3.6 x 107'° coulomb
9 _36x10™"
G 9x10™®
Three capacitors of capacitances 2 pF, 3 pF and 4 pF are connected in parallel.
(a) What is the total capacitance of the combination?

1
+ — =
9

Potential difference across each capacitor, V' = =40V

(b) Determine the charge on each capacitor if the combination is connected to a 100 V supply.
C, =2pkK Cy =3 pF,Cy =4pF
(a) Total capacitance when connected in parallel, €, = C; + Co + €3 =2 + 3 + 4 = 9 pF
(0) In parallel, the potential difference across each capacitor remains the same, i.e., V' =100 V.
Charge on C, = 2 pFisq, = C;V =2 x 107 x 100 =2 x 107’ C
Charge on Cy = 3 pF, ¢, = CoV/ = 3 x 107 x 100 = 3 x 107 C
Charge on Cy = 4 pF,q; = C;V =4 x 1072 x 100 = 4 X 107 C
In a parallel plate capacitor with air between the plates, each plate has an area of 6 x 107> m®

and the distance between the plates is 3 mm. Calculate the capacitance of the capacitor. If this
capacitor is connected to a 100 V supply, what is the charge on each plate of the capacitor?

[HOTS]
Capacitance of parallel plate air capacitor
c=8d
d

Givend =6 X 10°m*, d =3 mm =3 x 107 m, g, = 8.85 x107"? F/m.
g A 8.85x10" x6x107°
4 3x107
Charge on each plate of capacitor,

Q= CV=17.7x 107" x 100 = 1.77 x 10 coulomb = 1.77 nC

Explain what would happen if in the capacitor a 3 mm thick mica sheet (of dielectric
constant = 6) were inserted between the plates given in Q 14 above.
(2) While the voltage supply remained connected.

C

=17.7x10" F

(b) After the supply was disconnected.

Capacitance of parallel plate air capacitor,

z—:OA

C=— =177x 107" F = 17.7 pF
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Ans.

Q. 18.

Ans.

When dielectric is introduced between the plates, the new capacitance

KeOA

d

(@) When voltage supply remains connected, voltage across plates remains 100 V and so charge
becomes 6-times = 6 X 1.77 nC = 10.62 nC.

¢ = = 6x 17.7 pF = 106.2 pF.

(b) When voltage supply was disconnected, the charge on each plate remains the same ¢ = 1.77 nC.

1

As capacitance is increased to K times, the potential difference V' = % must decrease to X

times.

New potential difference ' = 14 = 100 =16.6 volt
K 6

A 12 pF capacitor is connected to a 50 V battery. How much electrostatic energy is stored in
the capacitor? |
Electrostatic energy stored in capacitor, U = §CV2

Here C=12pF=12X 10 E V=50V
U= %><12><10‘12 x(50)° =1.5x107°]

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

Given, C; = 600 pF = 600 x 1072 F, I/, = 200 V

- 1 1
Initial energy stored, U, ., = =CV; = 9% 600 x 107" x (200)* =12x107° J

initial 2

When another uncharged capacitor C,=600 pF is connected across capacitor C; then common
potential difference

_ G4 +q _ GV, +0 _ GV
C +C, C+C, C+C,

_ 600x10""*x 200
(600 + 600) x 1072

=100V

. Final electrostatic energy, Ug. =% C +C)V?P= é (600 +600)x 107" x (100)* =6x107" J
. Energy lost, AU = U, — Upna=12X107° = 6x10°= 6x107°]

An electrical technician requires a capacitance of 2 pF in a circuit across a potential difference
of 1 kV. A large number of 1 uF capacitors are available to him, each of which can withstand
a potential difference of not more than 400 V. Suggest a possible arrangement that requires a
minimum number of capacitors. [HOTS]
The potential difference can only be increased by connecting capacitors in series, while
capacitance can only be increased by connecting capacitances in parallel.

To acquire the required arrangement let there be m rows, connected in parallel, each row
containing n capacitors in series. Then total number of capacitors N=mn.

If V' is the net potential difference and I, the potential difference across each capacitor, then
V=l ien - V. _1kV 1000V
V, 400V 400V
Asn cannot be a fraction, we must take n = 3. If C is capacitance of each capacitor, the capacitance

=25

C
of arow = =2

n
As m rows are connected in parallel, net capacitance

C= mG,

n

Electrostatic Potential and Capacitance .



Given, C=2 pF and C,=1pF, n=3
m X (1pF X 3
2}1F=% orm = 21

Minimum number of capacitors, N = mn=3x6=18

=6

Q. 19. Whatis the area of the plates of a 2 F parallel plate capacitor, given that the separation between
the plates is 0.5 cm? [You will realise from your answer why ordinary capacitors are in the
range of uF or less. However, electrolytic capacitors do have a much larger capacitance (0.1 F)
because of very minute separation between the conductors.]
Ans. Capacitance of a parallel plate capacitor

Y
d
y 2% (0.5X1072
Area A = Cd _ 2x(05X107) =1.13X10°m?

=) 8.85X 10712

This is too large. That is why ordinary capacitors are in the range of pF or even less. However, in
electrolytic capacitors the separation (d) is very small, so they have capacitances of the order of 0.1 F.

Q. 20. Obtain the equivalent capacitance of the network in figure alongside.

For a 300 V supply, determine the charge and voltage across G4
each capacitor. 10prF
Ans. Given, C;= C,= 100 pF, C, = C4=200 pF.
The capacitors C, and Cg are connected in series. Their C, Cs
equivalent capacitance 2000F I
GGy 200%200 P 200k Ly
- = =100 pF 3oov

C,+C;  200+200 c, Bf -

The combination of C, and Cs (i.e., C') is connected in parallel 10|0I pF

with C}, therefore, equivalent capacitance of C; and ',
C"=C;+ €' =100+ 100 =200 pF
The capacitance C" is in series with C, hence equivalent capacitance between A and B.

_ CUC_200x100 200 1 ge o
C"+C, 200+100 3

Total charge, Q =CV = (2—20 x lO‘QFJ x(300V)=2x10" coulomb

As C, is connected in series with battery, charge on C, is, Q, = 2x10™° C

<108
Potential difference across C,is V, = % = % =200V
Cy  100x 1072F
As C, and Cg have resultant capacitance C' equal to C; =100 pF, so the charge Q is equally

divided among two branches; charge on C; is Q, = % =1x10°*Cc=10"*C

Charge in branch Cyand Cyis also 1x 107 C. As charge in series remains same, so charges on Cy
and Cy are equal to 1x107°C.

Qo =Q3= 10°C
. 10°°
Potential across C, = V] = &= 0—%= 100V
C, 100x10
-8
Potential across, C,= &z Lﬂ: 50V
C, 200x 10
-
Potential across, C,= %— L= 50V

C, 200x 10"
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.21. The plates of a parallel plate capacitor have an area of 90 cm? each and are separated b
P P P P P y
2.5 mm. The capacitor is charged by connecting it to a 400 V supply.

(e) How much electrostatic energy is stored by the capacitor?

(b) View this energy as stored in the electrostatic field between the plates and obtain the

energy per unit volume u. Hence arrive at a relation between u and the magnitude of
electric field E between the plates. [HOTS]

Ans. (a) Given area, A=90 cm? =90x 107! m?
Separation, d=2.5 mm =2.5X 10° m

g A _ 8.85x107"*x90x10™*

Capacitance, C = =
d 2.5%10

=31.9x10""F=31.9 pF

Energy stored,

U= éCV2 = %><31.9><10‘12 x(400)* =2.55%10°J

(b) Volume of space between the plates
V=Ad=90x107"x25x107 = 225X 10°m’
. Energy density or energy per unit volume
U _ 255x107°
Vo 225x10°

Expression for energy stored per unit volume

e A

=0.113 Jm™

_u_2° _20d =L8<K>2
YTV T Ad 270\ 4
If E is electric field strength between the plates, then E = v

E.
Energy density, y = %gOE2

Q. 22. A 4 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply and
is connected to another uncharged 2 pF capacitor. How much electrostatic energy of the first
capacitor is lost in the form of heat and electromagnetic radiation? [CBSE (F) 2012]

Ans. Given, C, =4 uF=4 x 10°F, I/, = 200 V

Initial energy of first capacitor
U = %CIVIQ =$x (4x107°) x (200)*=8x107 J

When another uncharged capacitor C, = 2 pF, is connected across first capacitor
Common potential,

GhtTe  CGNF0 4x10°%200 400
V= = = = volt
G+ G, G+ G (4+2)X 107° 3

2
Final energy, U, = é(q +C)V* = %x (4+2)x107° X[L(;))
=%><10*2 J=533x107]

Energy loss, AU = U; - Uy = 8 X 1072533 X 102 = 2.67 x 1072 ]

Electrostatic Potential and Capacitance .



Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.
1. The ratio of charge to potential of a body is known as
(@) capacitance (b) inductance (¢) conductance (d) resistance

2. On moving a charge of 20 C by 2 cm, 2 J of work is done. Then the potential difference
between the points is

(@ 0.1V (b)8V (c) 2V d) 0.5V

3. In brining an electron towards another electron, the electrostatic potential energy of the system
(@) increases (b) decreases
(¢) remains unchanged (d) becomes zero

4. Electric potential of earth is taken to be zero, because earth is a good
(@) insulator (b) conductor (¢) semi-conductor  (d) dielectric

5. Some charge is being given to a conductor. Then, its potential
(@) 1s maximum at surface.
(b) 1s maximum at centre.
(¢) remains the same throughout the conductor.
(d) 1s maximum somewhere between surface and centre.
6. Equipotential surface associated with an electric field, which is increasing in magnitude along

the X-direction, are
(@) planes parallel to YZ-plane.

(b) planes parallel to XZ-plane.
(¢) planes parallel to XY-plane.
(d) coaxial cylinder of increasing radii around the X-axis.

7. What is angle between electric field and equipotential surface?

(@) 90° always (b) 0° always (¢) 0°to 90° (d) 0°to 180°
8. A positively charged particle is released from rest in an uniform electric field. The electric
potential energy of the charge [NCERT Exemplar]

(@) remains a constant because the electric field is uniform.
(b) increases because the charge moves along the electric field.
(¢) decreases because the charge moves along the electric field.
(d) decreases because the charge moves opposite to the electric field.
9. Figure shows some equipotential lines distributed in space. A charged object is moved from

point A to point B. [NCERT Exemplar]
30V 40V 30V

10V 20V 30V 40V 50V 10V 20V 50V 10V 20V 40V 50V
U] (it) (iii)
a) The work done in Fig. (2) is the greatest.
b) The work done in Fig. (i) is least.
¢) The work done is the same in Fig. (i), Fig. (z¢) and Fig. (i22).
d) The work done in Fig. (i) is greater than Fig. (z¢) but equal to that in Fig. (i).
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10.

11.

12.

13.

14.

15.

The electrostatic potential on the surface of a charged conducting sphere is 100 V. Two
statements are made in this regard: [NCERT Exemplar]
S, : At any point inside the sphere, electric intensity is zero.

S, : At any point inside the sphere, the electrostatic potential is 100 V.

Which of the following is a correct statement?

(@) S;1istrue but S, is false.

(b) Both S; and S, are false.

(¢) S;istrue, Sy is also true and S is the cause of S,.

(d) S, istrue, Sy is also true but the statements are independent.

Equipotentials at a great distance from a collection of charges whose total sum is not zero are
approximately [NCERT Exemplar]
(a) spheres () planes (¢) paraboloids (d) ellipsoids

Four capacitors, each 50 uF are connected as shown. The DC voltmeter V reads 100 V. The charge
on each plate of each capacitor is

F1 =

Battery
@ 2x107°C ()5 x107°C (¢) 0.2C d) 0.5C
The variation potential V with » and electric field E with r for a point charge is correctly shown
in the graphs.

(@) () (©) d)
lg 5 | 2 | 2 E
ws | \\F ws \\E ws E w'g
o c o c o c o c
>~ v >> vy > vV > v
[ —> [ — r— r—s

A parallel plate capacitor is made of two dielectric blocks in series. One of the blocks has
thickness d, and dielectric constant k; and the other has thickness d, and dielectric constant
k, as shown in figure. This arrangement can be thought as a dielectric slab of thickness

d (= d,+d,) and effective dielectric constant k. The £ is [NCERT Exemplar]
dz 2
k,d +k,d, k,d +k,d, kk,(d +d,) 2k k,
@ —ava, O 7w, O karid, D kvk
1" % 17 % 14 % 1%
Equipotential surfaces [NCERT Exemplar]

(a) are closer in regions of large electric fields compared to regions of lower electric fields.
(b) will be more crowded near sharp edges of a conductor.

(¢) will be more crowded near regions of large charge densities.
(d) will always be equally spaced.

Electrostatic Potential and Capacitance .



16.

17.

18.

19.

20.

21.

22.

23.

A 2 uF capacitor is charged to 200 volt and then the battery is disconnected. When it is
connected in parallel to another uncharged capacitor, the potential difference between the
plates of both is 40 volt. The capacitance of the other capacitor is

(a) 2 pF (b) 4 pF (c) 8 uF (d) 16 pF

Two identical metal plates, separated by a distance d form a parallel-plate capacitor. A metal
sheet of thickness d/2 is inserted between the plates. The ratio of the capacitance after the
insertion of the sheet to that before insertion is

(@) 2 :1 ®)2:1 (© 1:1 (d1:2

n identical capacitors joined in parallel are charged to a common potential V. The battery is
disconnected. Now, the capacitors are separated and joined in series. For the new combination:
(a) energy and potential difference both will remain unchanged

(b) energy will remain same, potential difference will become nlV’

(¢) energy and potential both will become n times

(d) energy will become n times, potential difference will remain

The capacitance of a capacitor becomes — times its original value if a dielectric slab of

6
thickness ¢ = %d is introduced in between the plates, where d is the separation between the
plates. The dielectric constant of the slab is
14 11 7 1
@ 1 ®) 14 © 1 @

Two capacitors of capacitances 3 uF and 6 uF are charged to a potential of 12 V each. They are
now connected to each other, with the positive plate of each joined to the negative plate of the
other. The potential difference across 3 pF will be

(@) 3V (b) zero (c) 6V d) 4V

The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the second
plate at — 100 V. The voltage at 3 cm from the second plate is

(@) 200V (b) 400 V (¢) 250 V (d) 500 V

In the case of a charged metallic sphere, potential (V') changes with respect to distance (r) from
the centre as

@ 1 o 1
t 4
> >
r—» g r- ”
€ 4 @ ¢
0 0
> >
r— g r— g

Three capacitors of capacitance 1uF, 2 uF and 3 uF are connected in series and a p.d. of 11 V
is applied across the combination. Then, the p.d. across the plates of 1 uF capacitor is

(@) 2V b4V © 1V (d) 6V
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24.

A conducting sphere of radius R is given a charge Q. The electric potential and the electric
field at the centre of the sphere respectively are

(@) zero and and zero

b
e, R? © 4me R

Q Q
© ane, R and 4me,R*

(d) both are zero

25. Four point charges - Q, — g, 2¢q and 2Q are placed, one at each corner of the square. The
relation between Q and g for which the potential at the centre of the square is zero is
1
(@ Q=51 ) Q=-4q
1
(© Q=- 51 d) Q=q
Answers
1. (a) 2. (a) 3. (a) 4. (b) 5. (c) 6. (a)
7. (a) 8. (¢) 9. (¢) 10. (¢) 11. (a) 12. (b)
13. (b) 14. (c) 15. (a), (b), (¢) 16. (c) 17. (b) 18. (b)
19. (a) 20. (d) 21. (a) 22. (b) 23. (d) 24. (b)
25. (b)

Fill in the Blanks [1 mark]

1. The magnitude of electric field is given by the change in the magnitude of potential per unit
normal to the equipotential surface at the point.
2. For linear isotropic dielectrics, P = x,E who ¥, is a constant characteristic of the dielectric and
is known as the of the dielectric medium.
3. The potential energy of two like charged (q,¢o > 0) is
The potential energy of two unlike charges (¢,¢, < 0) is
5. The maximum electric field that a dielectric medium can withstand without break-down of its
insulting property is called its
6. The dielectric constant of a substance is a factor (>1) by which the capacitance
from its vacuum value, when the dielectric is inserted fully between the plates of a capacitor.
7. It is safer to be inside the car rather than standing outside under a tree during lightening is
based on concept.
Equipotential surfaces due to long linear change distribution will be in shape.
Two capacitors each of capacitance 2 pF are connected in series. Equivalent capacitance will be
10. Electric field is in the direction in which the potential steepest.
Answers
1. displacement 2. susceptibility 3. positive 4. negative
5. dielectric strength 6. increases 7. electrostatic shielding
8. cylindrical 9. 1uF 10. decreases

Electrostatic Potential and Capacitance .



Very Short Answer Questions [1 mark]

Q. 1.
Ans.
Q. 2.

Ans.

Q.3.

Ans.

Ans.

Q.5.

Ans.

Q. 6.

Ans.

Name the physical quantity whose SI unit is JC™'. Is it a scalar or a vector quantity?

[CBSE Delhi 2010]
Electric potential. It is a scalar quantity.
Why is the electrostatic potential inside a charged conducting shell constant throughout the
volume of the conductor? [CBSE 2019 (55/5/1)]
=~ E = 0 inside the conductor & has no tangential component on the surface.

** No work is done in moving charge inside or on the surface of the conductor and potential is
constant.
In the given figure, charge +Q is placed at the centre of a dotted circle. Work done in taking

another charge +q from A to B is W, and from B to C is W,. Which one of the following is
correct: Wy > Wy, W\=W, and W; < W,? [CBSE Sample Paper 2018]

The points A and C are at same distance from the charge +Q at the centre, so

Vi=Ve
Therefore, V, -V, =V, -V,
Hence, the magnitude of work done in taking charge +¢ from A to B or from B to C will be the
same t.e., Wy = W,.
Figure shows the field lines on a positive charge. Is the work done °Q
by the field in moving a small positive charge from Q to P positive or
negative? Give reason. [CBSE (F) 2014]
The work done by the field is negative. This is because the charge is
moved against the force exerted by the field.

The field lines of a negative point charge are as shown in the figure.
Does the kinetic energy of a small negative charge increase or decrease

in going from B to A? [CBSE Patna 2015]

P

The kinetic energy of a negative charge decreases while going from point B to point A, against
the movement of force of repulsion.
A point charge +Q is placed at point O as shown in the figure. Is the potential difference V-V
positive, negative or zero? . L [CBSE Delhi 2016]

O A B
The potential due to a point charge decreases with increase of distance. So, I/, — I/ is positive.
Explanation: Let the distance of point A and B from charge Q be r, and rg respectively.

tQ tQ

Va= 4ne 7, and V, = 4ne 1,
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Ans.

Q.8.

Ans.

Ans.

Q. 10.

Ans.

+
L (-4
A B 47[80 ’I’A TB
Also r,<rp
=>TI—A>TI—B = }:—}—B>O = 717—71—3 has positive value
Also Q is positive.
Hence IV, — Vy is positive.
A point charge Q is placed at point ‘O’ as shown in figure. Is the O A B
potential at point 4, i.e., V,, greater, smaller or equal to potential,
Vg, at point B, when Q is (i) positive, and (ii) negative charge? I
[CBSE (F) 2017] I
() If Q is positive,
KQ KQ
V,=—— and V,=——
A n B %

Clearly, V, >V,

() If Q is negative,
KQ
V,=-—— and V,=-———
A n B 7

Clearly, V, <V,
Draw the equipotential surfaces corresponding to a uniform electric field in the z-direction.
[CBSE 2019 (55/1/1)]

The equipotential surfaces are the equidistant planes normal to the z-axis, i.e., planes parallel to
the X-Y plane.

A point charge Q is placed at point O as shown in the figure. The potential difference V, - Vg

is positive. Is the charge Q negative or positive? [CBSE (F) 2016]
0 S .
0] A B
We know that, V = ! g
4me, r
= Vo L
’

The potential due to a point charge decreases with increase of distance.
Vy=Vp>0 = Vy>Vg
Hence, the charge Q is positive.

Depict the equipotential surfaces for a system of two identical positive point charges placed a
distance ‘d’ apart. [CBSE Delhi 2010]
Equipotential surfaces due to two identical charges is shown in figure.

Electrostatic Potential and Capacitance .



Q.11.

Ans.

Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

Q. 16.

Ans.

Q. 17.

Ans.

Q. 18.

Ans.

Draw an equipotential surface for a system consisting of two charges Q, - Q separated by a
distance r in air. Locate the points where the potential due to the dipole is zero.
[CBSE Delhi 2017, (AI) 2008, 2013, 2019 (55/2/1)]

The equipotential surface for the system is as shown. Electric potential is zero at all points in the
plane passing through the dipole equator AB.

A

B
Why do the equipotential surfaces due to a uniform electric field not intersect each other?
CBSE (F) 2012]
This is because at the point of intersection there will be two values of electric potential, which is
not possible.

“For any charge configuration, equipotential surface through a point is normal to the electric
field.” Justify. [CBSE Delhi 2014]
The work done in moving a charge from one point to another on an equipotential surface is zero.
If electric field is not normal to the equipotential surface, it would have non-zero component along
the surface. In that case work would be done in moving a charge on an equipotential surface.
Why is the potential inside a hollow spherical charged conductor constant and has the same
value as on its surface? [CBSE (F) 2012]
Electric field intensity is zero inside the hollow spherical charged conductor. So, no work is done
in moving a test charge inside the conductor and on its surface. Therefore, there is no potential
difference between any two points inside or on the surface of the conductor.

VA—VB = —ff.d_l)= 0 = VA = VB = Constant

A hollow metal sphere of radius 5 cm is charged such that the potential on its surface is 10 V.

What is the potential at the centre of the sphere? [CBSE (AI) 2011]
Potential at centre of sphere = 10 V. Potential at all points inside the hollow metal sphere (or any
surface) is always equal to the potential at its surface. A

A charge ‘g’ is moved from a point 4 above a dipole of dipole moment i
‘P> to a point B below the dipole in equatorial plane without !
acceleration. Find the work done in the process. [CBSE Central 2016] |

4

Work done in the process is zero. Because, equatorial plane of a * -~~~ ~77~

| +q
dipole is equipotential surface and work done in moving charge on :
equipotential surface is zero. :
I
W=gVa=qx0=0 |
R
Why is there no work done in moving a charge from one point to
another on an equipotential surface? [CBSE (F) 2012]
The potential difference between any two points of equipotential surface is zero. We have

w
V,=V,=—=0 = W=0
q
therefore, the work done in moving a charge on an equipotential surface is zero.

Figure shows the field lines due to a negative point charge. Give the sign
of the potential energy difference of a small negative charge between

the points 4 and B. [CBSE (F) 2014]
_ 1 e
4ne, 1

Since 1y <7Tp
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Q. 19.

Ans.

Q. 20.

Ans.

Q. 21.
Ans.

Q. 22.

Ans.
Q. 23.

Ans.

Ans.

kg g5 kqyq,
>

Ty s

Uy> Uy
Therefore, U, — Uy is positive.

What is the amount of work done in moving a point charge Q around a - N

circular arc of radius ‘r’ at the centre of which another point charge ‘g’ is // \
located? [CBSE North 2016] | o \
The potential of points A and B are same being equal to ' +q |

1 q \\ K

where R is the radius of the circle.

Work done W=gq (V3-V,) =q V-V, = 0.

The figure shows the field lines of a positive point charge. What will be
the sign of the potential energy difference of a small negative charge

between the points Q and P? Justify your answer. ¥
[CBSE Guwahati 2015]

The sign of the potential energy difference of a small negative charge will
be positive. This is because negative charge moves from a point at a lower
potential energy to a point at a higher potential energy.

Do free electrons travel to region of higher potential or lower potential> [NCERT Exemplar]

Free electrons would travel to regions of higher potentials as they are negatively charged.

Can there be a potential difference between two adjacent conductors carrying the same charge?
[NCERT Exemplar]

Yes.

Show that the equipotential surfaces are closed together in the regions of strong field and far
apart in the regions of weak field. Draw equipotential surfaces for an electric dipole.

[CBSE Sample Paper 2016]
Equipotential surfaces are closer together in the regions of A
strong field and farther apart in the regions of weak field.

-4
dr
E = negative potential gradient
For same change indV, E « dL where ‘dr’ represents the B
r
distance between equipotential surfaces. 20V
Concentric equipotential surfaces due to a charged body placed at the 30V
centre are shown. Identify the polarity of the charge and draw the electric 20 V
field lines due to it. [HOTS][CBSE Sample Paper 2016] 10V
For a single charge the potential is given by |/ = 1y
4drne, r

This shows that Vis constant if r is constant. Greater the radius smaller will be the potential. In the given
figure, potential is increasing. This shows that the polarity of charge is negative (—¢). The direction of
electric field will be radially inward. The field lines are directed from higher to lower potential.
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Short Answer Questions-I [2 marks]

Q. 1. Three points 4, B and C lie in a uniform electric field (E) of 5 x 10> NC™' as shown in the

figure. Find the potential difference between 4 and C. [CBSE (F) 2009]
Ans. The line joining B to C is perpendicular to electric field, so potential of >
B = potential of Ci.e., Vg =V, A SO OB
Distance AB =4 cm 5 o 53 cm=
Potential difference between A and C = E X (4B) - ST E
= 5% 10° X (4 X 107 c
= 200 volt

Q. 2. Two uniformly large parallel thin plates having charge densities +c and - ¢ are kept in the
X-Z plane at a distance ‘d’ apart. Sketch an equipotential surface due to electric field between
the plates. If a particle of mass m and charge ‘~¢’ remains stationary between the plates, what

is the magnitude and direction of this field? [CBSE Delhi 2011]
Ans. The equipotential surface is at a distance d/2 from 2 / y + + + + + = / T
either plate in X-Z plane. For a particle of charge ) . y
(—¢) at rest between the plates, then Eg#ggentml/_ LT -d }»x
(¢) weight mg acts vertically downward e ! l z
(i) electric force gE acts vertically upward. di2

So, mg =qk
mg . . .
E = 7’ vertically downward, i.e., along (-)Y-axis.

Q. 3. Plot a graph comparing the variation of potential ‘V’ and electric field ‘E’ due to a point
charge ‘Q’ as a function of distance ‘R’ from the point charge. [CBSE Delhi 2012]

Ans. The graph of variation of potential and electric field due to a point charge Q with distance R
from the point charge is shown in figure.

Q. 4. What is electrostatic shielding? How is this property used in actual practice? Is the potential
in the cavity of a charged conductor zero? [CBSE South 2016]

Ans. Whatever be the charge and field configuration outside, any cavity in a conductor remains
shielded from outside electric influence. The field inside a conductor is zero. This is known as
electrostatic shielding.

m  Sensitive instruments are shielded from outside electrical influences by enclosing them in a
hollow conductor.

B During lightning it is safest to sit inside a car, rather than near a tree. The metallic body of
a car becomes an electrostatic shielding from lightening.

Potential inside the cavity is not zero. Potential is constant.

Q. 5. Draw 3 equipotential surfaces corresponding to a field that uniformly increases in magnitude
but remains constant along Z-direction. How are these surfaces different from that of a constant
electric field along Z-direction? [CBSE (AI) 2009]
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Ans.

Ans.

Ans.

Q.8.

Ans.

Ans.

. - . . .
For constant electric field E For increasing electric field

—dq —do —d4 <do
- S \ 2V _ﬂ’
— - _ -1 _
— 4+ E —+—» E
— > >
Y 2v 3v
di=dp di>dy

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

I
=
Why does current in a steady state not flow in a capacitor connected
across a battery? However momentary current does flow during
charging or discharging of the capacitor. Explain. [CBSE (AI) 2017]
(¢) In the steady state no current flows through capacitor because, f
we have two sources (battery and fully charged capacitor) of equal
potential connected in opposition.

(1) During charging or discharging there is a momentary flow of current as the potentials of the
two sources are not equal to each other.

A test charge ‘g’ is moved without acceleration from @ g) E

A to C along the path from 4 to B and then from \

B to C in electric field E as shown in the figure.

(i) Calculate the potential difference between A

and C. (i7) At which point (of the two) is the electric N

potential more and why? [CBSE (AI) 2012] @OV ___X.(6,0)

(2) Since electric field is conservative in nature, the c A

amount of work done will depend upon initial
and final positions only.

Work done W =F .d = q E.d= qE.4cos 180°

=-4qE
Hence VA—VC=%=—4E
(1) Vi > V,, because direction of electric field is in decreasing potential.
Find the charge on the capacitor as shown in the circuit. \| 6 1F
[CBSE (F) 2014] /i
Total resistance, R = 10 Q) + 20 Q = 30 Q)
V_ 2V 1
Th [=—="""=—
e current, R 300 15 —’V;/(\)/\éV\: ’\/;/(\)/\S/\)/\:
Potential difference, IV = IR = L>< 10 = gV
15 3 +], -
2 2v !
Charge,q=CV=6Xg=4MC S

Figure shows two identical capacitors, C; and C,, each of 1 uF
capacitance connected to a battery of 6 V. Initially switch ‘S’
is closed. After sometimes ‘S’ is left open and dielectric slabs g, = 1uF==Ci 1uF=C,
of dielectric constant K = 3 are inserted to fill completely the  -T
space between the plates of the two capacitors. How will the (i)
charge and (ii) potential difference between the plates of the
capacitors be affected after the slabs are inserted? [CBSE Delhi 2011]
When switch S is closed, p.d. across each capacitor is 6V
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C,=Cy=1pF
Charge on each capacitor
¢ =g =CV = (1 pF) X (6 V) =6 pC
When switch § is opened, the p.d. across C; remains 6 V, while the charge on capacitor Cy remains
6 pC. After insertion of dielectric between the plates of each capacitor, the new capacitance of
each capacitor becomes
C'1=Cy=3X1pF=3puF
(¢2) Charge on capacitor C,¢'; = C'/V; = (3 puF) X 6 V =18 puC
Charge on capacitor Cy remains 6 pG
(2) Potential difference across C; remains 6 V.
Potential difference across C, becomes
95 6pC

o =2V

Vo= ~ 3uF

2 C’

2
Q. 10. (a) A parallel plate capacitor (C;) having charge Q is connected, to an identical uncharged
capacitor C, in series. What would be the charge accumulated on the capacitor C,?

(b) Three identical capacitors each of capacitance 3 pF are connected, in turn, in series and in
parallel combination to the common source of V' volt. Find out the ratio of the energies stored

in two configurations. [CBSE South 2016]

Ans. (a) Since the capacitor C, is uncharged so when connected to an identical capacitor C; charged

to Q then charge Q is equally shared and charge acquired by capacitor C, is

? .
3uF
(b) We have C ,,,,= %: IuF
Also, C paratia = 3+ 3 +3) = 9 pF
Energy stored = %C &
E . . . 1 P 10°
nergy in series combination = § x1x107 xV = Ugpios = T |14
-6
Energy in parallel combination = 1 «x9x10° x1/?2 = Ul = 107 x9 2
2 arallel 2
Useries : Uparallel =1:9

Q. 11. Net capacitance of three identical capacitors in series is 1 pF. What will be their net capacitance
if connected in parallel?
Find the ratio of energy stored in the two configurations if they are both connected to the same
source. [CBSE (AI) 2011]
Ans. Let C be the capacitance of each capacitor, then in series
1 1 1 1 _3

=t =
¢, ¢c'ccc

or C=3C,=3x1puF=3pF
When these capacitors are connected in parallel, net capacitance, €, =3 C =3 X 3 = 9 pF

When these two combinations are connected to same source the potential difference across each
combination is same.

Ratio of energy stored,

|
U oGV ¢ 1prF

U, "1,
P 2C[)V b4

U:U,=1:9
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Q. 12. Find the equivalent capacitance of the network shown in the figure, when each capacitor is of
1 uF. When the ends X and Y are connected to a 6 V battery, find out (i) the charge and (ii) the
energy stored in the network. [CBSE Patna 2015]

Ans. The given circuit can be rearranged as

Ealean

It is known as wheatstone bridge of the capacitor.
Since V; = V3, so the bridge capacitor between points A and B can be removed.
(¢) The equivalent capacitor of the network

CxC  CxC
Ca=cvctc+c
cC C
7+7
9"
= C=1pF

Charge in the network, Q =C,V
=CxXV
= 1pFX6V =6pC
(1) Energy stored in the capacitor,
1
= 50@1/2 = L><1pF><(6)2

2
= 18]
Q. 13. The figure shows a network of five capacitors connected to a 10 V battery. Calculate the charge
acquired by the 5 uF capacitor. [CBSE 2019 (55/3/3)]

5uF 10 pF
15 uF

— ——10WF

20 pF

0V Cy4

Ans. Net capacitance of parallel C; & Co, = C; + Gy C
Cy =15+5 =20nF
Net capacitance of parallel C, & C; = C, + Cy
C,; =10+ 10 = 20 0F

C,,C
. . 12745 2020
Cig, Cy5 1n series, Cloys = ot Cos =90 + 920 = 10 pnF ||-| I

10V
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Cs in parallel with Cjo45 = Cjoy5 + €3 = 10 +20 = 30 pF
PD. across Cjoys = 10 V
PD.acrossCjy =Cy5 =5V
Charge on 5pF, Q =CV
=5x10°x5C
=25x10°C
Q. 14. Four charges +¢,-¢q, + g and — q are to be arranged respectively at the four corners of a square

ABCD of side ‘a’.
(a) Find the work required to put together this arrangement.

(b) A charge g, is brought to the centre of the square, the four charges being held fixed. How
much extra work is needed to do this? [HOTS][CBSE (F) 2015]
Ans. (a) Work done in bringing charge +¢ at point 4 iy 4
w,=0 A B
Work done in bringing charge —¢ to the point B

1 1 ¢
Wy =W, =—qx 4 - 1
ne,a  4me, a

Work done in bring the charge +¢ to the point C b 74 C
We=WactWge

1 L -+ q X| — e —
4me, a2 4ne, a) 4me, a2 4ne, a
Work done in bringing a charge — ¢ to the point D
Wp=Wip+ Wept Wep

ineg, a

=(gx

qjltf 1 g

=4 1 g
—_— + —_ =
4rng, aﬁ} ( q)><4n80 a

Total work done W=W,+Wy+ W+ W,

2 2 2
=2x L ¢ —4x L e 1 q—(\/§—4)
4me, a2 4ne, a 4ng, a
(b) Work done in bringing a charge from infinity to a point is given by
W=¢,V, (V,= Electric potential at the point)

Electric potential at the centre of the square is

e 3 3 o)
4re, \ s e, \ s 4me, s 4ne, s

and electric potential at infinity is always zero.

Hence, work done W = 0.

Q. 15. Consider two conducting spheres of radii R, and R, with R, > R,. If the two are at the same
potential, the larger sphere has more charge than the smaller sphere. State whether the charge

density of the smaller sphere is more or less than that of the larger one.
[HOTS][NCERT Exemplar]

Ans. Since two spheres are at the same potential, therefore
Vi="Vs
o _ o
4ne R,  4mg(R,
Q _AK

EQZR_Q ...(2)
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Q. 16.

Ans.

Q.17.

Ans.

Given, R, >Ry, . Q, >0,

= Larger sphere has more charge

NOW, G, = Ql g and c, = QZQ
4n R} 4n R
% & R
o, O R22
o, Ry R}
= = From equation (i
o =R R [From equation ()]

Since R > R,, therefore ¢,> o,.
Charge density of smaller sphere is more than that of larger one.

. . . o1
The two graphs are drawn below, show the variations of electrostatic potential (V) with —
r

(r being the distance of field point from the point charge) for two a

(©) What are the signs of the two charges? N
(it) Which of the two charges has the larger magnitude and why? T

point charges ¢, and g,. ‘
@)
[HOTS] \ — (1)

(¢) The potential due to positive charge is positive and due to negative
charge, it is negative, so, ¢, is positive and ¢, is negative.

q
iy v=—-1 ’

r
4me 0

The graph between I and % is a straight line passing through the origin with slope 4738
0

As the magnitude of slope of the line due to charge ¢, is greater than that due to ¢, ¢, has larger
magnitude.
Two identical capacitors of 12 pF each are connected in series across a 50 V battery. Calculate
the electrostatic energy stored in the combination. If these were connected in parallel across
the same battery, find out the value of the energy stored in this combination.

[CBSE 2019 (55/5/1)]
Net capacitance in series combination is given by

11,1 11,1
c.-¢te, T Tt
= C, =6 pF
_ L. e
E, = 3GV
E= %x6x10‘12x50x50
= 7500 x 1072
=75 x107]
Net capacitance in parallel combination is given by
¢, =12pF+12pF
=24 pF
= Lo
E, = 3GV
E,= %x24><10‘12><50><50
=3x107%]
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Short Answer Questions-Ii [3 marks]

Q. 1. Define an equipotential surface. Draw equipotential surfaces [CBSE Central 2016]
() in the case of a single point charge and

(i7) in a constant electric field in Z-direction.
Why the equipotential surfaces about a single charge are not equidistant?
(7ii) Can electric field exist tangential to an equipotential surface? Give reason.

Ans. An equipotential surface is the surface with a constant J
value of potential at all points on the surface.
. . Electric
Equipotential surface : field lines
(2) In case of a single point charge < 4
Here point charge is positive, if it is negative then Point Equipotential
. . . . R . charge surface
electric field will be radially inward but equipotential
surfaces are same and are concentric spheres with \
centres at the charge.
(#2) In case of electric field in Z-direction
. . . 1 9
Potential of a point charge at a distance r = — Y
4ne, r
1
Ve o (X = Y) plane
Hence equipotential surfaces about a single charge are
not equidistant. z
E

(u7) No if the field lines are tangential, work will be done in
moving a charge on the surface which goes against the
definition of equipotential surface.

Q. 2. Show that the potential energy of a dipole making angle 6 with the direction of the field is

given by U(©) =- P .E . Hence find out the amount of work done in rotating it from the
position of unstable equilibrium to the stable equilibrium. [CBSE East 2016]
Ans. The potential energy of an electric dipole in an electric field is defined as the work done in bringing the dipole
[from infinity to ils present position in the electric field.
Suppose the dipole is brought from infinity and placed at orientation 6 with the direction of
electric field. The work done in this process may be supposed to be done in two parts.
() The work done (W) in bringing the dipole perpendicular to electric field from infinity.

(1) Work done (I¥,) in rotating the dipole such that it finally makes an angle 0 from the direction
of electric field.

Let us suppose that the electric dipole is >
. . . . +qe—>» qE
brought from infinity in the region of a uniform : >
. . . -

electric field such that its dipole moment P :

always remains perpendicular to electric field. 20 : ::1rf?rmy
The electric forces on charges +¢ and — ¢ are gF ; >

qE<+—e—q

and —¢F, along the field direction and opposite
to field direction respectively.

»
»

»
»

As charges +¢ and —¢ traverse equal distance
under equal and opposite forces; therefore, net work done in bringing the dipole in the region
of electric field perpendicular to field-direction will be zero, i.e., W;= 0.

Now the dipole is rotated and brought to orientation making an angle 6 with the field direction
(i.e., 85 = 90° and 0, = 0), therefore, work done
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Ans.

v

Wy = pE (cos 8- cos 0;) 95 qE
= pE (cos 90°- cos 6)= — pE cos 0 = % >

Total work done in bringing the electric dipole from

infinity, i.c., /
qE <

v

v

Electric potential energy of electric dipole -
U=W,+Wy=0 - pE cos 8 =— pE cos 0 i
In vector form U = - F E

For rotating dipole from position of unstable equilibrium (6,=180°) to the stable equilibrium
(6=0°)
W, =pE(cos 180°- cos 0°)
pE(-1-1) = - 2pE
Three concentric metallic shells A, B and C of radii a, b and ¢ (¢ < b < c) have surface charge
densities +6, —-c and +c respectively as shown in the figure.

If shells A and C are at the same potential, then obtain the relation between the radii a, b and c.
[CBSE (F) 2014, 2019 (55/5/1)]
Charge on shell 4, ¢, = 4ma’o

Charge on shell B, ¢, = -Amb®o
Charge of shell C, ¢, = 4mc’o

Potential of shell A: Any point on the shell A lies inside the shells B
and C.

_ 1 19 95 | e
Va= dmeg|a T T
_ 1 [4ma’c _4mb’c . 4mc’o
qme,| b ¢
)
= ?O(a -b+¢)
Any point on B lies outside the shell A and inside the shell C. Potential of shell B,
_ L 9 9 Y
Vs = 4me, Bty T
2 2 2 2
_ 1 [47ta6_47‘tb6+47cc(5 =ia——b+c]
dneg| b b ¢ €l b
Any point on shell C lies outside the shells A and B. Therefore, potential of shell C.
R S O ‘IC]
i
_ 1 J4na®c  4nb°o 47tc20]
= - +
4ne,l ¢ ¢ ¢
_ i (lQ b2 ]
T gl et
Now, we have
Vi=Ve¢
o _ 0 a? b2 )
so(a—b +¢)= €0<7_T+C
(a=b)(a+b)
a-b=——"""
¢
or at+tb=c
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Q. 4. A parallel plate capacitor each with plate area 4 and separation ‘d’ is charged to a potential
difference V. The battery used to charge it is then disconnected. A dielectric slab of thickness
d and dielectric constant K is now placed between the plates. What change if any, will take
place in [CBSE (F) 2010]
(i) charge on the plates,

(ii) electric field intensity between the plates,
(iii) capacitance of the capacitor?
Justify your answer in each case.

Ans. Initial capacitance ¢, = %, Potential difference =

(1) Initial charge, ¢, = C, V:%

. When battery is disconnected the charge on the capacitor remains unchanged and equal to

g,A4
9=49 = 4
L . c q/A q
(¢7) Initial electric field between the plates, £, =—=-"—=
€, Ag,
After introduction of dielectric; the permittivity of medium becomes Kg ;
E
so final electric field between the plates, E = 1 Ige = 70 1.e., electric field reduces to l times.
0

(u7) After introduction of dielectric, the capacitance becomes KC,,.

Q. 5. A parallel plate capacitor is charged by a battery, which is then disconnected. A dielectric slab
is then inserted in the space between the plates. Explain what changes, if any, occur in the
values of

(i) capacitance
(7i) potential difference between the plates
(ii1) electric field between the plates, and

(iv) the energy stored in the capacitor. [CBSE Delhi 2010, (AI) 2009, 2012]
Ke A

Ans. (1) The capacitance of capacitor increases to K times (since C = o« K)

1
(i) The potential difference between the plates becomes X times.

Q

. . V
Reason: V=E; Qsame, C increases to K times; V'= E

(1) As E =% and V is decreased; therefore, electric field decreases to % times.

2 2
(i) Energy stored will be decreased. The energy becomes, U SO
2C 2KC, K

. . o
Thus, energy is reduced to e times the initial energy.

Q. 6. A parallel plate is charged by a battery. When the battery remains connected, a dielectric slab
is inserted in the space between the plates. Explain what changes if any, occur in the values of
(7)) potential difference between the plates

(i) electric field strength between the plates
(iii) capacitance
(iv) charge on the plates
(v) energy stored in the capacitor. [CBSE Delhi 2010]
Ans.  (z) When battery remains connected, the potential difference remains the same.

. . 4 .
(i) As electric field E=—,1 = constant and d = constant; therefore, electric field strength
remains the same.
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(1) The capacitance of capacitor increases as K > 1.
(iv) The charge Q = CI] V = same, C = increases; therefore, charge on plates increases.

(v) Energy stored by capacitor U = %C I7*, also increases.

(?) Find equivalent capacitance between A and B in the combination given below. Each

capacitor is of 2 uF capacitance.

C, C | c ¢ | cs
|1 |1 | |1 B

A ” P 1 R I S II T I

Q.7.

(@7) If a dc source of 7 V is connected across AB, how much charge is drawn from the source
and what is the energy stored in the network? [CBSE Delhi 2017]

Ans. () Capacitors Cy, C3 and C,4 are in parallel

Co3q = 6 UF
Capacitors Cy, Cy34 and Cjy are in series,

1 _ 1,1 1 _1.1.1
—— =+ to—=ct—+ =
C, G Cyy C 276 2

Ty
Cpy = gp.F
(1) Charge drawn from the source
Q=C,V
= %x 7uC =6pC
QQ

Energy stored in the network, U = EYel

6x6x1071%x7 6
= =21x107 ] =21
2x6x10° . H
Q. 8. Two parallel plate capacitors X and Y have the same area of plates and same separation between
them. X has air between the plates while Y contains a dielectric medium X v

g = 4.
(@) Calculate the capacitance of each capacitor if equivalent capacitance

of the combination is 4 pF.
(i1) Calculate the potential difference between the plates of X and Y.

(7ii) Estimate the ratio of electrostatic energy stored in X and Y. 15V
[CBSE Delhi 2016]
. A
Ans. () Capacitance of X, Cy = 807
| g,A
Capacitance of ¥, C, = ———=4-"—
d d
G, .
C_=4 = CY =4CX (2)
X
As X and Y are in series, so
c,C, Cy.4C,

Come e, M TT Fac,

= Cy=5pFandC, = 4C, = 20 0F
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(i) In series charge on each capacitor is same, so

Q 1
Pd. V—E = VOCE
W by Sy-w (id)
VY CX
Also Vy+Vy=15 N

From () and (i),
4Vy+Vy=156 = V=3V
Vy=15-3=12V
Thus potential difference across X, Vx = 12V, Pd. across Y, Vy = 3 V

(i) Energy storedinX Q*/2C, C, 4 N U, 4
(1 = =¥ 2 Zx _ =
Energy storedinY Q%/2C, C, 1 U 1

Q.9. In a parallel plate capacitor with air between the plates, each plate has an area of 5 X 10~ m®
and the separation between the plates is 2.5 mm.
(i) Calculate the capacitance of the capacitor.
(i) If this capacitor is connected to 100 V supply, what would be the charge on each plate?
(7i7) How would charge on the plates be affected, if a 2.5 mm thick mica sheet of K = 8 is
inserted between the plates while the voltage supply remains connected? [CBSE (F) 2014]
) i g 4
Ans. (1) Capacitance, C = e
_ 8.85x10"x5x107
2.5x107
=177 x 10*F
(1) Charge Q = CV
=17.7 x 107% x 100
=177 x 10" C
(r) New charge, Q = KQ
=8x17.7x 107"
= 1.416 x 10° C
Q. 10. A 200 pF parallel plate capacitor having plate separation of 5 mm is charged by a 100 V dc
source. It remains connected to the source. Using an insulated handle, the distance between
the plates is doubled and a dielectric slab of thickness 5 mm and dielectric constant 10 is
introduced between the plates. Explain with reason, how the (i) capacitance, (ii) electric field
between the plates, (iii) energy density of the capacitor will change? [CBSE 2019 (55/2/1)]

Ans. Dielectric slab of thickness 5 mm is equivalent to an air capacitor of thickness = 1o mm.

Effective separation between the plates with air in between is = (5 + 0.50) mm = 5.5 mm

(¢) Effective new capacitance

, 5mm _ 2000
¢ = 200y s m — 11 M
~ 182 uF
(1) Effective new electric field
E = 100V = 200000 V/m, where E = yo_ 100 _ 20000 V/m

 5.5%10%m 11 d  5%1073

~ 18182 V/m

New energy density 9 %0™ (E' )2 3 (10 )2
Original energy density 1 a B
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N 10\’ i, : .,
New Energy density will be (ﬁ) of the original energy density = % the original energy
density.

Q. 11. A parallel plate capacitor of capacitance C is charged to a potential V. It is then connected to
another uncharged capacitor having the same capacitance. Find out the ratio of the energy
stored in the combined system to that stored initially in the single capacitor.[CBSE (A1) 2014]

Ans. Energy stored in the capacitor = éC 1
2
-4
-2
Net capacitance of the parallel combination (when capacitors are connected together)
=C+C=2C &
Since the total charge Q remains same, initial energy = °C
Final energy = i
87 2(20)
/_
7 - 1 . 2
?

Q. 12. Calculate the equivalent capacitance between points 4 and B in the circuit below. If a battery
of 10 V is connected across 4 and B, calculate the charge drawn from the battery by the
circuit. [CBSE East 2016]

C,=10F C,=20 uF
| P |
I |
A 50 WF == B
| |
I R I
Cy;=5puF C,=10pF
C C
Ans. 12 . .
¢, C, CI=10KF  Cy=20uF
This is the condition of balance so there will be no . .
current across PR (50 pF capacitor) A 50 uF-= B
Now C; and C, are in series
_ GG, _10x20 200 20 i
TG, 10120 30 3 0 Ca=bpF T Gy=10uF
Cq and C, are in series |
C,C, 5x10 50 10 10V
34 = = == MF
¢, +C, 5+10 15 3
Equivalent capacitance between A and B is GE10WF o Gy=204F
CAB=CIQ+CS4=@+E=10 uF “ “
3 3 A B
A IO#F B
: I [
Cy;=5uF R C=10pF
L I
10V )
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Q. 13.

Ans.

Q. 14.

Ans.

Hence, charge drawn from battery (Q) = CV
=10 x 10 pC = 100 pC = 10* C
Two capacitors of unknown capacitances C; and C, are connected first in series and then

in parallel across a battery of 100 V. If the energy stored in the two combinations is 0.045 ]
and 0.25 J respectively, determine the value of C; and C,. Also calculate the charge on each

capacitor in parallel combination. [CBSE Delhi 2015]
Energy stored in a capacitor, £ = %C /s
In parallel, 0.25 = %(c1 + C,)(100Y (@)
CcC
D i 2
In series, 0.045= 9 (Cl +C, )(100) (7))
From (i) Ci+Cy=025x2x10"
Cp+Cy=5x%x107 (1))
From (ii G _ 0045 x 2 x 107
rom (i1) ¢+, = 0.
“C 00 x 107 =0 x 107
C,+C, B
From (iii) CyCy= 9x109x5x107° = 4.5 x 107°
2
Cy-Cy= \/(Cl +C2> -4, G,
Cy—Cy =264 % 107 (i)
Solving (z2z) and () C; = 38.2 pF
Cy = 11.8 uF

In parallel 0,=CV
=382x10°%x 100 =382 x 10* C

Qs =CoV
=11.8x 10°%x 100 =11.8 x 107* C

Two capacitors of capacitance 10 puF and 20 uF are connected in series with a 6 V battery. After
the capacitors are fully charged, a slab of dielectric constant (K) is inserted between the plates
of the two capacitors. How will the following be affected after the slab is introduced:

(@) the electric field energy stored in the capacitors?

(b) the charges on the two capacitors?

(c) the potential difference between the plates of the capacitors?

Justify your answer. [CBSE Bhubaneshwer 2015]
GGy
Let Q be the charge on each capacitor. So, Q = V.
G+ G,
Initial electric field energy in each capacitor becomes
Q 1 ¢
Ul—2Cl andU2—2C2
Initial charge on each capacitor co
12
=C\V, = CoV, and = vV
Q 1M1 Q 2v 2 Q Cl + C2

where I/} and V, are p.d across the capacitors
On inserting the dielectric slab the capacitance of each capacitor becomes
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Q. 15.

Ans.

C'l = KC] and C'Q = KCQ
and equivalent capacitance becomes
KC, X KC, G, G,
c = =K
4" KC,+KC, = C +GC,

New charge on the capacitor becomes

C1C2
Q =0,V =K XV

C, + G,
C, G,
Q' = ¢+, VXK
Q =QxK
Q' =KQ
(a) New electric field energy becomes
) Q'Q KQ2
Ui= 2KC,  2C,
2 2
K
o= 1 Q" _KQ

s = oo =
2 KC,  2C,
i.e., electric field energy increases in each capacitor.

(b) Q'=KQ (as stated above) i.e., charges are increases on each capacitor.

,_Q _kKQ_Q
(C) Vl - CII - KCI - Cl
’ K
and V' Q —Q —g

2 = _ = v T
C, KC, G,
i.e., p.d across each capacitor remains same.

A 12 pF capacitor is connected to a 50 V battery. How much electrostatic energy is stored in
the capacitor? If another capacitor of 6 pF is connected in series with it with the same battery
connected across the combination, find the charge stored and potential difference across each
capacitor. [CBSE Delhi 2017]

Electrostatic energy stored, U = %C ?

- éx12x10‘12x50x50]= 15 % 107 ]

C = Equivalent capacitance of 12 pF and 6 pF, in series
1 11 _1+2

cC 12 6 12
= C=4pF
Charge stored across each capacitor
Q=CV=4x%x10" x50V
=2x107"C
In series combination, charge on each capacitor is same.
Charge on each capacitor, 12 pF as well as 6 pF is same.
Potential difference across capacitor C; (12 pF capacitor)
% 10710
B 122 x 100—12 =3 (V B %>
Potential difference across capacitor C, (6 pF capacitor)
_2x107" 100
C6x107"2 3

Electrostatic Potential and Capacitance .
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Q. 16. Two identical capacitors of 12 pF each are connected in series across a battery of 50 V. How
much electrostatic energy is stored in the combination? If these were connected in parallel
across the same battery, how much energy will be stored in the combination now?

Also find the charge drawn from the battery in each case. [CBSE Delhi 2017]
. L 1 1 1 ) 1 1 12 pF 12 pF
e = — L
Ans. In series combination: C (12 12/ C, 6 I I
C,=6x10712F
_ Lope
U, = 9 cv
U= Lx6x1072x50%50 ] *)
2 50V
U =175x10"]
Q,=C,V=6x10" x50
=300 x 107 C =3 x10""C
In parallel combination: C, = (12 + 12) pF HI2 pr
C,=24 x 107°F
U, = éx24x10-12><2500]
I
=3x107°] 12 pF

Q,=CV
-12
Q,=24x 107" x50 C
Q,=12x10°C 50 V
Q. 17. 1In the following arrangement of capacitors, the energy stored in the 6 uF capacitor is E. Find
the value of the following:

+| |-
(@) Energy stored in 12 uF capacitor. | |_| :
(7t) Energy stored in 3 uF capacitor.
(iii) Total energy drawn from the battery.

[CBSE (F) 2016] | 16 uF
Ans. Given that energy stored in 6 pF is E. I
(¢) Let V' be the voltage across 6 uF capacitor I I
Also, 6 pF and 12 pF capacitors are in parallel. I I o 3 uE

Therefore, voltage across 12 uF = Voltage across 6
uF capacitor

E=1CV2=1><6><V2 = V:\/E
2 2 3

2
Energy stored in 12uF=éx12><[\/§j =2E

(1) Since charge remains constant in series. Sum of charge on 6 puF capacitor and 12 pF capacitor
is equal to charge on 3 pF capacitor.
Using Q = CV,
Charge on 3 pF capacitor = (6 + 12) X I'=18 X IV
2 2 2
Q* (8v)y 18x18£ﬁ] _18E

E tored in 3 F itor = == = —_—
nergy stored 1n capacitor oC~ 9x3 6 3

(u7) Total energy drawn from battery = E + 2E + 18E = 21E
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. . alculate the potential difference and the ener stored 1n the capacitor 1n the circuit
18. Calculate the p ial diff d th gy d in the capacitor C, in the circui
shown in the figure. Given potential at A is 90 V, C; = 20 uF, C, = 30 pF, C3 = 15 pF.

[CBSE Allahabad 2015]
[ [l [l
A ’_| [ [l 1
G (&

.||||.

Ans. Capacitors Cy, C, and Cjy are in series. So, its net capacitance is

1 1 1 1 1 1 1

- =4 — = - 4+ —

¢ ¢ G ¢ 20 30 15

Cs= 2—30pF

Net charge on the capacitors, C;, Cy and Cg remain same.
q=Cs(Vy=Vg)
= 2—30qu(90—0)= 600uC

The p.d across C, due to charge 600 pC is

600y
C, 30
Energy stored in the capacitor C,,

1¢( 1 1 ;
U, =5 C—(or§C2 v j = 5% 0UFx(20)" = 6000 4= 6X10°J

2

Q. 19. In a network, four capacitors C;, C,, C;3 and C, are connected as shown in the figure.

2=6

[
3 I

C

[ I
|

4

I
|
uF

il

(a) Calculate the net capacitance in the circuit.

(b) If the charge on the capacitor C, is 6 nC, (i) calculate the charge on the capacitors C; and
C,4, and (i) net energy stored in the capacitors C; and C, connected in series.

[CBSE 2019 (55/2/3)]
Ans. (a) Capacitance across Cg & Cy ~
_l2x4 o Conr
34 _. 16 M C, C, )
Capacitance across Co & C; ¥ ¥
Cy=6+3=9pF |l ||
Equivalent capacitance 12uF 44F I I
C _9x3  9pF Cy=3 F
q 12 4
. &
®) () Q =60C, V= n
1 | !
_6x107° _ o
3x107°

Electrostatic Potential and Capacitance .



Q, = C,V; = 6x107°x2 = 12C
As Cg & C, are in series they carry a charge of 18 pC each

@) Q= 18pC
Cyy =3pF

1 Q% 1 (18x1079?

E, =-— =

3 2 C34 S 2 3x107°

E,, = 54x% 10~%joule
Q. 20. Two identical parallel plate (air) capacitors C; and C, have
capacitances C each. The space between their plates is now filled
with dielectrics as shown. If the two capacitors still have equal
capacitance, obtain the relation between dielectric constants K,
K, and K,. [HOTS] [CBSE (F) 2011]
Ans. LetA — area of each plate.

- — -

g 4
d

After inserting respective dielectric slabs:
C, =KC .. ()
€,(A/2)  K,g,(A/2) g)A

and  Cy=K— = 5 (K Ky

, _C

€=y

From (i) and (i7)
’ ’ C 1
C\=Cy = KC=g(K+K) = K=g(K +K)

Letinitially €, = C = =C,

(K, +K,) ... (i)

Q. 21. You are given an air filled parallel plate capacitor C;. The space between its plates is now
filled with slabs of dielectric constants K, and K, as shown in C,. Find the capacitances of the
capacitor C,. if area of the plates is A and distance between the plates is d.

[HOTS] [CBSE (F) 2011]

A
Ans. ¢ = %4 dr2
' d c, KON 1 C2
11
G, K, g,A4 K, g,A4
d/?2 d/?2
d d
2 Keg, A 2K.e,4 2
1 41 1 9 Al KK d d
— | > =Rl iR
C, 2%,A|K, K, d | K +K,
K K. K K.
c,=oc,| KK | o | 2KK
K, +K, K +K,

Q. 22. A slab of material of dielectric constant K has the same area as that of the plates of a parallel
plate capacitor but has the thickness d/2, where d is the separation between the plates. Find out
the expression for its capacitance when the slab is inserted between the plates of the capacitor.

[HOTS] [CBSE (AI) 2013]
Ans. T 4‘— Area = A

Separjtion ‘a’ Vacuum Dielectric %
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Q. 23.

Ans.

Q. 24.

Ans.

Capacitance with dielectric of thickness 7’

co_ 84 Putt=g
d—t+L
K
€ g,A4
C= 0 __% g 4 2e,4K
g-dpd d _d d 1\ dEK+1)
2 2K 2 2K §<1+f>

Two identical parallel plate capacitors 4 and B are connected to a battery of V volts with the
switch S closed. The switch is now opened and the free space between the plates of the capacitors
is filled with a dielectric of dielectric constant K. Find the ratio of the total electrostatic energy
stored in both capacitors before and after the introduction of the dielectric. [CBSE (41) 2017]

Two capacitors are connected in parallel. Hence, the potential on each of them remains the
same. So, the charge on each capacitor is

Q,=0Qp=CV
1 1 ¢
Formula for energy stored = EC V= CYGl

Net capacitance with switch S closed = C + C = 2C

Energy stored = % X 20XV = CV?

After the switch § is opened, capacitance of each capacitor = KC
In this case, voltage only across A remains the same.

_ 9
¢~ KC

Energy stored in capacitor A = éKC s

12 1 1o

2 KC 2 KC 2 K

I e el
Total energy stored = 2KCV + 9 K

1 1

_ 1 2 =
— eV <K+K>

2
=LCV2<K +1)

The voltage across B changes to V' =

Energy stored in capacitor B =

2 K
2CV°.K 2K
CV’K2+1) (K*+1)

Required ratio =

A charge Q is distributed over the surfaces of two concentric hollow spheres of radii r and
R (R >> r), such that their surface charge densities are equal. Derive the expression for the

potential at the common centre. [CBSE 2019 (55/5/1)]
If charge ¢, is distributed over the smaller sphere and ¢, over the larger sphere, then
Q=yq +q2 ..(2)

Electrostatic Potential and Capacitance .



If 6 is the surface charge density of the two spheres, then 4= Q~q,
_h D

0 5 = .
am?  4nR? ’
or q = 4?6 and qy = 4nR*6

From (i), we have c
Q = 4% + 4nR%6
= 4m6(r* + R?)
_ Q
0= 2 2
4m(r° + R%)
The potential at a point inside the charged sphere is equal to the potential at its surface.

or

So, the potential due to the smaller sphere at the common centre,

14
U odme, " 7
Also, the potential due to the larger sphere at the common centre,
1
2 4me, R

Potential at common centre

_ 1 (a9
V= 4n€0(7+f>

2 2
_ 1 X4nro+4nR6]
47‘[80 r R
_0+R6 1 [QUFR) .
= g, = Ine, [ 2 (By putting the value of c)

Q. 25. (a) Derive an expression for the electric potential at any point along the axial line of an
electric dipole.

(b) Find the electrostatic potential at a point on equatorial line of an electric dipole.
Ans. (a) Potential at point P

Ve = Vﬂ + V+q A<—a—>»0<«—a—> B (r—a)—»P
_ 1 ) 1 q -q ° 9 °
4ne, (r+a) 4mg, (r-a) . b r+a) r —
9 11
o dng, [(r—a) (r+a)
9 |(rta-r+a
- 4ane, [ (r—a)(r ta)
_ 429X 2a
aney (2 -a?  4me, (* -dd)
1 P . .
= e, X R (where p is the dipole moment)
. 2 2 _ = v
For a short dipole, a”<<r",so V' =V = X5
47‘[80 r

(b) Let P be a point on the equatorial line of an electric dipole due to charges —g and +¢ with
separation 2a

The distance of point P from centre of dipole = r
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AP = BP = »* +4d° P

. . L (9 4 SN
Electrostatic potential at P, V,, = dne \BP AP {& . | S NPT
0 S | \\
\// :r \\
1 [ g q _ . ! R
- VP_4T[€[\/2 2 /2 2|0 e a 3 N
olvr - +a r"+a —-q & L

That is electrostatic potential at each equatorial
point of an electric dipole is zero.

Q. 26. If N drops of same size each having the same charge, coalesce to form a bigger drop. How will

the following vary with respect to single small drop? [CBSE Sample Paper 2017]
(i) Total charge on bigger drop

(it) Potential on the bigger drop
(7i7) Capacitance
Ans. Letr, ¢ and v be the radius, charge and potential of the small drop.
The total charge on bigger drop is sum of all charge on small drops.
(1) .. Q = Nq (where Q is charge on bigger drop)

(1) The volume of N small drops = N %mg

Volume of the bigger drop %KRS

Hence, N%T{rg = %T[Rg = R = N3y
Potential on bigger drop, I/ = X g
88 P e, R
1 Ng 1 NPy

4me, NV3,  4me, T

= LE.N% = N23, [v 17
4ne, r 4ne, r
(u2) Capacitance = 4mgyR
= 4me N U3y
= N (4negr)
= N"3¢C [where C is capacitance of the small drop]

Q. 27. (a) Explain briefly, using a proper diagram, the difference in behaviour of a conductor and a
dielectric in the presence of external electric field.

(b) Define the term polarization of a dielectric and write the expression for a linear isotropic

dielectric in terms of electric field. [CBSE 2019 (55/3/1)]

Ans. (a) For conductor: Due to induction the free electrons

collect on the left face of slab creating equal positive "
charge on the right face. Internal electric field is equal
and opposite to external field; hence net electric field E=0
(inside the conductor) is zero.

|
+4++++
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For dielectric: Due to alignment of atomic dipoles along E, the net electric field within the

dielectric decreases.
— > E

B B

-+ 3+
-+ 3+
—+ 3+
3+ 3+
-+ 3+

3+ 3+

68888HEBY

B B

— 7P
(0) The net dipole moment developed per unit volume in the presence of external electric field

. . . =g
is called polarization vector P .

. — —
Expression: P =xE

Long Answer Questions [5 marks]

Q. 1. Derive an expression for the electric potential at a point due to an electric dipole. Mention
the contrasting features of electric potential of a dipole at a point as compared to that due to a
single charge. [CBSE Delhi 2008, 2017]

Ans. Potential at a point due to a dipole.

Suppose, the negative charge — is placed at a
point A and the positive charge ¢ is placed at
a point B (fig.), the separation AB = 2a. The
middle point of AB is O. The potential is to
be evaluated at a point P where OP = r and
ZPOB = 0. Also, letr >> a.
Let AA' be the perpendicular from 4 to PO
and BB' be be the perpendicular from B to
PO. Since a is very small compared to 7,
AP =A'P = OP + 0A'

= OP + AO cos 0

=7+ acosb
Similarly, BP = B'P = OP - OB'

=r—-acos®

The potential at P due to the charge —¢ is

po_ 14 _ 1 q
1 4me, AP 4ne, r + acos0

The potential at P due to the charge ¢ is

- e _ 19
2 4me, BP  4me, r—acosH

The net potential at P due to the dipole is

L I
47180[1"—@(:056 r+acos0
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Q.2.

Ans.

1 q2acosH
4ne 12 — 4% cos?6
1 pcosO
e, 42

Special Cases:
(2) When point P lies on the axis of dipole, then 6 = 0°
cosB = cos0’ = 1

1 P

 4me, 42

(1) When point P lies on the equatorial plane of the dipole, then
. cos 0 =cos 90°= 0
V=20
It may be noted that the electric potential at any point on the equitorial line of a dipole is zero.

Briefly explain the principle of a capacitor. Derive an expression for the capacitance of a
parallel plate capacitor, whose plates are separated by a dielectric medium.

Principle of a Capacitor: A capacitor works on the principle that the capacitance of a conductor
assumed uniform.

+Q -Q
1
Let A be the area of each plate, ‘d’ the separation between the plates, K

the dielectric constant of medium between the plates. If ¢ is the magnitude of charge density of

increases appreciably when an earthed conductor is brought near it.
Parallel Plate Capacitor: Consider a parallel plate capacitor having two
plane metallic plates A and B, placed parallel to each other (see fig.). The
plates carry equal and opposite charges +Q and —Q respectively.

In general, the electric field between the plates due to charges +Q and =
—Q remains uniform, but at the edges, the electric field lines deviate
outward. If the separation between the plates is much smaller than
the size of plates, the electric field strength between the plates may be

+ o+
P

|
|

plates, then

o-2
A
The electric field strength between the plates
9 Lo .
E= Keo where g, = permittivity of free space. (@)
S d g
The potential difference between the plates, V,, = Ed = IST ...(#)
0

Putting the value of o, we get
Q1 Ayd Qd
a8 = K €, T K g4
Capacitance of capacitor,

Q Q =Ke4 D)

= or
Vi (Qd/KeyA) d
This is a general expression for capacitance of parallel plate capacitor. Obviously, the capacitance

is directly proportional to the dielectric constant of medium between the plates.
g,A
. . . 0 . . .
For air capacitor (K=1); capacitance C = ——. Thisis expression for the capacitance of a parallel

plate air capacitor. It can be seen that the capacitance of parallel plate (air) capacitor is




(a) directly proportional to the area of each plate.
(0) inversely proportional to the distance between the plates.
(¢) independent of the material of the plates.

Q. 3. Derive an expression for the capacitance of a parallel plate capacitor when a dielectric slab of

dielectric constant K and thickness ¢ = 92 but of same area as that of the plates is inserted
between the capacitor plates. (d = separation between the plates). [CBSE (F) 2010]
Ans. Consider a parallel plate capacitor, area of each plate being A4, the +qQ -Q
separation between the plates being d. Let a dielectric slab of dielectric  A[]+ 7777} —[1B
constant K and thickness ¢ < d be placed between the plates. The thickness + 0K -
of air between the plates is (d - ¢). If charges on plates are +Q and - Q, : : |~
. I R
then surface charge density —+ ! -
== + : : _
A + : | —
The electric field between the plates in air, E = o _ & + | —
& & Dol o=
. . —d—>
The electric field between the plates in slab, g - 9 _ Q
2
Ke, Keg,A

The potential difference between the plates
V5 = work done in carrying unit positive charge from one plate to another
=XEx (as field between the plates is not constant).

=E1(d—t)+E2t=&(d—t)+&t
g,A Ke, A
Q t
Vs =2 4141+ %
! . _Q _ Q
Capacitance of capacitor, C = — =
- Q& (d—t+i)
g 4 K
g,4 g,4
or, C= 0 ;T 0 1
Tk d;(l‘ﬂ
_d _ & _ &
Here, L‘—2 c. C—d i<1 L>_i(1+i>
"2V " K) 2V K

Q. 4. Derive an expression for equivalent capacitance of three capacitors when connected (i) in

series and (i7) in parallel.
Ans.  (2) In fig. (a) three capacitors of capacitances Cy, Cy, C3 are connected in series between points

A and D.
+Q -Q +Q -Q +Q
+ - + - +
+Q
+ — + — + +
A + Cy B + C, ¢ + +
+ - + - + A + ¢
+ - + - + +
«—V,—> «—V,—» «—V;—> +
< V » < V >

(@) (b)
In series first plate of each capacitor has charge +Q and second plate of each capacitor has
charge —Q i.e., charge on each capacitor is Q.
Let the potential differences across the capacitors Cy, Cy, C3 be V| Vy V5 respectively. As
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the second plate of first capacitor C; and first plate of second capacitor C, are connected
together, their potentials are equal. Let this common potential be V. Similarly the common
potential of second plate of C, and first plate of Cy is V.. The second plate of capacitor Cj is
connected to earth, therefore its potential /;,=0. As charge flows from higher potential to
lower potential, therefore V>V >V >V,

For the first capacitor, v, =V,-V, =g 0!
1

For the second capacitor, Vo =V; =V, :Cg ()
2

For the third capacitor, V, =V, -V, = Cg ... (1)
3

Adding (2), (1) and (u22), we get

Vi+Vy+V, =V, =V, =0 L+L+L ()
1 2 3 A D Cl C2 C&
If IV be the potential difference between A and D, then
V,-V,=V
. From (iv), we get
V=V +V,+V;)=0Q LI (V)
Cl C2 CS

If in place of all the three capacitors, only one capacitor is placed between A and D such that
on giving it charge O, the potential difference between its plates become V, then it will be
called equivalent capacitor. If its capacitance is C, then

p-L .. (i)
C
Comparing (v) and (vi), we get
ng L_;,_L.l_L or 1=L+L+L (vu)
C ¢ G G c ¢ G C,

Thus in series arrangement, “The reciprocal of equivalent capacitance is equal to the sum of
the reciprocals of the individual capacitors.”

(i) Parallel Arrangement: In fig. (¢) three capacitors of capacitance C,;,C,,C, are connected in
parallel.

*q1 =0y
+ -
501:
- +Q -Q
c _
% Q2 02 *
A IC :l B + -
Q QJ2 I 2:| A + — B
a3 + _ A
(13 7q3 E= + —
503; ¥ -
< v > —V—> -

(© (d)
In parallel the potential difference across each capacitor is same V' (say). Clearly the potential

difference between plates of each capacitor
V,=V, =V (say)
The charge Q given to capacitors is divided on capacitors Cy, Cy, C.



Let ¢y, g9, g5 be the charges on capacitors C;, Co, Cg respectively.

Then Q=q tq,tq 0]
and 0 =G Voge = CoVigy = GV
Substituting these values in (2), we get

Q=CV+CV+CV or Q=(C+Cy+Cy)V ..(1)

If, in place of all the three capacitors, only one capacitor of capacitance C be connected
between A and B; such that on giving it charge Q, the potential difference between its
plates be V, then it will be called equivalent capacitor. If C be the capacitance of equivalent
capacitor, then

Q=Cv -..(iid)
Comparing equations (i) and (i), we get
CV=(C;+Cy+ C3)V or C=(C,+Csy+ Cy) ...(1v)

Important Note: It may be noted carefully that the formula for the total capacitance in
series and parallel combination of capacitors is the reverse of corresponding formula for
combination of resistors in current electricity.
Q. 5. (a) Derive an expression for the energy stored in a parallel plate capacitor C, charged to a
potential difference V. Hence derive an expression for the energy density of a capacitor.
[CBSE (AI) 2012, (F) 2013, Allahabad 2015, 2020(55/3/1)]
OR
Obtain an expression for the energy stored per unit volume in a charged parallel plate
capacitor.
(b) Find the ratio of the potential differences that must be applied across the parallel and
series combination of two capacitors C; and C, with their capacitances in the ratio
1 : 2 so that the energy stored in the two cases becomes the same.  [CBSE Central 2016]
Ans. (a) When a capacitor is charged by a battery, work is done by the charging battery at the expense
of'its chemical energy. This work is stored in the capacitor in the form of electrostatic potential

energy.
A B
— —1
vy Q-
+ -
+ —
+ —
Var—1 4 [V
+ —
+ —
+ -
L— L—
“Vjyg=V—r

Consider a capacitor of capacitance C. Initial charge on capacitor is zero. Initial potential
difference between capacitor plates is zero. Let a charge Q be given to it in small steps. When
charge is given to capacitor, the potential difference between its plates increases. Let at any

. . L . q
instant when charge on capacitor be ¢, the potential difference between its plates I/ = ek
Now work done in giving an additional infinitesimal charge dg to capacitor.

aw =Vdq = %dq

The total work done in giving charge from 0 to Q will be equal to the sum of all such
infinitesimal works, which may be obtained by integration. Therefore total work
w=[*vdg=[* Ly =L
0 =) ™

Q
4_2] =L<&2_9>=&2
cl2l, “¢c\2 "2/  2c

If 1V is the final potential difference between capacitor plates, then Q=CV
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Ans.

Energy stored in Cy, U; =

(A WP |
W="9¢ =2tV =3
This work is stored as electrostatic potential energy of capacitor ¢.e.,
2
. . 1 1
Electrostat tential U=—=—CV2 ==
ectrostatic potential energy, U °oCc =9 0% 9 Qv

Energy density: Consider a parallel plate capacitor consisting of plates, each of area A4,
separated by a distance d. If space between the plates is filled with a medium of dielectric

constant K, then
Ke, A

d

Capacitance of capacitor, C =

If o is the surface charge density of plates, then electric field strength between the plates

0]
E = K80=>G—K80E

Charge on each plate of capacitor, Q = 64 = Kg EA
. 0°  (Ke,EA)® ,
Energy stored by capacitor, U = oc = W = EKeoE Ad
But Ad = volume of space between capacitor plates
Energy stored, U = %K&OEQAd

. . 1
Electrostatic Energy stored per unit volume, u, = = 5 Ke £ 2

Ad 2

This is expression for electrostatic energy density in medium of dielectric constant K.

In air or free space (K=1) therefore energy density, u, = éEOE2
1 1

b) Ug=5CVe . U,=5C,V7

s 97s P 9YPlP

Ao, 1oL _
SO, C, =5 (given) = C, = 2C,
Us=Up
) c .
series equivalent  parallel
= =
Vlmm llel Cequ ivalent series

C G,
Cl C2
C, +C,

C,+Cy 3G

-3
VGG ec? V2

_ 1

5 C, V?

Charge on other capacitor of capacitance Cs is go = Cy V),

Find the expression for the energy stored in the capacitor. Also find the energy lost when
the charged capacitor is disconnected from the source and connected in parallel with the
uncharged capacitor. Where does this loss of energy appear?

Refer to Q. 5 (a), Page number 98.
Let a charged capacitor of capacitance C; is charged by a cell of emf V' volt. When this capacitor

is connected with uncharged capacitor C, and charge distributes between capacitors still they
acquire common potential say I, volt.

[CBSE Sample Paper 2017]

But total charge on pair of plates committed together remains constant equal to Q = ¢; + ¢



where, V|, = common potential

vV
"w="tc+¢
1 9
, , 1 v o\
Energy stored in both capacitor, U, = 5((;1 + CQ) X Cl " C2
21,2
1 CiV
2C +C,
21,2
Loss of energy H = U, - U —LCV2 1 G
YT TIT R T g Te ¢+,
C C.C, V2
=LC 2l 1 _ 12
2 71 C, +C, 2C, + C,

The lost energy appears in the form of heat.

Q. 7. (a) Explain why, for any charge configuration, the equipotential surface through a point is
normal to the electric field at that point.

Draw a sketch of equipotential surfaces due to a single charge (- ¢), depicting the electric
field lines due to the charge.

(b) Obtain an expression for the work done to dissociate the system of three charges placed at

the vertices of an equilateral triangle of side ‘a’ as shown below. [CBSE North 2016]
q
a a
—4q a +2¢q

Ans. (a) The work done in moving a charge from one point to another on an equipotential surface is
zero. If the field is not normal to an equipotential surface, it would have a non zero component
along the surface. This would imply that work would have to be done to move a charge on
the surface which is contradictory to the definition of equipotential surface.

Mathematically
Work done to move a charge dg on a surface can be expressed as

AW =dg(E.dr)

But dIW = 0 on an equipotential surface

E L dr
Equipotential surfaces for a charge —g is shown alongside.
(b) Work done to dissociate the system = — Potential energy of the system

-1 {(—4(1)(4) L 29 +(—4q)(2q)}

4ne, a a a

104*
4ne,a

1
=~ e, 17107+ 2" - 8¢%] =+
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Q. 8. (i) Compare the individual dipole moment and the specimen dipole moment for H,O
molecule and O, molecule when placed in

(a) Absence of external electric field
(b) Presence of external eclectic field. Justify your answer.

(it) Given two parallel conducting plates of area 4 and charge densities +c and —c . A dielectric
slab of constant K and a conducting slab of thickness d each are inserted in between them
as shown.

Dielectric
Conductor

+ 4+

() Find the potential difference between the plates.
(b) Plot E versus x graph, taking x = 0 at positive plate and x = 5d at negative plate.
[CBSE Sample Paper 2016]

Ans. (2)
Non-Polar (O,) Polar (H,O)
(a) Absence of electric field
Individual No dipole moment exists Dipole moment exists
Specimen No dipole moment exists Dipole are randomly oriented.
NetP =0
(b) Presence of electric field
Individual Dipole moment exists Torque acts on the molecules to
(molecules become polarised) . -
align them parallel to £
Specimen Dipole moment exists Net dipole moment exists parallel
to E

(i) (a) The potential difference between the plates is given by

EO EO
V=Ed+—d+Ed+0+Ed = V=3Ed+—-d

(b) E versus x graph
B— ——
E o
o
k i i i i
a 2d 36 46 5‘d X—>

Electrostatic Potential and Capacitance .



Self-Assessment Test

Time allowed: 1 hour Max. marks: 30

1. Choose and write the correct option in the following questions. B3x1=3)

(1) A parallel plate condenser is filled with two dielectrics as shown. Area of each plate is A
metre” and the separation is d metre. The dielectric constants are K, and K, respectively. Its
capacitance in farad will be

d
€ e A K, +K
(@) 0_<K1+K2) (b) 07 12 2
e A e A (K -K
© — 2K - Ky) (@) ‘;( 5 2)

(iiy The work done is placing a charge of 8 X 107'® coulomb on a capacitor of capacity 100
microfarad is:

(@) 16 x 107*joule () 3.1 x 107 joule
(c) 4 X 10‘10joule (d) 32 X 10‘32j0ule

(u2) A capacitor is charged by a battery. The battery is removed and another identical uncharged
capacitor is connected in parallel. The total electrostatic energy of resulting system

(a) decreases by a factor of 2 (b) remains the same
(¢) increases by a factor of 2 (d) increases by a factor of 4
2. Fill in the blanks. 2x1=2)

(1) A capacitor plates are charged by a battery. After charging battery is disconnected and
a dielectric slab is inserted between the plates, the charge on the plates of capacitor

() The amount of work done is bringing a charge ¢ from infinity to a point un-accelerated and
is equal to acquired by the charge.

©°

What is the electrostatic potential due to an electric dipole at an equatorial point? 1
4. A hollow metal sphere of radius 10 cm is charged such that the potential on its surface is 5V.

What is the potential at the centre of the sphere? 1
5. Why is the electrostatic potential inside a charged conducting shell constant throughout the

volume of the conductor? 1
6. Two identical capacitors of 10 pF each are connected in turn (i) in series, and (i) in parallel
across a 20 V battery. Calculate the potential difference across each capacitor in the first case and
charge acquired by each capacitor in the second case. 2

. Xam idea Physics—XII



7. The figure shows a network of five capacitors connected to a 100 V supply. Calculate the

10.

11.

12.

total energy stored in the network. 2

T']},lF — 2uF

{H!
100V

A slab of material of dielectric constant K has the same area as that of the plates of a parallel plate
capacitor but has the thickness d/3, where d is the separation between the plates. Find out the
expression for its capacitance when the slab is inserted between the plates of the capacitor. 2

Explain briefly the process of charging a parallel plate capacitor when it is connected across a
d.c. battery.

A capacitor of capacitance ‘C’ is charged to ‘V” volts by a battery. After some time the battery
is disconnected and the distance between the plates is doubled. Now a slab of dielectric
constant, 1 < K < 2, is introduced to fill the space between the plates. How will the following be
affected:

(a) The electric field between the plates of the capacitor
(b) The energy stored in the capacitor

Justity your answer by writing the necessary expressions. 2

(a) Deduce the expression for the potential energy of a system of two charges ¢, and ¢, located
at 71 and ?2 respectively in an external electric field.

(b) Three point charges, + Q, + 20Q and — 3Q are placed at the vertices of an equilateral triangle
ABC of side [. If these charges are displaced to the mid-points 4,, B, and C, respectively, find
the amount of the work done in shifting the charges to the new locations. 3

A capacitor is made of a flat plate of area A and second plate having a stair like structure as
shown in figure below. If width of each stair is A/3 and height is d. Find the capacitance of the

arrangement. [CBSE Sample Paper 2017] 3

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

Calculate:
() The potential  and the unknown capacitance C.

(1) What will be the charge stored in the capacitor, if the voltage applied had increased by
120 V? 3



13. (@) Distinguish, with the help of a suitable diagram, the difference in the behaviour of a
conductor and a dielectric placed in an external electric field. How does polarised dielectric
modify the original external field?

(b) A capacitor of capacitance C is charged fully by connecting it to a battery of emf E. It is then
disconnected from the battery. If the separation between the plates of the capacitor is now
doubled, how will the following change:

(2) charge stored by the capacitor.
(i) field strength between the plates.
(u2) energy stored by the capacitor.

Justify your answer in each case. 5

Answers

L () () (i) (d) (i2) (a)
2. (i) remain same (1) electrostatic potential energy

6. 20V, 20V, 200 pC, 200 pC

114g,
7. 0.02] 9. (a) decreases (b) increases 11.

184

12. (i) 180 V, 2 uF (i) 600 uC



Current
Electricity

Po pEs

The study of electric charges in motion is called current electricity.
1. Electric Current
The rate of flow of electric charges through a conductor is called electric current.

Current is defined as the rate of flow of electric charge.

or Instantaneous current [ = ——

di

Conventionally, the direction of current is taken along the direction of flow of positive charge and
opposite to the direction of flow of negative charge (electron).
Current is a scalar quantity. SI unit of electric current is ampere (A).

2. Flow of Electric Charges in a Metallic Conductor
A metallic conductor contains free electrons as charge carriers, while positive ions are fixed in the
lattice. When no potential difference is applied, the motion of free electrons is random so there
is no net current in any direction. When a potential difference is applied across the conductor
the free electrons drift along the direction of positive potential so a current begins to flow in the
conductor, the direction of current is opposite to the direction of the net electron flow.

3. Drift Velocity and Mobility
Drift velocity is defined as the average velocity with which the free electrons get drifted towards the
positive end of the conductor under the influence of an external electric field applied. It is given
by the relation

—~ _ ek
v, = _WT

where  m = mass of electron, ¢ = charge of electron
E = electric field applied

mean free path

T = relaxation time =

root mean square velocity of electrons

Mobility of an ion is defined as the drift velocity per unit electric field i.e.,

Its unit is m%/Vs.



4. Relation between Drift Velocity and Mobility with Electric Current
Current, in terms of drift velocity /=neAv,,
Current, in terms of mobility /=neAunk,
where, n = number of free electrons per metre’,

A = cross-sectional area of conductor.
5. Ohm’s Law

It states that the current flowing in a conductor is directly proportional to the potential difference
applied across the conductor provided physical conditions, e.g., temperature, pressure, etc. remain
the same.

IV or VeI or V=RI
where R is called electrical resistance. Its unit is volt/metre or ohm.

Ohm’s law is not applicable to all types of conductor. It is applicable only for those conducting
materials for which -1 graph is linear.

6. Electrical Resistance

The hindrance offered by a conductor to the flow of current is called the electrical resistance of the
conductor. The electrical resistance of a conductor depends on its length /,
cross-sectional area A and nature of material and is given by
ol Rotz
A
where p is the resistivity of the material and is given by

m . R= ml

P =" . .
ne’t ne’ At r?

7. V-I Characteristics: Linear and Non-linear — Ohmic and Non-ohmic Conductors

The conductors or circuit elements for which
-1 graph is linear are called ohmic conductors.
The examples are metallic conductors. T

On the other hand, the circuit elements for 1 I
which V-I graph is non-linear are called non-
ohmic conductors. The examples are junction

diodes and transistors. —>V —>V
(iY Ohmic (i) Non-ohmic
Electrical Energy and Power
8. Joule’s Law of Heating
The heat which is produced (or consumed) due to the flow of current in a conductor, is expressed
in joules.

Mathematically, amount of heat produced (consumed) is proportional to square of amount of
current flowing through conductor, electrical resistance of wire and the time of current flow

through it.
So,  Ho«I’Ri
2
N H = I"Rt

J

where ] is a joule constant. 1 joule constant is 4.18x10° J/k cal

_ PR _vit _ V2

J ] _JR'

Where V' is the potential difference across wire.

= H



10.

11.

12.

13.

. Power
Rate of energy dissipation in a resistor is called the power i.e.,
W pr=V
Power P—t—VI—IR—R
The unit of power is watt.
Fuse

Itis a safety device used in electrical circuits. It is made of iron-lead alloy. The characteristics of fuse
are high resistivity and low melting point.

When high current (more than fuse-rated value) flows through a circuit, the fuse wire melts and
causes a break in the circuit.

Resistivity (or Specific Resistance)

Resistivity of a substance is defined as the resistance offered by a wire of that substance of 1 metre
length and 1 square metre cross-sectional area.
Resistivity depends only on the material and is independent of dimensions at a given temperature.
The SI unit of resistivity is ohm X metre (QQm).
Conductance and Conductivity
The reciprocal of resistance is called the conductance (G)

1

1.e., G = 3

Its SI unit is (ohm)™' or mho or siemen (S).

The reciprocal of resistivity is called the conductivity ().
Le., 6=—

0
Its SI unit is ohm™ metre™ (or mho m™) or Sm™

Colour Code for Carbon Resistances

Very high resistances are made of carbon. The value of high resistance is specified by four bands of
different colours. The first three bands represent value of resistance while the last band represents
tolerance (variance). The first band represents first digit, second band represents second digit and
third band represents multiplier in powers of 10. The colour of fourth band tells the tolerance.
Absence of fourth band means a tolerance of 20%. The following table gives the colour code for
carbon resistances.

First letter of colour Colour Figure Multiplier % Tolerance
B Black 0 10°=1
B Brown 1 10!
R Red 2 102
O Orange 3 10°
Y Yellow 4 10*
G Green 5 10°
B Blue 6 10°
\% Violet 7 107
G Grey 8 108
w White 9 10°
I 11 11 v
Gold — 107!
Silver — 1072 10
No colour — — 20

To memorise these colour codes, the following sentence is of great help.
B.B. ROY (of) Great Britain (has) Very Good Wife.



14. Resistances in Series and Parallel

(2) When resistances are connected in series, the net resistance (R,) is given by
R =R +Ro+R3+....... +R,
In series [, = I, = I = I, (same)
voltage, IV, = V| +Vo+Vyt+.....+V,
() When resistances are connected in parallel, the net resistance (R,) is given by

F A N
RP Rl RQ ..... Rn
In parallel, current Ip =1} + [y + I + ....... + 1,

voltage V, = Vo = Vg =V
For two resistances R; and R, in parallel
11,1 R R,
R, R R, T ®TR+rR,
P 1 2 R+ R,
15. Temperature Dependence of Resistance
The resistance of a metallic conductor increases with increase of temperature.
R, =Ry [1 + a-1t)]
where R, is resistance at 0°C and R, is resistance at £°C and o is temperature coefficient of resistance.
In general if variation of temperature is not too large, then

RQ - Rl
a=————per’CorperK
R,y - 1)
In terms of resistivity
92 - pl OC K
o = ————per °Cor per
r pl (t2 _ tl) p p

However, the resistance of a semiconductor decreases with rise in temperature.
16. Super Conductors

Some substance lose their resistance when cooled below a certain temperature. These substances
are called superconductors and the temperature below which they lose resistance is called transition
temperature. The transition temperature of Hg is 4.2 K.

17. Electric Cell < % b
It is a device which converts chemical energy into electrical energy. A._7_| MWW
EMF of a cell (E) is defined as the maximum potential difference E v _
when no current is being drawn from the cell. R | X -
Terminal Potential difference (V) is defined as the potential difference A i E r
when current is being delivered to external load resistance.

Internal Resistance (r) of a cell is the hindrance offered by the
electrolyte of cell to the flow of current. Internal resistance of a cell depends on
(1) separation between electrodes.
() area of immersed part of electrodes.
(117) concentration and nature of electrolyte.
E=V+1Ir = V=E-Ir
When a current / is passed in cell in opposite direction by external battery, then terminal
potential difference V =E + Ir
18. Combination of Cells

(1) When n-identical cells are connected in series

E
_ net _ ’I’LE
Current, / (_ R+ Rm) T R+wr

ext
For useful series combination, the condition is R,,, >>R

+External battery —

int



() When m-identical cells are connected in parallel
Enet E
- Rext +Rim - R+ r/m

Condition of useful parallel combination is R < r/m.

1

(1) When N = mn, cells are connected in mixed grouping (m-rows in parallel, each row containing
n cells in series

)
E E
Current, I= 1 v ]n?“i
Ryl om nr
m
Condition for useful mixed grouping is R,,, = R,
i.e., R = L
m

(tv) When two cells of different emfs £, and E, and different internal resistances r; and r, are
connected in parallel as shown in fig. then net emf of combination is

E, Ok, E,
n 7 E1 7 + E271 (!
E=——7 = n
- 4+ — T] 72
. . " £ = f2
Net internal resistance 7,
1 1 1 Ny
L 1.1 y =12
t
Tw N % "ot

19. Kirchhoff’s Laws
(i) First law (or junction law): The algebraic sum of currents meeting at any junction in an
electrical network is zero,
ie., 2I=0
This law is based on conservation of charge.
(i1) Second law (or loop law): The algebraic sum of potential
differences of different circuit elements of a closed circuit
(or mesh) is zero, i.e.,
2V=0
This law is based on conservation of energy. A
20. Wheatstone’s Bridge
It is an arrangement of four resistances £ Q, R, and S forming a closed
circuit. A potential difference is applied across terminals 4 and C. A
galvanometer is connected across B and D. The condition of null point
(no deflection in galvanometer) is

A

+) =
oo (s
21. Metre Brldge ReS|s:t:a§I:1:c:e box  Resistance wire

Metre bridge is based on the principle of (R) (S)
Wheatstone’s bridge. In fact, it is practical __ Db N
application of Wheatstone’s Bridge. It consists of P G Y
1 m long resistance wire. The resistance of wire is G
divided into two resistances P and Q. R is known JA__P) B Q) &\

. . . <+—/cm—pe«—(100-/)cm ——»
resistance and S is unknown resistance. ( )

P R [ R
At balance 0 =3 = 100-0) =7

Rh
100-1>R —+||_—«(W)wa——| AK

/ Cell Rheostat

= unknown resistance, S = <



22.

Potentiometer E, K ¢

It is a device to measure the potential difference _‘_|+ || =— E A RV VhV v

across a circuit element accurately. The circuit Driver battery

containing battery of emf E, is the main circuit Primary circuit

and the circuit containing battery of emf E, A P, B

potentiometer emf £; > emf E,. circuit ]

P
is the secondary circuit. For the working of | gecondary N -
D) E
G

When a steady current is passed through a =
potentiometer wire AB, there is a fall of potential E2 T
along the wire from A4 to B. The fall of potential per unit length along potentiometer wire is called
the potential gradient. If L is length of wire AB and V' is the potential difference across it then

. . |4
Potential gradient k = T

The SI unit of potential gradient is volt/metre.
It is a vector quantity.
If [ is the balancing length of cell of emf E, then E = £l.

If [, and [, are the balancing lengths for two cells of emfs E; and E, for the same potential gradient,
E I
1 _h

then —_ =
E2 12

Selected NCERT Textbook Questions

Q.1

Ans.

Q.2.

Ans.

Ans.

. The storage battery of a car has an emf of 12 V. If the internal resistance of the battery is 0.4 Q,

what is the maximum current that can be drawn from the battery?

Current drawn from battery of emf E, internal resistance r, external resistance R, is
E
I =
R+
For maximum current, external resistance, R = 0
E 12
I=—=—-=30A
r 0.4

A battery of emf 10 V and internal resistance 3 Q is connected to a resistor. If the current in
the circuit is 0.5 A, what is the resistance of the resistor? What is the terminal voltage of the
battery when the circuit is closed.

GivenE=10V,r=3Q, I=05A
Total resistance of circuit R +r = % = % =20Q

External resistance R = 20 -r =20-3 = 17 Q

Terminal voltage V'=IR = 0.5 X 17 =85V

(a) Three resistors 1 O, 2 Q and 3 Q) are connected in series. What is the total resistance of the
combination?

(b) If the combination is connected to a battery of emf 12 V and negligible internal resistance,
obtain the potential drop across each resistor.

(a) In series combination total resistance
R=R +Ry+R;=1+2+3=6Q Ri Ra Rs
(b) In series current in each resistor is the same 10 20 30
S Vo1
=  Current in circuit [ = — = 12 =2A
R 6
Potential difference across [
Ri=1Q,V=IR =2x1=2V "o v

Potential difference across Ry =2 Q, Vo =1IR, =2 X2 =4V
Potential difference across R3 =3 Q, Vg =IR; =2 X3 =6V

Xam idea Physics—XII



Ans.

Ans.

Q. 6.

Ans.

Q.7.

Ans.

(a) Three resistors 2 2, 4 Q and 5 Q) are connected in parallel. What is the total resistance of

the combination?

(b) If the combination is connected to a battery of emf 20 V and negligible internal resistance,
determine the current through each resistor and the total current drawn from the battery.

(a) In parallel combination, net resistance R is given by R,=2Q
1_1 11 A
R R, R, Ry it Ry=4Q
1,1, 1 10+5+4 j
B T
_ 20
= R= 19

I
(b) In parallel combination, the potential difference across each |
resistance remains the same. V=20V

Current in R1=29i511=%1=%=10A
V 20

Currentin R, =4 Qisl,=——=—=5A
2 2 R, 4

Current in R3=5QisIS=RL=&=4A
3 5

. Total current drawn from battery
Atroom temperature (27.0°C), the resistance of a heating element is 100 Q. At what temperature

does the resistance of the element change to 117 Q? Given that the temperature coefficient of
the material of the resistor is 1.70 x 10~* °C™"

Given, Ry; = 100 Q, R, = 117Q, t = ?, a0 = 1.70 x 107*/°C

R -R
Temperature Coefficient o = t727’ temperature / is unknown
R, (t-27)
R -R _
R S - 117-100 = 1000
Ryz-0 100X 1.70 X 10
= ¢t =1000 + 27 = 1027°C

A negligibly small current is passed through a wire of length 15 m and uniform cross-section
6.0 x 107 m® and its resistance is measured to be 5.0 Q. What is the resistivity of the material
at the temperature of the experiment?

Given,[=15m, A =6.0 X 107" m?, R=5.00Q

We h r="
e have, =
X 6.0 % 107
Resistivity o = % = W =2.0x107Qm

A silver wire has a resistance 2.1 Q at 27.5°C and a resistance of 2.7 Q at 100°C. Determine the
temperature coefficient of the resistivity of silver.

Given, R|=2.1Q, t;, = 27.5°C,R, = 2.7 Q, t, = 100°C, o =?
Temperature coefficient of resistance,
R? B Rl
R,y - 1)
_ 2.7-2.1 _ 0.6
T 2.1(100-27.5)  2.1x72.5

a:

=0.0039/°C

Current Electricity .



Q. 8. A heating element using nichrome connected to a 230 V supply draws an initial current of 3.2 A
which settles after a few seconds at a steady value of 2.8 A. What is the steady temperature of
the heating element if the room temperature is 27°C? Temperature coefficient of resistance of

nichrome averaged over the temperature range involved is 1.7 X 10~ per °C. [HOTS]
Ans. Resistance of heating element at room temperature ¢; = 27° C is
V230
R, = 1_1 = W
Resistance of heating element at steady state temperature ¢,°C is
Vo230
Ry = 1—2 = QTQ
. . _ Ry-R
Temperature coefficient of resistance o = Rix(a—1y)
( 230 ) < 230 )
Ry - R, 28 ) \'3.9 3.2-28 .
L= TR T 0 T osxlrxi0t 00

—4
39 x1.7x10

Steady state temperature, t, = 840.3 + ¢, = 840.3 + 27 = 867.3°C
Q. 9. Determine the current in each branch of the network shown in figure.

B

10Q 50

WAWWW—H =
10Q 10V

Ans. According to Kirchhoff’s first law, the current in various branches of circuit are shown in figure.
(L-13)

Applying Kirchhoff’s second law to mesh ABDA.
-10/, =513+ 51, =0

= 2[,-Is+ 13=0 .. ()

Applying Kirchhoff’s second law to mesh BCDB
—5(I, —Iy) +10 (Iy+ Iy) +51, = 0

= 5I1-101,-2013=0

[=1+1,

=  I,-2l,-4l1,=0 ...(ii) A
Applying Kirchhoff’s second law to mesh ADCEFA .

F—wwwww—HF—E

—B5ly— 10(Iy + Iy) + 10— 10 (I, + I,) = 0 100 10V

= O, + 5Iy + 20, = 2 ...(iid)
From (i) I = 21, + I, (i)
From (ii) I, = 21, + 4I, ()

Substituting /; in (iv), we have

. Xam idea Physics—XII



Q. 10.

Ans.

Q.11.

From (v) -314= 21, + I = I} =2
Now from (iit), —4I5— 1515+ 213 =2 = I, =-2/17 A

I =%A, 12=%A, 1=11+12=%A
Current in branch AB = [, = % A,
Current in branch BC =1, - I, = s A
1 3 17
Current in branch AD =1, = iA
217
Current in branch DC =1, + I, = = A
2 3 17
Current in branch BD = I, = —% A
t.e., Current in branch= BD = % A and its direction is from D to B.
Current drawn from cell, I =1, + 1, = % A

(@) In a meter bridge the balance point is found
to be at 39.5 cm from the end A, when the
resistance Y is of 12.5 () . Determine the
resistance of X. Why are the connections
between resistors in a Wheatstone or meter

bridge made of thick copper strips?

(b) Determine the balance point of the bridge if
X and Y are interchanged.

(c) What happens if the galvanometer and cell

are interchanged at the balance point of the
bridge? Would the galvanometer show any
current?

(a) The condition of balance of Wheatstone’s bridge is

X
Y 100-1
Given !/ = 39.5 cm
= X= ! Y—39'5X12.5Q=8.29

100-7 = 605

—~
~

The connections between resistors in a meter bridge are made of thick copper strips to
minimise the resistance of connection wires, because these resistances have not been

accounted in the formula.

(b)) When X are Y interchanged, then / and (100 -/) will also be interchanged, so new balancing

length I’ =100 -7 =100 - 39.5 = 60.5 cm

(¢) If the galvanometer and the cell are interchanged, the position of balance point remains
unchanged, but the sensitivity of the bridge changes. Now the galvanometer will not shows

any current.

A storage battery of emf 8.0 V and internal resistance 0.5 Q) is being charged by a 120 V dc

supply using a series resistor of 15.5 Q). What is the terminal voltage of the battery during

charging? What is the purpose of having a series resistor in the charging circuit?

Current Electricity .



Ans.

Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

When battery is being charged by a 120 V d.c. supply, the

current in battery is in opposite direction than normal 8|_|V| A
connections of battery of supplying current. So the potential 050
difference across battery | T I
E=V+IR () 4 % R=155Q
Given E=8V,r=05Q,R =15.5Q
o 120-8 112 +2120 Ve
Current in circuit [ = = =7A dc

155+0.5 16
V=8+7x05=115V

Series resistance limits the current drawn from external dc source. In the absence of series

resistance the current may exceed the safe-value permitted by storage battery.

In a potentiometer arrangement, a cell of emf 1.25 V gives a balance point at 35.0 cm length of
wire. If the cell is replaced by another cell and the balance point shifts to 63.0 cm, what is the
emf of the second cell?

Given £y =125V, [, = 35.0cm, [, = 63.0 cm, £, = ?

Ey |
We have _El _Z

£ =(2) k —(ﬁ)xl%v—zzw
= 27\ )M T \8s0) Y T

The number density of free electrons in a copper conductor is 8.5 X 10*®* m™ .How long does
an electron take to drift from one end of a wire 3 m long, to its other end? The area of cross-
section of the wire is 2.0 X10™° m® and it is carrying a current of 3.0 A.

Current in wire, I =neAv,

Givenn =85 x 10®¥m™, ¢ = 1.6x107"9C, I=3.0A, A =20x10°m? 1=3.0m
_ 3.0

ned  85x10%x1.6x10719%x2.0x 107

Time, ¢ = L 30 _ 2.72x10*s = 7 h 33 min

Y 1% 107
The earth’s surface has a negative surface charge density of 10 Cm™. The potential difference
of 400 kV between the top of atmosphere and the surface results (due to the low conductivity
of lower atmosphere) in a current of only 1800 A over the entire globe. If there were no
mechanism of sustaining atmospheric electric field, how much time (roughly) would be
required to neutralise the earth’s surface? (This never happens in practice because there is a
mechanism to replenish electric charges, namely the continual thunder storms and lightning
in different parts of the globe). (Radius of earth = 6.37 x 10° m).
Giveno = 10 Cm™, I = 1800 A, R = 6.37 x 10°m
Surface area of globe, 4 = 4nR*

=4 x 3.14 x (6.37 x 10%?

=5.1x 10" m?
Total charge on globe, Q =6 .4 = 107 x 5.1 x 10"
=5.1x10°C

Q  51x10°

Charge Q = It, given { = 7 T 1800 283 s

=4min43s

=1.1x10"" m/s

- Drift velocity v, =

(a) Six lead-acid type of secondary cells each of emf 2.0 V and internal resistance 0.015 Q are
joined in series to provide a supply to a resistance of 8.5 Q. What are the current drawn
from the supply and its terminal voltage?
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(b) A secondary cell after a long use has an emf of 1.9 V and a large internal resistance of 380 Q.
What maximum current can be drawn from the cell? Could the cell drive the starting
motor of a car?

Ans. (a) GivenE =20V, n=6,r = 0.015Q,R =8.5Q

. . nk
When cells are in series, ] = ———
R+ nr

_ . 6x20 12
85+6x0.015 859

=14A

Terminal voltage V'=IR =14 X 85 =119V

(b) Current drawn from cell | =

R+
For maximum current R = 0
) _ E _ 1.9 _
Maximum current, [, = 7~ 380 A=0.005A

For driving the starting motor of a car a large current of the order of 100 A is required,
therefore, the cell cannot drive the starting motor of the car.
Q. 16. Two wires of equal length, one of aluminium and the other of copper have the same resistance.
Which of the two wires is lighter? Hence explain why aluminium wires are preferred for
overhead power cables.

(Par = 2.63 X 10 Qm, p_, = 1.72 x10™® Qm, Relative density of Al = 2.7; of Cu = 8.9).

Ans. The resistance of wire of length [ and cross-sectional area A4 is given by
_ ol _ ol .
R="7 = A= R ..(2)
Mass of wire, m= volume X density =Ald
Substituting the value of A from ()

EN _ ol
m—(R d = m= R

As length and resistance of two wires are same,

So, m o pd
My _ Ouly =<2.68><10‘8 L 27%10°
m 1.72x10%  8.9x10°

This indicates that aluminium wire is 0. 46 times lighter than copper wire. That is why aluminium
wires are preferred for overhead power cables.

= = 0.46
Cu pCu dCu

Q. 17. Answer the following questions:
(a) A steady current flows in a metallic conductor of non-uniform cross-section. Which of
these quantities is constant along the conductor : current, current density, drift speed?
(b) Is Ohm’s law universally applicable for all conducting materials? If not, give examples of
materials which do not obey Ohm’s law.
Ans. (a) Current remains constant throughout the metallic conductor.

. I . . . .
Current density | = s not constant because cross-sectional area is a variable parameter.

Drift velocit =L t tant si —
rift velocity v, = -~ is not constant since v, oc —-.
(b) No, Ohm’s law is applicable only for those conducting materials for which -/ graph is linear.

It fails for those conducting materials for which I~ graph is non-linear. It does not apply to

Current Electricity .
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Q. 18. (a) Given n resistors each of resistance R, how will you combine them to get (i) maximum

(i7) minimum effective resistance? What is the ratio of maximum to minimum
resistance?

(b) Given the resistances of 1 Q, 2 Q, 3 Q; how will you combine them to get the equivalent
resistance of [CBSE (F) 2015]

@) % Q (i) % Q (i) 6 Q (iv) % Q

(c) Determine the equivalent resistance of network shown in figure.

vvvvvv

vvvvvv

vvvvvv

(i) (if)

Ans. (a) () For maximum resistance, we shall connect all the resistors in series. Maximum resistance

R .. =nR
(1) For minimum resistance, we shall connect all the resistors in parallel.
.. . R
Minimum resistance, R . = —
min n
R
Ratio max _ nft_ n?
’ R . R/n

min
(b) The combinations are shown in figure.

(¢) For obtaining the resistance of % Q <= 3+ %) Q the resistance of 3 Q is connected in

series with the parallel combination of resistors of 1 Q and 2 Q.

W

1Q
——WW— e
3Q
2Q
(i) For obtaining the resistance of % Q <= 1+ g) Q the resistance of 1 Q is connected in
series with the parallel combination of 2 Q and 3 Q.
VWW
2Q
Ae—MMVN— —e B
1Q
A
(zi7) All in series ‘/\é\g
rWWA NN Ao Ry=1+2+3=6Q
B
10
. . 1 1,11 6
=+ ==
(7v) All in parallel “ 3 R, 17273 = R, 1 Q
30

(¢) (2) The given network consists of a series combination of 4 equivalent units.

Resistance of Each Unit: Each unit has 2 rows. The upper row contains two resistances

1 Q,1Q in series and the lower row contains two resistances 2 Q, 2 Q in series. These
two are mutually connected in parallel.
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Ans.

Q. 20.

Resistance of upperrow, R, =1 +1=20Q
Resistance of lower row, Ry =2 + 2 =4 Q

Resistance of each unit R’ is given by

L_1 o PR _2x4 4
R-R "R, = "TR+R, 2+4 3
Equivalent resistance between A and B
4 16
Ry =R +R +R +R =4R =4x5 =50

(1) When a battery is connected between A and B, the current in all the 5 resistances passes
undivided; so all the five resistances are connected in series, so equivalent resistance

R,=R+R+R+R+R=5R

Determine the current drawn from a 12 V supply with internal resistance 0.5 Q) by the infinite

network shown in fig. Each resistor has 1 Q resistance. [HOTS]
1Q 1Q 1Q 1Q 1Q
------ *— MWW VWA VWV WWW WWW—e A
12V
10 10 10 10 050
------ *—— MWW WA VWA WWW WWW—e B
1Q 1Q 1Q 1Q 1Q

Let R be equivalent resistance between 4 and B.
As oot 1 = oo, resistance between C and D is the same as between A and B, then equivalent
resistance of R and 1 Q in parallel

RXx1
=R
Net resistance between A and B will be c o A
Ryp=R/ +1+1
Therefore, by hypothesis Ry + 1 + 1 =R R 10 (1)25\6
= R+l 2R S B
- R+2R+1)=RR + 1) 10
= 3R+2=R°+R
= R*-2R-2=0
+/4-4x1x(=2) +
- R=2+ 4 42X1X(2)=2+2\/E=(1+\/§)Q
=1+ 1.732=27320Q
12 12
Current drawn [ = 5739105  3.939 3.7A
Figure shows a potentiometer with a cell of 2.0 V and +,—
internal resistance of 0.40 Q maintaining a potential drop oy 0400
across the resistor wire AB. A standard cell which maintains
a constant emf of 1.02 V (for very moderate currents uptoa  , B

few mA) gives a balance point at 67.3 cm length of the wire.
To ensure very low current is drawn from the standard cell, _| ) AAAA
a very high resistance of 600 kQ is put in series with it, +lo— 600 kO

which is shorted close to the balance point. The standard
cell is then replaced by a cell of unknown emf ¢ and the balance point found similarly, turns

out to be at 82.3 cm length of the wire.
Current Electricity .



(a) What is the value of &?

(b) What purpose does the high resistance of 600 k(2 have?

(c) Is the balance point affected by this high resistance?

(d) Is the balance point affected by the internal resistance of the driver cell?

(e) Would the method work in the above situation if the driver cell of the potentiometer had
an emf of 1.0 V instead of 2.0 V?

(/) Would the circuit work well for determining extremely small emf, say of the order of few
mV (such as the typical emf of a thermo couple)? If not, how would you modify the circuit?

Ans. (a) For same potential gradient of potentiometer wire, the formula for comparison of emfs of cells is

g _b & _ 1

g ll 85 ls
l

8=T83

S

e, = emf of standard cell = 1.02 V
[, = balancing length with standard cell = 67.3 cm

[ = balancing length with cell of unknown emf = 82.3 cm
(82.3 cm)
(67.3 cm)

(b) The purpose of high resistance is to reduce the current through the galvanometer. When
jockey is far from the balance point, this saves the standard cell from being damaged.

Unknown emf ¢ = x1.02V=125V

(¢) The balance point is not affected by the presence of high resistance because in balanced-
position there is no current in cell-circuit (secondary circuit).

(d) No, the balance point is not affected by the internal resistance of driver cell, because we have
already set the constant potential gradient of wire.

(¢) No, since for the working of potentiometer the emf of driver cell must be greater than emf
(¢) of secondary circuit.

(/) No, the circuit will have to be modified by putting variable resistance (R) in series with the
driver cell; the value of R is so adjusted that potential drop across wire is slightly greater
than emf of secondary cell, so that the balance point may be obtained at a longer length. This
will reduce the error and increase the accuracy of measurement.

Q. 21. Figure shows a potentiometer circuit for comparison |P1
of two resistances. The balance point with a standard
resistance R = 10.0 Q is found to be 58.3 cm, while that A ;J‘ B
with the unknown resistance X is 68.5 cm. Determine X
the value of X. What might you do if you failed to find a WWRW L ®
balance point with the given cell «. X I,—
Ans. In first case resistance R is in parallel with cell €, so p.d. I

across R = €.

ie., e=RI ..(1)
In second case X is in parallel with cell &, so p.d. across X = ¢
Le., e=XI (1)

Let k be the potential gradient of potentiometer wire. If /[, are /, the balancing lengths
corresponding to resistance R and X respectively, then

e =kl . (ui1)
e = kly ...()
From () and (wi) RI = ki, ..(v)
From (i) and (iv) XI = ki, ... (vi)
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Dividing (v) by (v), we get

ﬁ = Z = X = ZR
Here R = 10.0 Q, [, = 58.3 cm, [, = 68.5 cm
68.5
X = %XI0.0 =11.75Q

If we fail to find the balance point with the given cell €, then we shall take the driver battery (B,)
of higher emf than emf (g).

Q. 22. Given figure shows a 2.0 V potentiometer used for the 20V
determination of internal resistance of a 1.5 V cell. The I
balance point of the cell in open circuit is 76.3 cm. When a
resistor of 9.5 Q) is used in the external circuit of the cell, the

balance point shifts to 64.8 cm length of the potentiometer [A ) B
wire. Determine the internal resistance of the cell. 15V @
Ans. Internal resistance of the cell ; il' : G
l :
€ 1 :
r=(;-1)R < 3 1>R 98
Here, [, = 76.3 cm,l, = 64.8cm, R =9.5Q
76.9 (76.3 — 64.8)
r (64.8 1) % Q 64.8 950
11.5X9.5
= 648 =1.7 Q

Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.

1. Two resistors of resistance R, and R, having R, > R, are connected in parallel. For equivalent
resistance R, the correct statement is:

(@ R>R,+R, (b) Ry <R, <R,
(¢) Ry <R < (R; + Ry (d) R <Ry <R,
2. The current in the adjoining circuit will be -
i
1
@ 25 A @) 154 — v 300 300
1 1
© 1o A @ 5 A o

3. Dimensions of a block are 1cm X Icm X 100 cm. If specific resistance of its material is
3 x 1077 Q m, then the resistance between the opposite rectangular faces is
(@) 3x10°Q
®) 3x107Q
) 3x10°Q
d 3x10°Q I
4. In the figure a carbon resistor has bands of different 1cm

1cm

colours on its body as mentioned in the figure. The value hver

() 35 x 10°Q+ 10%
) 5.6kQ R
d) 24 x 10° Q+10% Yellow Green

Current Electricity .
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5. A cell of emf E and internal resistance r is connected across an external resistor R. The graph
showing the variation of P.D. across R versus R is

@ v 0 v ©

R R

6. In a Wheatstone bridge, all the four arms have equal resistance R. If resistance of the
galvanometer arm is also R, then equivalent resistance of the combination is
R R

(@) R (b) 2R © 5 @

7. A potentiometer is an accurate and versatile device to make electrical measurement of EMF
because the method involves
(a) potential gradients

(b) a condition of no current flow through the galvanometer

(¢) acombination of cells, galvanometer and resistance
(d) cells

8. Consider a current carrying wire (current I ) in the shape of a circle. Note that as the current
progresses along the wire, the direction of j (current density) changes in an exact manner,
while the current I remain unaffected. The agent that is essentially responsible for is

[NCERT Exemplar]
(a) source of emf.
(b) electric field produced by charges accumulated on the surface of wire.
(¢) the charges just behind a given segment of wire which push them just the right way by
repulsion.
(d) the charges ahead.
9. Two batteries of emf ¢, and &, (¢, > ¢;) and internal resistances r, and r, respectively are

connected in parallel as shown in Figure. [NCERT Exemplar]
(@) The equivalent emf €y of the two cells is between g; and &, £
re., €< €,y < & Ty

(b) The equivalent emf'¢,, is smaller than g,.
(c) Theeg, is given by g, = &, + &, always.
(d) &, is independent of internal resistances r; and 7,. ) 2

10. The drift velocity of the free electrons in a conducting wire carrying a current i is v. If in a
wire of the same metal, but of double the radius, the current be 21, then the drift velocity of
the electrons will be

(@) v/4 (b) v/2 () v (d) 4v

11. Aresistance R is to be measured using a meter bridge. Student chooses the standard resistance
S to be 100 (). He finds the null point at /; = 2.9 cm. He is told to attempt to improve the
accuracy. Which of the following is a useful way? [NCERT Exemplar]
(a) He should measure /; more accurately.

(b) He should change S to 1000 () and repeat the experiment.
(¢) He should change S to 3 () and repeat the experiment.

(d) He should give up hope of a more accurate measurement with a meter bridge.
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12.

13.

14.

15.

16.

17.

18.

19.

Two cells of emf’s approximately 5 V and 10 V are to be accurately compared using a
potentiometer of length 400 cm. [NCERT Exemplar]
(a) The battery that runs the potentiometer should have voltage of 8V.

(b) The battery of potentiometer can have a voltage of 15 V and R adjusted so that the potential
drop across the wire slightly exceeds 10 V.

(¢) The first portion of 50 cm of wire itself should have a potential drop of 10 V.

(d) Potentiometer is usually used for comparing resistances and not voltages.

The resistivity of iron is 1 X 10~ ohm-meter. The resistance of the given wire of a particular
thickness and length is 1 ohm. If the diameter and length of the wire both are doubled the
resistivity will be (in ohm-meter)

(@) 1x107 () 2 x107 () 4 x1077 d) 8 x107

Figure represents a part of a closed circuit. The potential difference between points 4 and B
(V- Vp) is

2p 20 ;3\’ 10
A _____________ B
@ +9V b -9V ©) +3V d) +6V

A student connects 10 dry cells each of emf E and internal resistance r in series, but by
mistake the one cell gets wrongly connected. Then net emf and net internal resistance of the
combination will be

(a) 8E, 8r (b) 8E, 10r (¢) 10E, 10r (d) 8E, %

A metal rod of length 10 cm and a rectangular cross-section of 1cm X %cm is connected to a
battery across opposite faces. The resistance will be [NCERT Exemplar]
(¢) maximum when the battery is connected across 1 cm X o m faces.

(b) maximum when the battery is connected across 10 cm X 1 cm faces.

. . 1
(¢) maximum when the battery is connected across 10 cm X 5 cm faces.

2

(d) same irrespective of the three faces.

Which of the following characteristics of electrons determines the current in a conductor?
[NCERT Exemplar]

(a) Drift velocity alone

(b) Thermal velocity alone

(¢) Both drift velocity and thermal velocity

(d) Neither drift nor thermal velocity.

Temperature dependence of resistivity p(T) of semiconductors insulators and metals is

significantly based on the following factors. [NCERT Exemplar)

(¢) Number of charge carriers can change with temperature 7.

(b) Time interval between two successive collision can depend on 7.

(¢) Length of material can be a function of 7.

(d) Mass of carriers is a function of 7.

A wire of resistance 12Q/m is bent to form a complete circle of radius 10 cm. The resistance

between its two diametrically opposite points A and B as shown in figure is
A B

(@) 30 (b) 671Q © 6Q @) 0.67Q

Current Electricity .



20. Kirchhoff’s junction rule is a reflection of [NCERT Exemplar]
(@) conservation of current density vector.
(b) conservation of charge.
(¢) the fact that the momentum with which a charged particle approaches a junction is
unchanged (as a vector) as the charged particle leaves the junction.
(d) the fact that there is no accumulation of charged at a junction.

Answers
1. (d) 2. () 3. (b) 4. (d) 5. () 6. ()
7. () 8. (b) 9. (@) 10. (b) 11. (c) 12. (b)
13. (a) 14. (a) 15. (b) 16. (a) 17. (a) 18. (@), (b)
19. (d) 20. (b), (d).

Fill in the Blanks [1 mark]

ok
.

The resistivities of semi conductors with increasing temperatures.

The dimension of temperature co-efficient of resistivity is

In nature, free charged particles do exist like in upper strata of atmosphere called the

Increasing the potential difference between the ends of a conductor result in

5. Two identical metal wires have their lengths is ration 2 : 3. Their resistance shall be in the ratio

6. There is a metal block of dimensions 20 X 10 X 15 cm. The ratio of the maximum and minimum
resistance of the block is

7. A cell of emf E and resistance r is connected across an external resistance R.
The potential difference across the terminals of a cell for r = R is

Kirchhoff’s II law for electric network is based on

Kirchhoff’s I law for electric network is based on

10. The value of resistances used in electric and electronic circuit vary over a very wide range.
Such high resistances used are usually resistances and the value of such
resistances are marked on them according to a colour code.

Answers
1. decrease 2. (temperature) ! 3. inosphere
4. increase in the current 5.2:3 6. 4:1 7. E/2
8. conservation of energy 9. conservation of charge 10. carbon

Very Short Answer Questions [1 mark]

Q. 1. Define the term drift velocity of charge carriers in a conductor. Write its relationship with
current flowing through it. [CBSE Delhi 2014]

Ans. Drift velocity is defined as the average velocity acquired by the free electrons in a conductor
under the influence of an electric field applied across the conductor. It is denoted by v,

Current, I = NeA v,
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Q.2.

Ans.

Ans.

Q. 4.

Ans.

Q.5.

Ans.

Q. 6.

Ans.

Define the term ‘Mobility’ of charge carries in a conductor. Write its SI unit. What is its relation
with relaxation time? [CBSE Delhi 2014, (North) 2016]

Mobility is defined as the magnitude of the drift velocity acquired by it in a unit electric field.

_ Pl _ebr _ et

E mE  m

where 7 is the average collision time for electrons.
The SI unit of mobility is m?/Vs or m? V ~'s™",

= ML ocT

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? [CBSE 2019 (55/1/1)]

Mobility is defined as the magnitude of drift velocity per unit electric field.

|vd|_ el e

= = T=_-1
= E " mE" T m .
At constant temperature and length, there is no change in relaxation time i.e., T o T Also it
does not depend on potential difference.

Hence, on changing the potential difference, there is no change in mobility of electrons.
Define electrical conductivity of a conductor and give its SI unit. On what factors does it
depend? [CBSE Delhi 2014, (East) 2016]
The conductivity of a material equals the reciprocal of the resistance of'its wire of unit length and
unit area of cross-section.

Its SI unit is

1 - _ . _
————————) or ohm™ m™ or (mho m™) or siemen m™!
ohm - metre

It depends upon number density, nature of material, relaxation time and temperature.
Plot a graph showing variation of current versus voltage for the material GaAs.

[CBSE Delhi 2014]
The variation of electric current with applied voltage for GaAs is as shown.

Non- ' Negative
linear resistance
region region

~«— Current / (mA) —»

Voltage (V) —

Graph showing the variation of current versus voltage for a material GaAs is shown in the figure.
Identify the region of

T C D
g
= E
3
B
A Voltage V —
(7)) negative resistance (ii) where Ohm’s law is obeyed. [CBSE Delhi 2015]
(¢) In region DE, material GaAs (Gallium Arsenide) offers negative resistance, because slope
AV <0
Al ’
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Ans.

Q. 8.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

Q.11.

Ans.

Q. 12.
Ans.

Q. 13.

Ans.

(i) The region BC approximately passes through the origin, (or current also increases with the

. . N . A
increase of voltage). Hence, it follows Ohm’s law and in this region A—II/ > 0.

Plot a graph showing the variation of resistance of a conducting
wire as a function of its radius, keeping the length of the wire and
its temperature as constant. [CBSE (F) 2013] r
Resistance of a conductor of length /, and radius r is given by

l 1
R = 5 thus R o >
r r

The emf of a cell is always greater than its terminal voltage. Why? 1
Give reason. [CBSE Delhi 2013] 2

(¢) In an open circuit, the emf of a cell and terminal voltage are same.
(@) In closed circuit, a current is drawn from the source, so, I/ = E — Ir, it is true/valid, because
each cell has some finite internal resistance.
Two materials Si and Cu, are cooled from 300 K to 60 K. What will be the effect on their
resistivity? [CBSE (F) 2013]
In silicon, the resistivity increases.

—>

In copper, the resistivity decreases.
For Silicon For Copper

T T

p P

T (Ky—> T (K)—>
Plot a graph showing the variation of current ‘I’ versus resistance ‘R’, connected to a cell of
emf E and internal resistance ‘r’.
E
r+ R

I =

—>R

Give an example of a material each for which temperature coefficient of resistivity is

(i) positive, (ii) negative. [CBSE Sample Paper 2016]
(¢) Copper (Cu) (Temperature coefficient of resistivity (o) is positive for metals and alloys.)

() Silicon (Si) (For semiconductors, o is negative)

Define the current sensitivity of a galvanometer. Write its SI unit. [CBSE (AI) 2013]

Ratio of deflection produced in the galvanometer and the current flowing through it is called

current sensitivity. S, = T

ST unit of current sensitivity S; is division/ampere or radian/ampere.

A cell of emf ‘s’ and internal resistance ‘r’ draws a current ‘I’. Vv
Write the relation between terminal voltage ‘V” in terms of ¢, I a— II °
and r. [CBSE Delhi 2013] (e, 7)

The terminal voltage V' < g,soV =¢e-1Ir
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Q. 14.
Ans.

Q. 15.

Ans.

Q. 16.

Ans.

Q.17.

Ans.

Distinguish between emf and terminal voltage of a cell. [CBSE Patna 2015]

The emf of a cell is equal to the terminal voltage, when the circuit is open.

The emf of a cell is less than the terminal voltage, when the cell is being charged, i.e.,
V=E+ur

Under what condition will the current in a wire be the same when connected in series and in

parallel of n identical cells each having internal resistance r and external resistance R ?

[CBSE 2019 (55/4/1)]
When internal resistance of cell r is equal to external resistance.

Let n identical cell of internal resistance r connected in series and parallel with external resistance R.

_ nme & ne
IS_R+nr and I, R+ Rn +r
. . n
According to question
Iy =1p
ne ne

R+nr  Rn+r
=>R+mnr=Rn+r
= m-r=Rn-R
=7rn-1)=R(n-1)
r=R
Two identical cells, each of emf E, having negligible internal resistance, are connected in

parallel with each other across an external resistance R. What is the current through this
resistance? [CBSE (AI) 2013]

€
Current, [ = R

Concept: (i) emf of combination of two (or more) cells in parallel remain same.

I

(i) Internal resistance is negligible i.e., zero.

8e’] €
So, I = R"‘Teq R (req=0)
Two wires, one of copper and the other of manganin, have same resistance and equal thickness.
Which wire is longer? Justify your answer. [CBSE Guwahati 2015]
Copper

Reason: Let /; and [, be lengths of copper and manganin wires having same resistance R and
thickness i.e., area of cross-section (A).

0,1
Resistance of copper wire, R = %

: o Pyl
Resistance of manganin wire R = 1
= pil; = palo (As pl = constant)
Since p;<<<py
So, by >>> 1,

i.e., copper wire would be longer.

Current Electricity .



Q. 18.

Ans.

Q. 19.

Ans.

Q. 20.

Ans.

Q. 21.

Two wires one of manganin and the other of copper have equal length and equal resistance.

Which one of these wires will be thicker? [CBSE (AI) 2012, (South) 2016] [HOTS]
: ol _ ol

Resistance R = Vi ?

Resistivity p of manganin is much greater than that of copper, therefore to keep same resistance

for same length of wire, the manganin wire must be thicker.

Nichrome and copper wires of same length and same radius are connected in series. Current

I is passed through them. Which wire gets heated up more? Justify your answer.

[CBSE (AI) 2017]

Nichrome wire gets heated up more.
Heat dissipated in a wire is given by

H = I’Rt

n=r0 (r=4)
Here, radius is same, hence area (4) is same. Also, current (/) and length (/) are same.
Hoxp
But Prichrome = Pcopper

Hiichrome > Heopper

I - V graph for a metallic wire at two different temperatures, T; and T, is as shown in the

figure. Which of the two temperatures is lower and why? [CBSE Allahabad 2015]
T
IT
T2
—
\

If a constant current I flows through the conductor, resistance at

temperature 7 and 7T is T /T1
T
1
R, —

_h
T
V2
and R, = 7 % Vs V—
Since Vo>V, = Ry>R,

The resistance of the wire increases with rise of temperature. Hence, 7', is lower than 7 .

Two metallic resistors are connected first in series and then in parallel across a dc supply. Plot
of I -V graph is shown for the two cases. Which one represents a parallel combination of the

resistors and why? [CBSE Bhubaneshwer 2015]
A

V —
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Ans.

Q. 22.

Ans.

Q. 23.

Ans.

Q. 24.

Ans.

Q. 25.

Ans.

Q. 26.

Ans.

Line A represents the parallel combination. A

~—

Reason: At a given potential difference V, current in the combination A

is more than in the combination B. / B
ie., I, > 1,
. V Vv
Since Ry = w— and Ry =
V—
1, I,
= R, < Ry
The variation of potential difference V with length [ in the case of two P
potentiometer P and Q is as shown. Which of these two will you prefer T
for comparing the emfs of two primary cells and why? Q
v
[CBSE (East) 2016] [HOTS]
For greater accuracy of potentiometer, the potential gradient (slope) %
/I —>

must be as small as possible. In the graph given the slope v is smaller for

)

a potentiometer Q; hence we shall prefer potentiometer Q for comparing the emfs of two cells.

I -V graph for two identical conductors of different materials
A and B is shown in the figure. Which one of the two has higher A
resistivity? [CBSE (Chennai) 2015] [HOTS]

The resistivity of material B is higher. I B

Reason: If the same amount of the current flows through them,

then V;>V 4, and from Ohm’s law Rz > R,. Hence the resistivity
of the material B is higher.

A carbon resistor is shown in the figure. Using colour code,

write the value of the resistance. [CBSE 2019 (55/3/1)] © y—
Violet
R}
From colour code table,
Green Violet Red No 4th band
\’ \’ \ \
5 7 2 +20%

5 R =57 x 10°Q +20%
A carbon resistor is marked in colour bands of red, black, orange and silver. What is the
resistance and tolerance value of the resistor?

From colour-code table

Red Black Orange Silver
\ \ 1 1
2 0 3 +10%

R=20%X10°Q+10% = 20 kQ + 10%

For household electrical wiring, one uses Cu wires or Al wires. What considerations are kept
in mind? [NCERT Exemplar]
Two considerations are required: (¢) cost of metal, and (i) good conductivity of metal. Cost factor

Current Electricity .

inhibits silver. Cu and Al are the next best conductors.



Q. 27.
Ans.

Q. 28.
Ans.

Ans.

Q. 30.

Ans.

Q.31.

Ans.

Q. 32.

Ans.

Why are alloys used for making standard resistance coils? [NCERT Exemplar]
Alloys have
(¢) low value of temperature coefficient and the resistance of the alloy does not vary much with
rise in temperature.
(1) high resistivity, so even a smaller length of the material is sufficient to design high standard
resistance.
Why do we prefer a potentiometer to measure the emf of a cell rather than a voltmeter?
A voltmeter has a finite resistance and draws current from a cell, therefore voltmeter measures
terminal potential difference rather than emf, while a potentiometer at balance condition, does
not draw any current from the cell; so the cell remains in open circuit. Hence potentiometer
reads the actual value of emf.
What is the advantage of using thick metallic strips to join wires in a potentiometer?
[NCERT Exemplar]
The metal strips have low resistance and need not be counted in the potentiometer length / of
the null point. One measures only their lengths along the straight segments (of length / metre
each). This is easily done with the help of centimeter rulings or meter ruler and leads to accurate
measurements.
The I-V characteristics of a resistor are observed to deviate from a straight T
line for higher values of current as shown in the adjoining figure why?
[HOTS]

At higher value of current, sufficient heat is produced which raises the

temperature of resistor and so causes increase in resistance. VvV —
V-I graphs for parallel and series combinations of two metallic resistors

are shown in figure. Which graph represents parallel combination? B
Justify your answer. [HOTS]

Graph ‘A’ represents parallel combination.

. . ) ) V.
Reason: In series combination the effective resistance, R = 7 ismore than

parallel combination. The slope of a line of V-I graph represents resistance.

<—>
>

The slope of B is more than A. Therefore B represents series combination —
and A represents parallel combination.

Draw a graph to show a variation of resistance of a metal wire as a function of its diameter

keeping its length and material constant. [CBSE Sample Paper 2017]
1 l 4l

R=0" N il
4 o’ nD?

. 1 . . .

i.e. R a; = R isinversely proportional to diameter

Hence, graph of resistance (R) versus diameter (D) is of the following form.
D
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Short Answer Questions-I [2 marks]

Q. 1. Define the terms (i) drift velocity, (ii) relaxation time. [CBSE Delhi 2011, (AI) 2013]

Ans. (i) Drift Velocity: The average velocity acquired by the free electrons of a conductor in a
direction opposite to the externally applied electric field is called drift velocity. The drift
velocity will remain the same with lattice ions/atoms.

(11) Relaxation Time: The average time of free travel of free electrons between two successive
collisions is called the relaxation time.
Q. 2. (a) You are required to select a carbon resistor of resistance 47 kQ £ 10% from a large collection.
What should be the sequence of colour bands used to code it?
(b) Write the characteristics of manganin which make it suitable for making standard resistance.
[CBSE (F) 2011]
Ans. (a) Resistance= 47kQ + 10% = 47 X 10°Q + 10%
Sequence of colour should be: Yellow, Violet, Orange and Silver
(b) (1) Very low temperature coefficient of resistance.
(i) High resistivity
Q.3. A 10V cell of negligible internal resistance is connected in parallel across a battery of emf
200 V and internal resistance 38 Q as shown in the figure. Find the value of current in the

circuit.
10V
I}
I
I} VW
200V 38Q
Ans. Applying Kirchoff’s law for the loop ABCDA, we have
+200- 38/-10=10 10V
381 = 190 D | c
_ 190 _
I= 33 = 5A
Alternatively: A I vy B
The two cells are in opposition. 200V 380
Netemf =200V -10V =190 V
_V _190V _
Now, I_R_—SSQ =5A
Q. 4. Plot a graph showing variation of voltage Vs the current drawn from
the cell. How can one get information from this plot about the emf of £
the cell and its internal resistance? [CBSE (F) 2016]
Ans. V=€—Ir=>r=€;V 1
AtI=0V=¢ 2
€ ~
When V' =0, I=1r=—
, ]0
The intercept on y-axis gives the emf of the cell. The slope of graph I(ampere)10—>

gives the internal resistance.

Q. 5. Two cells of emfs 1.5 V and 2.0 V having internal resistances 0.2 Q) and 0.3 Q respectively are
connected in parallel. Calculate the emf and internal resistance of the equivalent cell.

[CBSE Delhi 2016]

Current Electricity .



Ans. E =15V, 7 =02Q

E, =20V, % =0.3Q
emf of equivalent cell

El EQ

po i B EnT _(1.5><o.3+2><0.2>:0.45+0.4ov=17v
1,1 N+, 0.2+ 0.3 0.5
n T

1 2

Internal resistance of equivalent cell

1 1 1 h' < 0.2x0.3 )Q _0.06

r o T T T, 02+ 03)? T 05

Q=0.12Q

Q. 6. When 5 V potential difference is applied across a wire of length 0.1 m, the drift speed of
electrons is 2.5 X 107 m/s. If the electron density in the wire is 8 X 10%® m™, calculate the

resistivity of the material of wire. [CBSE (North) 2016]
A We k I =nedv, I = 1 dR = L
ns. We know nedv, R an 0
v
So R = nedv,
V. _RA = o= |4
nev, 1 l 0= e U
5

Qm = 1.56 x 10°Qm

p =
8X 10X 1.6x 1079 x2.5x 107 x 0.1
~ 1.6 X107 Qm
Q. 7. Two conducting wires X and Y of same diameter but different materials are joined in series

across a battery. If the number density of electrons in X is twice that in Y, find the ratio of drift
velocity of electrons in the two wires. [CBSE (AI) 2011]

Ans. In series current is same,
So, IX=IY=I=neAvd
For same diameter, cross-sectional area is same

Ay =A4,=A4
I,=1, = nedv = nyeAvy
U n n
. X Y ) 1
Given n_=2n = LR A ——
x y v, om, 2ny 2

Q. 8. A conductor of length ‘I is connected to a dc source of potential ‘V’. If the length of the
conductor is tripled by gradually stretching it, keeping ‘V” constant, how will (i) drift speed of
electrons and (i) resistance of the conductor be affected? Justify your answer. [CBSE (F) 2012]

. elt 1
Ans. (i) We know that v, = ol <7
When length is tripled, the drift velocity becomes one-third.
; .
(@) R = T l'=3l
New resistance
R = L ><3—Z=9R R' =9R
IR AVTE = B

Hence, the new resistance will be 9 times the original.
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Q. 9. A potential difference V is applied across the ends of copper wire of length / and diameter D.

What is the effect on drift velocity of electrons if [CBSE Ajmer 2015]
(?) Vis halved? (i) l is doubled?
(#it) D is halved?
. . 1 VvirR_ vV ¥
Ans. Drift velocity, v, = med ~ med o\~ neol
e 7)

(1) As v, «V,when Vis halved the drift velocity is halved.

(1) As v & %, when [ is doubled the drift velocity is halved.

(ur) As v, is independent of D, when D is halved drift velocity remains unchanged.

Q. 10. Estimate the average drift speed of conduction electrons in a copper wire of cross-sectional
area 1.0 X 107 m® carrying a current of 1.5 A. Assume the density of conduction electrons to

be 9 x 10%® m3, [CBSE (AI) 2014]
Ans. Flow of current in the conductor due to drift velocity of the free electrons is given by
I = neAv,
s 1.5
T med T 9x 10%x 1.6 107X 1.0 107

=1.042x10~°m/s ~ 1 mm/s
Q. 11. Two electric bulbs P and Q have their resistances in the ratio of 1 : 2. They are connected in
series across a battery. Find the ratio of the power dissipation in these bulbs.
Ans. We know that power, P = I’R
** The current in the two bulbs is the same as they are connected in series.
) )
P =I'R, = P,=IR,
2
L BT |

P, - 121{2 - R, 2

Q. 12. Two bulbs are rated (P,, V) and (P,, V). If they are connected (i) in series and (ii) in parallel
across a supply V, find the power dissipated in the two combinations in terms of P, and P,.
[CBSE 2019 (55/1/1)]

Ans. Let R, and R, be the resistance of the two bulbs. According to question

V2 V2
Rl = P and R2 = P

. 1. 9 . . . .
(¢) If these two resistors aré connected in series, the equivalent resistance

2 2 1 1
ey = Yot ()

LR 1 9
P + P
1 2
R =V1?
; PP,
2 VPXPP,
Power dissipated, P == —————
R, V2P +P)]
L _ hn
TP+ P
(@) If R| and R, are connected in parallel
1 1 1 1 1

R, R, R, VQ/P1 VQ/P2

Current Electricity .



1A B ATH
Ry 22 V2
VQ
P +P,

S R,=

Now power dissipation in parallel combination
v? & V?
Rp V V
P+P,
Pp=P,+ Py
. 13. 1In the circuit shown in the figure, find the total 3uF
g 30
resistance of the circuit and the current in the B AN I

arm CD. [CBSE (F) 2014]

Ans. It can be seen that resistances BC and CD are in series
and their combination is in parallel with AD.

30 30

3Q 3Q
1 1 1 A ANV 5 AN
Then R—P—E-l‘g = RP—QQ

Total resistance of circuitis 24+ 3 = 5 Q

(Due to capacitor, resistor 3 Q in EF will not be counted) 15V

Total current = % =3 A.

This current gets divided at junction A.

Voltage across DFF = 3 Q X 3 A =9 V and Voltage across AD = 15-9 =6V

6 _
I across CD = m—lA

Hence, current through arm CD = 1 A.

Q. 14. Use Kirchhoff’s laws to determine the value of current I, in the given electrical circuit.
[CBSE Delhi 2007]

Ans. From Kirchhoft’s first law at junction C
Iy =1, + 1, (@) E WA F
Applying Kirchhoff’s second law in mesh CDFEC I
4013 —40 + 20/, = 0 or 20 (215 + 1) = 40 c - MWWAM—<—1p
= I+ 20, =2 ...(if) Iy
Applying Kirchhoff’s second law to mesh ABFEA I |
80-207, + 201, =0 80|V 200
= 20 (I, -1,) = -80
= I,-1, =4 ... (uig)
Substituting value of /5 from (7) in (i), we get
IL+2(I,+1,)=2 = 3+ 20, =2 ...(w)
Multiplying equation (izz) by 2, we get
2[,-21, =8 ...(v)
Subtracting (v) from (iv), we get

5I,=-6 = I, = —%A=—1.2A




Q. 15.

Ans.

Ans.

Find the magnitude and direction of current in 1Q) resistor in the given circuit.
Y% p 20 [CBSE (South) 2016]

1

9V

30 Q 30

For the mesh APQBA

6V
-6-1(,-1,) + 31, =0 At P28 c
or I, +4,=6 0 I L1, IQ_figV
For the mesh PCDQP %1 o N
21y — 9+ 31+ 1(Iy - 1})=0 )
_ y I I
or . 6l,—-1,=9 ...(11) B g 3 \gv\g/z\, D
Solving (i) and (i7), we get
45 _ 42
Il = 2—3 and 12 = 23
- Current through the 1 Q resistor = (I, - 1)) = ;_;A

Hence the direction of current in 1 Q resistor from Q to P in the circuit.

A set of ‘n’ identical resistors, each of resistance ‘R’ when connected in series have an effective
resistance ‘X’. When they are connected in parallel, their effective resistance becomes ‘Y.
Find out the product of X and Y. [CBSE 2019 (55/5/1)]

When 7 resistors are connected in series, the resistance is given by

X=R+R+ . upto n terms
X =nR
Again, when n resistors are connected in parallel,
1 _1 .1
Y "R + R T upto n terms
_R
==
XY =nR X % =R’
Figure shows two circuits each having a galvanometer and a battery of 3 V. When the
R
galvanometers in each arrangement do not show any deflection, obtain the ratio Fl
2
[CBSE (AI) 2013]
40 R, 60 120
CG 60Q —— 30V
6Q 20 R, 8Q
I} (o)
[ Z/
3.0V 1.20Q
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Ans.

Q. 18.

Ans.

Q. 19.

Ans.

Q. 20.

Ans.

For balanced Wheatstone bridge, if no current flows through the galvanometer

4 _6
R, 9
4 X9
= R, = 6 =6Q
For another circuit
6 Iy _6%X8 _
9= g TRy =40
f_6_3
R, 4 2

A potentiometer wire of length 1 m has a resistance of 10 Q. It is connected to a 6 V battery
in series with a resistance of 5Q. Determine the emf of the primary cell which gives a balance
point at 40 cm. [CBSE Delhi 2014]
Here, [=1m, R =10Q,V=6V,R,=5Q,/'=04m
Current flowing in potentiometer wire,

vV _ 6 6 _
R +R, 10+5 15 044
Potential drop across the potentiometer wire

I"'=IR=04x10=4V

V4
ST 4 V/m
Emf of the primary cell =kl' =4 X 0.4 =1.6 V
In a potentiometer arrangement for determining the emf of a cell, the balance point of the cell
in open circuit is 350 cm. When a resistance of 9 Q is used in the external circuit of the cell,
the balance point shifts to 300 cm. Determine the internal resistance of the cell.

Here, [, = 350 cm, [, = 300 cm, R = 9 Q
The internal resistance of the cell is given by

l—1
r=( 1 2>R
L

(350-300\_ 50 _
r—<7300 >><9 =500 X9 = 150

In the potentiometer circuit shown, the null point is at X. State with reason, where the balance

I:

Potential gradient, k =

point will be shifted when: Pl R
I L=

(a) resistance R is increased, keeping all other parameters
unchanged;

(b) resistance S is increased, keeping R constant. A B
[CBSE Bhubaneshwer 2015]

Let [ be the balance length of the segment AX on the
potentiometer wire for given resistance R and S.

s —©

(a) If resistance R is increased, the current flow in the main circuit (or wire AB) will decrease.

!
From relation £k = % the potential gradient along the wire AB will decrease. To balance the

emf of the cell, the point X will shift toward the point B, i.e.,
e=kl =kl
Itk <k,so l'>1
(b) For the given resistance R, the potential gradient along the wire remain same. Balance
length ‘/” remain constant. ¢ = k/ and no current flows in the resistance S. If resistance § is
increased/decreased there is no change in the balance length.
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Q. 21. State the underlying principle of a potentiometer. Write two factors by which current sensitivity
of a potentiometer can be increased. Why is a potentiometer preferred over a voltmeter for
measuring the emf of a cell? [CBSE Patna 2015]

Ans. Principle: The potential drop across a part of the potentiometer wire is directly proportional to
the length of that part of the wire of uniform cross section.
V=Frl
where £ is potential gradient.

Current sensitivity of potentiometer wire is also known as potential gradient, and it can be
increased.

(¢) By increasing the total length of the wire, keeping terminal voltage constant.

(1) By connecting a suitable extra resistance R in series with the potentiometer. So, less amount
of the current flows through the potentiometer wire.

Reasons: At the balance point, there is no net current drawn from the cell, and cell is in open
circuit condition. Voltmeter has some resistance, when connected across the cell. Some current
is drawn, as a result emf of the cell decreases. Hence, emf of the cell cannot be measured by the
voltmeter.

Q. 22. Answer the following:

(@) Why are the connections between the resistors in a meter bridge made of thick copper strips?

(b) Why is it generally preferred to obtain the balance point in the middle of the meter bridge
wire?

(c) Which material is used for the meter bridge wire and why? [CBSE (Al) 2014] [HOTS]

Ans. (a) A thick copper strip offers a negligible resistance, so it does not alter the value of resistances

used in the meter bridge.

(b) If the balance point is taken in the middle, it is done to minimise the percentage error in
calculating the value of unknown resistance.

(¢) Generally alloys magnin/constantan/nichrome are used in meter bridge, because these
materials have low temperature coefficient of resistivity.

Q. 23. Two students X and Y perform an experiment on potentiometer separately using the circuit
diagram shown here. Keeping other things unchanged. (i) X increases the value of resistance
R. (ii) Y decreases the value of resistance S in the set up. How would these changes affect the
position of the null point in each case and why?
E
H RF—

[CBSE (South) 2016] [HOTS]

Ans. (1) By increasing resistance R, the current in main circuit decreases, so potential gradient

decreases. Hence a greater length of wire would be needed for balancing the same potential
difference. So, the null point would shift towards right (i.e., towards B).

(1) By decreasing resistance S, the terminal potential difference V' = ¢ — Ir, where I = - _i S)
V= 7 across cell decreases, so balance is obtained at small length i.e., point will be
1+—
S

obtained at smaller length. So, the null point would shift towards left (i.e., towards A).

Current Electricity .



Q. 24.

Ans.

[CBSE (F) 2012] [HOTS]

(¢) By increasing resistance R the current through AB
decreases, so potential gradient decreases. Hence a
greater length of wire would be needed for balancing
the same potential difference. So the null point would shift towards B.

Keeping other parameters unchanged, how will the
position of the null point be affected if

(i) ‘Y’ decreases the value of resistance S in the set-up, while
the key K, remain open and the key K, closed? Justify
your answer in each case.

(@) ‘X’ increases the value of resistance R in the set-up by A
keeping the key K, closed and the key K, open?

+ s 1

Two students ‘X’ and ‘Y’ perform an experiment on potentiometer separately using the circuit

Ki

|E—
L LRI

()
\/

(i1) By decreasing resistance S, the current through AB remains the same, potential gradient
does not change. As K, is open so there is no effect of' S on null point.

Q. 25. What will be the value of current through the 2 Q resistance for the circuit shown in the
[CBSE (F) 2013] [HOTS]

Ans.

Q. 26.

Ans.

10V—=

10V

For loop BCDEB
3+IR+4x0-6=0

figure? Give reason to support your answer.

— 20V

. Xam idea Physics—XII

Using Kirchoff’s rules determine the value of
unknown resistance R in the circuit so that no
current flows through 4 Q resistance. Also find
the potential difference between 4 and D.

Applying Kirchhoff's loop rule for loop ABEFA,
9+6+4x0+2I=0

(D)

20 .

No current will flow through 2 Q resistor, because in a closed loop, total p.d. must be zero. So
10-51, =0 (1)
20-10I,,=0 ..(1)

and resistor 2 Q is not part of any loop ABCD and EFGH

B C F G
I
\12
% 50 100 % — 20V
3 20 ‘
A I, D R E , H
10
E oD
40
10 R
[CBSE Delhi 20121 [HOTS] 6V
I T ] I
\ B | c
9V 3V



Q. 27.

Ans.

Q. 28.

Ans.

Q. 29.

Ans.

Putting the value of 7 from (i) we have
%XR =3 = R=2Q
Potential difference between A and D through path ABCD
9-3-IR =1},
3
=X
2
Calculate the value of the resistance R in the circuit shown in the figure so that the current in
the circuit is 0.2 A. What would be the potential difference between points B and E?

or 9-3- 2=V,, = V,,=3V

' 02A B 50
d VWWWWA C

150
309% 100 %109

3V
A D
R 02AE

[CBSE (AI) 2012] [HOTS]
Here, Ry = 5Q + 10Q = 15 Q

Effective resistance between B and E

1 1 1 1
—RBE _%—'_E—FE = RBE—5Q.

Applying Kirchhoff's Law
5X02+RX02+15xXx02=8-3 = R=5Q
Hence, Vyp=IRg = 0.2 X 5 =1 volt

In the circuit shown in the figure, the galvanometer 5000
‘G’ gives zero deflection. If the batteries 4 and B have VVVVVY ©)
negligible internal resistance, find the value of the

resistor R. [CBSE (F) 2013] [HOTS] y
If galvanometer G gives zero deflection, than current 12v—g §R A= 2V
of source of 12 V flows through R, and voltage across R >
becomes 2 V.
. o € 12
Current in the circuit [ = R +R, = 500+ R
and V=IR=2
12.0 _
( 500+ R )R 2
12R = 1000 + 2R
10R = 1000
= R =100Q

The plot of the variation of potential difference across a combination
of three identical cells in series, versus current is shown alongside. ,, |
What is the emf and internal resistance of each cell?

[CBSE (Central) 2016] [HOTS] I T

We know that for a circuit i
V=E,-I, ...(1)
From graph, when/ =0 A, then V=6 Vand when/=1A 0

then V=0V
Current Electricity .




Putting, V=6 Vand I = 0 A in eq. (i)
6=£,-0r, = E =6V
E,

And,when/=1A,and V=0V
0=6-1.r7, = 71,=6Q

=g tetegg=> g =g =g =¢£= =2V

Yy =71 +79+75 = Ty =019 =7rg=7=

q

Q. 30. A voltmeter of resistance 998 Q is connected across a cell of emf 2 V and internal resistance
2 Q. Find the potential difference across the voltmeter and also across the terminals of the cell.

Estimate the percentage error in the reading of the voltmeter. [CBSE 2019 (55/5/1)]
Ans. V=FE-Ir
)
998 x [ =2-2] 7/
1000 X I =2
2 _
1= 1000 =0.002 A
'=10.002 x 998
V=1.996 V oo 20
AV =2-1.996 by I
= 0.004 V
% error = 02& x100=0.2%
Q. 31. Two electric bulbs have the following specifications.
(@) 100 Wat 220V (1) 1000 W at 220 V.

Which bulb has higher resistance? What is the ratio of their resistances?
Ans. The resistance of filament,

/A%
R=7T=7%
At constant voltage V, the resistance
reed

That is the resistance of filament of 100 W bulb is greater than that of 1000 W bulb.

R P,
. . _m e 1000 _ 10
The ratio of resistances = R, P~ To0 -1 -
Q. 32. Two wires 4 and B of the same material and having same length, have their cross sectional
areas in the ratio 1 : 6. What would be the ratio of heat produced in these wires when same

voltage is applied across each? [CBSE Sample Paper 2017]
Ans. A;:Ap=1:6

10:1

[
H = VR and R = %

9 9 H, V*xA ! H, A
Hy=—bs Hy=— = = szp = 5= C s
l/A ol/A, H, ol VA, H, A,
Q. 33. Two cells of emf 10 V and 2 V and internal resistance 10  and 5 Q respectively, are connected

in parallel as shown. Find the effective voltage across R. [CBSE Sample Paper 2016]

R
A%

2V

|—1>—/vvvx,—

2 50

F—wW\—
1
1 10V 10Q
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Ans.

Q. 34.

Ans.

Q. 35.

Ans.

Q. 36.

Ans.

€ €
%) (-3
. o hoh 10 5
The eftective voltage across R is given by €, = =71 1
10 5

biea) (s

= &= 2V
Two primary cells of emfs wire ¢, and ¢, (¢, > &,) are IH1
. . . [
connected to a potentiometer wire AB as shown in fig.
If the balancing lengths for the two combinations of the
cells are 250 cm and 400 cm, find the ratio of ¢, and &,. 250 400
In first combination g, and &, are opposing each other A B
while in second combination €, and &, are adding each
other, so
_ &1 &2
€ —€, =kl -
g te, =kl
17 %2 3 | G

81 - 82 — _1 81 82

e te,
- € -8 950 N &i-8% 5

g te, 400 g te, 8
= 881 - 882 =581+582 = 381=1382

€

113 _
g—? . 81.82—13:3

First a set of n equal resistors of R each are connected in series to a battery of emf E and
internal resistance R. A current ] is observed to flow. Then the n resistors are connected in
parallel to the same battery. It is observed that the current is increased 10 times. What is n?

[NCERT Exemplar] [HOTS]

. Y
When n resistors are in series, [ = RinR
. . E
When 7 resistors are in parallel, I 107
R+ w
- -
! =10 1+’in—10 = n=10
1+ W "

Two cells of same emf E but internal resistance r; and r, are connected in series to an external
resistor R (Fig.). What should be the value of R so that the potential difference across the

terminals of the first cell becomes zero. [NCERT Exemplar] [HOTS]
7= E+E E E B
R+n+r, —| e l—o—
_ _ 2E _
e S T L I
A MWW
or E= ntrn+tR R
= 1+ 19 +R=2r
= R=r-r9

Current Electricity .



Q. 37. The potential difference across a resistor ‘r’ carrying current ‘I’ is Ir.
(@) Now if the potential difference across ‘7’ is measured using a voltmeter of resistance ‘R,;’, show
that the reading of voltmeter is less than the true value.
(ii) Find the percentage error in measuring the potential difference by a voltmeter.

(iii) At what value of R, does the voltmeter measures the true potential difference?
[CBSE Sample Paper 2016] [HOTS]

Ans. (1) V = Ir (without voltmeter R))
IR, Ir

V’: =
7+RV

’

1+—
Ry,
V<V

(2) Percentage error

(VI‘/V'>><100=<

¥
X100
r+RV>

i) Ry > o, V' =Ir=V

Short Answer Questions-II [3 marks]

Q. 1. (i) Derive an expression for drift velocity of free electrons.
(i) How does drift velocity of electrons in a metallic conductor vary with increase in
temperature? Explain. [CBSE (Central) 2016]
Ans. (1) When a potential difference is applied across a conductor, an electric field is produced
and free electrons are acted upon by an electric force (F,). Due to this, electrons accelerate
and keep colliding with each other and acquire a constant (average) velocity v, called drift
velocity.
Electric force on electron F, =— ¢E
If m is the mass of electron, then its acceleration
F _—E
ST
Now, v =u + at

. . e e
Here, u = 0,¢ = T (relaxation time), v = vy

E
— e
vd=0——'t
m
— eT —
= v, =-——FE
m

(1) With rise of temperature, the rate of collision of electrons with ions of lattice increases, so
relaxation time decreases. As a result the drift velocity of electrons decreases with the rise of
temperature.

Q. 2. (a) State Kirchhoff’s rules and explain on what basis they are justified.

(b) Two cells of emfs E, and E, and internal resistances r; and r, are connected in parallel.
Derive the expression for the (i) emf and (ii) internal resistance of a single equivalent cell
which can replace this combination. [CBSE Patna 2015]

Ans. (a) Kirchhoff’s Laws

(2) First law (or junction law): The algebraic sum of currents meeting at any junction is
z€ero, l.e., XI=0
This law is based on conservation of charge.
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(11) Second law (or loop law): The algebraic sum of potential differences of different circuit
elements of a closed circuit (or mesh) is zero, i.e.,

XV =0

This law is based on conservation of energy.

I=1;+1,

(a) (b)

Let I, and I, be the currents leaving the positive, terminals of the cells, and at the point B

I=1+1 .. (1)
Let V be the potential difference between points A and B of the combination of the cells, so
V=E -In ...(1) (across the cells)
and V =Eq—Iorg ... (uig)
From equation (i), (i) and (ii7), we get
(E,~V) (Ey-V)
B + 7

E E 1 1
1 2 )
_(_’i + T )_[ (Vl 7’2) ...(10)

Fig. (b) shows the equivalent cell, so for the same potential difference

V=E,-I,
Eqy v
or I=——-7— ...(v)
) oy
On comparing Eq. (v) and (v), we get
E, _E Ey
Teq h Ty
I 1 1 _ hh
and Cq_71+7’2 = Tﬂl_rl+72

On further solving, we have

1 1\ E L

Eeq<n+r2)-71+72
E172+E21’1

= =70

¢q n ot
Q. 3. The following table give§ thé length of three copper wires, their diameters, and the applied
potential difference across their ends. Arrange the wires in increasing order according to the

following:

(7) the magnitude of the electric field within them,

(i) the drift speed of electrons through them, and

(7ii) the current density within them.

Wire No. Length Diameter Potential Difference
1 L 3d A%
2 2L d \Y
3 3L 2d 2V

Current Electricity .



. V V 2V
Ans. () E, = E, = Q_L’E3 =—7
= E, <E; <E,
() v, E
= v,
(z2) I = nAev,

where, I = Current produced

<v, <v
2 d:% dl

A = Cross-sectional area of conductor
n = no. of electrons per unit volume in the conductor
v, = drift velocity

¢ = charge on electron = -1.6 x 1077 C

Current diversity | = %
]=nevd = ]ocvd = ]2 <]3 <]1

Q. 4. Using the concept of free electrons in a conductor, derive the expression for the conductivity
of a wire in terms of number density and relaxation time. Hence obtain the relation between
current density and the applied electric field E.

. - =
Ans. The acceleration, a = —%E

The average drift velocity is given by, v, = —%T

(t = average time between collisions or relaxation time)
If n is the number of free electrons per unit volume, the current / is given by
I = ned|v,]|

2
e A
= TT’nlEl

But I =|j | A (where j= current density)
Therefore, we get

2
. ne
1= Tl E ]

ne” . .
The term - —Tis conductivity.

= J=ok

Q. 5. A metal rod of square cross-sectional area 4 having length [ has current I flowing through it
when a potential difference of V' volt is applied across its ends (figure (i)). Now the rod is cut
parallel to its length into two identical pieces and joined as shown in figure (ii). What potential
difference must be maintained across the length 2/ so that the current in the rod is still I?

[CBSE (F) 2016]

—— e | —
/ /

!
0] (ii)
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Ans.

Ans.

Q.7.

Ans.

Let resistance of metal rod having cross sectional area 4 and length [ be R

[

= Rl = OX
Also, resistance of metal rod having cross sectional area A and length 2/
_ 2 R=ol
R, =9 A [ R=0p A]
2

Let V" be potential difference maintained across rod. When the rod is cut parallel and rejoined

A
by length, the length of the conductor becomes 2/ and area decreases by R
For maintaining same current,

V v’
[ =—=
R, R,
_L_ V, r
1 R1—4R1=>V 4V

The new potential applied across the metal rod will be four times the original potential (V).
Two metallic wires, P, and P, of the same material and same length but different cross-sectional
areas, A, and 4, are joined together and connected to a source of emf. Find the ratio of the
drift velocities of free electrons in the two wires when they are connected (i) in series, and
() in parallel. [CBSE (F) 2017]
We know that,

1
I = nedv, = U= ed
Let R| and R, be resistances of P| & Py and A| & A, are their cross sectional areas respectively.
l [
Rl = 071 and R2 = 072
(?) When connected in series, Pr P2
€
el o )
—+ neA
O (Al A A
Uy, € A ,
: ( oL ol ) y IV
— +—|ne
4, 4, ? Py
(1) When, connected in parallel,
e 1
ol " med, P2
Ya, 4, 1
de B € 1 B
ol "ned, i:e
A

2

Two heating elements of resistance R, and R, when operated at a constant supply of voltage,
V, consume powers P, and P, respectively. Deduce the expressions for the power of their
combination when they are, in turn, connected in (i) series and (ii) parallel across the same

voltage supply. [CBSE (Al) 2011]
(2) In series combination
Net resistance, R = R| + Ry ...(J)

Current Electricity .



As heating elements are operated at same voltage I/, we have
2 2 2
R=V—, R1=V—andR2=V—
2 P P,
. From equation (7)

/AN 1 1 1
—=—t— = - =—t—
P R B PR P
(1) In parallel combination
. 1 1 p B P
Net resistance — =—+— = — =t
R, R, | N
= P=P +P,
Q. 8. (a) The potential difference applied across a given @

resistor is altered so that the heat produced per
second increases by a factor of 9. By what factor
does the applied potential difference change? 12V

(b) In the figure shown, an ammeter 4 and a resistor
of 4 Q) are connected to the terminals of the source.
The emf of the source is 12 V having an internal
resistance of 2 Q. Calculate the voltmeter and
ammeter readings. [CBSE A1 20171 —VWWWW"
2
Ans. (a) Heat produced per second, P = I’R = %
Given, P’ = 9P
V/? VQ
=0 X —
R 9 R
= 2 =9x1? = V' =/9xV
: V=3V

Potential difference increases by a factor of J/9 e., 3.
(b) Given: emfFE =12V

Internal resistance r = 2 Q

External resistance R = 4 Q

Ammeter Reading,

CE 1212
=R " 21+2 " 64

I=2A
Voltmeter Reading,
V=E-Ir=12-(2x2)
V=8V
Q. 9. Calculate the steady current through the 2 Q resistor in the circuit shown below.

20 [CBSE (F) 2010]
A e B

w<
D>

N
z =
=
IN
o)

o ——
<
N
oo
Q
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Ans. In steady state there is no current in capacitor branch, so equivalent circuit is shown in fig.

. . . 2 Q
Net res;s)t(agce of circuit, ) — i
— — - ° 1 .
eq—2+3+2.8—1.2+2.8—49 — o
Netemf, E =6V VWA
S E 6 30
Current in circuit, / = ——=-—-=15A
Potential difference acros§ parallel combination of 2 Q and 3 Q ! [ A
resistances. I 280
6V :

"=IR"=15x12=18V
Current in 2 Q resistance
_ V18 _
II_RI =5 =09A
Q. 10. Two identical cells of emf 1.5 V each joined in parallel supply energy to an external circuit
consisting of two resistances of 7 Q) each joined in parallel. A very high resistance voltmeter
reads the terminal voltage of cells to be 1.4 V. Calculate the internal resistance of each cell.

[CBSE (North) 2016]
Ans. Here, E=15V, V=14V
Resistance of external circuit = Equivalent resistance of two 70
resistances of 7Q connected in parallel VW
R1R2 7 %7

or R—R1+R2—7+7Q—3.59 /\Z/\(/ZW
Let v’ be the total internal resistance of the two cells, then 18V, !

T.=<E-V>R=(1.5—l.4)3 50950 i wwe—

|4 1.4 ’ '

As the two cells of internal resistance r each have been 15V A
connected in parallel, so

1 1,1 1 2

F=7+7 = W=7 = r=0.252x2=0.5Q

Q. 11. In the meter bridge experiment, balance point was observed at | with A] = .
(i) The values of R and X were doubled and then R X

interchanged. What would be the new position of VW
balance point?
(i7) If the galvanometer and battery are interchanged
at the balance position, how will the balance /
point get affected? [CBSE (AI) 2011] A ! B
Ans. () Bo_ 7 [
X r100-{) I"
R ) .
= X = Too=I ()
When both R and X are doubled and then interchanged, the new balance length becomes [’
given by
2X [ g
ST @)
2R (100-1"
X
R 100-1'

From (i) and (i1),

100-1 I .
=0 = =100-)

(i) If galvanometer and battery are interchanged, there is no effect on the balance point.

Current Electricity .




Q. 12.

Ans.

Ans.

Ans.

Show, on a plot, variation of resistivity of (i) a conductor, and (i7) a typical semiconductor as a
function of temperature.

Using the expression for the resistivity in terms of number density and relaxation time
between the collisions, explain how resistivity in the case of a conductor increases while it
decreases in a semiconductor, with the rise of temperature. [CBSE 2019 (55/2/1)]

We know that

m p

—0.4
ne*t
Where m is mass of electron

. . . —0.2
p = charge density, T = relaxation time

¢ = charge on the electron.

(z) In case of conductors with increase in
temperature, relaxation time decreases,
SO resistivity increases.

Resistivity p (10_8 Qm)

50 100 150 T

(i) In case of semiconductors with increase in temperature number density (r) of free electrons
increases, hence resistivity decreases.

Twelve wires each having a resistance of 3(2 are connected to form a cubical network. A battery

of 10 V and negligible internal resistance is connected across the diagonally opposite corners

of this network. Determine its equivalent resistance and the current along each edge of the

cube. | . 10 [CBSE 2019 (55/3/1)]
Applying loop rule to ABCC'EFA 2, ]?' c
. 1
+3L 43710 =0 :
31 32 3I-10 = A 30
%I =10 30 c 17
_2x10_20 4.
15 15 3 N AW B
v _10x15 I 3
R,=—7="_"or=25Q
‘4 3] 3x20 F It E
4 3 10V
Current = L (= Ly =Lip =Ipe =Ipc =loe) = gA
2
= Ipy (5 Lyp=1yp=1Ipc=1Ipc=Ipp) = gA
In a meter bridge shown in the figure, the balance point R S
is found to be 40 cm from end A4. If a resistance of 10 Q is
connected in series with R, balance point is obtained 60 cm
from A. Calculate the value of R and S. [CBSE Patna 2015]
R _ 40 28 A B
<~ =70 = 3R=25 = R=— (1)
S 60 3 —|IE ()
R+10 _ 60 _ , 2
s 30 = 2R + 20 = 3§ ...(1)
From equation (i) and (it), we get
S
2 X 2? +20 = 3§
= S=120Q
From equation (i), we get
X
R= 2 312 R=8Q
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Q. 15. In the circuit diagram shown, 4B is a uniform wire of resistance 15 Q and length 1 m. It is
connected to a cell E; of emf 2 V and negligible internal E, R
resistance and a resistance R. The balance point with another _l= WWWA
cell E, of emf 75 mV is found at 30 cm from end 4. Calculate
the value of the resistance R.

[CBSE Chennai 2015]
X

Ans. Current drawn from thg celL E, =2V A B
1 2
I = =
15+R 15 +R —] I—A\<E O)

Potential drop across the wire AB :
2x15 _ 30
I5+R 15+R

Since wire length is 1 m or 100 cm.

Vi =1x15=

So, potential gradient along the wire,
Vas 30

K=100cm ~ 100015 + R)
At the balance point
B 30
75mV = —100(15 R X 30 cm
75 x 107 x 100 (15 + R) = 900
15+ g = 2000

75
R =120 -15 = 105 ohm

Q. 16. Calculate the value of the current drawn from a 5 V battery in the circuit as shown.
100

+| =
I r
5V [CBSE (F) 2013]
Ans. The equivalent wheatstone bridge for the given combination is shown in figure alongside.
The resistance of arm ACD, Rg =10 + 20 = 30Q B

Also, the resistance of arm ABD, Rg,= 5+ 10= 15Q
50 10Q
P

Since the condition = = il is satisfied, it is a balanced d
A ?o o D

No current flows along arm BC. 100 200

Eauival . Ry, ><R52
quivalent resistance p —
eq
Ry +R;,

_30x15 _ 30x15
30415 45

Current drawn from the source,

V 5 1
I_Req =10 —2A—0.5A

bridge.

=10Q I5V
|

Current Electricity .



Q. 17. State Kirchhoff’s rules. Use these rules to write the expressions for the currents I,, I, and I,

in the circuit diagram shown. [CBSE (AI) 2010]
I Ei=2V ry=4Q
A L WA B
L, E2=1V =30
¢ il WWAA D
L, Es=4V =20
E L YWWWW F
Ans. Kirchhoff’s Rules:
(¢) The algebraic sum of currents meeting at any junction is zero, i.e.,
2I=0
(i) The algebraic sum of potential differences across circuit elements of a closed circuit is zero,
e, 2V =20
From Kirchhoft’s first law
Isy=1,+1, ..(2)

Applying Kirchhoff’s second law to mesh ABDCA

—2 -4l + 3, +1 =0

Applying Kirchoff’s second law to mesh ABFEA

Using () we get

=

= 2L+ (I, + 1) =1
Solving (i7) and (i), we get
_ 2 _ -7
I, = 3 AL, =1-3I = 13 A
9
SO, 13=11+I2=§A

Q. 18. Use Kirchhoff’s rules to determine the potential
difference between the points 4 and D when
no current flows in the arm BE of the electric
network shown in the figure.

[CBSE Allahabad 2015]
According to Kirchhoff’s junction rule at £ or B
I = I,+1,
Since I, = 0 in the arm BE as given in the
question
= I3=1
Using loop rule in the loop AFEBA
-2I3+1-3l3-I, R+ 3 +6 =0

Ans.

= 215+ 313+ I,R1=10
Since I, = 0, so

515 =10
= Is=2A

Ig=1,=2A
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}
§R
20
3V
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I B N
6V 4V
3Q Iz E I
F D
fww B
1V
R, %R
I3
20 3V I
. _*_12 v
L B It c
6v 3 1 4v



The potential difference between A and D, along the branch AFED of the closed circuit.
Va=2I3+ 1-313-V,=0
= Va=Vp=2[3-1+ 3l;
=2X2-143x2=9V

Q. 19. (a) Using Kirchhoff’s rules, calculate the current in the arm AC of the given circuit.
(b) On what principle does the meter bridge work? Why are the metal strips used in the
bridge? [CBSE South 2016]
Ans. (a) For the mesh EFCAE . 30Q .
- 301, + 40 -40(I,+1,) = 0 : .
or — 70 -4y, =4 : 1
or T+ 4, =4 ..) A PG |l40V C
For the mesh ACDBA Iy %20 o
401, + 1,) —40 + 20/,-80 =0 5 | 5
or 40 1, +60I, — 120 =0 80V Iy
or 21, + 3l,=6 . (a)
Solving (i) and (i7), we get
-12
h=73
L=22A
13
. Current through arm AC =1, + I, = 2A

13
(b) Metre bridge works on Wheatstone’s bridge balancing condition.

Metal strips will have less resistance to maintain continuity without adding to the resistance
of the circuit.

Q. 20. (a) Write the principle of working of a metre bridge.

(b) In a metre bridge, the balance point is found at a distance /; with resistances R and S as
shown in the figure.

R S
/MWW

WAMAA—e———

l4

I (\
I \/
An unknown resistance X is now connected in parallel to the resistance S and the balance

point is found at a distance l,. Obtain a formula for X in terms of /;, l, and S.

[CBSE (AI) 2017]
Ans. (a) Working of a meter bridge is based on the principle of

balanced Wheatstone bridge. P Q
According to the principle, the balancing condition is
5 = ? (When 7, = 0) CG)
For balancing lengths in a meter bridge, R S

P _R [  _R

0 s T 100-1 S

S = 100 -1 R
l I )

\/
Current Electricity .



(b) For balancing length [, the condition is

R L .

S T 100-1 -0
When a resistance X is connected in parallel with S, the net resistance becomes

q X)fs

For balancing length /o, the condition is

R _ Ly R _ ly

S, 100, ~ ( XS ) ~100-1,

X+S

RX+S) ly 3
= XS = 100_12 ...(1n)
From (¢) and (i), we have

L X+S Ly

100-14, X 100-1,

Y45 L(100-1) S 1,(100—1,)
= = L Syp=2
X (100 1,) X (100 —1,)
¢ L,(100-1) ¢ L(100-1)-1(100-1,)
= AN o 2=
X~ 1100 1,) X [,(100—1,)
. 5 1000, =11, = 1001 +1,], s _1000,-1)
X [, (100 - 1,) T X T 4 (100-1,)
X _ 41004y 4, (100-1y) »
= S 100 (,-1,) = T 1000,-1)

Q. 21. A potentiometer wire of length 1 m is connected to a driver
cell of emf 3 V as shown in the figure. When a cell of 1.5 V emf
is used in the secondary circuit, the balance point is found to
be 60 cm. On replacing this cell and using a cell of unknown

emf, the balance point shifts to 80 cm. A B
(¢) Calculate unknown emf of the cell. 15V
(i7) Explain with reason, whether the circuit works, if the driver —| ) R

cell is replaced with a cell of emf1 V.
(7ii) Does the high resistance R, used in the secondary circuit affect the balance point? Justify

1w
T <

our answer. [CBSE Delhi 2008]
Ans. (1) Unknown emf &, is given by
SR R |
& =>€2_11’51

Given g,=1.5V,[; = 60 cm, [, = 80 cm

_80 -
€ =50 X1:2V=20V
(i) The circuit will not work if emf of driver cell is 1 V (less than that of cell in secondary circuit),
because total voltage across wire AB is 1 V which cannot balance the voltage V.

() No, since at balance point no current flows through galvanometer G i.e., cell remains in
open circuit.
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Q. 22. In a meter bridge with R and § in the gaps, the null point is found at 40 cm from 4. If a
resistance of 30Q) is connected in parallel with S, the null point occurs at 50 cm from 4.
Determine the values of R and S. 300 [CBSE East 2016]

ANV
S

R
AAAAY j NV
A B
[ ()

Ans. In first case [, =40cm
R: ll jﬂzﬂzg ...(l.)
S 100-f, § 60 3

In second case when S and 30Q are in parallel balancing length l,=50 cm, so

g = 208 (i)
30+S
£=L=l =S=R ... ()
S" 100-50
. 3 30Q
From (i) S=§R
Substituting this value in (iz), we get JA S
3 e o] [¢ & o [¢
, 0x(3R) s
5= 3\ 3
+o + = ALe | B
30 <2R> 30 2R
Also from equation (iz), S' = R
45_R:R = 45:30+§R ) (
3 9 | ()
30+ =R
2
3 3 3
= §R:15 or R=10Q =>S=§XR=§XIO=159

Q. 23. In the circuit shown, R, = 4Q , R, = R; = 15Q, R, = 30Q2 and E = 10 V. Calculate the
equivalent resistance of the circuit and the current in each resistor. [CBSE Delhi 2011] [HOTS]

R
MW A
! 12 I4 I3
E— Rz% R % R,
4

Ans. GiVen Rl = 4Q, RQ = R3 = 15Q, R4 = 309, E=10V.
Equivalent Resistance:
Ry, Ry and R, are in parallel, so their effective resistance (R) is given by

1 1 1 1 1 1 1
+—+ +
Current Electricity .

R R, R, R, 15 15 30
= R = 6Q



R, is in series with R, so equivalent resistance
R,=R+R =6+4=10Q.

Currents: E 10
L=——=—=1A ()
R, 10
This current is divided at A into three parts /o, I5 and 1.
Iy +Is+1,=1A oo (i)
= Iy X 15 =14 X 15 =1, X30

Substituting values of I,, I3 in (i), we get
20, + 21, +1,=1A = [,=02A
Iy=13,=2x02=04A
Thus, I, =1A,I,=I3=04Aand/, =02A
Q. 24. In the following potentiometer circuit AB is a uniform IIQV 15 Q

wire of length 1 m and resistance 10Q. Calculate the
potential gradient along the wire and balance length A0.
[CBSE Delhi 2016] [HOTS]
Ans. Current flowing in the potentiometer wire A o B
_E 20 2
R,, 15+10 25 yvy Wi
2 20
Potential difference across the wire V,;, = =-x10=—=0.8V L5V
25 25 AN ———
. . Vs 08 05
Potential gradient k=-—2£=—"=0.8V/m
l, 10
Now, current flowing in the circuit containing experimental cell,
1.5
12+0s A
Potential difference across length A0 = 0.3 x 1 =03V
03 0.3

Length 40 =— m=—"x100 cm = 37.5cm
0.8 0.8

Q. 25. (a) Give reason why a potentiometer is preferred over a voltmeter for the measurement of emf
of a cell.

(b) In the potentiometer circuit given below, calculate the balancing length I. Give reason,

whether the circuit will work, if the driver cell of emf 5 V is replaced with a cell of 2 V,

keeping all other factors constant. [CBSE 2019 (55/2/1)]
| 5V 450 O
€« 10m
A ] B
| RAB =50 Q
! 2
300 mV

Ans. (a) The potentiometer is preferred over the voltmeter for measurement of emf of a cell because
potentiometer draws no current from the voltage source being measured.
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Gy V=5V,R;; =500,R=450Q
5 1

I'=150+50 100 001A
Vg =0.01x50=05V
_05_ -1
k=", =0.05Vm
oV _300x107 _
k 0.05 m

2

With 2 V driver cell current in the circuitis I = 250450 =0.004 A .

Potential difference across AB is =0.004 X 50 = 200 mV. Hence the circuit will not work.

Q. 26. (a) Give reason:
(i) Why the connections between the resistors in a metre bridge are made of thick copper
strips,
(ii) Why is it generally preferred to obtain the balance length near the mid-point of the
bridge wire.
(b) Calculate the potential difference across the 4Q resistor in the given electrical circuit,
using Kirchhoff’s rules. [CBSE 2019 (55/2/1)]
8V
[ 20
A | VWV B
18V 10
D ! VWY C
40
E VWW F
Ans. (a) (1) Thick copper strips are used to minimize resistance of connections which are not
accounted for in the bridge formula.
(1) Balance point is preferred near midpoint of bridge wire to minimize percentage error
in resistance (R).
(b) I=1,+1, .. (1)
In loop ABCDA
-8+ 2, -1 XL, +6=0 ..(1)
In loop DEFCD
—A=1xD+6 =0 18V 20 .
AL+ 1, =6 1 M
_ I, | 6V 1Q
U +1L)+1l, =6 p— 1 WA C
41, +51y=6 .. (1)
From equations (7), (i) an(; (u12) we get ‘ 40
8 10 E VW F
L=-A1L,=-AT=1A
gz 7 7
Potential difference across resistor 4Q is:
V= % X 4= 47—0 volt
Q. 27. (a) Draw a graph showing the variation of current versus |
voltage in an electrolyte when an external resistance is T 0.16 :
also connected. S 0.08 |
(b) The graph between resistance (R) and temperature (7T) for Hg e i To
is shown in the figure. Explain the behaviour of Hg near 4K. . I |

[CBSE 2019 (55/4/1)]

T(K) —
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Vv— y—s

(b) At a temperature of 4 K, the resistance of Hg becomes zero.

Long Answer Questions [5 marks]

Q. 1. Derive an expression for drift velocity of free electrons in a conductor in terms of relaxation
time of electrons. [CBSE Delhi 2009]
OR
Explain how the average velocity of free electrons in a metal at constant temperature, in an
electric field, remains constant even though the electrons are being constantly accelerated by
this electric field.

Ans. Consider a metallic conductor XY of length [ and

A
~
v

cross-sectional area A. A potential difference V E
is applied across the conductor XY, Due to this xX© Q O © O]y
-
potential difference an electric field E is produced S @) © e 06
in the conductor. The magnitude of electric field Va
|4 P
strength £ = T and its direction is from X to Y.
[
This electric field exerts a force on free electrons; + 1=
due to which electrons are accelerated. v
The electric force on electron F =—¢E (wheree = +1.6 x 107" coulomb).
If m is the mass of electron, then its acceleration
— —
~_F_ |
a= == ...(2)

This acceleration remains constant only for a very short duration, since there are random forces
which deflect the electron in random manner. These deflections may arise as

(¢) ions of metallic crystal vibrate simple harmonically around their mean positions. Different

ions vibrate in different directions and may be displaced by different amounts.

(1) direct collisions of electrons with atoms of metallic crystal lattice.
In any way after a short duration called relaxation time, the motion of electrons become random.
Thus, we can imagine that the electrons are accelerated only for a short duration. As average
velocity of random motion is zero, if we consider the average motion of an electron, then its
initial velocity is zero, so the velocity of electron after time t (i.., drift velocity v d) is given by the

. - > >
relation v =u+at

— — — gﬁ
(hereu = 0,v=v4,t =T,a = _W)
E
— e — eT—= .
v, =0--"1 =v,=-F ...()

At given temperature, the relaxation time t remains constant, so drift velocity remains constant.

Xam idea Physics—XII



Ans.

Establish a relation between electric current and drift velocity. [CBSE (Al) 2013]
OR

Prove that the current density of a metallic conductor is directly proportional to the drift

speed of electrons.

—>
. . . . . E
Relation between electric current and drift velocity: X P Q v
Consid if tallic wire XY of 7
onsider a uniform metallic wire o o0 C‘ _@ C
length [ and cross-sectional area A. A 5 .Current (I% i
potential difference V' is applied across the
ends X and Y of the wire. This causes an u |<—th —’| v
electric field at each point of the wire of
strength b |VI .
. —
V. (D) *l
l

Due to this electric field, the electrons gain a drift velocity v, opposite to direction of electric
field. If ¢ be the charge passing through the cross-section of wire in ¢ seconds, then

Current in wire [ = 4 ..(11)
t

The distance traversed by each electron in time { =average velocity X time = vt

If we consider two planes P and Q at a distance v, ¢ in a conductor, then the total charge flowing
in time ¢ will be equal to the total charge on the electrons present within the cylinder PQ.

The volume of this cylinder = cross sectional area X height
=A Udt

If n is the number of free electrons in the wire per unit volume, then the number of free electrons
in the cylinder = n (Avg 1)

If charge on each electron is — ¢ (¢=1.6 x107°C), then the total charge flowing through a
cross-section of the wire

g = (nAv,t) (- e) =—nedv,t ..(u1)
. Current flowing in the wire,
q —nedu,t
t t
i.e., current [ = —nedv, ...(1)

This is the relation between electric current and drift velocity. Negative sign shows that the
direction of current is opposite to the drift velocity.

Numerically I = — nedv, ..(v)
. 1
Current density, | = o T ey
= j x v,
That is, current density of a metallic conductor is directly proportional to the drift velocity.

Deduce Ohm’s law using the concept of drift velocity.

OR
Define the term ‘drift velocity’ of charge carriers in a conductor. Obtain the expression for the
current density in terms of relaxation time. [CBSE (F) 2014]
OR

Define relaxation time of the free electrons drifting in a conductor. How is it related to the
drift velocity of free electrons? Use this relation to deduce the expression for the electrical
resistivity of the material. [CBSE (AI) 2012]
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Ans.

OR
(©) On the basis of electron drift, derive an expression for resistivity of a conductor in terms

of number density of free electrons and relaxation time. On what factors does resistivity

of a conductor depend?
(i) Why alloys like constantan and manganin are used for making standard resistors?

[CBSE Delhi 2016]
Relaxation time of free electrons drifting in a conductor is the average time elapsed between two
successive collisions.
Deduction of Ohm’s Law: Consider a conductor of length / and cross-sectional area A. When a
potential difference 1 is applied across its ends, the current produced is I. If n is the number of
electrons per unit volume in the conductor and v, the drift velocity of electrons, then the relation
between current and drift velocity is
I = —neAv, ...(2)

where — ¢ is the charge on electron (¢ = 1.6 X 10719 )

Electric field produced at each point of wire, E = % ()
If 7 is relaxation time and E is electric field strength, then drift velocity
y, = -2E ... (i)
m
Substituting this value in (i), we get
2 .(w
I:—neA(—e—TEj or I1="2T4E )
m m
|14 .
As E= N [From (22)]
= ne’tA V. Vv m [ ©) .
mo 1T 2 A v ——
, I : A
Current density ]<= Z) = n;;

This is relation between current density / and applied
potential difference V.

Under given physical conditions (temperature,
pressure) for a given conductor

m c
s—.— = Constant
ne’t A

". This constant is called the resistance of the conductor (i.e. R).

m
ne’t A

Le., R= ...()

From (v) and (v1); % =R ...(vil)

This is Ohm’s law. From equation (vi) it is clear that the resistance of a wire depends on its length
(1), cross-sectional area (4), number of electrons per m® (n) and the relaxation time (t)

Expression for resistivity:

!
As R= % .. (wiid)

Comparing (vi) and (viti), we get

Resistivity of a conductor p =—F ... (ix)
ne-t



Ans.

Ans.

Clearly, resistivity of a conductor is inversely proportional to number density of electrons and
relaxation time.

Resistivity of the material of a conductor depends upon the relaxation time, i.e., temperature
and the number density of electrons.

This is because constantan and manganin show very weak dependence of resistivity on temperature.
Derive condition of balance of a Wheatstone bridge.

OR
Draw a circuit diagram showing balancing of Wheatstone bridge. Use Kirchhoff’s rules to
obtain the balance condition in terms of the resistances of four arms of Wheatstone Bridge.
[CBSE Delhi 2013, 2015]
Condition of balance of a Wheatstone bridge: g

The circuit diagram of Wheatstone bridge is shown in fig.

P Q

P, Q, R and § are four resistance forming a closed bridge, called Kz
Wheatstone bridge. A battery is connected across A and C, while a I
galvanometer is connected between B and D. When the bridge is A &( 4 c
balanced, there is no current in galvanometer. I
Derivation of Formula: Let the current flowing in the circuit in the R s
balanced condition be 1. This current on reaching point 4 is divided I,
into two parts /; and I,. As there is no current in galvanometer I 5
in balanced condition, current in resistances P and Q is /; and in
resistances R and § it is /o. - r
Applying Kirchhoff’s I law at point 4 'r Ki

I-1,-1,=0 or I=1+I, ()
Applying Kirchhoff’s II law to closed mesh ABDA

-ILP+I,R=0 or I[P=1I, R ...(1)
Applying Kirchhoff’s I law to mesh BCDB

-1,0+1,8S=0 or 1Q=1,S ... (1)

Dividing equation (i) by (:i7), we get

£=£ or Bzﬁ ...(1)
1.0 IS Q S
This is the condition of balance of Wheatstone bridge.

Using the principle of Wheatstone Bridge, describe the method to determine the specific
resistance of a wire in the laboratory. Draw the circuit diagram and write the formula used.

Write any two important precautions you would observe while performing the experiment.
OR

Draw a circuit diagram of a Metre Bridge and write the mathematical relation used to determine
the value of an unknown resistance. Why cannot such an arrangement be used for measuring
very low resistance? [CBSE East 2016, CBSE 2019 (55/4/1)]
Metre Bridge: Special Case of Wheatstone Bridge Resistance box  Resistance wire

It is a practical device based on the principle of
Wheatstone bridge to determine the unknown

resistance of a wire. 7 SRARN
If ratio of arms resistors in Wheatstone bridge

is constant, then no current flows through the // Ch\
galvanometer (or bridgewire). <+«—I/cm—pe——(100-/)cm ——»

Construction: It consists of a uniform 1 metre
long wire AC of constantan or manganin fixed

along a scale on a wooden base (fig.) The ends 4 (Rh)i FK
+17=

and C of wire are joined to two L-shaped copper i Rheostat
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strips carrying connecting screws as shown. In between these copper strips, there is a third
straight copper strip having three connecting screws. The middle screw D is connected to a
sensitive galvanometer. The other terminal of galvanometer is connected to a sliding jockey B.
The jockey can be made to move anywhere parallel to wire AC.

Circuit: To find the unknown resistance S, the circuit is complete as shown in fig. The unknown
resistance wire of resistance S is connected across the gap between points C and D and a resistance
box is connected across the gap between the points A and D. A cell, a rheostat and a key (K) is
connected between the points A and C by means of connecting screws. In the experiment when
the sliding jockey touches the wire AC at any point, then the wire is divided into two parts.
These two parts AB and BC act as the resistances P and Q of the Wheatstone bridge. In this way
the resistances of arms AB, BC, AD and DC form the resistances P, Q, R and S of Wheatstone
bridge. Thus the circuit of metre bridge is the same as that of Wheatstone bridge.

Method: To determine the unknown resistance, first of all key K is closed and a resistance R is
taken out from resistance box in such a way that on pressing jockey B at end points A and C, the
deflection in galvanometer is on both the sides. Now jockey is slided on wire at such a position
that on pressing the jockey on the wire at that point, there is no deflection in the galvanometer
G. In this position, the points B and D are at the same potential; therefore the bridge is balanced.
The point B is called the null point. The length of both parts AB and BC of the wire are read on
the scale. The condition of balance of Wheatstone bridge is

P_R
Q0 S

= Unknown resistance, § — (ij (1)
P

To Determine Specific Resistance:

If 7 is the resistance per cm length of wire AC and / cm is the length of wire AB, then length of
wire BC will be (100 —/) cm

. P = resistance of wire AB=Ir
0 = resistance of wire BC= (100 - [)r

Substituting these values in equation (i), we get

(IOO—Z)VXR or S=100—l
lr [

As the resistance (R) of wire (AB) is known, the resistance S may be calculated.

or S= R ..(#)

A number of observations are taken for different resistances taken in resistance box and S is
calculated each time and the mean value of S is found.

2
Specific resistance p= ﬁ = Smr
[ L

Knowing resistance S, radius r by screw gauge and length of wire L by metre scale, the value of p
may be calculated.

If a small resistance is to be measured, all other resistances used in the circuit, including the
galvanometer, should be low to ensure sensitivity of the bridge. Also the resistance of thick
copper strips and connecting wires (end resistences) become comparable to the resistance to be
measured. This results in large error in measurement.

Precautions:

(¢) In this experiment the resistances of the copper strips and connecting screws have not been
taken into account. These resistances are called end-resistances. Therefore very small resistances
cannot be found accurately by metre bridge. The resistance S should not be very small.

(i) The current should not flow in the metre bridge wire for a long time, otherwise the wire will
become hot and its resistance will be changed.



Ans.

(@) State the principle of working a potentiometer. [CBSE Delhi 2010, 2016]

(b) Draw a circuit diagram to compare the emf of two primary cells. Write the formula used.
How can the sensitivity of a potentiometer be increased?

(c) Write two possible causes for one I

B,
sided deflection in the potentiometer _<_+||.||__K/T’_/\/WW\/\N\_
Rh

experiment. [CBSE Delhi 2013] Driver battery

(@) Principle of Potentiometer: When a constant / Primary circuit
current flows through a wire of uniform area p P B
of cross-section, the potential drop across any * Secondary TJ<+— (Null deflection position)
length of the wire is directly proportional to circuit &
the length. G

I I
Circuit Diagram. It consists of a long Hem
resistance wire AB of uniform cross-section. Its one end A is connected to the positive
terminal of battery B, whose negative terminal is connected to the other end B of the wire
through key K and a rheostat (Rh). The battery B, connected in circuit is called the driver
battery and this circuit is called the primary circuit. By the help of this circuit a definite
potential difference is applied across the wire AB; the potential falls continuously along the
wire from A to B. The fall of potential per unit length of wire is called the potential gradient.
It is denoted by ‘k’. A cell is connected such that its positive terminal is connected to end 4
and the negative terminal to a jockey J through the galvanometer G. This circuit is called the

secondary circuit.

In primary circuit the rheostat (Rh) is so adjusted that the deflection in galvanometer is on
one side when jockey is touched on wire at point A and on the other side when jockey is
touched on wire at point B.

The jockey is moved and touched to the potentiometer wire and the position is found where
galvanometer gives no deflection. Such a point P is called null deflection point.

I/, 1s the potential difference between points A and B and L metre be the length of wire,
then the potential gradient

Vas

L

If the length of wire AP in the null deflection position be [/, then the potential difference
between points A and P,

Vip =kl
The emfof cell, e = V,p =kl
In this way the emf of a cell may be determined by a potentiometer.

(b) Comparison of emf’s of two cells: First of B, K I
all the ends of potentiometer are connected HH= A AMIMWAMA—

to a battery B, key K and rheostat R/ such Rh

that the positive terminal of battery B,

is connected to end A of the wire. This P, Py

completes the primary circuit.

>+

Now the positive terminals of the cells C, I . De
and C, whose emfs are to be compared are | —’—S+| IE1— T
connected to A and the negative terminals ;
to the jockey J through a two-way key and 3
a galvanometer (fig). This is the secondary € _
o [ —
circuit. L *C

Method: (1) By closing key K, a potential
difference is established and rheostat is so adjusted that when jockey J is made to touch
at ends A4 and B of wire, the deflection in galvanometer is on both sides. Suppose in this

position the potential gradient is k.



(#) Now plug is inserted between the terminals 1 and 3 so that cell €, is included in the
secondary circuit and jockey / is slided on the wire at P, (say) to obtain the null point.
The distance of from A is measured. Suppose this length is [, i.e. AP, = [,

.. The emf of cell Cg; =k,

(i)

(r) Now plug is taken off between the terminals 1 and 3 and inserted in between the
terminals 2 and 3 to bring cell C, in the circuit. Jockey is slided on wire and null deflection
position P, is noted. Suppose distance of Py from A is [y i.e., APy =l

. The emf of cell C,, €9= kly

Dividing (i) by (i), we get 2L =

'
€9 l2

...(if)
...(iid)

Thus emf’s of cells may be compared. Out of these cells if one is standard cell, then the

emf of other cell may be calculated.

Sensitivity: (i) To increase the sensitivity of measurement, the value of potential gradient is
kept least possible. Smaller the value of k, greater is the length (/) of the null deflection; and
so greater at will be the accuracy of measurement. That is why a very long wire is used in

potentiometer.

() In the null position of potentiometer, there is no current in secondary circuit, ¢.e., cell is
in open circuit. Therefore accurate value of emf of cell is obtained.

(c) Possible causes for one side deflection:

(2) The emf g, (or &) is more than the emf of driver cell (auxiliary battery).

(1) The end of the potentiometer wire connected to +ve of auxiliary battery is connected to
negative terminal of the cell whose emf'is to be determined.

Q. 7. Draw the circuit diagram of a potentiometer which can be used to determine the internal
resistance of a given cell of emf (E). Describe a method to find the internal resistance of a
[CBSE (AI) 2013; (F) 2011, 2016, 2019 (55/2/1)]

Determination of Internal Resistance of Potentiometer.

Ans.

primary cell.

Circuit: A battery B, a rheostat (Rh) and a
key K is connected across the ends A and B
of the potentiometer wire such that positive
terminal of battery is connected to point A.
This completes the primary circuit.

Now the given cell C is connected such that
its positive terminal is connected to A and
negative terminal to jockey / through a
galvanometer. A resistance box (R ) and a
key K, are connected across the cell. This
completes the secondary circuit.

Method:

+
A

B K
} |-|1: X Ww—
s Rh
P, Py

Y

b €
CHX HR
é Ki

(¢) Initially key K is closed and a potential difference is applied across the wire AB. Now rheostat
Rh is so adjusted that on touching the jockey J at ends A and B of potentiometer wire, the
deflection in the galvanometer is on both sides. Suppose that in this position the potential

gradient on the wire is .

(1) Now key K; is kept open and the position of null deflection is obtained by sliding and
pressing the jockey on the wire. Let this position be P and AP, = [,
In this situation the cell is in open circuit, therefore the terminal potential difference will be

equal to the emf of cell, i.e.,

emf e =kl,

(i)



(#17) Now a suitable resistance R is taken in the resistance box and key K, is closed. Again, the
position of null point is obtained on the wire by using jockey /. Let this position on wire be
Pyand APy= Is.

In this situation the cell is in closed circuit, therefore the terminal potential difference () of
cell will be equal to the potential difference across external resistance R, i.e.,
V =kl ..(1)

l

b
Ly

Dividing (i) by (1), we get 5 -

.. Internal resistance of cell, r = (5 - 1)]{ = (f_l - 1]3
2
From this formula r may be calculated.

Q. 8. (a) (i) State the principle on which a potentiometer works. How A
can a given potentiometer be made more sensitive? (V(th) B
(77) In the graph shown below for two potentiometers, state with
reason which of the two potentiometer, 4 or B, is more sensitive. T

(b) Two metallic wires, P, and P, of the same material and same
length but different cross-sectional areas, 4, and 4, are joined —
together and connected to a source of emf. Find the ratio of the
drift velocities of free electrons in the two wires when they are connected (i) in series, and
() in parallel. [CBSE (A) 2017]
Ans. (a) (1) Principle: When a constant current flows through a wire of uniform area of cross section,
the potential drop across any length of the wire is directly proportional to the length.

To make it more sensitive, the value of potential gradient K is kept least possible. Smaller
the value of K, greater is the length (/) for the null deflection, and so greater will be the
accuracy of measurement.

(1) Potential gradient = %

Potential gradient of wire A is more than wire B
So, wire B is more sensitive than A.
(b) We know that,

I = neAv > v, =—F
d 4 neA

Let R, and R, be resistances of P; & P, and A & A, are their cross sectional areas respectively.
[ [
R = QA—I and R, = ()A—2

When connected in series, P Py

: {1

e
- T |ne
T A4 AT A
Yoy & A
el pl) Irs
T ned
When, connected in parallel, —
e I
pl " ned, P
Yy A, B —] ——
e 1)
ol " ned, I
Ll I

A2
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Q. 9. You are given two sets of potentiometer circuits to measure the emf E; of a cell.

Set A: consists of a potentiometer wire of a material of resistivity p;, area of cross-section 4,
and length I.

Set B: consists of a potentiometer of two composite wire of equal lengths 9 each, of resistivity
Py, Po and area of cross-section 4,, A, respectively.

(?) Find the relation between resistivity of the two wires with respect to their area of cross
section, if the current flowing in the two sets is same.

(i) Compare the balancing length obtained in the two sets. [CBSE Sample Paper 2016]

Eq
I

T —~
Az
1
J
B SetB
R e
-
. € €
Ans. () I= ol for set A and [ = ﬁfor set B
R+— R +p17+p27
4 24, 24,
Equating the above two expressions, we have
£ €
R+ p17l R+ plil_i_&l
24, 24, 24,
[ [ ) [ [ [
- R+Di_p Pl P N (@)
A, 24, 24, A, 24, 24,
- P 0
4, 4,

(i) Potential gradient of the potentiometer wire for set A,K =1 L
1

Potential drop across the potentiometer wire in set B

ol Pyl Y Y
V=1<#+—2) = V=é L2

_+_

l
4,4,

, using the condition (i), we get

2
/=__+_
K 2(/11 A,

K'= I%, which is equal to K.

1

Therefore, balancing length obtained in the two sets is same.

. Xam idea Physics—XII



Self-Assessment Test

Time allowed: 1 hour Max. marks: 30

1. Choose and write the correct option in the following questions. 3 x1=3)
(1) A carbon resistor of (47 * 4.7) kQ is to be marked with rings of different colours for its
identification. The colour code sequence will be
(a) Violet—Yellow—Orange—Silver (b) Yellow—Violet—Orange—Silver
(¢) Yellow—Green—Violet—Gold (d) Green—Orange—Violet—Gold
() Kirchhoft’s first and second laws of electrical circuits are consequences of
(a) conservation of energy and electric charge respectively.
(b) conservation of energy.
(¢) conservation of electric charge and energy respectively.
(d) conservation of electric charge.

(zir) A, B and C are voltmeters of resistance R, 1.5R and (B)
. . N\
3R respectively as shown in the figure. When some
potential difference is applied between X and Y, the )?_@_ R
voltmeter readings are V,, V/z and V respectively. Q)
Then =/
(@) Vyi=Vp# Ve ) Vyi#=V# V¢
) Vi=Vp="V¢ @) Vy#Vp=V¢
2. Fill in the blanks. 2x1=2)

(1) Wheatstone Bridge experiment is most sensitive when all the resistances are of

() A battery of emf 2 volt and internal resistance 0.1 Q is being charged with a current of 5

ampere. The p.d. between the two terminals of the battery is volt.
State the two Kirchhoff’s rules used in electric networks. How are these rules justified? 1
4. Show variation of resistivity of copper as a function of temperature in a graph. 1

A5V battery of negligible internal resistance is connected across a 200 V battery and a resistance
of 39 Q as shown in the figure. Find the value of the current flowing in the circuit. 1

5V
Iy
L

i

200 V

6. Itis found that when R = 4 Q, the currentis 1 A and when R is increased to 9 Q , the current
reduces to 0.5 A. Find the values of the emf E and internal resistance 7. 2

7. A cell of emf ‘E” and internal resistance 7’ is connected across a variable resistor ‘R’. Plot a graph
showing variation of terminal voltage ‘V” of the cell versus the current ‘I’. Using the plot, show
how the emf of the cell and its internal resistance can be determined. 2

8. Estimate the average drift speed of conduction electrons in a copper wire of cross-sectional
area 2.5 X 107'm? carrying a current of 1.8A. Assume the density of conduction electrons to be
9 x 10*m™. 2

Current Electricity .



10.

11.

12.

13.

A wire of 20Q resistance is gradually stretched to double its original length. It is then cut into two
equal parts. These parts are then connected in parallel across a 4.0 volt battery. Find the current

drawn from the battery. 2
Using Kirchhoff’s rules, calculate the current through the 40 Q and 20 Q resistors in the
following circuit: 3
_8IO|V+ 200
A B
] VWWWA
40Q
D VAW c
I 100 030 Bt B2 429
E Nl VWWW¢
5V 9V
40V
Two cells £| and E, of emf’s 5 V and 9 V and internal resistances 60

of 0.3 Q and 1.2 Q respectively are connected to a network of 3
resistances as shown in the figure. Calculate the value of current 450
flowing through the 3 Q resistance.

(¢) State the principle of working of a meter bridge.

() In a meter bridge balance point is found at a distance /,
with resistance R and S as shown in the figure.

When an unknown resistance X is connected in parallel with

the resistance §, the balance point shifts to a distance /,. Find
the expression for X in terms of /, [, and S.

(@) A cell of emf E and internal resistance r is connected to
two external resistances Ry and R, and a perfect ammeter.

. . P . . Y
The current in the circuit is measured in four different = ()
situations: 4V

(¢) without any external resistance in the circuit.
(1) with resistance R only
() with R| and R, in series combination
(tv) with Ry and R, in parallel combination.

The currents measured in the four cases are 0.42 A, 1.05 A, 1.4 Aand 4.2 A, but not necessarily
in that order. Identify the currents corresponding to the four cases mentioned above.

(b) A variable resistor R is connected across a cell of emf E and internal
resistance 7’ as shown in the figure. %‘

Plot a graph showing the variation of

-
Er
(1) The current I, as a function of R. ’ 5

(¢) Terminal voltage  and

Answers

1. (@) (b) (@) (c) (222) (c) 2. (1) same order () 2.5
5. 5 A 6.r=1Q,FE=5V 8. vg=5x 10" m/s 9. 0.2 A

10. 0A,4A 11. éA



Chapter -4

Moving Charges
and Magnetism

Po pL-s

1. Magnetic Effect of Current:

A magnetic field is associated with an electric current flowing through a metallic wire. This is called
magnetic effect of current. On the other hand, a stationary electron produces electric field only.

2. Source and Units of Magnetic Field

Oersted’s Experiment: A Danish physicist, Hans Christian Oersted, in 1820, demonstrated that
a magnetic needle is deflected by a current carrying wire. He concluded that the magnetic field is

caused by current elements (or moving charges). The unit of magnetic field strength in SI system
is tesla (T) or weber/metre? (Wb m™) or newton/ampere-metre (N Alm™).
In CGS system, the unit of magnetic field is gauss (G).
1T=10"G
3. Biot-Savart Law
It states that the magnetic field strength dB produced due to a current

. . .. ->
element (of current / and length dl) at a point having position vector r

relative to current element is

o=t 1di X r
C4m 3

where 1, is permeability of free space. Its value is
1o =41 X107 Wh/A-m

The magnitude of magnetic field is

Mo Idisin 6

4n 2

. .o . -> .
where 0 is the angle between current element /dl and position vector r as shown in the figure.

dB =

The direction of magnetic field dB is perpendicular to the plane containing Idl and 7.
4. Magnetic Field due to a Circular Coil

The magnetic field due to current carrying circular coil of N-turns,
radius a, carrying current / at a distance x from the centre of coil is

poNIa?
= m along the axis.
a
At centre, x = 0
w NI
B, = 2a




The direction of magnetic field at the centre is perpendicular to the plane of the coil.

In general the field produced by a circular arc subtending an angle 0 at centre is
ol 0

¢~ 2 2m

. Ampere's Circuital Law

(6 in radian)

It states that the line integral of magnetic field B along a closed path is equal to
to-times the current (/) passing through the closed path.

f E Al = ol
. Magnetic Field due to a Straight Conductor Carrying a Current using

Biot-Savart Law

The magnetic field due to a straight current carrying wire of finite length at a point is

B ~UnR (sing, + sin¢,)

where R is the perpendicular distance of the point from the conductor.
The direction of magnetic field is given by right hand grip rule.
Special cases: (i) If the wire is infinitely long, then ¢, = n/2, ¢, = /2

ol
B=%9nr
T B
(i) If point is near one end of a long wire, (¢, = 5,4)2 = 0), then
_ 1ol
B="nr

. Magnetic Field due to a Current Carrying Solenoid

At the axis of a long solenoid, carrying a current /

B=pgnl
where n = number of turns per unit length.
. . rond
Magnetic field at one end of solenoid B,,; = B

The polarity of any end is determined by using Ampere’s right hand rule.
. Magnetic Field due to a Toroid (Circular Solenoid)

Magnetic field within the turns of toroid

_ MoNT h _
B = onr =npyl, where n =

where 7 is average radius.

2mr

Magnetic field outside the toroid and inside in the open space is zero.

. Force on a Moving Charged Particle in Magnetic Field

rol 4

The force on a charged particle moving with velocity 7 in a uniform magnetic field B is given by

Fo= q(1_/)>< E) = quBsin §
This is known as Lorentz force.
The direction of this force is determined by using Fleming’s left hand rule.
The direction of this force is perpendicular to both 7 and B,

When 5 is parallel to B, then Fm=0

When v is perpendicular to B, then F,, is maximum, t.e., F,, = quB.

> m



10. Force on a Charged Particle in Simultaneous Electric and Magnetic Fields

The total force on a charged particle moving in simultaneous electric field E and magnetic field

B is given by

F = g(E + vX B)

This is called Lorentz force equation.
11. Path of Charged Particle in a Uniform Magnetic Field

(@)

(it)

(i)

If v is parallel to the direction of B , then magnetic force = zero. So the path of particle is an
undeflected straight line.

If v is perpendicular to B ,then magnetic field provides a force whose direction is perpendicular

to both vand B and the particle follows a circular path. The radius r of path is given by

va muo

r =qUB = r= qu
If K is kinetic energy of a particle, then P = mv = v2mK
v2mK

qB
If V' is accelerating potential in volt, K = ¢V

_¥2mgVo 1 [omV
T T BV ¢

2mm
- 9B -
If a particle’s velocity v is oblique to magnetic field B, then the particle follows a helical path of

r =

Time period of revolution is 7" =

di _mwsin®  mo;
radius 7 =" p— =" 3
2mm

Time period 7" = B

2mm
qB
where v}, is a component of velocity parallel to the direction of magnetic field.

and pitch P = v, T = vcos 0

12. Velocity Filter Y

If electric and magnetic fields are mutually perpendicular and

a charged particle enters this region with Velocityzwhich is Fy
perpendicular to both electric and magnetic fields, then it may
happen that the electric and magnetic forces are equal and opposite
and charged particle with given velocity v remain undeflected in
both fields. In such a condition

This arrangement is called velocity filter or velocity selector.

—>m

<

E
gtk = quB = V=g

N wi{
S

/ Fy

13. Cyclotron

It is a device to accelerate charged particles such as a-particles, protons and deutrons. It consists of
two hollow dees placed in a perpendicular magnetic field with a little gap between them. A radio
frequency potential difference is applied across the dees. For acceleration of charged particle, the
resonance condition is

“The frequency of revolution of charged particle must be equal to the frequency of radio frequency voltage
source.”



14.

15.

16.

17.

B
The frequency of revolution of the particle is v = Qth—m

Magnetic field

Where B is the magnetic field out of paper Deflecting plate

inside the dees, ¢ is the charge on |

|
the particle and m is its mass.
This frequency is called cyclotron
frequency. / ~ Exitport

Clearly it is independent of the Charged
speed of the particle. particle
Energy gained per revolution
= 2qV
Energy gained in n-revolutions,

B2q2R2 D‘l N
E =2nqV = —5—— where R is

2m

radius of dee. — D2

l

T T

| Electric Oscillator|

5)

Magnetic Force on a Current Carrying Conductor of Length 1is given by
E,=I1(IxB)

Magnitude of force is
F, = 1IB sin 0

Direction of force F is normal to [ and B given by Fleming’s Left Hand

Rule. If 6 = 0( .., ? is parallel to é), then magnetic force is zero.

Force between Parallel Current Carrying Conductors

Two parallel current carrying conductors attract while antiparallel
current carrying conductors repel. The magnetic force
per unit length on either current carrying conductor at
separation 7’ is given by

F "101112 F . |

> F
/ onr newton/metre r r I

I1 VAV Al A
- 7 172 ! 2 1
=2X10 r

Its unit is newton/metre abbreviated as N/m.

Definition of ampere in SI System
1 ampere is the current which when flowing in each of the two parallel wires in vacuum at separation
of 1 m from each other exert a force of

n

2—:[ = 2 107 N/mon each other.
Torque Experienced by a Current Loop (of Area A) Carrying Current I in a Uniform Magnetic
Field B is given by

T=NIAXB)=MXB
where M = NI A is magnetic moment of loop. The unit of magnetic moment in SI system is
ampere X metre” (Amg).



18.

19.

Potential energy of a current loop in a magnetic field
When a current loop of magnetic moment M is placed in a magnetic field, then potential energy of
magnetic dipole is

U =—M.B = — MBcosb

(1) When 6=0, U=-MB (minimum or stable equilibrium position)
() When 6=m, U=+MB (maximum or unstable equilibrium position)

(1) When § = 5 ,potentlal energy is zero.

Moving Coil Galvanometer

A moving coil galvanometer is a device used to detect flow of

current in a circuit. Care

A moving coil galvanometer consists of a rectangular coil
placed in a uniform radial magnetic field produced by
cylindrical pole pieces. Torque on coil © = NIAB where N
is number of turns, A is area of coil. If C is torsional rigidity
of material of suspension wire, then for deflection 6, torque

1= (0 Coil
For equilibrium NIAB = C0
NAB
= 0= TI = Bocl

Clearly, deflection in galvanometer is directly proportional to current, so the scale of galvanometer
is linear.
Figure of Merit of a galvanometer: The current which produces a deflection of one scale division

. . . oo __C
in the galvanometer is called its figure of Merit. It is equal to 0~ NAB

Sensitivity of a galvanometer: Current sensitivity: It is defined as the deflection of coil per unit
current flowing in it.

L 0 NAB
Sensitivity S; = (7> =~
Voltage sensitivity: It is defined as the deflection of coil per unit potential difference across its ends
) 0 NAB
e, Sy = 7 Rg.C’
where R, is resistance of galvanometer.

Clearly for greater sensitivity, number of turns N, area A and magnetic field strength B should
be large and torsional rigidity C of suspension should be small.

20. Conversion of Galvanometer into Ammeter —VYWWWWWW—
A galvanometer may be converted into ammeter by using very S
small resistance in parallel with the galvanometer coil. The small
resistance connected in parallel is called a shunt. If G is resistance —* @
of galvanometer, /, is current in galvanometer for full scale Ammeter

21.

deflection, then for conversion of galvanometer into ammeter of range / ampere, the shunt is

given by ;
§=-"G
I-1,

Conversion of Galvanometer into Voltmeter R
A galvanometer may be converted into voltmeter by connecting high ——@—\N\N\N\N‘——
resistance (R) in series with the coil of galvanometer. If I volt is the

range of voltmeter formed, then series resistance is given by Voltmeter
R=-—-G
Ig



Selected NCERT Textbook Questions

agnetic field due to a Straight Wire

Q. 1.

Ans.

Q.2.

Ans.

Ans.

A long straight wire carries a current of 35 A. What is the magnitude of magnetic field B ata
point 20 cm from the wire?

Magnetic field due to a current carrying straight wire at a distance r is

" omr
GivenA =35A,r=20cm =0.20m,B =?
4mx107 X 35 _ 5
T onx0go  oOXIOTT
A long straight wire in the horizontal plane carries a current of 50 A in north to south direction.
Give the magnitude and direction of B at a point 2.5 m east of the wire? N

GivenI =50A,r=25m
ol 4mx107 x50

= om = onxog - 4X10°T SR 4
By right hand palm rule the magnetic field is directed vertically upward. i '
A horizontal overhead power line carries a current of 90 A in east to west
direction. What is the magnitude and direction of the magnetic field due to S

the current at a distance 1.5 m below the line?
The magnitude of magnetic field at a distance r is
!
" omr
Here,/ =90A,r=1.5m
_ 4mx 107 x 90
2nx 1.5

According to right hand palm rule the magnetic field at a point vertically
below the wire is directed along the south.

B = 1.2 X 10 tesla

Magnetic field due to a Circular Coil

Q. 4.

Ans.

Q.5.

Ans.

A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a current of
=

0.40 A. What is the magnitude of magnetic field B at the centre of the coil?
Given N = 100,7 = 8.0 cm = 8.0 X 107 m, = 0.40 A
Magnetic field at centre of circular coil
_ woNI 4nx1077 X100 X 0.40

B = =
2r 92x8.0%x1072

=ax10*'T=38.14 x10*T

Two concentric circular coils X and Y of radius 16 cm and 10 cm N
respectively, lie in the same vertical plane containing the north to X

south direction. Coil X has 20 turns and carries a current of 16 A, coil

Y has 25 turns and carries a current of 18 A. The sense of the current

in X is anticlockwise and in Y is clockwise, for an observer looking at ‘

the coils facing west. Give the magnitude and the direction of the net w £
magnetic field due to the coils at their centre. ‘P

As currents in coils X and Y are opposite, the direction of magnetic field

produced by them at the centre will be opposite.

The magnetic field produced at the centre due to a current carrying coil is
w NI

2R

. Xam idea Physics—XII



Ans.

Let B; and B, be magnetic fields at centre O due to coils X and Y respectively.
For coil X, I;,=16 A, N, =20, R; = 16 cm =0.16 m
_ MmN 4rx107 %20 % 16
! 2R, 2x0.16
For coil Y, I, =18 A, Ny, =25, Ry, = 10 cm =0.10 m
MoNoly  4mx107x 25 % 18
2R, 2x0.10
- Net magnetic field B = By—B;=91x 107 =41 x107* = 51 x 10* T
=5 x 8.14 X 107 = 15.7 x 10™* T towards west.
Thus resultant magnetic field at centre has magnitude 15.7 X 10~ T and is directed towards west.

= 41x10~* T, towards east

By, = = 9nx10~* T, towards west.

A magnetic field of 100 G (1 G =10 T) is required which is uniform in a region of linear

dimension about 10 cm and area of cross-section about 10 m®. The maximum current

carrying capacity of a given coil of wire is 15 A and the number of turns per unit length

that can be wound round a core is at most 1000 turns m™'. Suggest some appropriate design

particulars of a solenoid for the required purpose. Assume the core is not ferromagnetic.

Given B=100 G=100x10"T=107T, I = 15 A, n=1000 turns/m.

We have B= w nl

_B __107
Fo  4mx107

We may have /=10 A, n = 800

The length of solenoid may be about 50 cm, number of turns about 400, so that
_ N _ 400 _
n=5 05 8000.
The area of cross-section of solenoid may be 10 m? or more; though these particulars are not
unique, slight adjustments are possible.

nl = 8000

Magnetic field due to a Solenoid

Q.7.

Ans.

Ans.

A closely wound solenoid 80 cm long has 5 layers of windings of 400 turns each. The diameter

of the solenoid is 1.8 cm. If the current carried is 8.0 A, estimate the magnitude of B inside
the solenoid near its centre.
Given/ = 80 cm = 0.80 m, N = 5 X 400 = 2000,/ = 8.0 A
Magnetic field inside the solenoid
BN 471077 x 2000 X 8.0

[ 0.80

=8m x10° T =25 x 10T

A toroid has a core (non-ferromagnetic) of inner radius 25 cm and outer radius 26 cm, around
which 3500 turns of a wire are wound. If the current in the wire is 11 A, what is the magnetic
field (a) outside the toroid, (b) inside the core of the toroid, and (¢) in the empty space
surrounded by the toroid?

B=ypul =

r +r +
12 2 =25226 =955cm =255 X% 102 m

Total number of turns N= 3500, current /=11A

Mean radius of toroid r =

3500

2mr  9m x 95.5 X 1072
(a) Magnetic field outside the toroid is zero.

Number of turns per unit length, n = turns/metre

(b) Magnetic field inside the toroid =pyn/
3500

2 X 25.5 % 1072
(¢) Magnetic field in empty space surrounded by toroid is zero.

Moving Charges and Magnetism .

=4n><10-7><< >X11=3.0><10‘2T



Magnetic force and Torque

Q.9.

Ans.

Q. 10.

Ans.

Q. 11.

Ans.

Q. 12.

Ans.

Q. 13.

Ans.

. Xam idea Physics—XII

What is the magnitude of magnetic force per unit length on a wire carrying a current of 8 A
and making an angle of 30° with the direction of a uniform magnetic field of 0.15 T?
Magnetic force, I = Bl sin 6
Magnetic force per unit length,
f= ? = Blsin0=0.15X8Xsin 30°= 0.6 N/m

Two long and parallel straight wires 4 and B carrying currents of 8.0 A and 5.0 A in the same
direction are separated by a distance of 4.0 cm. Estimate the force on a 10 cm section of wire A.
Given I; = 8.0A,1,=5.0A,r =4.0cm = 4.0 X 10%m
Currents in same direction attract each other; so magnetic force on / = 10 cm = 10 X 102 m
length of wire 4 is

L Ll 47 %107 X 8.0 X 5.0 X 10.0 X 1072

2nr 21X 4.0 X 107

A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The coil is
suspended vertically and normal to the plane of the coil makes an angle of 30° with the
direction of uniform horizontal magnetic field of magnitude 0.80 T. What is the magnitude of
the torque experienced by the coil?
Torque on coil T = NIAB sin 0

Here N =20;4=10cm X 10 cm = 100 cm? = 100 x 10~* m?
I=12A,0=30° B=0.80T :
T =(20) X (12) x (100 x 107%) x 0.80 sin 30° = 24><O.8><<§>><10‘1 = 0.96 Nm

=2.0X10°N

(@) A circular coil of 30 turns and radius 8.0 cm carrying a current of 6.0 A is suspended
vertically in a uniform horizontal magnetic field of magnitude 1.0 T. The field lines make
an angle of 60° with the normal of the coil. Calculate the magnitude of counter-torque that
must be applied to prevent the coil from turning.

(b) Would your answer change, if the circular coil in (¢) were replaced by a planar coil of
some irregular shape that encloses the same area?

(All other particulars are also unaltered).

(@) Given N= 30,4 =’ = 1 X (8.0 x 10%)* m?
I=6.04,B=1.0T,0=60°
Torque 1= NIAB sin 0 =30 x 6.0 x 7t x (8.0 x 107)? X 1.0 X sin 60°

3
=30X6.0X3.14 X64 X 10"4><<§> = 3.13 Nm

(b) As the expression for torque contains only area not the shape of coil, so torque on a planar loop
will remain the same provided magnitude of area is same.

A straight horizontal conducting rod of length 0.45 m and mass 60 g is suspended by two

vertical wires at its ends. A current of 5.0 A is set up in the rod through the wires.

(2) What magnetic field should be set up normal to the conductor in order that the tension in
the wires is zero?

(b) What will be the total tension in the wires if the direction of current is reversed, keeping
the magnetic field same as before? (Neglect the mass of wires, g = 9.8 m/s?).

(a) If tension in wires be zero, then the weight of rod and

magnetic force on rod must be equal and opposite. A A

Weight of rod acts vertically downward. For magnetic T BIL Tz

force to act upward, the magnetic field should be ® |© © ® ®I® ® ® ®@®

normal to length of current as shown in Fig. (a). ®®®PIOR®®R®®

Magnetic force = weight of rod ® ® ®T® ®l® ®» ® ® ®
BIL = Mg () Mo



Mg

Magnetic field, B = I
Given M =60 g =60x 107> kg, I =5.0A, L = 0.45 m

. 60%x107°%x98

B =TS ox0a5 0267

(b) When the direction of current is reversed, the
tic fa 1 the direction; so that 1 T2
magnetic force also reverses the direction; so tha e e e
now weight Mg and magnetic force BIL act in the
same direction [Fig (b)]. ®|© ®<I® ® QOB QI
.. Total tension in wires "= (T} + T) = Mg + BIL ® ® B® ®$%>"_® ® O
= 2Mg Mg

[since Mg = BIL from (i)] Q]
=92x60x10°x9.8=1.176 N

Q. 14. The wires which connect the battery of an automobile to its starting motor carry a current of

Ans.

Q. 15.

Ans.

300 A (for a short while). What is the force per unit length between the wires if they are 70 cm
long and 1.5 cm apart? Is the force attractive or repulsive?
F_ MLl

Force per unit length f = T~ onr N/m

A\ 4

Motor

®

Here, p,=4m x 107 N/A%, 1) = I, = 300 A,

r=15cm=15x10"m

f= 4mx10~" X 300 X 300
2nx 1.5 %107

Currents are in opposite directions, therefore the force is repulsive.

|+

I
—=—>

V'

=1.2N/m

Remark: The answer is approximate because the formula is true for infinitely long wires.

A uniform magnetic field of 1.5 T exists in a cylindrical region of radius 10.0 cm, its direction
being parallel to the axis along east to west. A wire carrying a current of 7.0 A in the north to

south direction passes through the region. What is the magnitude and direction of the force
on the wire if:

(a) the wire intersects the axis
(b) the wire is turned from N-S to north-east and north-west direction.
(c) the wire in the N-S direction is lowered from the axis by a distance of 6.0 cm.

(a) In cylindrical region, length of wire = diameter of cylinder N

=20 cm = 0.20 m

Angle between current and magnetic field = 90° LB

Magnetic force, F,, = BIl sin 90° = 1.5x7.0 X 0.20 < e E

= 21N wo il
By Fleming’s left hand rule, fm) is directed in vertically downward w1
direction. S
(b) When wire is turned from N-S to N-E and N-W direction the wire N

makes an angle 45° with the direction of field and its length

- o /4B
also increases to [' = Sin 45° ; %

w R E

Magnetic force F,,=BIl' sin 45° ' N

= BI( X sin45° = BIl

i)
sin 45°

directed vertically downward.

Moving Charges and Magnetism .



(¢) When wire in NS direction is lowered vertically by 6 cm, then
new length of wire in the magnetic field is

=2x8cm=16cm=0.16m | é= V10%-6
~ F,=BIl=15x7.0x0.16 N
=1.68 N, vertically downward.

Q. 16. A uniform magnetic field of 3000 G is established along the
positive Z-direction. A rectangular loop of side 10 cm and 5 cm
carries a current of 12 A. What is the torque on the loop in the
different cases shown in figure (a), (b), (c), (d), (¢) and (f).

—>
A
w—>

@ —>
™ —>
[ —>

X (d) X (e) X (f)

Ans. Torgue T=1AXB =IABsin0#
Given B = 3000 G = 3000 x 10°* T =0.3T
A=0b=10x5=50cm®>=50x10"*m?,I=12A

(a) In fig. (a) angle between A and B is 90° (direction of A is normal to plane of loop); A is
directed along X-axis.

T=12%X(0%X107%)%08k=-1.8%x102jN-m
= 1.8 x 10" 2 N - m along negative Y-axis.
(0) In this case also angle between A and B is 90% A is directed along X-axis.
1=IAXB =18 N-m along negative Y-axis.
(¢) In this case direction of area is along negative Y-axis.
T=1AXB=12%x(-50x10"*)x 0.3k =-1.8x1072i
Torque has magnitude 1.8 x 10”* N and is directed along negative X-axis.

(d) In this case
T=IA%XEB
1=|7|=IAB=18%X10%N-m

But direction of torque makes an angle = 240° with positive X-axis.

(¢) In this case, angle between directions of normal to plane of area and magnetic field is 0°; so
>
=0

(/) In this case, angle between normal to plane of area and magnetic field is 180°, so T=0

. Xam idea Physics—XII



Motion of a Charged Particle in Magnetic field
Q. 17. Inachamber a uniform magnetic field of 6.5 G (1 G =10~ T) is maintained. An electron is shot
into the field with a speed of 4.8 X 10° ms™ normal to the field. Explain why the path of electron
is a circle. Determine the radius of the circular orbit. (¢=1.6x10"'° C, m = 9.1 x 107! kg).
Ans. The electron in transverse magnetic field experiences magnetic force F, =quB which is

. ind =g . . .
perpendicular to v as well as B; so magnetic force only changes the direction of path of
electron, without changing its speed. This is only possible in circular path; the magnetic force
provides the necessary centripetal force for circular path.

2
mu” _
= euB
-31 6
. X X4.8X
Radius 7_mv=91 10 4.8%x10

B 1.6x107x6.5x107
=4.2x10°m =4.2cm
Q. 18. In Q. 17 above, obtain the frequency of revolution of the electron in its circular orbit. Does the
answer depend upon the speed of the electron? Explain.

. . . _2mr 2% mw _ 2mm
Ans. Time period of revolution of electron 7= —= = — “oB = B
1 eB

Frequency V=T o
_ 1.6x107""x6.5x10™"
2x3.14x9.1x107!

= 18.2x10°Hz = 18.2 MHz

The relation for frequency is independent of speed of electron, hence the frequency of revolution
of electron is independent of speed of electron.

Q.19. An electron emitted by a heated cathode and accelerated through a potential difference of
2 kV, enters a region with a uniform magnetic field of 0.15 T. Determine the trajectory of the
electrons if the magnetic field (a) is transverse to its initial velocity. (b) makes an angle 30° with
the initial velocity.

Ans. Velocity of electron accelerated through a potential difference V' is given by

/ 20V
émv2=eV = v= 287

Given V'=20kV =20x10°V,e = 1.6 x 10 " C,m = 9x 10 *' kg

= — X 7
9% 1051 3 10" m/s

(@) When electron enters the transverse magnetic field, its path is a circle of radius », given by

7"1‘()2 muo

=evB or r=—1r
r eB

Substituting given values

v=\/2><1.6><10‘19><2.0><103 8

(9% 10731 x(%x 107)
r= T =10"°m = 1mm
(1.6 X 10 719 x (0.15)

() When electron enters at an angle 30° with magnetic field, its path becomes helix of radius

_ musin30° m) . 0 _ _
B _<eB Xsin 307 = Imm X (0.5) = 0.5 mm

Velocity component along the field

8 3
vy, = vcos 30" = (gx 107m/s>><£ =2.3%10"m /s

Moving Charges and Magnetism .



Q. 20. A magnetic field set up using Helmholtz coils is uniform in a small region and has a magnitude
of 0.75 T. In the same region, a uniform electrostatic field is maintained in a direction normal
to the common axis of the coils. A narrow beam of (single species) charged particles all
accelerated through the 15 kV enters this region in a direction perpendicular to both the axis
of the coils and the electrostatic field. If the beam remains undeflected when the electrostatic
field is 9 X 10° Vm™', make a simple guess as to what the beam contains. Why is the answer
not unique?

Ans. Given B =0.75T,E = 9x10° V™!, V' = 15 kV = 15000 V.
The velocity of electron v is given by
1 ) 2€V
—mv- = el or UV =)

2 m
Substituting value of I/, we get

X
o=/ 22000 107wy

If particles are undeflected in simultaneous transverse electric and magnetic field, el = evB
v=% = \/SX104e/m=%
e _E 1 _(9x10)" .

or =X = X =4.8x%X10°C/k
moopg?o3x10*  (0.75)2  3x10* &

This gives the value of ¢/m of charged particle and not any particular particle; the charged particle

may be deuteron (D*), He* *and Li* * " ions etc. Hence, the answer is not unique.

Q. 21. A circular coil of 20 turns and radius 10 cm is placed in a uniform magnetic field of 0.10 T
normal to the plane of the coil. If the current in the coil is 5.0 A, what is the
(@) total torque on the coil?

(b) total force on the coil?
(c) average force on each electron in the coil due to the magnetic field?

[The coil is made of copper wire of cross-sectional area 10 m? and the free electron
density in copper is given to be about 10* m™].

Ans. Given N=20,r =10cm =0.10m, /=5.0A,B=0.10T
Area of coil A= % = 3.14x (0.10)% = 3.14x 10 m?
(a) Angle between normal to plane of coil and magnetic field is 0°i.e., T=NIAXEB =0
(b) Total force on a current carrying coil in a magnetic field is always zero.
(c) Average (magnetic) force on an electron F,, = ev,B

1
But v, = el
_ I _ IB _ 5.0x0.10 _ _25
Fm = e<—neA )B = _nA = 71029X10_5 =5%X10""" N

Q. 22. A solenoid 60 cm long and radius 4.0 cm has 3 layers of windings of 300 turns each. A 2.0 cm
long wire of mass 2.5 g lies inside the solenoid (near its centre) normal to its axis, both the
wire and the axis of solenoid are in the horizontal plane. The wire is connected through two
leads parallel to the axis of the solenoid to an external battery which supplies a current of 6.0 A in
the wire. What value of current (with appropriate sense of circulation) in the winding of the
solenoid can support the weight of the wire? g = 9.8 ms™>

Ans. For Solenoid, /; = 60 cm = 0.60 m, N, = 3 x 300 = 900, [, = ?
For wire [,=2.0 cm = 2.0 x 107 m, my = 2.5 g = 2.5 x 107 kg,
I, =6.0A

N
Magnetic field produced by solenoid B, = (—1)

ll
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N. VA
Magnetic force on wire, F, = I,1,B, = Ll,1, (11)11
1

The weight of wire can be supported if this force acts vertically

upward
o . —Y
He mg = Ilio| 7 I Z
l 4' 'I
mgll 25%x10°x9.8X0.60 N SUMMARIERLELLLLEEE
!—loNllllz 471X 1077 X 900X 2.0 X 102X 6.0
=108.3 A

Let length of solenoid be along Y-axis and length of wire along X-axis.

For upward magnetic force on wire the current in winding should be anticlockwise as seen from
origin; so that magnetic field is along Y-axis and the current in wire should be along positive
X-axis. Mathematically.

F =1TxB=1ixBj=1Bk
= IIB along positive Z-axis
Weight is vertically downward (along negative Z-axis)

Sensitivity of Galvanometer
Q. 23. Two moving coil meters M, and M, have the following particulars:
R, =10Q, N, =30, 4, =3.6 x 10° m?, B, =0.25T,
R, =14Q, N, =42, 4, =18 X 10° m®, B, = 0.50 T
(The spring constants are identical for the two meters).
Determine the ratio of (a) current sensitivity and (b) voltage sensitivity of M, and M,.
NAB
C
NAB  S;
CR R
The spring constant C is same for two meters.

(S m,  NyAgBy  42x1.8x107°x0.50

Ans. Current sensitivity, S, =

and voltage sensitivity, S, =

(@)

Sdw,  NiAB  30x3.6x107°x0.25
(Sy) (Se) R 10

(b) per = T M Tl o g =1
Sy, Sy, Re 14

Conversion of Galvanometer into Ammeter and Voltmeter
Q. 24. A galvanometer coil has a resistance of 12 Q) and the meter shows full scale deflection for a
current of 3 mA. How will you convert the meter into a voltmeter of range 0 to 18 V?
Ans. For conversion of galvanometer into voltmeter a resistance R is connected in series with the coil.

Series resistance, R = IK -G
g
Given, V=18 V,G = 12Q,1, = 3 mA = 3x107° A
R=—1819=6000-12 = 5988 Q
3% 107

Q. 25. A galvanometer has a resistance of 15 Q and the meter shows full scale deflection for a current
of 4 mA. How will you convert the meter into an ammeter of range 0 to 6 A?
Ans. For conversion of galvanometer into an ammeter a shunt (a small resistance in parallel with coil)
is connected. The value of shunt resistance ‘S’ is given by
I

S g
Ig——S+GI=>S——I_IgG
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Given, I, =4mA =4x107A,1=6A,G=15Q

X107 -3 .
= A 5 P 50 = 10x 1070 = 10me
6—(4x107% 6

Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.

1.

If a conducting wire carries a direct current through it, the magnetic field associated with the
current will be .

(@) both inside and outside the conductor (b) neither inside nor outside the conductor

(¢) only outside the conductor (d) only inside the conductor

A compass needle is placed above a straight conducting wire. If current passes through the
conducting wire from South to North. Then the deflection of the compass

(a) 1s towards West (b) 1s towards East

(¢) keeps oscillating in East-West direction (d) no deflection

When a charged particle moving with velocity v is subjected to a magnetic field of induction
B, the force on it is non-zero.

This implies that

(a) angle between is either zero or 180°

(b) angle between is necessarily 90°

(¢c) angle between can have any value other than 90°

(d) angle between can have any value other than zero and 180°
Consider the following two statements about the Oersted's experiment.

Statement P: The magnetic field due to a straight current carrying conductor is in the form of
circular loops around it.

Statement Q: The magnetic field due to a current carrying conductor is weak at near points
from the conductor, compared to the far points.

(@) Both P and Q are true (b) Both P and Q are false

(¢) Pistrue, but Q is false (d) P is false, but Q is true

Consider the following statements about the representation of the magnetic field

Statement P: The magnetic field emerging out of the plane of the paper is denoted by a dot (O).
Statement Q: The magnetic field going into the plane of the paper is denoted by a cross (®).

(@) Both P and Q are true (b) Pis true, but Q is false
(c) Pisfalse, but Q is true (d) Both P and Q) are false
In a cyclotron, a charged particle [NCERT Exemplar]

(@) undergoes acceleration all the time

(b) speeds up between the dees because of the magnetic field
(¢) speeds up in a dee

(d) slows down within a dee and speeds up between dees

Two charged particles traverse identical helical paths in a completely opposite sense in a
uniform magnetic field B = BOIE . [NCERT Exemplar]
(@) They have equal z-components of momenta

(b) They must have equal charges

(¢c) They necessarily represent a particle, anti-particle pair

(d) The charge to mass ratio satisfy: (%)I + (%)2 =0
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10.

11.

12.

13.

14.

15.

16.

17.

18.

A cyclotron’s oscillator frequency is 20 MHz. If the radius of its ‘dees’ is 40 cm, what is the
kinetic energy (in MeV) of the proton beam produced by the accelerator?

(@) 7 MeV (0) 13.25 MeV (¢) 28 MeV (d) 3.5 MeV
Biot-Savart law indicates that the moving electrons (velocity v) produce a magnetic field B
such that [NCERT Exemplar]

(@) B is perpendicular to v

(b) B is parallel to v

(¢) it obeys inverse cube law

(d) itis along the line joining the electron and point of observation

An electron is projected with uniform velocity along the axis of a current carrying long

solenoid. Which of the following is true? [NCERT Exemplar]
(a) The electron will be accelerated along the axis

(b) The electron path will be circular about the axis

(¢) The electron will experience a force at 45° to the axis and hence execute a helical path

(d) The electron will continue to move with uniform velocity along the axis of the solenoid

A micro-ammeter has a resistance of 100 Q and a full scale range of 50 pA. It can be used as a
higher range ammeter or voltmeter provided resistance is added to it. Pick the correct range
and resistance combinations.

(@) 50 V range and 10 kQ resistance in series

(b) 10 V range and 200 kQ resistance in series

(¢) 5 mA range with 1 Q resistance in parallel

(d) 10 mA range with 1 Q resistance in parallel.

A current carrying circular loop of radius R is placed in the x-y plane with centre at the origin.

Half of the loop with x > 0 is now bent so that it now lies in the y-z plane. [NCERT Exemplar]
(@) The magnitude of magnetic moment now diminishes.

() The magnetic moment does not change.

(¢) The magnitude of B at (0,0, z), z>>R increases.

(d) The magnitude of B at (0,0, z), z>>R is unchanged.

A circular current loop of magnetic moment M is in an arbitrary orientation in an external

magnetic field B. The work done to rotate the loop by 30° about an axis perpendicular to its

plane is

(@) MB (b) v3 % (c) %
A current carrying loop is placed in a uniform magnetic field. The torque acting on it does not
depend upon the

(a) shape of the loop (b) area of the loop (¢) value of current  (d) magnetic field

(d) zero

A circular coil of 50 turns and radius 7 cm is placed in a uniform magnetic field of 4 T normal
to the plane of the coil. If the current in the coil is 6 A then total torque acting on the coil is
(@) 14.78 N (b) ON (¢) 739N (d) 3.69 N

The gyro-magnetic ratio of an electron in an H-atom, according to Bohr model, is
(a) independent of which orbit it is in (b) negative

(c) positive (d) increases with the quantum number n

The sensitivity of a moving coil galvanometer increases with the decrease in:
(@) number of turns (b) area of coil (¢) magnetic field (d) torsional rigidity

A voltmeter of range 2V and resistance 300 () cannot be converted to an ammeter of range:
(@) 5 mA (b) 8 mA (c) 1A d) 10 A

Moving Charges and Magnetism .



19. In an ammeter 4% of the mains current is passing through galvanometer. If the galvanometer
is shunted with a 5 () resistance, then resistance of galvanometer will be

(@) 116 Q () 117 Q (¢) 118 Q (d) 120 &

20. A rectangular coil of length 0.12 m and width 0.1 m having 50 turns of wire is suspended
vertically in a uniform magnetic field of strength 0.2 Weber/m?. The coil carries a current of 2
A. If the plane of the coil is inclined at an angle of 30° with the direction of the field, the torque
required to keep the coil in stable equilibrium will be

(@) 0.24 Nm (b) 0.12 Nm (¢) 0.15 Nm (d) 0.20 Nm
Answers
1. (c) 2. (a) 3. (d) 4. (c) 5. (a) 6. (@)
7. (d) 8. (b) 9. (a) 10. (d) 11. (b, ¢) 12. (a)
13. (d) 14. (a) 15. (b) 16. (a, b) 17. (d) 18. (a)
19. (d) 20. (d)

1. To convert galvanometer into a voltmeter of given range, a suitable high resistance should be
connected in with the galvanometer.

2. When a magnetic dipole of moment )/ rotates freely about its axis from unstable equilibrium
to stable equilibrium in a magnetic field B, the rotational kinetic energy gained by it is

3. An electron passes undeflected when passed through a region with electric and magnetic fields.
When electric field is switched off its path will change to

4. The ratio of angular momentum (L) to magnetic moment (M) of an electron revolving in a
circular orbit is

5. The path of charged particle moving perpendicularly with B is .
6. There is no change in the as a charged particle moving in a magnetic field,

although magnetic force is acting on it.
7. Two linear parallel conductors carrying currents in the opposite direction each
other.

8. When a coil carrying current is set with its plane perpendicular to the direction of magnetic
field, then torque on the coil is

9. A linear conductor carrying current if placed parallel to the direction of magnetic field, then it

experiences force.
10. Torque on a current carrying rectangular coil inside a galvanometer is maximum and constant
irrespective of its orientation as it is suspended inside magnetic field.
Answers
i . L 2m )
1. series 2. 2MB 3. circular 4o3r = - 5. circular
6. kinetic energy 7. repel 8. zero 9. zero [F = I/B sin 6 and 6 = (0°]
10. radial

Very Short Answer Questions [1 mark]

—

Q. 1. Write the expression, in a vector form, for the Lorentz magnetic force F due to a charge

moving with velocity v ina magnetic field B What is the direction of the magnetic force?
[CBSE Delhi 2014]

Ans. Force, F= q(;X E)

Obviously, the force on charged particle is perpendicular to both velocity v and magnetic field B.
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Q.2.

Ans.

Ans.

Q. 4.
Ans.

Ans.

Ans.

When a charged particle moving with velocity v is subjected to magnetic field B , the force
acting on it is non-zero. Would the particle gain any energy? [CBSE (F) 2013]

No. (¢) This is because the charge particle moves on a circular path.
i) F=q@xB)
and power dissipated P = Fv
= q(wxB).0
The particle does not gain any energy.
A long straight wire carries a steady current I along the positive Y-axis in a coordinate system.

A particle of charge +0Q is moving with a velocity " along the X-axis. In which direction will

the particle experience a force? [CBSE (F) 2013]
~ A R 14
From relation F = quB[iX (- k)] =+ quB()) . B
—

Magnetic force F along + Y axis.
or >X
From Fleming’s left hand rule, thumb points along+Y direction,
so the direction of magnetic force will be along + Y axis (or in the
direction of flow of current).
What can be the cause of helical motion of a charged particle? [CBSE North 2016]
Charge particle moves inclined to the magnetic field. When there is an angle between velocity of
charged particle and magnetic field, then the vertical component of velocity (v sin 0) will rotate
the charge particle on circular path, but horizontal component (v cos 8) will move the charged
particle in straight line. Hence path of the charge particle becomes helical.

In a certain region of space, electric field E and magnetic field B are perpendicular to each

other. An electron enters in the region perpendicular to the directions of both Band E and
moves undeflected. Find the velocity of the electron. [HOTS] [CBSE (F) 2013]

Net force on electron moving in the combined electric field E and magnetic field B is
F= —¢[E + v X B] )
Since electron moves undeflected then F'= 0.
E+uXB =0

= | El=1v[X|B]| = |v|=|~|

| B |
A narrow beam of protons and deuterons, each having the same momentum, enters a region of
uniform magnetic field directed perpendicular to their direction of momentum. What would
be the ratio of the circular paths described by them? [CBSE (F) 2011]

OR

A proton and a deuteron having equal momenta enter in a region of uniform magnetic field at
right angle to the direction of the field. Find the ratio of the radii of curvature of the path of
the particle. [CBSE Delhi 2013]
Charge on deutron (¢;) = charge on proton (g,)

9a = 9
Radius of circular path (r) = B% <.'.qu =

mv2>
r

roc % [for constant momentum (P)]

4 T
So, ===
7d qp q[)
Hence, 7, :7r;=1:1

1
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Q.7.

Ans.

Q. 8.

Ans.

Q.9.

Ans.

Q. 10.
Ans.

Q. 11.
Ans.

Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

Magnetic field lines can be entirely confined within the core of a toroid, but not within a
straight solenoid. Why? [CBSE Delhi 2009]

Magnetic field lines can be entirely confined within the core of a toroid because toroid has no
ends. A solenoid is open ended and the field lines inside it which are parallel to the length of the
solenoid, cannot form closed curves inside the solenoid.

An electron does not suffer any deflection while passing through a region of uniform magnetic
field. What is the direction of the magnetic field? [CBSE (AI) 2009]

Magnetic field is parallel or antiparallel to velocity of electron i.e., angle between 2 and B is 0°
or 180°.

A beam of o particles projected along + x-axis, experiences a force
due to a magnetic field along the + y-axis. What is the direction of the
magnetic field? [CBSE (AI) 2010]

By Fleming’s left hand rule magnetic field must be along negative z-axis. ® o particle

Why should an ammeter have a low resistance?

An ammeter is connected in series with the circuit to read the current.
Ifit had large resistance, it will change the current in circuit which it has
to measure correctly; hence ammeter reading will have significant error; so for correct reading
an ammeter should have a very low resistance.

Why should a voltmeter have high resistance?

A voltmeter is connected in parallel. When connected in parallel, it should draw least current
otherwise, the potential difference which it has to measure, will change.

What is the value of magnetic field at point O due to current
flowing in the wires? [HOTS] I

°0
Zero, because the upper and lower current carrying conductors ’
are identical and so the magnetic fields caused by them at the
centre O will be equal and opposite.

What is the magnetic field at point O due to current carrying

ir

wires shown in figure? [HOTS]
The magnetic field due to straight wires AB and CD is zero since
either © = 0° or 180° and that due to a semi-circular arc are

equal and opposite; hence net field at O is zero.

An electron, passing through a region is not deflected. Are you sure that there is no magnetic
field in that region? [HOTS]
No, if an electron enters parallel to a magnetic field, no force acts and the electron remains
undeflected.

A proton and an electron travelling along parallel paths enter a reion of uniform magnetic
field, acting perpendicular to their paths. Which of them will move in a circular path with
higher frequency? [CBSE 2018]
Electron

Reason: When the charge particle enters perpendicular to the magnetic field it traces circular
path.

no

S =quB
_mv
"B
m(wr)
r = 4B (v=or)
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0=
_4B
QT[D—W
qB
V=5
™m
4
Dcxm

Since, electron has less mass, so it will move with high frequency.

Short Answer Questions-I [2 marks]

Q. 1.

Ans.

A particle of charge ¢ is moving with velocity v in the presence of crossed Electric field E
and Magnetic field B as shown. Write the condition under which the particle will continue
moving along x-axis. How would the trajectory of the particle be affected if the electric field is
switched off? [CBSE Sample Paper 2018]

Consider a charge ¢ moving with velocity v in the presence of electric and magnetic fields. The

force on an electric charge ¢ due to both of them is Ly
F=q[E(r)+vXB(r)]
= F= Felecm'c+ Fmagnetic (l)

where, v = velocity of the charge
r = location of the charge at a given time ¢
E(r) = Electric field

B(r) = Magnetic field / v X
B

Let us consider a simple case in which electric and
magnetic fields are perpendicular to each other and Fs
also perpendicular to the velocity of the particle.

Fp=qE=qt) R
Fy= quXB = q(uiXBk) = - quBj
F=q(E -B) ]
Thus, electric and magnetic forces are in opposite directions.

Suppose we adjust the values of E and B such that magnitudes of the two forces are equal, then
the total force on the charge is zero and the charge will move in the fields undeflected. This
happens when

E
gk = quB or v=-p
This condition can be used to select charged particles of a particular velocity out of a beam

containing charges moving with different speeds (irrespective of their charge and mass). The
crossed E and B fields therefore serve as a velocity selector.

Trajectory becomes helical about the direction of magnetic field.
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Ans.

Q.3.

Ans.

Ans.

Q.5.

Ans.

(i) Write the expression for the magnetic force acting on a charged particle moving with velocity

v in the presence of magnetic field B. x x x x x x
(ii) A neutron, an electron and an alpha particle moving & —
with equal velocities, enter a uniform magnetic field x x x x x x
going into the plane of the paper as shown. Trace " —
their paths in the field and justify your answer. x x x x x x
B o [CBSE Delhi 2016] ¢ —
(@) F=qwXB) x x X x x x

(i) Force on alpha particle and electron are opposite to each other, magnitude of mass per
charge ratio of alpha particle is more than electron (i.e., r oc %) hence radius of alpha particle

is more than radius of electron.

State the underlying principle of a cyclotron. Write briefly how this machine is used to
accelerate charged particles to high energies. [CBSE Delhi 2014]
A cyclotron makes use of the principle that the energy of the charged particles can be increased
to a high value by making it pass through an electric field repeatedly.

The magnetic field acts on the charged particle and makes them move in a circular path inside
the dee. Every time the particle moves from one dee to another it is acted upon by the alternating
electric field, and is accelerated by this field, which increases the energy of the particle.

Uses: (z) It is used to bombard nuclei with high energetic particles accelerated by cyclotron and
study the resulting nuclear reaction.

(1) Itis used to implant ions into solids and modify their properties or even synthesize new materials.
Write the expression for Lorentz magnetic force on a particle of charge ‘¢’ moving with velocity

v in a magnetic field B. Show that no work is done by this force on the charged particle.
_ . [CBSE (AI) 2011]
Lorentz magnetic force, F, = qu X B

Work done, W = fmg = f]*:m;dt = fq(; XE).zjdt

As (v X B).v= 0 [0XB Lv]
Work, W =0
A charged particle enters perpendicularly a region having either (i) magnetic field or (ii) an

electric field. How can the trajectory followed by the charged particle help us to know whether
the region has an electric field or a magnetic field? Explain briefly.

The path of the charged particle will be circular in a magnetic field. This is due to the reason that
the force acting on the particle will be at right angles to the field as well as direction of motion,
resulting in a circular trajectory.

In the case of electric field, the trajectory of the particle will be determined by the equation
_ 1(9E ) 2 (o — 1 2
s—ut+§<ﬂ t ( s—ut+§at )
Where ¢ and m are charge and mass of the particle, £ is the electric field and s is the distance
travelled by the particle in time (. Thus, the trajectory will be a parabolic path.
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Q. 6.

Ans.

Q.7.

Ans.

Ans.

Q.9.

Ans.

A long straight wire AB carries a current of 4 A. A proton P travels at 4 X 10° ms™ parallel to
the wire 0.2 m from it and in a direction opposite to the current as shown B
in the figure. Calculate the force which the magnetic field due to the current

carrying wire exerts on the proton. Also specify its direction. 4A

[CBSE 2019 (55/4/1)] 02m  op
Given, I =4 A,r=0.2m,v = 4x10°m/s

Magnetic field at Point P due current carrying straight wire AB
_ KT
= o
Force acting on the moving proton in the magnetic field
F = Bqv Sin®

eI
Therefore F= o 7 XqUSin §

~2x107 x4x1.6x107" x4x 10°%5in 90
B 0.2

A 4x108m/s

= 256 x 10N

Direction of force at point P is towards right. (away from AB)
Two long and parallel straight wires carrying currents of 2 A and 5 A in the opposite directions
are separated by a distance of 1 cm. Find the nature and magnitude of the magnetic force
between them. [CBSE (F) 2011]
L=2A,1,=bA,a=1cm=1X 102 m
Force between two parallel wires per unit length is given by
vy Ll 7. 2X5
= — = X X — =
F on @ 2x10 X102
A short bar magnet of magnetic moment 0.9 J/T is placed with its axis at 30° to a uniform
magnetic field. It experiences a torque of 0.063 J.
(?) Calculate the magnitude of the magnetic field.

20 %1078 N (Repulsive)

(i7) In which orientation will the bar magnet be in stable equilibrium in the magnetic field?
[CBSE (F) 2012]
(1) We know T=MXB
ort=M B sin 0
0.063 = 0.9 x B X sin 30°
or B=0.14T
(i) The position of minimum energy corresponds to position of stable equilibrium.
The energy (U) = -MB cos 0
When 6=0° = U =-MB = Minimum energy
Hence, when the bar magnet is placed parallel to the magnetic field, it is the state of stable
equilibrium.
A magnetised needle of magnetic moment 4.8 x 107 J T~ is placed at 30° with the direction
of uniform magnetic field of magnitude 3 x 107 T. Calculate the torque acting on the needle.

[CBSE (F) 2012]
We have, tT=MB sin0
where T — Torque acting on magnetic needle
M — Magnetic moment
B — Magnetic field strength
Then T=48x 107 X 3 x 107sin 30° = 4.8 X 107 x 3 x 107 X %

1=7.2%10"* Nm
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Q. 10. State two reasons why a galvanometer can not be used as such to measure current in a given
circuit. [CBSE Delhi 2010]
OR
Can a galvanometer as such be used for measuring the current? Explain.
Ans. A galvanometer cannot be used as such to measure current due to following two reasons.
(¢) A galvanometer has a finite large resistance and is connected in series in the circuit, so it will
increase the resistance of circuit and hence change the value of current in the circuit.

(1) A galvanometer is a very sensitive device, it gives a full scale deflection for the current of the order of
microampere, hence if connected as such it will not measure current of the order of ampere.

Q. 11. An o-particle and a proton are moving in the plane of paper in a region where there is a

uniform magnetic field B directed normal to the plane of the paper. If the particles have
equal linear momenta, what would be the ratio of the radii of their trajectories in the field?

Ans. Radius of circular path of a charged particle, r = % = t]%
For same linear momentum and magnetic field B,
1
reey

o T 4e 1

T, dy  +2 2

Q. 12. An electron in the ground state of Hydrogen atom is revolving in a circular orbit of radius R.
Obtain the expression for the orbital magnetic moment of the electron in terms of fundamental

constants. 5 [CBSE Sample Paper 2018]
Ans. Using the condition muvr = ;L—n
For H-atomn =1, v =
2mmr
Time period T = %

4m%mr® = Q ___¢h
ho T 4n’m?®

The orbital magnetic moment, M = /A

T =

eh
4mtm

= M = ( ) (%) > M=

A% mr?

Short Answer Questions-II [3 marks]

Q. 1. Write any two important points of similarities and differences each between Coulomb’s law for
the electrostatic field and Biot-Savart’s law for the magnetic field. [CBSE (F) 2015]
Ans. Similarities:

Both electrostatic field and magnetic field:

(1) follows the principle of superposition.

(i) depends inversely on the square of distance from source to the point of interest.
Differences:

(1) Electrostatic field is produced by a scalar source (¢) and the magnetic field is produced by a
vector source (Idl).

(1) Electrostatic field is along the displacement vector between source and point of interest;
while magnetic field is perpendicular to the plane, containing the displacement vector and
vector source.

(ur) Electrostatic field is angle independent, while magnetic field is angle dependent between
source vector and displacement vector.
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Q. 2. A proton, a deuteron and an alpha particle, are accelerated through the same potential

difference and then subjected to a uniform magnetic field B, perpendicular to the direction
of their motions. Compare (i) their kinetic energies, and (ii) if the radius of the circular path
described by proton is 5 cm, determine the radii of the paths described by deuteron and alpha

particle. [CBSE 2019 (55/4/1)]
Ans. (1) Since qV = éva
For proton émpvf =qV
For deuteron %mdvg =qV
For alpha particle %mavg = 2qV
(K.E)p : (K.E.)y: (KE)a 11:2
() We have, Bqu = mo’
- ﬂ - .
So r= Bq 5cm;

Ty i1y = v, 10y = 51542542

Q.3. An electron and a proton enter a region of uniform magnetic field B with uniform speed v in

a perpendicular direction (fig.). .

(7)) Show the trajectories followed by two particles. p X oxopxo X

(i) What is the ratio of the radii of the circular paths of electron to __, x x x «x
proton? [CBSE (F) 2010] °©

X X X X
Ans. (i) Trajectories are shown in figure.

(ii) As T=Zz—g—>rocm

X X XX
e+ Proton’s trajectory

xX X
xX X

Protons X X X X
Ratio of radii of electron path and proton path. X X\X X X X
r m Electrons e~ Electron’s trajectory
e _ ¢ X X X X X
e
)

X X X X X X
As mass of proton my, ~ 1840x mass of electron (m,)

e ] and LA
m, = 1840 T, 1840
Q.4. (i) A point charge ¢ moving with speed v enters a uniform magnetic Y4 —
field B that is acting into the plane of the paper as shown. What is @B
the path followed by the charge ¢ and in which plane does it move?
(i7) How does the path followed by the charge get affected if its v ‘?

velocity has a component parallel to B ?

(7ii) If an electric field E is also applied such that the particle
continues moving along the original straight line path, what
should be the magnitude and direction of the electric field E?

[CBSE (F) 2016]

v

X

Ans. (1) The force experienced by the charge particle is given by F= q(ZX B) when v is
perpendicular to B, the force on the charge particle acts as the centripetal force and makes

it move along a circular path. Path followed by charge is antlclockw1se in X-Y plane. The
point charge moves in the plane perpendicular to both v and B.
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(1) A component of velocity of charge particle is parallel to the direction of the magnetic field,
the force experienced due to that component will be zero. This is because /* = quB sin 0° = 0.
Thus, particle will move in straight line.

Also, the force experienced by the component perpendicular to B moves the particle in a circular
path. The combined effect of both the components will move the particle in a helical path.

(1) Magnetic force on the charge, ¢
Fp=q@xB)=q@i) X B(-k) = quB ()
Hence, for moving charge, ¢ in its original path
FE + FB =0
Fg = quB() - E=1B()
Taking magnitude both sides
|E|= q% =vB
Direction of Lorentz magnetic force is (—ve) y-axis. Therefore, direction of E is along (+ve)
y-axis.
Q. 5. Derive an expression for the axial magnetic field of a finite solenoid of length 2/ and radius r
carrying current I. Under what condition does the field become equivalent to that produced
by a bar magnet? [CBSE South 2016]
Ans. Consider a solenoid of length 2/, radius r and
carrying a current / and having n turns per

X dx

b
unit length. :
Consider a point P at a distance a from the
centre O of solenoid. Consider an element of :

e

solenoid of length dx at a distance x from its 0:
centre. This element is a circular current loop
having (ndx) turns. The magnetic field at axial
point P due to this current loop is : a
21 :
Mo (ndx) Ir*?

- 207+ (- )"

The total magnetic field due to entire solenoid is
" T (ndx)Ir®
B=[] 2,52
2{r° + (@ -x)"}

For a>>x and a>>7, we have {r*+(a - x)*}**=4°
ponITQ + |.107’LI1’2(21)
- 2a° f"l b= %a®
The magnetic moment of solenoid m (= NIA) = (n2l)I . o
B= ﬂ2_';t
4 4

This is also the far axial magnetic field of a bar magnet. Hence, the magnetic field, due to current
carrying solenoid along its axial line is similar to that of a bar magnet for far oft axial points.

Q. 6. A cyclotron’s oscillator frequency is 10 MHz. What should be the operating magnetic field for
accelerating protons? If the radius of its ‘dees’ is 60 cm, calculate the kinetic energy (in MeV)
of the proton beam produced by the accelerator. [CBSE Ajmer 2015]

Ans. The oscillator frequency should be same as proton cyclotron frequency, then
Magnetic field,
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Ans.

Q.8.

Ans.

_ 2mmy

g

_2X3.14X1.67x 10727 x 107
1.6 x 1071

=0.66T

v=r0=1r X 2nv
=06 x2x3.14 x10"= 3.77 x10" m/s

2

So, Kinetic energy, KE = 5 mv

1
2
%x 1.67 X 10727 % (8.77 X 101)?]

. X -27 X 14.9 X 14
= L L6TX10TT X142 X107\ v 7 4 MeV
2 1.6x1079% 10°
A circular coil of ‘N’ turns and diameter ‘d’ carries a current ‘I’. It is unwound and rewound

to make another coil of diameter ‘2d’, current ‘I’ remaining the same. Calculate the ratio of the
magnetic moments of the new coil and the original coil. [CBSE (AI) 2012]

We know,
magnetic moment (m) = NIA
where N = Number of turns

Then, length of wire remains same

Thas, 8 [2x(()| = {2 5

(D

= N'= %
Now, m, = NIA, = NI(nr?) = ithz2
Similarly m, = NI A, = ]\;I (nrp) = %(thﬂ)
1
my_2 _2 My _32
my 11 Tm, T 1
4

Answer the following:

(a) Magnetic field lines can be entirely confined within the core of a toroid, but not within a
straight solenoid. Why?

(b) Does a bar magnet exert a torque on itself due to its own field? Justify your answer.

(c) When an electron revolves around a nucleus, obtain the expression for the magnetic
moment associated with it.

(a) If field lines were extremely confined between two ends of a straight solenoid, the flux
through the cross section at each end would be non zero. But the
flux of field B through any closed surface must always be zero,
For a toroid this difficulty is absent.

(b) No, there is no force or torque on an element due to the field ®
produced by that element itself. Tf
e .. 2mr
(c) I= T T= —
- e g2 eur
1= gqet =107 =75
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Q. 9. Two small identical circular loops, marked (1) and (2), carrying
equal currents, are placed with the geometrical axes perpendicular
to each other as shown in the figure. Find the magnitude and
direction of the net magnetic field produced at the point O.

[CBSE (F) 2013, 2014]

Ans. Magnetic field due to coil 1 at point O X
— uOI]{2 —_— l
B along OC;

- 9(R? + 122

2)
Magnetic field due to coil 2 at point O Q

IR I
o = 72 (RQ N x2)3/2 along C,0

x|

Both B, and Be are mutually perpendicular, so the net magnetic field at O is
B =/B}+B;=y2B (as B, = B,)

n IR?
=\/§ 20 2\ 3/2
2(R? + x*)¥

As R<<x
b V2u0IR® g 242 1(mR?) x
2.4° 4 X
Mo 2y2.14 I
47 x>
where A= nR? is area of loop.

B?
tanf = T tan =1 (B, = B))

K
4
Q. 10. Two identical coils P and Q each of radius R are lying in perpendicular planes such that they
have a common centre. Find the magnitude and direction of magnetic field at the common

centre of the two coils, if they carry currents equal to I and /3 I respectively.
[CBSE (F) 2016, 2019 (55/5/1)] [HOTS]
Ans. Given that two identical coils are lying in perpendicular planes and having common centre. P

- B is directed at an angle — with the direction of magnetic field B =

and Q carry current I and /3 I respectively.
Now, magnetic field at the centre of P due to its current, /
Sl

Br=or

And, magnetic field at centre of Q, due to its current «/g 1
E) _ "‘!’0 \/gl =TT TTT T
27 9Rr

_ 2 2
|Bnet|_q/Bp+BQ E;,—; ?
I\ 31V ol e
] o - e e

.

2R 2R 2R R
%
wol By
E) 7
tanf = |_,P| 2R € = 0=tan! (L> = 30°
ol |wovsi | 5 7
2R
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Q. 11. Two identical circular loops, P and Q, each of radius 2

r and carrying currents I and 2] respectively are lying

in parallel planes such that they have a common axis.

The direction of current in both the loops is clockwise P U
1

as seen from O which is equidistant from the both
loops. Find the magnitude of the net magnetic field at

-

point 0. [CBSE (Delhi) 2012] [HOTS] 21
Ans. - o -
Clockwise "\ " Clockwise
1 \
:' ".
| B O By Q | —xaxs
l‘ Il
\ /
P Q
I Current 2[ Current
B »| i Mol i ds P
pl= = ointing towards
20r? + 72)% 4v2r
5| w,(20)r? 1,21 —_ 050
o= = omting towards
202 + 72)% 4V2r
— — — ’J«OI
|B1=[Bo|-Br|=
7ol 4/2r tol :
So, magnetic field at point O has a magnitude . O] ® ®
4x/§ r :
Q.12. (a) An electron moving horizontally with a velocity of !
4 x 10* m/s enters a region of uniform magnetic field of 10° T ) ®B ®
acting vertically upward as shown in the figure. Draw its !
trajectory and find out the time it takes to come out of the —e
region of magnetic field. L@ @ ®
(b) A straight wire of mass 200 g and length 1.5 m carries a current !
of 2A. It is suspended in mid air by a uniform magnetic field B. o © o
What is the magnitude of the magnetic field? :
[CBSE (F) 2015] [HOTS]
Ans. (a) From Flemings left hand rule, the electron deflects in
anticlockwise direction. -~
As the electron comes out the magnetic field region, it will /r/ N
describe a semi-circular path. 720 Sl
Magnetic force provides a centripetal force. So, /A
o) mu -e e /06 o o o
evB = —, or eB=-— o—>V ---
® 6 o o o o
Timetaken,T=%=Tec—Z c e

_3.14%9.1%x107

= -19 -5
1.6 X 1079 x 10

_ 3.14%9.1x107

_ -6
16 =1.78%X107"s F,
(b) If Ampere’s force acts in upward direction and x x M N N B %
balances the weight, that is, — O—
Fm=mg X X X X X X
m, 2x1
BIl = mg B=7g=m=g=0.67T 'mg

1 2x15 3
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Q. 13. A uniform magnetic field B is set up along the positive x-axis. A particle of charge ‘¢’ and
mass ‘m’ moving with a velocity v enters the field at the origin in X-Y plane such that it has

velocity components both along and perpendicular to the magnetic field B. Trace, giving
reason, the trajectory followed by the particle. Find out the expression for the distance moved
by the particle along the magnetic field in one rotation. [CBSE Allahabad 2015] [HOTS]

Ans. If component v, of the velocity vector is along the magnetic field, and remain constant, the
charge particle will follow a helical trajectory; as shown in fig.

If the velocity component v, is perpendicular to the magnetic field B, the magnetic force acts like
a centripetal force qv, B.

mu> gBr
S v B = ! = U =—
0, 77, r Yo m
Since tangent velocity vy = ro
qBr qB
= =TT = 0= 0
2n  2mm

Time taken for one revolution, T = o =q—B
and the distance moved along the magnetic field in the helical path is
27tm
qB
Q. 14. (a) In what respect is a toroid different from a solenoid? Draw and compare the pattern of the
magnetic field lines in the two cases.
(b) How is the magnetic field inside a given solenoid made strong? [CBSE (AI) 2011]
Ans. (a) Atoroid is a solenoid bent into the form of a closed ring. The magnetic field lines of solenoid
are straight lines parallel to the axis inside the solenoid.

Q. .-~
e

x=v.T=uv_.
X X

Solenoid

(b) The magnetic field lines of toroid are circular having common centre.
Inside a given solenoid, the magnetic field may be made strong by (i) passing large current
and (22) using laminated coil of soft iron.
Q. 15. (a) (i) A circular loop of area 2, carrying a current / is placed in a uniform magnetic field
B. Write the expression for the torque T acting on it in a vector form.

(#i) If the loop is free to turn, what would be its orientation of stable equilibrium? Show
that in this orientation, the flux of net field (external field + the field produced by the
loop) is maximum.

(b) Find out the expression for the magnetic field due to a long solenoid carrying a current I
and having n number of turns per unit length. [CBSE (F) 2013] [HOTS]
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Ans.

>|

(a) (1) Torque acting on the current loop T=mXB = I(;i X E)

(i) If magnetic moment m = IA4 is in the direction of external
magnetic field i.e., 6=0°.

0
Magnetic flux ¢, = (B:xt +B,): A “

G ax = | Bewt | or | A |cosO
where 7 is radius of the loop.
(b) On applying Ampere’s circuital law f B.dl = v [Total current]
o (B [Bdi+ [Badi+ [Bai = p i N

PQ QR RS sp

@

/
]
®]

VUUUVUTY

As no magnetic field exists in direction QR, RS and SE so
!

[1B |l +0+0+0 = p nol
0

= | B |t=pntl = B=pumnl
Q. 16. The figure shows three infinitely long straight parallel !

A
current carrying conductors. Find the

(7)) magnitude and direction of the net magnetic field at 3;
point 4 lying on conductor 1,

(77) magnetic force on conductor 2.

2r
[CBSE (F) 2017]
41
. By 230 (6D
Ans. (1) B, = A 7 gy nto the plane of the paper.
L 2(4D) By (8]
B, = i 3 4n < 3 ) out of the plane of the paper. ,
B, = B, — By into the paper. !
Ho 101 . '
= 4 3y MO the paper. 37
(1) Magnetic force per unit length on wire (2)
™ w120 i
F= o on@
v T (2r) " o)
3 AT _ 3 tol”
Tomwm Y mwm T T 9 mr
3 Hol”
Hence, F = -

o T in the direction of wirel.
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Q. 17. (a) State the condition under which a charged particle moving with velocity v goes undeflected
in a magnetic field B.

(b) An electron, after being accelerated through a potential difference of 10*V, enter a uniform
magnetic field of 0.04 T, perpendicular to its direction of motion. Calculate the radius of
curvature of its trajectory. [CBSE (AI) 2017]

Ans. (@) Force in magnetic field on a charged particle

F=q@ xB) = F=quBsin0

IfF =0,
= 0 = quB sin 6
= sin® =0 6=xnn

So, magnetic field will be parallel or antiparallel to the velocity of charged particle.
(b) For a charged particle moving in a constant magnetic field and v LB

2
mu” _ _mu _ p :
, @B = r= B~ 4B ()

If ¢ is accelerated through a potential difference of 10* V, then
K. E of electron = ¢V
pQ
= 27771 =el = p = 2mel ...(i1)
From (2) & (i)

V2melV

qB

= r=

/2%9.1%x107° x1.6x 107 x 10*

1.6x107'9%0.04
_ 5.39x107%
6.4x1072!

Q. 18. A wire AB is carrying a steady current of 12 A and is lying on the table. Another wire CD
carrying 5 A is held directly above AB at a height of 1 mm. Find the mass per unit length of
the wire CD so that it remains suspended at its position when left free. Give the direction of
the current flowing in CD with respect to that in AB. [Take the value of g = 10 ms~]

[CBSE (AI) 2013]
Ans. Current carrying conductors repel each other, if current flows in the opposite direction.

m=84x10"2m

Repulsion
l l 2 c T F D
Weight l
Weight  Attraction
A B A B

Current carrying conductors attract each other if current flows in the same direction.
If wire CD remain suspended above AB then
K = Weight

repulsion
wol 1yl
=m,
2mr J
where r = Separation between the wires
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Q. 19.

Ans.

Ans.

m Mol

I 2mwg

2 Xx107x12X5
~1x107%x10
=1.2x10">kg/m
Current in CD should be in opposite direction to that in AB.

A rectangular loop of wire of size 2.5 cm X 4 cm carries a steady current
of 1 A. A straight wire carrying 2 A current is kept near the loop as |2A 05
shown. If the loop and the wire are coplanar, find the (i) torque acting ~all
on the loop and (ii) the magnitude and direction of the force on the |
loop due to the current carrying wire. [CBSE Delhi 2012] 1A
(i) Torque on the loop ‘U = MB sin 6 = M XB 4 v
=0 [. M and B are parallel] 2cm Aem
(1) Magnitude of force <
7=t (L)
oo \h %
=2x107 x2x1x4x107 -1
2x107°  4.5x107
45-2]_8x5x1077
-7 -7
= X X = =
16 X10 9% 45 9 4.44x10"'N
Direction of force is towards conductor (attractive).
Write the expression for the magnetic moment (M) due to a planar square I
loop of side ‘I’ carrying a steady current I in a vector form. )
In the given figure this loop is placed in a horizontal plane near a long :l
straight conductor carrying a steady current I; at a distance ! as shown. X
Give reasons to explain that the loop will experience a net force but no ; It
torque. Write the expression for this force acting on the loop. v
[HOTS][CBSE Delhi 2010]
Magnetic moment due to a planar square loop of side [ carrying current [ is
m=1A _
For square loop 4 = {* l "
m =117
where 7 is unit vector normal to loop. !

Magnetic field due to current carrying wire at the location of loop is directed downward
perpendicular to plane of loop. Since the magnetic moment is parallel to area vector hence
torque is zero.

Force on QR and SP are equal and opposite, so net force on these sides is zero.

Force on side PQ, FPQ =11 x BI |
y
R L T L7 4 FN l
= , B — = g y
li x 2ml ( on J° l
_____ P Q
Force on side RS, F.. = I [(=)x Hohy (- I%) T ! x
> " RS 21 (20) )
el l ‘
A/ T s R
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. - woll, |
Net fOI‘CC F = FPQ_ FRS = L H
That is loop experiences a repulsive force but no torque.
Q. 21. The magnitude F of the force between two straight parallel current carrying conductors kept
at a distance d apart in air is given by
ol 1y
© 2nd
where I, and I, are the currents flowing through the two wires.

Use this expression, and the sign convention that the:
“Force of attraction is assigned a negative sign and force of repulsion is assigned a positive sign”.
Draw graphs showing dependence of F on

(@) I, I, when d is kept constant
(i7) d when the product I, I, is maintained at a constant positive value.
(iti) d when the product I, I, is maintained at a constant negative value.
[CBSE Sample Paper] [HOTS]
Ans. We know that F is an attractive (—ve) force when the currents I, and I, are ‘like’ currents i.e.,
when the product /; I, is positive.
Similarly F is a repulsive (+ve) force when the currents /, and I, are ‘unlike’ currents, i.¢., when
the product I, I, is negative.

Now Fec (I11,), when d is kept constant and F o % when 1,1, is kept constant.

The required graphs, therefore, have the forms shown below:

F F

N

ad—>

(117 [2)

@) (it) (itz)
Q. 22. (a) Briefly explain how a galvanometer is converted into an ammeter.
(b) A galvanometer coil has a resistance of 15 (2 and it shows full scale deflection for a current

of 4 mA. Convert it into an ammeter of range 0 to 6 A. [CBSE 2019 (55/4/1)]
Ans. (@) By connecting a small resistance called shunt (S) in parallel to coil of the galvanometer. The
1,G
value of S is related to the maximum current (/) to be measured as S = 7 f 7
(b) Given, G=1Q £
— -3 H 1 :
Ig 4x107°A - < @ -
I=6A 1 v(I—Ig)
IgG =(- Ig)S
D
LG 4x107x15 S S
S Ammeter

S I-1I,  6_4x107°
= 0.01Q

The galvanometer can be converted into ammeter of given range by connecting a shunt resistance
0f 0.01 Q in parallel.
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Q. 23. (a) Briefly explain how a galvanometer is converted into a voltmeter.

(b) A voltmeter of a certain range is constructed by connecting a resistance of 980 Q in series

with a galvanometer. When the resistance of 470 Q is connected in series, the range gets

halved. Find the resistance of the galvanometer. [CBSE 2019 (55/4/1)]

Ans. (a) A galvanometer may be converted into voltmeter by connecting a high value resistance R
in series with coil of the galvanometer. The value of (R) is related to the maximum voltage

(V) to be measured as R = v G.

I e :
¢ g Rg R
4 MW ——
®) I, = R +R
¢ Voltmeter
|4 V

R, +980 2(R, +470)
= 2R _+940 = R + 980
= R, = 40 Q

Q. 24. A multirange voltmeter can be constructed by using a galvanometer circuit as shown in
the figure. We want to construct a voltmeter that can measure 2 V, 20 V and 200 V using a
galvanometer of resistance 10 Q and that produces maximum deflection for current of 1 mA.
Find the value of R, R, and R; that have to be used.

[NCERT Exemplar, CBSE Sample Paper 2018]

Ri Ry R

G AA—AAA AAA
(Al \AJ \AJ

O O O O

2V 20V 200V

Ans. Here, G=10Q,I,= I mA =107 A

Case (1), V=2V
R1=K—G= 2 5 —10=1990 Q= 2k Q
1, 10~
Case (i) V=20V
(R, +Ry)= lf)(_)?’ -10 =20,000-10 =20 kQ

Ry =20kQ-2kQ=18kQ

Case (iii) V=200V

R, =200kQ -20kQ =180 k Q
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Long Answer Questions [5 marks]

Q. 1. State and explain Biot-Savart law. Use it to derive an expression for the magnetic field
produced at a point near a long current carrying wire. [CBSE 2019 (55/3/1)]
Ans. Biot-Savart law: Suppose the current [ is flowing in a conductor and there is a small current
element ‘ab’ of length Al. According to Biot-Savart the magnetic field (AB) produced due to this
current element at a point P distant r from the element is given by

IAlsin0 1 I Alsinf .
ABOCT—QOI'AB ZET (1)

where % is a constant of proportionality. It depends on

the medium between the current element and point of 74
observation (P). p is called the permeability of medium.

Equation () is called Biot-Savart law. The product of current
(I) and length element (Al) (i.e., I Al) is called the current
element. Current element is a vector quantity, its direction
is along the direction of current. If the conductor be placed :
in vacuum (or air), then p is replaced by p,; where p, is called the permeability of free space (or
air). In S.I. system py= 4m X10 - weber/ampere-metre (or newton/ampere?).

Mo
Thus an 107 weber/ampere X metre
As in most cases the medium surrounding the conductor is air, therefore, in general, Biot-Savart
law is written as
Mo IAlsin®

. 42

AB =

The direction of magnetic field is perpendicular to the plane containing current element and
the line joining point of observation to current element. So in vector form the expression for
magnetic field takes the form

Ho IAI Xy

A= s

F Fl.

Derivation of formula for magnetic field due to bl.n

'

3/
a current carrying wire using Biot-Savart law: TC/ h
Consider a wire EF carrying current / in upward
direction. The point of observation is P at a finite !
distance R from the wire. If PM is perpendicular l e
dropped from P on wire; then PM = R. The wire ~M R ’ M ﬁ\\’P
may be supposed to be formed of a large number of
small current elements. Consider a small element 74
CD of length 8l at a distance [ from M.

Let ZCPM = ¢
and  ZCPD =8¢, PDM =0 (@) (b)
The length &/ is very small, so that ZPCM may also be taken equal to 0.

The perpendicular dropped from C on PD is CN. The angle formed between element
131 and ;(= C}’) is (m — 0). Therefore according to Biot-Savart law, the magnetic field due to
current element 37 atP is

_ Wy I dlsin(m —0) _ Yo I 8lsin®
w e e 0
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Ans.

ro
Butin A CND, sin0 = sin(ZCDN) = CN _ ¢

CD 8l

or ol sin O =71 8¢
: From equation (7)

5B - Ro Irdd Py I3 (7))

T 4m 2 4m T
Again from fig.
_R___ R

cos ¢ = = cosd

From equation (i)
Yo Icos $Od
OB = R ... (2)

If the wire is of finite length and its ends make angles o and 8 with line MP, then net magnetic
field (B) at P is obtained by summing over magnetic fields due to all current elements, i.e.,

p“o ICOSd)dCb _ p“()]

_ (o _ a
B=lsam & 4 L cos ¢
ol Ml .
e [sin ¢]°p = 1R [sin a—sin(-P)]
ol

i.e., B = (sino.+ sinf)

4nR
This is expression for magnetic field due to current carrying wire of finite length.

If the wire is of infinite length (or very long), then o= f = n/2

Bl . x rol rol
B= 4T[R<sm§+sm§)— 47TR[1 +1] or B= onR

(i) State Biot-Savart Law. Using this law, find an expression for the magnetic field at the

centre of a circular coil of N-turns, radius R, carrying current /. [CBSE 2019 (55/3/1)]

(77) Sketch the magnetic field for a circular current loop, clearly indicating the direction of
the field. [CBSE (F) 2010, Central 2016]

(¢) Biot-Savart Law: Refer to above question

Magnetic field at the centre of circular loop: Consider a circular coil

of radius R carrying current / in anticlockwise direction. Say, O is the

centre of coil, at which magnetic field is to be computed. The coil may

be supposed to be formed of a large number of current elements.

Consider a small current element ‘ad’ of length Al. According to Biot

Savart law the magnetic field due to current element ‘ab’ at centre O is
Mo I Alsin6

ABZE T

where 0 is angle between current element @b and the line joining the element to the centre
0. Here 6 =90° because current element at each point of circular path is perpendicular to
the radius. Therefore magnetic field produced at O, due to current element ab is

AB = i pe
According to Maxwell’s right hand rule, the direction of magnetic field at O is upward,
perpendicular to the plane of coil. The direction of magnetic field due to all current elements
is the same. Therefore the resultant magnetic field at the centre will be the sum of magnetic

fields due to all current elements. Thus



_ R W VN A
B_ZAB_ZH?_EFZAZ

But 2 Al = total length of circular coil =27R (for one-turn)

LB = :TO”;?QM% or B= ZORI
If the coil contains N-turns, then > Al =N. 2x R
p="" Norr or =t
4nR® 2R

Here current in the coil is anticlockwise and the direction of magnetic field is perpendicular
to the plane of coil upward; but if the current in the coil is clockwise, then the direction of
magnetic field will be perpendicular to the plane of coil downward.

() Magnetic field lines due to a circular current loop:

A

Q. 3. (i) Derive an expression for the magnetic field at a point on the axis of a current carrying
circular loop. [CBSE (AI) 2013; (F) 2010; 2019 (55/3/1)]

(#4) Two co-axial circular loops L; and L, of radii 3 cm and 4cm

4 cm are placed as shown. What should be the magnitude 3cm
and direction of the current in the loop L, so that the net o}
magnetic field at the point O be zero?

4 cm 3cm

Ans. (¢) Magnetic field at the axis of a circular loop: Consider a L=1A
circular loop of radius R carrying current /, with its plane b L,
perpendicular to the plane of paper. Let P be a point of .
A dl

observation on the axis of this circular loop at a distance
x from its centre O. Consider a small element of length
dl of the coil at point A. The magnitude of the magnetic
induction dB at point P due to this element is given by

— ¥ Idisina .
dB = 2 ()

s vdl
The direction of dB is perpendicular to the plane A

containing dl and 7 and is given by right hand screw rule. As the angle between / dl and

7 and is 90°, the magnitude of the magnetic induction dB is given by,

oow Il g o p.ldl
dF =~ dBsin907 _ Tt i)

4n 2 4my?
If we consider the magnetic induction produced by the whole of the circular coil, then by
symmetry the components of magnetic induction perpendicular to the axis will be cancelled

out, while those parallel to the axis will be added up. Thus the resultant magnetic induction

B at axial point P is along the axis and may be evaluated as follows:
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The component of dB along the axis,

. pld
dB . = 5

sin N (77))
4y

Butsin a = %andr = (R*+xH”
o ldl p v IR 1o IR
4?7 At An(RY D)

Therefore the magnitude of resultant magnetic induction at axial point P due to the whole
circular coil is given by

. dBy = ..(1v)

B=§ HQOIR s dl = pQOIR 9\ %/2 fai
4 (R” + x7) 4T(R” + x7)
But ff; dl =length of the loop = 2nR ()
woIR
Therefore, B = m(?m‘{)
S IR Ll
B=B = Wz. At centre,x = 0,B = oR
If the coil contains N turns, then
1, NIR? .
B = m tesla. ..(v1)
w,NIa*

(#7) The magnetic field B = W

Here N=1,a; =3 cm,x; =4cm,[; =1 A
. Magnetic field at O due to coil L; is
o X 1X (3 X107 1y (9X 107
b 93 % 1092 + (4 x 1092 T 2x125% 107
Magnetic field at O due to coil Ly is
o X Iy (4 X 107%)*

B, = -2\2 2,232
2[(4x 10 + (3 x 107)?]
Here ay = 4cm
X9 =3 cm
1oly X 16 x 107

2x125%10°
For zero magnetic field at O, the currents /; and I, should be in same direction, so current
I, should be in opposite directions and satisfy the condition B, =B,

—4 —4
_ Bgx9X10 :u012><16><10 s
2x125x107* 2x125%x107* z2 16

(@) A straight thick long wire of uniform circular cross-section of radius ‘a’ is carrying a steady
current I. The current is uniformly distributed across the cross-section. Use Ampere’s
circuital law to obtain a relation showing the variation of the magnetic field (B,) inside and
outside the wire with distance r, (r < a) and (r > a) of the field point from the centre of its
cross-section. What is the magnetic field at the surface of this wire? Plot a graph showing
the nature of this variation.

A

e.,
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Ans.

. L - .a . . .
(b) Calculate the ratio of magnetic field at a point 2 above the surface of the wire to that at a

. a . L . L
point —- below its surface. What is the maximum value of the field of this wire?

2
[CBSE Delhi 2010; Chennai 2015]

(@) Magnetic field due to a straight thick wire of uniform cross-section: Consider an infinitely

long cylindrical wire of radius a, carrying current /. Suppose that the current is uniformly
distributed over whole cross-section of the wire. The cross- sectlon of wire is c1rcular Current
per unit cross-sectional area. ;

of cylinder

0 .
= 77'[512 ...(2) /_'_\ﬁ'_ Circular
Magnetic field at external points (r > a): We consider [~ | |  cross-section

a circular path of radius r (> a) passing through
external point P concentric with circular cross-section

of wire. By symmetry the strength of magnetic field at e
every point of circular path is same and the direction
of magnetic field is tangential to path at every point. So

line integral of magnetic field B around the circular N R

" e i prn T

Current enclosed by path = Total current on circular
cross-section of cylinder = /

By Ampere’s circuital law
fB .dl= p Xcurrent enclosed by path

= B2mr = }LOXIﬁB = %
This expression is same as the magnetic field due to along current

carrying straight wire.

This shows that for external points the current flowing in wire may be supposed to be concerned at the
axis of cylinder.

Magnetic Field at Internal Points (r < a) : Consider a circular path of radius r (<a), passing
through internal point Q concentric with circular cross-section of the wire. In this case the
assumed circular path encloses only a path of current carrying circular cross-section of the
wire.

. Current enclosed by path = current per unit cross-section X cross
section of assumed circular path

. 1 n®

= i xqr? =( 2>XTE1’2 72

Ta

By Ampere’s circuital law

f}?} dl = p, X current closed by path

2 wolr A
= B.27U'=;10><IL2 = B= 02
a

21a

Clearly, magnetic field strength inside the current carrying = Bg|---ooooeenes .

wire is directly proportional to distance of the point from Be) ;
the axis of wire. BT Bes
At surface of cylinder r = @, so magnetic field at surface of wire
! : ' >
s = omg (maximum value) 0 a —»

The variation of magnetic field strength (B) with distance
(r) from the axis of wire for internal and external points is shown in figure.



Q.5.

Ans.

el owd
(b) BOutside - % - 27‘[(a 4 i) - 3
2

wolr B 1ol (a/2) B wol

inside

oma® - 214’ 4
B siae _ 4
B 3 Wl
Maximum value of magnetic field is at the surface given by B 2;:@
Using Ampere’s circuital law find an expression for the magnetic field at a point on the axis
of a long solenoid with closely wound turns. [CBSE (F) 2010, 2019(55/2/1)]

Magnetic field due to a current carrying long solenoid:

A solenoid is a long wire wound in the form of a close-
packed helix, carrying current. To construct a solenoid a
large number of closely packed turns of insulated copper
wire are wound on a cylindrical tube of card-board or
china clay. When an electric current is passed through the
solenoid, a magnetic field is produced within the solenoid.
If the solenoid is long and the successive insulated copper
turns have no gaps, then the magnetic field within the solenoid is uniform; with practically no
magnetic field outside it. The reason is that the solenoid may be supposed to be formed of a large
number of circular current elements. The magnetic field due to a circular loop is along its axis
and the current in upper and lower straight parts of solenoid is equal and opposite. Due to this
the magnetic field in a direction perpendicular to the axis of solenoid is zero and so the resultant
magnetic field is along the axis of the solenoid.

If there are ‘n’ number of turns per metre length of solenoid and I amperes is the current
flowing, then magnetic field at axis of long solenoid

B = pgnl
If there are N turns in length [ of wire, then d4c 2 < :‘
N NI
n=- or =

Derivation: Consider a symmetrical long solenoid having
number of turns per unit length equal to n.

Let I be the current flowing in the solenoid, then by right
hand rule, the magnetic field is parallel to the axis of the [c 6 00 6 66066666660650]
solenoid. P A

Field outside the solenoid: Consider a closed path abed. Applying Ampere’s law to this path

f B.dl = 1 X 0 (since net current enclosed by path is zero)
As dl#0..B=0
This means that the magnetic field outside the solenoid is zero.

Field inside the solenoid: Consider a closed path pgrs The line integral of magnetic field B
along path ;bqrs is

[ Bedl=][ Bdi+[ Bdi+[ Bdi+[ Bd (i)
For path pq, B and dl are along the same direction,
quB.dl=f Bdl=Bl (pg=lsay)

For paths ¢r and sp, Banddl are mutually perpendicular.



wf Badl= [ B.di=[Bdlcos90 =

For path rs, B = 0 (since field is zero outside a solenoid)

e f Bdl=0
In view of these, equation (i) gives
g Bl = fMB.dz = Bl ..(ii)

By Ampere’s law f B.dl= 1, X net current enclosed by path
Bl=p,mll) ..B=upynl
This is the well known result.
Q. 6. Using Ampere’s circuital law, derive an expression for the magnetic field along the axis of a

toroidal solenoid. [CBSE (AI) 2013]
OR

(a) State Ampere’s circuital law. Use this law to obtain the expression for the magnetic field
inside an air cored toroid of average radius ‘r’, having ‘n’ turns per unit length and
carrying a steady current /.

(b) An observer to the left of a solenoid of N turns each of cross section area ‘4’ observes that
a steady current / in it flows in the clockwise direction. Depict the magnetic field lines due
to the solenoid specifying its polarity and show that it acts as a bar magnet of magnetic
moment m = NIA. [CBSE Delhi 2015]

Ans. Magnetic field due to a toroidal solenoid: A long solenoid shaped in the form of closed ring is
called a toroidal solenoid (or endless solenoid).
Letn be the number of turns per unit length of toroid and / the current flowing through it. The
current causes the magnetic field inside the turns of the solenoid. The magnetic lines of force
inside the toroid are in the form of concentric circles. By symmetry the magnetic field has the
same magnitude at each point of circle and is along the tangent at every point on the circle.
(¢) For points inside the core of toroid
Consider a circle of radius r in the region enclosed by turns of toroid. Now we apply Ampere’s
circuital law to this circular path, i.e.,

fB.dl=yp,I ()

fﬁ.d7= ngdl cos0 =B.2mr

Length of toroid = 2nr
N = Number of turns in toroid = n(2nr) and current in one-turn=/
. Current enclosed by circular path =(n 2nr). I
. Equation (2) gives
B 2nr=p, (n 2nrl) = B=pgnl
(i) For points in the open space inside the toroid: No current flows
through the Amperian loop, so I = 0

§Bdl=p =0 = |B| . =0
(uz) For points in the open space exterior to the toroid : The net current
entering the plane of the toroid is exactly cancelled by the net
current leaving the plane of the toroid.

fBdi=0 =|B| =0

inside

exterior

For observer, current is flowing in clockwise direction hence we will see magnetic field lines
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Ans.

going towards south pole.

Observer § N

The solenoid can be regarded as a combination of circular
loops placed side by side, each behaving like a magnet of W
magnetic moment /A4, where / is the current and A area of

S NS NS N S N

the loop. i e s M
These magnets neutralise each other except at the ends ¢ N
|

where south and north poles appear. |

Magnetic moment of bar magnet = NIA
(a) Explain with the help of a labelled diagram construction, principle and working of a
cyclotron stating clearly the functions of electric and magnetic fields on a charged particle.
Derive an expression for time period of revolution and cyclotron frequency. Show that it
is independent of the speed of the charged particles and radius of the circular path.
[CBSE (AI) 2009, CBSE Delhi 2011, 2014, CBSE 2019 (55/2/1)]
(b) What is resonance condition? How is it used to accelerated charged particles?
(c) Also find the total KE attained by the charged particle.
OR
(a) Draw a schematic sketch of a cyclotron. Explain clearly the role of crossed electric and
magnetic field in accelerating the charge. Hence derive the expression for the kinetic
energy acquired by the particles.
(b) An a~-particle and a proton are released from the centre of the cyclotron and made to
accelerate.
(7)) Can both be accelerated at the same cyclotron frequency? Give reason to justify your
answer.

(i) When they are accelerated in turn, which of the two will have higher velocity at the exit
slit of the dees? [CBSE (AI) 2013]

(a) C.yc.lotron: .The cy.clotron, devised. by Lawrence .and W
Livingston, is a device for accelerating charged particles \Magnetlc Pole

to high speed by the repeated application of accelerating \
potentials. S

| Dee Dee |

Construction: The cyclotron consists of two flat semi - circular
metal boxes called ‘dees’ and are arranged with a small gap
between them. A source ofions is located near the mid-point
of the gap between the dees (fig.). The dees are connected to
the terminals of a radio frequency oscillator, so that a high frequency alternating potential
of several million cycles per second exists between the dees. Thus dees act as electrodes.
The dees are enclosed in an insulated metal box containing gas at low pressure. The whole
apparatus is placed between the poles of a strong electromagnet which provides a magnetic
field perpendicular to the plane of the dees.

Magnetic Pole
////////////§/////////

Working: The principle of action of the apparatus is shown in figure. The positive ions
produced from a source S at the centre are accelerated by a dee which is at negative potential
at that moment. Due to the presence of perpendicular magnetic field the ion will move in a
circular path inside the dees. The magnetic field and the frequency of the applied voltages
are so chosen that as the ion comes out of a dee, the dees change their polarity (positive
becoming negative and vice-versa) and the ion is further accelerated and moves with higher
velocity along a circular path of greater radius. The phenomenon is continued till the ion
reaches at the periphery of the dees where an auxiliary negative electrode (deflecting plate)
deflects the accelerated ion on the target to be bombarded

Moving Charges and Magnetism .



Role of electric field. Magnetic field

Electric  field  accelerates out of paper Deflecting plate
the charge particle passing |

through the gap.

Role of magnetic field

As the accelerated charge _ Bxitport
particle enters normally to Charged
the uniform magnetic field, particle

it exerts a magnetic force in
the form of centripetal force
and charge particle moves
on a semicircular path of D;
increasing radii in each dee
(D, or D) alternatively. / b
Expression for period of G
revolution and frequency: l
o

5))

Suppose the positive ion with
charge ¢ moves in a dee with a
velocity v then,

-

mu ‘ Electric Oscillator‘
r

quB =
_ mu .
or r= 4B ..(2)
where m is the mass and r the radius of the path of ion in the dee and B is the strength of the
magnetic field.
The angular velocity o of the ion is given by,

B
o="2=""" [rrom (i) ...i)

The time taken by the ion in describing a semi-circle, .., in turning through an angle 7 is,

p= & T

=0 " Bg ... (2)
Thus the time is independent of the speed of the ion i.e., although the speed of the ion goes
on increasing with increase in the radius (from eq. ¢) when it moves from one dee to the

other, yet it takes the same time in each dee.
From eq. (i) it is clear that for a particular ion, —-

q

producing resonance with the high frequency alternating potential.

being known, B can be calculated for

Significance: The applied voltage is adjusted so that the polarity of dees is reversed in the
same time that it takes the ion to complete one half of the revolution.
Now for the cyclotron to work, the applied alternating potential should also have the same
semi-periodic time (77/2) as that taken by the ion to cross either dee, i.c.,

T ™n

—:t:

9 4B ...(10)

or = ...(v)

This is the expression for period of revolution.

Obviously, period of revolution is independent of speed of charged particle and radius of
circular path.

Frequency of revolution of particles
1 4B

T  2mm



Ans.

Q.9.

Ans.

This frequency is called the cyclotron frequency. Clearly the cyclotron frequency is independent
of speed of particle.

(b) Resonance condition: The condition of working of cyclotron is that the frequency of radio
frequency alternating potential must be equal to the frequency of revolution of charged
particles within the dees. This is called resonance condition.

(c) Expression for KE attained

If R be the radius of the path and v, the velocity of the ion when it leaves the periphery,
then in accordance with eq. (i)

gBR :
Umax = m ...('UZ)
The kinetic energy of the ion when it leaves the apparatus is,
2 p2 2
1, _¢BR y
KE 9 mu, . om ...(vir)

When charged particle crosses the gap between dees it gains KE = ¢l

In one revolution, it crosses the gap twice, therefore if it completes n-revolutions before
emerging the dees,

the kinetic energy gained = 2ngV .. (via)
¢*B2R?
Thus KE = —5—— = 2nqV
2m

(a) Consider a beam of charged particles moving with varying speeds. Show how crossed
electric and magnetic fields can be used to select charged particles of a particular velocity?

(b) Name another device/machine which uses crossed electric and magnetic fields. What does
this machine do and what are the functions of magnetic and electric fields in this machine?
Where do these field exist in this machine? Write about their natures. [CBSE South 2016]

(a) If we adjust the value of E and B such that magnitude of the two forces are equal, then
total force on the charge is zero and the charge will move in the fields undeflected. This
happen when

qE = Bqu or V=5
(b) Name of the device: Cyclotron
It accelerates charged particles or ions.
o Electric field accelerates the charged particles.
Magnetic field makes particles to move in circle.
o Electric field exists between the Dees.
Magnetic field exists both inside and outside the dees.
® Magnetic field is uniform.
Electric field is alternating in nature.
Derive an expression for the force experienced by a current carrying straight conductor
placed in a magnetic field. Under what condition is this force maximum?

Force on a current carrying conductor on the basis of force on a
moving charge: Consider a metallic conductor of length L, cross- / AN
sectional area A placed in a uniform magnetic field B and its 4 /
length makes an angle 0 with the direction of magnetic field B. The . \(/" 0
current in the conductor is 1. / ;%/‘(n_e)
According to free electron model of metals, the current in a </
metal is due to the motion of free electrons. When a conductor y F=BiLsin®
is placed in a magnetic field, the magnetic field exerts a force on
every free-electron. The sum of forces acting on all electrons is
the net force acting on the conductor. If v, is the drift velocity of free electrons, then

current [ = nedv, ..(1)

v

v

v
o)

v

v

v
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where 7 is number of free electrons per unit volume.

magnetic force on each electron =¢v, B sin 0 (7))
Its direction is perpendicular to both " , and B

Volume of conductor V' = AL

Therefore, the total number of free electrons in the conductor = nAL

Net magnetic force on each conductor
F = (force on one electron) X (number of electrons)
= (ev,B sin 0) . (nAL) = (neAv,). BL sin 0

Using equation (¢) F=IBL sin 6 ..(ur)
F=ILB sin 6

This is the general formula for the force acting on a current carrying conductor.

In vector form ;7 = IiX B ...(v)

Force will be maximum when sin 6 = 1 or 6 = 90°. That is when length of conductor is
perpendicular to magnetic field.

Q. 10. Two long straight parallel conductors carry steady current I, and I, separated by a distance d.
If the currents are flowing in the same direction, show how the magnetic field set up in one
produces an attractive force on the other. Obtain the expression for this force. Hence define
one ampere. [CBSE Delhi 2016]

OR
Derive an expression for the force per unit length between two long straight parallel current
carrying conductors. Hence define SI unit of current (ampere).
[CBSE (AI) 2009, 2010, 2012, Patna 2015]
Ans. Suppose two long thin straight conductors (or wires) PQ and RS are placed parallel to each other
in vacuum (or air) carrying currents /; and /, respectively. It has been observed experimentally
that when the currents in the wire are in the same direction, they experience an attractive force
(fig. @) and when they carry currents in opposite directions, they experience a repulsive force (fig. b).
Let the conductors PQ and RS carry currents /; and /,in same direction and placed at separation r.
Consider a current-element ‘ab’ of length AL of wire RS. The magnetic field produced by
current-carrying conductor PQ at the location of other wire RS

oy :
B, = oy ()
According to Maxwell’s right hand rule or right hand palm rule number 1, the direction of B will
be perpendicular to the plane of paper and directed downward. Due to this magnetic field, each

element of other wire experiences a force. The direction of current element is perpendicular to
the magnetic field; therefore the magnetic force on element ab of length AL

AF = B 1, ALsin90° = 2201 o7 5 5 5 5
=Bl ALsn 90" =5 71, P! R I3 R
The total force on conductor of length L
will be i i bA vi
w w AL
Fe 0122AL= 07172 .
2y 2nr AF¢—_®B B® —aF
Force acting per unit length of conductor b
_E_Mhh gy te
/= L 2mr m
Q S Q S

According to Fleming’s left hand rule, the ' r , .
direction of magnetic force will be towards @ ’ ’ )
PQ i.e., the force will be attractive.



Q.11.

Ans.

On the other hand if the currents /; and I, in wires are in opposite directions, the force will be
repulsive. The magnitude of force in each case remains the same.

Definition of SI unit of Current (ampere): In SI system of fundamental unit of current ‘ampere’'
is defined assuming the force between the two current carrying wires as standard.

The force between two parallel current carrying conductors of separation 7 is

_F ML
f—L— o N/m

If 1, =IZ=1Ar=lm then

f— — =2x107"N/m

Thus 1 ampere is the current which when flowing in each of parallel conductors placed at
separation 1 m in vacuum exert a force of 2Xx 1070on 1 m length of either wire.
Derive an expression for torque acting on a rectangular current carrying loop kept in a

uniform magnetic field B. Indicate the direction of torque acting on the loop.

[CBSE Delhi 2013; (F) 2009, 2019 (55/1/1)]
OR

Deduce the expression for the torque T actlng on a planar loop of area A and carrying
current I placed in a uniform magnetic field B.

If the loop is free to rotate, what would be its orientation in stable equilibrium?
[CBSE Ajmer 2015]

Torque on a current carrying loop: Consider a rectangular loop PORS of length /, breadth b
suspended in a uniform magnetic field B . The length of loop = PQ = RS= [ and breadth QR
= SP = b. Let at any instant the normal to the plane of . N

loop make an angle 6 with the direction of magnetic in /y ﬁ;(:]so?:‘nlgﬂ% loop
field B and I be the current in the loop We know that >

a force acts on a current carrying wire placed in a al 0 s
magnetic field. Therefore, each side of the loop will = :R >
experience a force. The net force and torque acting on L 3 : >
the loop will be determined by the forces acting on all 3 =
sides of the loop. Suppose that the forces on sides PQ, 3 >
OR, RS and SP are F1,Fg, I3 and F4 respectively. The ~g >
sides QR and SP make angle (90°- 0) with the direction F, >

of magnetic field. Therefore each of the forces

Fo and F 4 acting on these sides has same magnitude I/ F,=IB

= Blb sin (90°- 0) = Blb cos 0. According to Fleming’s )

left hand rule the forces F, andF, are equal and 'QQ—’
opposite but their line of action is same. Therefore these ! A AN A
forces cancel each other i.e., the resultant of F 9 and F 4 (Upward) ) b_’LN ,5'\5’

is zero. : X0 y B
The sides PQ and RS of current loop are perpendicular P i

to the magnetic field, therefore the magnitude of each M g

of forces Fy and Fs is F=IIB sin 90°=IIB I(Downtvard)
According to Fleming’s left hand rule the forces —N x§<—bsine—> b
Fiand F3 acting on sides PQ and RS are equal and i v

opposite, but their lines of action are different; therefore Fs=IiB

the resultant force of F1 and F3 is zero, but they form a
couple called the deflecting couple. When the normal to plane of loop makes an angle with the
direction of magnetic field the perpendicular distance between F| and Fyis b sin 6.

Moment of couple or Torque,

T = (Magnitude of one force F) X perpendicular distance =(BIl). (b sin 0)=1 (lb) B sin 0

But b = area of loop =4 (say)



Torque, t = IAB sin 0

If the loop contains N-turns, then t = NI AB sin 6

In vector form T = NIAXB

The magnetic dipole moment of rectangular current loop = M = NIA

S T=MXB

Direction of torque is perpendicular to direction of area of loop as well as the direction of

magnetic field i.e., along 14 X B.

The current loop would be in stable equilibrium, if magnetic dipole moment is in the direction

of the magnetic field (B).

Q. 12. (i) What is the relationship between the current and the magnetic moment of a current
carrying circular loop?

(7i) Deduce an expression for magnetic dipole moment of an electron revolving around a
nucleus in a circular orbit. Indicate the direction of magnetic dipole moment. Use the
expression to derive the relation between the magnetic moment of an electron moving in
a circle and its related angular momentum. [CBSE (AI) 2010; (F) 2009]

(747) A muon is a particle that has the same charge as an electron but is 200 times heavier than
it. If we had an atom in which the muon revolves around a proton instead of an electron,
what would be the magnetic moment of the muon in the ground state of such an atom?

Ans. (i) Relation between current and magnetic moment:
Magnetic moment, for a current carrying coil is M = IA
For circular coil of radius , A=m"
M= 1.’
(i) Magnetic moment of an electron moving in a circle:
Consider an electron revolving around a nucleus (N) in circular path of radius r with speed .

The revolving electron is equivalent to electric current

e
=2 L
IT

. . . e~
where T is period of revolution = 2nr -
v

== (0
2Qmrfv 2mr -
Area of current loop (electron orbit), A = o’

Magnetic moment due to orbital motion,
=74 = 2y — ¢Ur i
M, =14 o (2mr7) 9 ... (1)

This equation gives the magnetic dipole moment of a revolving electron. The direction of
magnetic moment is along the axis.

Relation between magnetic moment and angular momentum

Orbital angular momentum of electron

L = mr ...(12)
where m, is mass of electron,
Dividing (u2) by (i), we get

R

L mor — om
Magnetic moment M, = - ...(1w)

2m,
This is expression of magnetic moment of revolving electron in terms of angular momentum
of electron.
¢ -

In vector form 1\711 =——1L (V)

2m

e

(7i7) Magnetic moment of muon in the ground state:

_ e
M= -5, = L

m
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Q. 13.

Ans.

In Bohr’s theory, value of angular momentum L in ground state is L = ua

) ) 2n
e 2
M =—X——=
b 2m, 2n 4mm,
3 eh 1 ¢h 1 16x10717x6.63x10

T 4m(200m,) 200 4mm, 200 4x3.14%X9.1% 107

= 4.64 X 107*° Am?
Draw the labelled diagram of a moving coil galvanometer. Prove that in a radial magnetic field, the
deflection of the coil is directly proportional to the current flowing in the coil. [CBSE (F) 2012]

OR
(a) Draw a labelled diagram of a moving coil galvanometer. Describe briefly its principle and
working.
(b) Answer the following:
() Why is it necessary to introduce a cylindrical soft iron core inside the coil of a

galvanometer?
(ii) Increasing the current sensitivity of a galvanometer may not necessarily increase its
voltage sensitivity. Explain, giving reason. [CBSE (AI) 2014]
OR

Explain, using a labelled diagram, the principle and working of a moving coil galvanometer.
What is the function of (i) uniform radial magnetic field, (ii) soft iron core?

Define the terms (i) current sensitivity and (ii) voltage sensitivity of a galvanometer. Why does
increasing the current sensitivity not necessarily increase voltage sensitivity?
[CBSE Allahabad 2015]
® Moving coil galvanometer: A galvanometer is used to detect current in a circuit.

Construction: It consists of a rectangular coil wound on a non-conducting metallic frame
and is suspended by phosphor bronze strip between the pole-pieces (N and §) of a strong
permanent magnet.

A soft iron core in cylindrical form is placed between the coil.

One end of coil is attached to suspension wire which also serves as one terminal (7)) of
galvanometer. The other end of coil is connected to a loosely coiled strip, which serves as the
other terminal (7). The other end of the suspension is attached to a torsion head which can
be rotated to set the coil in zero position. A mirror (M) is fixed on the phosphor bronze strip
by means of which the deflection of the coil is measured by the lamp and scale arrangement.
The levelling screws are also provided at the base of the instrument.

The pole pieces of the permanent magnet are cylindrical so that the magnetic field is radial
at any position of the coil.

nﬁmH

—— Suspension wire

oM )
A Coil NIB/

T, N § S N S N

NN

4 NIB/
Coiled strip

@) () (©)
Magnetic lines of
force of radial magnetic field
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Principle and working: When current (/) is passed in the coil, torque t acts on the coil, given by
T =NIAB sin 6

where 6 is the angle between the normal to plane of coil and the magnetic field of strength
B, N is the number of turns in a coil.

A current carrying coil, in the presence of a magnetic field, experiences a torque, which
produces proportionate deflection.

ie., Deflection, 6 « t (Torque)

When the magnetic field is radial, as in the case of cylindrical pole pieces and soft iron core,
then in every position of coil the plane of the colil, is parallel to the magnetic field lines, so
that 6 =90° and sin 90°=1. The coil experiences a uniform coupler.

Deflecting torque, © = NIAB
If C is the torsional rigidity of the wire and is the twist of suspension strip, then restoring
torque = C 0

For equilibrium, deflecting torque = restoring torque

1.e. NIAB =C©
NAB .
= — “es Z
0 o ! (@)
1.e. Qoc/

Deflection of coil is directly proportional to current flowing in the coil and hence we can
construct a linear scale.
Importance (or function) of uniform radial magnetic field: Torque for current carrying coil
in a magnetic field is t = NIAB sin 0
In radial magnetic field sin® = 1, so torque is Tt = NIAB
This makes the deflection () proportional to current. In other words, the radial magnetic
field makes the scale linear.

® The cylindrical, soft iron core makes the field radial and increases the strength of the
magnetic field, i.e., the magnitude of the torque.
Sensitivity of galvanometer :
Current sensitivity: It is defined as the deflection of coil per unit current flowing in it.

o 0 NAB ..
Sensitivity, S, = <7> = ...(11)
Voltage sensitivity: It is defined as the deflection of coil per unit potential difference across
its ends 0 NAB
ie., S, = V= Rg.C’ .. (i)

where R, is resistance of galvanometer.

Clearly for greater sensitivity number of turns N, area A and magnetic field strength B
should be large and torsional rigidity C of suspension should be small.
Dividing (zi7) by (i7)

Sh_ Lo g

S, G TG
Clearly the voltage sensitivity depends on current sensitivity and the resistance of
galvanometer. If we increase current sensitivity then it is not certain that voltage sensitivity
will be increased. Thus, the increase of current sensitivity does not imply the increase of
voltage sensitivity.

Q. 14. With the help of a circuit, show how a moving coil galvanometer can be converted into an

Ans.

ammeter of a given range. Write the necessary mathematical formula.
Conversion of galvanometer into ammeter

An ammeter is a low resistance galvanometer and is connected in series in a circuit to read
current directly.



Q. 15.

Ans.

The resistance of an ammeter is to be made as low as possible so that it may read current without
any appreciable error. Therefore to convert a galvanometer into ammeter a shunt resistance. (i.e.,
small resistance in parallel) is connected across the coil of galvanometer.

Let G be the resistance of galvanometer and I, the current required for full scale deflection.
Suppose this galvanometer is to converted into ammeter of range I ampere and the value of
shunt required is S. If I is current in shunt, then from fig.

I=1,+Ig = Iy =(-1,) (D)
Also potential difference across A and B o s
Vap)=Is. S =1,.G VW |
Substituting value of I from (z), we get iy VA
or  (I-1)S=1,G _,___._@7_._
T0A 1 B 1

or IS—IgS=IgG or IS=Ig(S+G)

S § Ammeter
or Ig =9+ GI ..()
GIg
L.e. required shunt, § = 7 N (713)
g

This is the working equation of conversion of galvanometer into ammeter.
The resistance (R,) of ammeter so formed is given by

1 1.1 1 _S+G SG

7=i+i _— = =
R, S G R,~ s¢ TMTs+¢

If £ is figure of merit of the galvanometer and n is the number of scale divisions, then Ig= nk.
Out of the total main current / amperes, only a small permissible value Ig flows through the
galvanometer and the rest Iy = (I - I,) passes through the shunt.

Remark: An ideal ammeter has zero resistance.

A galvanometer of resistance G is converted into a voltmeter to measure upto V volts by
connecting a resistance R; in series with the coil. If a resistance R, is connected in series with
it, then it can measure upto /2 volts. Find the resistance, in terms of R; and R,, required to
be connected to convert it into a voltmeter that can read upto 2 V. Also find the resistance G of

the galvanometer in terms of R; and R,. [CBSE Delhi 2015]
Let I, be the current through galvanometer at full deflection
To measure V' volts, IV = I, (G + Ry) ..(0)
vV Vo ..
gvolts, 5 = Ig (G +R,) ...(11)
2 V volts, 2V =1,(G+ Ry) .. (1)
To measure for conversion of range dividing (¢) by (i),
G+R,
2= C+R, = G = R,-2R,
Putting the value of G in (i), we have
|4 |4
I =5 =1 =57
¢ R-2R,+R, ¢~ 2R,-2R,

Substituting the value of G and I, in equation (i1z), we have

|4

V'~ 9R, “9R,

(R,—2R, + R,)

4R, - 4Ry = R, - 2Ry + R,
Ry = 3R, - 2R,

Moving Charges and Magnetism .



Self-Assessment Test

Time allowed: 1 hour Max. marks: 30

1. Choose and write the correct option in the following questions. B3 x1=3)

(1) A current loop in a magnetic field

(a) can be in equilibrium in two orientations, both the equilibrium states are unstable.
(b) can be in equilibrium in two orientations, one stable while the other is unstable.

(¢) experiences a torque whether the field is uniform or non uniform in all orientations.
(d) can be in equilibrium in one orientation.

(1) Two circular coils 1 and 2 are made from the same wire but the radius of the first coil is twice
that of the second coil. What ratio of the potential difference (in volt) should be applied
across them, so that the magnetic field at their centres is the same?

(@) 2 b) 3 () 4 (d) 6

() Current sensitivity of a moving coil galvanometer is 5 div/mA and its voltage sensitivity

(angular deflection per unit voltage applied) is 20 div/V. The resistance of the galvanometer is

(a) 40 Q 0) 25 Q (¢) 250 Q (d) 500 Q
2. Fill in the blanks. 2x1=2)
(1) Ampere's law is to Biot-Savart law, what Gauss's law is to
(@) In reality the turns of the toroidal coil form a and there is always a small

magnetic field external to the toroid.
3. Using the concept of force between two infinitely long parallel current carrying conductors,
define one ampere of current 1
4. Define one tesla using the expression for the magnetic force acting on a particle of charge '¢'
moving with velocity 7 ina magnetic field B . 1
5. A beam of electrons projected along +x-axis, experiences a force due to a magnetic field along

the +y-axis. What is the direction of the magnetic field? 1

X

Y

6. A point charge is moving with a constant velocity perpendicular to a uniform magnetic field as
shown in the figure. What should be the magnitude and direction of the electric field so that the

particle moves undeviated along the same path? 2
Y —_—
A B
X X X
X X X
¢ o+q
v
X X X
> X
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7. (a) Obtain the conditions under which an electron does not suffer any deflection while passing
through a magnetic field.

(0) Two protons P and Q moving with the same speed pass through the magnetic fields B
and B respectively, at right angles to the field directions. If |§2 | > |§1 |, which of the two

protons will describe the circular path of smaller radius? Explain. 2

8. Two identical coils P and Q each of radius R are lying in perpendicular planes such that they
have a common centre. Find the magnitude and direction of the magnetic field at the common

centre when they carry currents equal to 7 and /3 I respectively. 2
Q
31
P °
I

9. (a) Derive the expression for the torque on a rectangular current carrying loop suspended in a
uniform magnetic field.

(b) A proton and a deuteron having equal momenta enter in a region of uniform magnetic field
at right angle to the direction of the field. Depict their trajectories in the field. 2

10. (@) Depict the magnetic field lines due to a circular current carrying loop showing the direction
of field lines.

(b) A current I is flowing in a conductor placed along the x-axis as shown in the figure. Find the
magnitude and direction of the magnetic field due to a small current element di lying at
the origin at points (¢) (0, d, 0) and () (0, 0, d). 3

y

Z-axis

11. A proton, a deuteron and an alpha particle, are accelerated through the same potential difference

and then subjected to a uniform magnetic field B, perpendicular to the direction of their
motions. Compare (i) their kinetic energies, and (iz) if the radius of the circular path described

by proton is 5 cm, determine the radii of the paths described by deuteron and alpha particle. 3

12. State the principle of a moving coil galvanometer. Explain its working and obtain the expression for
the deflection produced due to the current passed through the coil. Define current sensitivity. 3

13. (a) State and explain the law used to determine magnetic field at a point due to a current
element. Derive the expression for the magnetic field due to a circular current carrying loop

of radius r at its centre.



(0) A'long wire with a small current element of length 1 cm is placed at the origin and carries a
current of 10 A along the X-axis. Find out the magnitude and direction of the magnetic field

due to the element on the Y-axis at a distance 0.5 m from it.
OR

(a) Derive the expression for the magnetic field due to a current carrying coil of radius r at a

distance x from the centre along the X-axis.

(b) A straight wire carrying a current of 5 A is bent into a
semicircular arc of radius 2 cm as shown in the figure. Find
the magnitude and direction of the magnetic field at the

centre of the arc.

Answers

L. (@) (b) (it) (c) @iti) ()
2. (1) Coulomb's law () helix
11. ) 1:1:2 (@) 5v2 cm, 5Y2 cm

13. (b)4 x 10T OR (b)) 7.85 x 107°T

AR



Magnetism and
Matter

P(%sé%pks

1. Magnetic Dipole Moment of a Current Loop and Revolving Electron

o——2/ —e

Magnetic dipole moment of a magnet is given as , M = m 2/, where m is

pole strength, 2/ is separation between poles. Its SI unit is ampere (metre)® —M *m
abbreviated as Am®. Magnetic dipole moment of a current loop is

M = NIA
The direction of M is perpendicular of the plane of loop and given by right hand thumb rule.
Magnetic dipole moment of a revolving electron

ev 9 eur
=4 =—Xmu =—
2mr 2
where v is velocity, r is radius of orbit
e c
M = —-— L amp m®

2m
e
where L = m,vr is angular momentum of revolving electron.
2. Magnetic Field Intensity due to a Magnetic Dipole

Magnetic field intensity at a general point having polar coordinates (r, 0) due

to a short magnet is given by r
K
= —Oﬂg 1 + 3cos*0 A
4T | o . o

where M is the magnetic moment of the magnet.
Special Cases

(2) At axial point 6 = 0,

YoM
axis H 7,3
(1) At equatorial point 8 = 90°
_ oM
eql. 41 1’3

3. Gauss’s law in magnetism
The net magnetic flux through any closed surface is zero.
$B.ds =0
4. Earth’s Magnetism

The earth’s magnetic field may be approximated by a magnetic dipole lying at the centre of earth
such that the magnetic north pole N,, is near geographical north pole N, and its magnetic south
pole §,, is near geographical south pole §,. In reality, the north magnetic pole behaves like the
south pole of a bar magnet inside the earth and vice versa. The magnitude of earth's magnetic field at

earth's surface is about 4x107° T,



‘ « Axis of rotation of earth
{ &

5. Elements of Earths' Magnetic Field

Earth’s magnetic field may be specified completely by three quantities called Vi
the elements of earth's magnetic field. These quantities are

(i) Angle of declination (o): It is the angle between geographical meridian
and the magnetic meridian planes.

(1i) Angle of dip (0) : It is the angle made by resultant magnetic field B, with 0
the horizontal. The angle of dip is 0° at magnetic equator and 90° at >
magnetic poles. Angle of dip is measured by dip circle. It is also called as
magnetic inclination

(iii) Horizontal component (H) of earth's magnetic field (B,)

H =B,cos 0 ...(2)
Vertical component of B,is V' = B, sin 0 ()
B, = JH? + 1?2 ... ()
and tan = % ...(1w)

6. Important Terms in Magnetism

(i) Magnetic permeability (1) It is the ability of a material to allow magnetic lines of force to pass

throughitandis equal to p = B

L where B is the magnetic field strength and H is the magnetic

field intensity.

The relative magnetic permeability p = B£ = Lli
0 0

where p,, is the permeability of free space and B, is the magnetic field strength in vacuum.

(i7) Intensity of magnetisation (M): It is defined as the magnetic moment per unit volume of a
magnetised material. Its unit is Am™".
—

) — m
1.e., M =—

(111) Magnetising field intensity (H): It is the magnetic field used for magnetisation of a material.
If 1 is the current in the solenoid, then magnetising field intensity H=nl/, where n = number
of turns per metre. Its unit is Am™.

(iv) Magnetic susceptibility: It is defined as the intensity of magnetisation per unit magnetising

field, i.e.,
M

Xm = H
It has no unit.
It measures the ability of a substance to take up magnetisation when placed in a magnetic field.



7. Classification of Magnetic Materials
Magnetic materials may be classified into three categories :

(1) Diamagnetic substances: These are the substances in which feeble magnetism is produced in
a direction opposite to the applied magnetic field. These substances are repelled by a strong
magnet. These substances have small negative values of susceptibility x and positive low value
of relative permeability u,, i.e.,

~1<x,<0 and 0<p <1

The examples of diamagnetic substances are bismuth, antimony, copper, lead, water, nitrogen
(at STP) and sodium chloride.

(ii) Paramagnetic substances: These are the substances in which feeble magnetism is induced
in the same direction as the applied magnetic field. These are feebly attracted by a strong
magnet. These substances have small positive values of M and y and relative permeability p,
greater than 1, i.e.,

0<x,<g 1<p <l+te

where € is a small positive number. The examples of paramagnetic substances are platinum,
aluminium, calcium, manganese, oxygen (at STP) and copper chloride.

(ii1) Ferromagnetic substances: These are the substances in which a strong magnetism is produced
in the same direction as the applied magnetic field. These are strongly attracted by a magnet.
These substances are characterised by large positive values of M and y and values of p, much
greater than 1, eg. Iron, cobalt, nickel and alloy like alnico.

ie, x,>>1, o >>1

Distinction between Dia—, Para— and Ferromagnetics

Property Diamagnetic Paramagnetic Ferromagnetic Remark
() | Magnetic B < B, B > B, B >> B, By, is magnetic
induction B induction in free
space
() | Intensity of small and small and very high and m is magnetic
magnetisation negative positive positive moment
m
M=—
v
(1) | Magnetic small and small and very high and
susceptibility negative positive positive
M
*TH
(iv) | Relative N w, <1 w, > 1 w,>>1 (of
permeability the order the
n thousands)
W, =7
r '-!'0

8. Curie Law

It states that the magnetic susceptibility of paramagnetic substances is inversely proportional to
absolute temperature, i.e.,

1

C . .
X & = X ="p where C is called Curie constant

. Curie Temperature

When temperature is increased continuously, the magnetic susceptibility of ferromagnetic
substances decrease and at a stage the substance changes to paramagnetic. The temperature of
transition at which a ferromagnetic substance changes to paramagnetic is called Curie temperature.
It is denoted by 7. It is different for different materials. In paramagnetic phase the susceptibility
is given by

" =TT,



10. Diamagnetism is universal properties of all substances but it is weak in para and ferromagnetic
substances and hence difficult to detect.

11. Electromagnets and Permanent Magnets
Electromagnets are made of soft iron which is characterised by low retentivity, low coercivity and

high permeability. The hysteresis curve must be narrow. The energy dissipated in magnetisation
and demagnetisation is consequently small.

Permanent magnets are made of steel which is characterised by high retentivity, high permeability
and high coercivity.

They can retain their attractive property for a long period of time at room temperatures.

Selected NCERT Textbook Questions

Magnetism

Q. 1. A short bar magnet placed with its axis at 30° with a uniform external magnetic field of
0.25 T experiences a torque of magnitude equal to 4.5 X 10 N-m. What is the magnitude of
magnetic moment of the magnet?

Ans. Given, B =0.25T,t = 4.5 X 107 N-m, 6 = 30°
We have T=mB sin 6

_ T 45x107°  _ 45x107
Bsin®  0.25xsin30°  0.25%0.5
Q. 2. A short bar magnet of magnetic moment m = 0.32 JT ' is placed in a uniform magnetic field of
0.15 T. If the bar is free to rotate in the plane of the field, which orientation would correspond

to its (i) stable and (ii) unstable equilibrium? What is the potential energy of the magnet in
each case?

Ans. Givenm = 0.32 T, B=0.15T
Potential energy of magnet in magnetic field
U=-mBcos0
(¢) In stable equilibrium the potential energy of magnet is the minimum; so
cos=1 or 0=0°
Thus in stable equilibrium position, the bar magnet is so aligned that its magnetic moment
is along the direction of magnetic field (6 = 0°).
U,=-mB=-0.32x%0.15==-48 X 107%]
(1) In unstable equilibrium, the potential energy of magnet is the maximum.

Thus in unstable equilibrium position, the bar magnetic is so aligned that its magnetic
moment is opposite to the direction of the magnetic field, i.e., cos 8 =-1 or 6 =180°.

In this orientation potential energy, U,,,,=+mB = + 4.8 X 1072 ].

= (.36 A—m>

= Magnetic moment m

Q.3. (a) Closely wound solenoid of 800 turns and area of cross-section 2.5 X 10~ * m® carries a

current of 3.0 A. Explain the sense in which solenoid acts like a bar magnet. What is the
associated magnetic moment?

(b) If the solenoid is free to turn about the vertical direction in an external uniform horizontal
magnetic field at 0.25 T, what is the magnitude of the torque on the solenoid when its axis
makes an angle of 30° with the direction of the external field.

Ans. (a) Ifsolenoid is suspended freely, it stays in N-S direction. The polarity of solenoid depends on
the sense of flow of current. If to an observer looking towards an end of a solenoid, the current
appears anticlockwise, the end of solenoid will be N-pole and other end will be S-pole.
Magnetic moment, m = NIA = 800 X 3.0 X 2.5 x 10~ = 0.60 A-m?

(b) Torque on solenoid t = mB sin 0

=0.60 x 0.25 sin 30°
=0.60 X 0.25 X 0.5 = 7.5 X102 N-m
. Xam idea Physics—XII



Q.4. A bar magnet of magnetic moment 1.5 JT™' lies aligned with the direction of a uniform
magnetic field of 0.22 T.

(a) What is the amount of work required by an external torque to turn the magnet so as to
align its magnetic moment

(i) normal to the field direction? and (ii) opposite to the field direction?
(b) What is the torque on the magnet in cases (i) and (ii)?
Ans. (a) Work done in aligning a magnet from orientation 0, to 0, is given by
W= Uy,-U, =—mbB cos 8, — (-mB cos 6,)
=—mbB (cos B, — cos 0) ...(1)
(2) Here 8, = 0°, 8, =90°
W = mB (cos 0° — cos 90°) = mB (1- 0) = mB
=15x022=0.33]
(1) Here 6, = 0°, 8, =180°
W = mB (cos 0° — cos 180°) =2mB
=2 X 15 x0.22=0.66]
(b) Torque T = mB sin O
In (7) 6 = 90°, t = mB sin 90° = mB = 1.5 X 0.22 = 0.33 N-m
This torque tends to align the magnet along the direction of field direction.
In (i7) 6 = 180°, 1 = mB sin 180° = 0
Q.5. A closely wound solenoid of 2000 turns and area of cross-section 1.6 X 10~ m? carrying a
current of 4.0 A is suspended through its centre allowing it to turn in a horizontal plane.
(a) What is the magnetic moment associated with the solenoid?

(b) What are the force and torque on the solenoid if a uniform magnetic field of 7.5 x 102T
is set up at an angle of 30° with the axis of the solenoid?

Ans. Given N =2000,4=16x10"m%7=40A
(@) Magnetic moment of solenoid, m = NIA
= 2000 x 4.0 X 1.6 x 10°* = 1.28 A-m?

(b) Net force on current carrying solenoid (or magnetic dipole) in uniform magnetic field is
always zero.

Given, B ="7.5 x 107*T, 0 = 30°
Torque T = mbB sin 6
1=1.28 X 7.5 x 107 X sin 30°
=1.28 X 7.5 X 107 x 0.5
= 4.8 X 10* N-m
Q. 6. A short bar magnet has a magnetic moment of 0.48 JT™'. Give the magnitude and direction of

the magnetic field produced by the magnet at a distance of 10 cm from the centre of magnet
on (a) the axis, (b) equatorial lines (normal bisector) of the magnet.

Ans. Givenm =048 JT,r=10cm = 0.10 m

. . P 2m
(a) Magnetic field at axis, B, = an 5
X 0.4
= (1077 X% =0.96x10*T
(0.10)
= 0.96 G along S-N direction
(b) Magnetic field at equatorial line
_Mom _ —4
BQ_EF_OASXIO T

= 0.48 G along N-S direction

Magnetism and Matter .



Q. 7. A magnetic dipole is under the influence of two magnetic fields. The angle between the field
directions is 60° and one of the fields has a magnitude of 1.2 X 10~ % T. If the dipole comes to
stable equilibrium at an angle of 15° with this field, what is the magnitude of other field?

Ans. For equilibrium, the net torque on magnetic field must be zero. Therefore, the torques exerted
by fields B, and B, on the dipole must be equal and opposite.

= 12

mbB| sin 8; = mB, sin B,y

B,sin 0,
= By=——"t
sin 0,
Given B, =1.2x 1072T 0, = 15° 0, = (60° — 15°) = 45°
_ 9 sin15° _ ) 02588 _ _3
32 1.2x10 X—Sin45° 1.2%x107° X 07071 44%x10™” T

Earth’s Magnetism

Q. 8. A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian has its
north tip pointing down at 22° with the horizontal. The horizontal component of the earth’s
magnetic field at a place is known to be 0.35 G. Determine the magnitude of the earth’s
magnetic field at the place. (Given cos 22° = 0.927, sin 22° = 0.375).

Ans. By definition, angle of dip 6 = 22°

Given H=0.35G
We have H = B, cos 0 or B = H_ _ 0'350
¢ cos®  cos22
035
or B, = —0.927 0.38 G

Q. 9. At a certain location in Africa, compass points 12° west of geographical north. The north top
of magnetic needle of a dip circle placed in the plane of the magnetic meridian points 60°
above the horizontal. The horizontal component of earth’s magnetic field is measured to be
0.16 gauss. Specify the direction and magnitude of earth’s magnetic field at the location.

Ans. This problem illustrates how the three elements of earth’s field : angle of declination (a) angle
of dip () and horizontal component H; determine the earth’s magnetic field completely.

Here angle of declination (a) = 12°

Angle of dip 6 = 60°

and horizontal component, H = 0.16 gauss
=0.16x10°'T

If B, is the total earth’s magnetic field, then the relation
between B, and H is H = B, cos 0 gauss

g = H _016x10" _ 0.16x10""
= 5T cosh cos 60° 0.5

Thus, the magnitude of earth’s field is 0.32 X 10°* T = 0.32 G
and it lies in a vertical plane 12° west of geographical meridian
making an angle of 60° (upwards) with the horizontal direction.

=0.32x107*T

Q. 10. A long straight horizontal cable carries a current of 2.5 A in the direction 10° south of west to
10° north of east. The magnetic meridian of the place happens to be 10° west of the geographical
meridian. The earth magnetic field at the location is 0.33 G and the angle of dip is zero. Locate
the line of neutral points (Ignore the thickness of the cable).

. Xam idea Physics—XII



Ans.

Q.11.

Ans.

Given B, =033 G,/ =25A N, N

Angle of dip, 6 = 0 Magnetic ‘I"-.:Q
S~ H=B,c0s0°=033G=033x 10" TV =5B,sn0"=0 meridian
(L )
Magnetic field due to current carrying cable B, = T:W * Cable

The cable is perpendicular to magnetic meridian. For neutral W
point, the magnetic produced by cable must be equal and

opposite to earth’s magnetic field, i.e.,

Kol .

B =H=—=H '.
¢ 2mnr s S,
ol 4107 %25
2nH  97x0.33x10°*

That is the line of neutral points is parallel to cable at a distance 1.5 cm above the plane of paper.

r =15%x10?m=1.5cm

A telephone cable at a place has four long straight horizontal wires carrying a current of
1.0 A in the same direction east to west. The earth’s angle of dip is 35°. The magnetic
declination is nearly zero. What are the resultant magnetic fields at points 4.0 cm. below and
above the cable?
Given B, = 0.39 G, 6 = 35°
(7) Below the Cable
The magnetic field due to horizontal wires.
1ol -7
B, = 4x 0" _ 4y 4nx10 ><1.20
2nR 21 X4x10”
=02x107*T=02G

This is directed along NS direction.

=92.0x107°T

The earth’s horizontal magnetic field is directed from south to north
H =B, cos 0 =0.39 cos 35° = 0.39 X 0.82 = 0.32 G
Net horizontal magnetic field
By,=H-B;,=032-02=0.12G.
Vertical component of earth’s magnetic field
By, = B,sin 6 = 0.39 sin 35° = 0.39 xX0.57 = 0.22 G
Resultant magnetic field B, =/ BIQ{ + BI%
=/(0.12)> + (0.22)2 = 0.25 G
Angle made by resultant field with horizontal

B 0.22
= tan1 71/ = SR il = t- -1 = o
and ¢ = tan B, tan <0‘12 ) tan~ (1.8333) = 61.4

(i1) Abovethe Cable: Ifpointisabovethe cable the direction of magneticfield E will be along SN
direction. So H and B; will be added.
By, =0.32 + 0.2 =0.524
B, =022G
- Resultant magnetic field B, = Q/BZ + Bg
= /(0.52)> + (0.22)2 = 0.57 G

B

and ¢=tan! BL =tan~! % = tan"' (0.4230) = 22.9°
Y .



Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.
1. Magnetism in substances is caused by
(a) orbital motion of electrons only
(b) spin motion of electrons only
(¢) due to spin and orbital motions of electrons both
(d) hidden magnets

2. A magnetic needle is kept in a uniform magnetic field. It experiences

(a) aforce and a torque (b) a force but not a torque

(¢) atorque but not a force (d) neither a torque nor a force
3. A magnetic needle is kept in a non-uniform magnetic field. It experiences

(a) aforce and a torque (b) a force but not a torque

(c) atorque but not a force (d) neither a force nor a torque

4. A bar magnet of magnetic moment m is placed in a uniform magnetic field of induction B .
The torque exerted on it is
@ m.B ®) -m.B (c) m xB (d) -m xB

5. A uniform magnetic field exists in space in the plane of paper and is initially directed from
left to right. When a bar of soft iron is placed in the field parallel to it, the lines of force
passing through it will be represented by

> = /,/_\ p E—
(@) ' ' (b) %@g (©) /%(A%A (d) ‘ ‘
a i i - P ——— g ¢ \i /=' i i
> > B — NN o < <
> > i/\§ \\\\\j < <

6. Points A and B are situated perpendicular to the axis of a 2 cm long bar magnet at large
distances x and 3x from its centre on opposite sides. The ratio of the magnetic fields at A and
B will be approximately equal to
(@ 1:9 (b)2:9 (c) 27:1 d) 9:1

7. A paramagnetic sample shows a net magnetisation of 8 Am™ when placed in an external
magnetic field of 0.6 T at a temperature of 4 K. When the same sample is placed in an external
magnetic field of 0.2 T at a temperature of 16 K, the magnetisation will be [NCERT Exemplar]

(@) %Am'1 b) %Am'l (¢) 6 Am™ d) 2.4 Am™

8. A toroid of n turns, mean radius R and cross-sectional radius a _Earries current I. It is placed
on a horizontal table taken as X-Y plane. Its magnetic moment m [NCERT Exemplar]
(a) is non-zero and points in the Z-direction by symmetry.
(b) points along the axis of the toroid (ﬁ = mo).
(¢) 1is zero, otherwise there would be a field falling as Lg at large distances outside the toroid.
(d) is pointing radially outwards. '

9. A long solenoid has 1000 turns per metre and carries a current of 1 A. It has a soft iron core
of u, =1000. The core is heated beyond the Curie temperature, T,, then = [NCERT Exemplar]
(a) the H field in the solenoid is (nearly) unchanged but the B field decreases drastically.
b) the H and B fields in the solenoid are nearly unchanged.

(
(¢) the magnetisation in the core reverses direction.
(d) the magnetisation in the core diminishes by a factor of about 10°,
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The magnetic field of Earth can be modelled by that of a point dipole placed at the centre
of the Earth. The dipole axis makes an angle of 11.3° with the axis of Earth. At Mumbai,
declination is nearly zero. Then, [NCERT Exemplar]
(a) the declination varies between 11.3° W to 11.3° E.

(b) the least declination is 0°.

(¢) the plane defined by dipole axis and Earth axis passes through Greenwich.

(d) declination averaged over Earth must be always negative.

In a plane perpendicular to the magnetic meridian, the dip needle will be

(a) vertical

(b) horizontal

(¢) inclined equal to the angle of dip at that place

(d) pointing in any direction

The meniscus of a liquid contained in one of the limbs of a narrow U-tube is placed between
the pole-pieces of an electromagnet with the meniscus in a line with the field. When the
electromagnet is switched on, the liquid is seen to rise in the limb. This indicates that the
liquid is

(a) ferromagnetic (b) paramagnetic

(¢c) diamagnetic (d) non-magnetic

Electro-magnets are made of soft iron because soft iron has

(@) small susceptibility and small retentivity

(b) large susceptibility and small retentivity

(¢) large permeability and large retentivity

(d) small permeability and large retentivity.

In a permanent magnet at room temperature [NCERT Exemplar]
(@) magnetic moment of each molecule is zero.

(b) the individual molecules have non-zero magnetic moment which are all perfectly aligned.

(¢) domains are partially aligned.
(d) domains are all perfectly aligned.

If a magnetic substance is kept in a magnetic field, then which of the following substances is
thrown out?

(a) Paramagnetic (b) Ferromagnetic

(c) Diamegnetic (d) Antiferromagnetic
Above Curie’s temperature ferromagnetic substances becomes

(a) paramagnetic (b) diamagnetic

(¢c) superconductor (d) no change

In the hysteresis cycle, the value of H needed to make the intensity of magnetisation zero is
called

(a) retentivity (b) coercive force

(¢) Lorentz force (d) none of the above

A permanent magnet attracts

(a) all substances (b) only ferromagnetic substances

(¢) some substances and repels others (d) ferromagnetic substances and repels all others
Susceptibility is positive for

(a) paramagnetic substances (b) ferromagnetic substances

(¢) non-magnetic substances (d) diamagnetic substances

If the horizontal and vertical components of earth’s magnetic field are equal at a certain place,
the angle of dip is
(@) 90° (b) 60° (c) 45° d) 0°
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Answers

1. (0) 2. (¢) 3. () 4. (c) 5. (b) 6. ()

7. (b) 8. (¢) 9. (@), d  10. (a) 11. (a) 12. (b)
13. (b) 14. (¢) 15. () 16. (a) 17. () 18. (b)
19. (@), (b)  20. ()

Fill in the Blanks [1 mark]

|

The unit of magnetic dipole moment is

2. Diamagnetic substances when placed in a magnetic field, are magnetised in the direction
to the magnetic field.

3. Paramagnetic materials when placed in a magnetic field are magnetised in the direction
to the magnetic field.

4. The angle between the magnetic moment of a bar magnet and its magnetic field at an equatorial
point is

5. The ability of a material to retain magnetism after removal of magnetizing field is called as

6. SI unit of magnetic pole strength is

7. Inside the body of a magnet the direction of magnetic field lines is from

8. For paramagnetic materials magnetic susceptibility is related with temperature as inversely
proportional to

9. There is no effect of temperature on type of materials.
10. Ferromagnetism can be explained on the basis of formation of within the
materials.
Answers
1. Am? 2. opposite 3. parallel 4. 180°
5. retentivity 6. ampere-meter 7. South pole to North pole
8. T 9. diamagnetic 10. domain

Very Short Answer Questions [1 mark]

Q. 1. Where on the earth’s surface is the value of angle of dip maximum?
OR
Where on the surface of earth is the angle of dip 90°? [CBSE (AI) 2011]
Ans. Angle of dip (90°) is maximum at magnetic poles.

Q. 2. A magnetic needle, free to rotate in a vertical plane, orients itself vertically at a certain place
on the Earth. What are the values of (i) horizontal component of Earth’s magnetic field and (ii)

angle of dip at this place? [CBSE (F) 2012]

Ans. (1) 0 (1) 90°
Q. 3. Where on the earth’s surface is the value of vertical component of earth’s magnetic field zero?
[CBSE (F) 2011]

Ans. Vertical component of earth’s magnetic field is zero at magnetic equator.

Q. 4. The horizontal component of the earth’s magnetic field at a place is B and angle of dip is 60°.
What is the value of vertical component of earth’s magnetic field at equator? [CBSE Delhi 2012]

Ans. Zero
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Q.5.

Ans.
Q. 6.

Ans.
Q.7.

Ans.

Q. 8.

Ans.

Q.9.
Ans.

Q. 10.

Ans.
Q. 11.

Ans.
Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

A small magnet is pivoted to move freely in the magnetic meridian. At what place on earth’s
surface will the magnet be vertical? [CBSE (F) 2012]

Magnet will be vertical at the either magnetic pole of earth.
Which of the following substances are diamagnetic?
Bi, Al, Na, Cu, Ca and Ni [CBSE Delhi 2013]
Diamagnetic substances are (¢) Bi (i) Cu.
What are permanent magnets? Give one example. [CBSE Delhi 2013]

Substances that retain their attractive property for a long period of time at room temperature
are called permanent magnets.

Examples: Those pieces which are made up of steel, alnico, cobalt and ticonal.

Mention two characteristics of a material that can be used for making permanent magnets.
[CBSE Delhi 2010]

For making permanent magnet, the material must have high retentivity and high coercivity

(e.g., steel).

Why is the core of an electromagnet made of ferromagnetic materials? [CBSE Delhi 2010]

Ferromagnetic material has a high permeability. So on passing current through windings it gains
sufficient magnetism immediately.

The permeability of a magnetic material is 0.9983. Name the type of magnetic materials it
represents. [CBSE Delhi 2011]

pis <1 and > 0, so magnetic material is diamagnetic.
The susceptibility of a magnetic materials is — 4.2X10°. Name the type of magnetic materials
it represents. [CBSE Delhi 2011]
Susceptibility of material is negative, so given material is diamagnetic.
In what way is the behaviour of a diamagnetic material different from that of a paramagnetic,
when kept in an external magnetic field? [CBSE Central 2016]
A diamagnetic specimen would move towards the weaker region of the field while a paramagnetic
specimen would move towards the stronger region.
At a place, the horizontal component of earth’s magnetic field is B and angle of dip is 60°.
What is the value of horizontal component of the earth’s magnetic field at equator?
[CBSE Delhi 2017]
Here, B;; = B and 8 = 60°
We know that
By = Bj cos 8
B = By, cos 60° = B, = 2B
At equator 6 = 0°
: By = 2B cos 0° = 2B
What is the angle of dip at a place where the horizontal and vertical components of the Earth’s

magnetic field are equal? [CBSE (F) 2012]
We know
B
B—V = tand
H

Given B, =B, thentan § = 1
Angle of dip, 8 = 45°

The magnetic susceptibility of magnesium at 300 K is 1.2 X 10°. At what temperature will its
magnetic susceptibility become 1.44 X 10%? [CBSE 2019 (55/2/1)]

The susceptibility of a paramagnetic substance is inversely proportional to the absolute

temperature.
Magnetism and Matter .



Q. 16.

Ans.

Q. 17.
Ans.

Q. 18.

Ans.

Q. 19.

Ans.

Q. 20.

Ans.

(where C is curie constant)

Here %, =12x10°, T, =300K

Xo = 1.44 x 10°, T, = ?
C :
Xl =T] = C=X171 (l)
C
X2 _72 (Zl)

_c _xuh1.2x10°
Xe X2 144x10°

The magnetic susceptibility y of a given material is — 0.5. Identify the magnetic material.
[CBSE 2019 (55/2/1)]

T, x 300 =250 K

The susceptibility of material is — 0.5, which is negative. Hence, material is diamagnetic substance.

Write one important property of a paramagnetic material. [CBSE 2019 (55/5/1)]

It moves from weaker magnetic field towards stronger magnetic field.

Do the diamagnetic substances have resultant magnetic moment in an atom in the absence of
external magnetic field? [CBSE 2019 (55/5/1)]
No, diamagnetic substances have no resultant magnetic moment in the absence of external

magnetic field.

How does the (i) pole strength and (i7) magnetic moment of each part of a bar magnet change if
it is cut into two equal pieces transverse to length?

m
. —> - . .
When a bar magnet of magnetic moment (M =m2[) is cut into two equal S 2l —»
. . [ ]
pieces transverse to its length, -m -m

(¢) the pole strength remains unchanged (since pole strength depends «—; —» <«—7—»
on number of atoms in cross-sectional area).

. . . -m o+ -m +
(1) the magnetic moment is reduced to half (since M o length and here mom mom
length is halved). m/2 m/2
A hypothetical bar magnet (4B) is cut into two equal parts. One part c. C
. . . 1
is now kept over the other, so that the pole C, is above C;. If M is the A 5 2 B
magnetic moment of the original magnet, what would be the magnetic :
moment of the combination, so formed?
. M B e
The magnetic moment of each half bar magnet 1S?but oppositely S| N | C2
. . o M M N+ 58|
directed, so net magnetic moment of combination = 9 "9 = 0 (zero). A

Short Answer Questions-I [2 marks]

Q. 1.

Ans.

The susceptibility of a magnetic material is 2.6 X 107°. Identify the type of magnetic material
and state its two properties. [CBSE Delhi 2012]

The material having positive and small susceptibility is paramagnetic material.

. Xam idea Physics—XII



Q.2.

Ans.

Q.3.

Ans.

Ans.

Q.5.

Ans.

Q. 6.

Ans.

Properties

() They have tendency to move from a region of weak magnetic field to strong magnetic field,
i.e., they get weakly attracted to a magnet.

(#) When a paramagnetic material is placed in an external field the field lines get concentrated
inside the material, and the field inside is enhanced.

The susceptibility of a magnetic material is 2.6 X 107°. Identify the type of magnetic material
and state its two properties. [CBSE Delhi 2012]

The magnetic material having negative susceptibility is diamagnetic in nature.
Properties:
(¢) This material has + ve but low relative permeability.

() They have the tendency to move from stronger to weaker part of the external magnetic
field.

A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian has its
north tip down at 60° with the horizontal. The horizontal component of the earth’s magnetic
field at the place is known at to be 0.4 G. Determine the magnitude of the earth’s magnetic
field at the place. [CBSE Delhi 2011]

Angle of dip, 6 = 60°
H=04G=04x10"T
If B, is earth’s magnetic field, then

H = B, cos 0.
_ H _04%x107*'T _ 04x107'T _ A
= B = = s 05 =0.8x10*T=0.8G

A compass needle, free to turn in a vertical plane orients itself with its axis vertical at a certain
place on the earth. Find out the values of (i) horizontal component of earth’s magnetic field
and (ii) angle of dip at the place. [CBSE Delhi 2013]
If compass needle orients itself with its axis vertical at a place, then
(1) By = O because B, = | B |
. By,
() tand = 5= B,
" 3
= Angle of dip 6 = 90°,
Concept: It is possible only on magnetic north or south poles.

By

Write two properties of a material suitable for making (a) a permanent magnet, and (b) an
electromagnet. [CBSE (Al) 2017]

(a) Two properties of material used for making permanent magnets are
(¢) High coercivity (iz) High retentivity
(1) High permeability
(b) Two properties of material used for making electromagnets are
() High permeability () Low coercivity
(1) Low retentivity

From molecular view point, discuss the temperature dependence of susceptibility for
diamagnetism, paramagnetism and ferromagnetism.

Diamagnetism is due to orbital motion of electrons developing magnetic moments opposite to
applied field and hence is not much affected by temperature.

Paramagentism and ferromagnestism is due to alignments of atomic magnetic moments in the
direction of the applied field. As temperature increases, this alignment is disturbed and hence

susceptibilities of both decrease as temperature increases.
Magnetism and Matter .



Ans.

Q. 8.

Ans.

Short Answer Questions-II

Q. 1.

Ans.

Q.2.

Ans.

Consider the plane S formed by the dipole axis and the axis of earth. Let P be point on the
magnetic equator and in S. Let Q be the point of intersection of the geographical and magnetic
equators. Obtain the declination and dip angles at P and Q.
In following figure:
(¢) Pisin S (needle will point both north)
Declination = 0
P is also on magnetic equator.

Dip = 0°
() Q is on magnetic equator.
: Dip = 0°

but declination = 11.3
What is the basic difference between the atom and molecule of a
diamagnetic and a paramagnetic material? Why are elements with even
atomic number more likely to be diamagnetic? ]

Atoms/molecules of a diamagnetic substance contain even number of electrons and these
electrons form the pairs of opposite spin; while the atoms/molecules of a paramagnetic substance
have excess of electrons spinning in the same direction.

The elements with even atomic number Z has even number of electrons in its atoms/molecules, so
they are more likely to form electrons pairs of opposite spin and hence more likely to be diamagnetic.

[3 marks]

Depict the field-line pattern due to a current carrying solenoid of finite length.
(?) In what way do these lines differ from those due to an electric dipole?

(i) Why can’t two magnetic field lines intersect each other? [CBSE (F) 2009]

/
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Field lines of a current carrying solenoid Field lines of an electric dipole
(¢) Difference: Field lines of a solenoid form continuous current loops, while in the case of an
electric dipole the field lines begin from a positive charge and end on a negative charge or
escape to infinity.
(i) Two magnetic field lines cannot intersect because at the point of intersection, there will be
two directions of magnetic field which is impossible.
Explain the following:
() Why do magnetic field lines form continuous closed loops?

(i) Why are the field lines repelled (expelled) when a diamagnetic material is placed in an
external uniform magnetic field? [CBSE (F) 2011]

N<——38
(1) When a diamagnetic substance is placed in an external magnetic v

field, a feeble magnetism is induced in opposite direction. So,
magnetic lines of force are repelled.

(1) Magnetic lines of force form continuous closed loops because a
magnet is always a dipole and as a result, the net magnetic flux of
a magnet is always zero.
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Q. 3. (i) Mention two properties of soft iron due to which it is preferred for making an electromagnet.
(i1) State Gauss’s law in magnetism. How is it different from Gauss’s law in electrostatics and
why? [CBSE South 2016]
Ans. (1) Low coercivity and high permeability
(i1) Gauss’s Law in magnetism: The net magnetic flux through any closed surface is zero.

fB.ds =0

Gauss’s Law in electrostatics: The net electric flux through any closed surface is % times
the net charge enclosed by the surface. 0
fE ds = ei
0
The difference between the Gauss’s law of magnetism and that for electrostatic is a reflection
of the fact that magnetic monopole do not exist i.e., magnetic poles always exist in pairs.

Q. 4. Show diagrammatically the behaviour of magnetic field lines in the presence of (i) paramagnetic
and (i) diamagnetic substances. How does one explain this distinguishing feature?

OR [CBSE (AI) 2014]

Draw the magnetic field lines distinguishing between diamagnetic and paramagnetic materials.

Give a simple explanation to account for the difference in the magnetic behaviour of these
materials. [CBSE Bhubaneshwar 2015, Central 2016]

Ans. //:\\
% s N
Paramagnetic Diamagnetic
substance substance

(U] (i)

® A paramagnetic material tends to move from weaker field to stronger field regions of the
magnetic field. So, the number of lines of magnetic field increases when passing through
it. Magnetic dipole moments are induced in the direction of magnetic field. Paramagnetic
materials has a small positive susceptibility.

® A diamagnetic material tends to move from stronger field to weaker field region of the
magnetic field. So, the number of lines of magnetic field passing through it decreases.
Magnetic dipole moments are induced in the opposite direction of the applied magnetic
field. Diamagnetic materials has a negative susceptibility in the range (-1 <y < 0).

Q. 5. Draw the magnetic field lines for a current carrying solenoid when a rod made of (a) copper,
(b) aluminium and (c) iron are inserted within the solenoid as shown.

JFF7FF70

| .
HF—0) [CBSE Sample Paper 2018]

Ans. (a) When a bar of diamagnetic material (copper) is placed in an external magnetic field, the
field lines are repelled or expelled and the field inside the material is reduced.

A

>
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() When a bar of paramagnetic material (Aluminium) is placed in an external field, the field

lines gets concentrated inside the material and the field inside is enhanced.

———

>

(¢) When a ferromagnetic material (Iron) is placed in an internal magnetic field, the field lines
are highly concentrated inside the material.

Q. 6. In what way is Gauss’s law in magnetism different from that used in electrostatics? Explain
briefly.
The Earth’s magnetic field at the equator is approximately 0.4 G. Estimate the Earth’s magnetic
dipole moment. Given: Radius of the Earth = 6400 km. [CBSE Patna 2015]
Ans. As we know that 1
Isolated positive or negative charge exists freely. So, Gauss’s law states that f E.dS = ?O[q]
Isolated magnetic poles do not exist. So, Gauss’s law states that
§B.dS=0
Magnetic field intensity at the equator is

m

B= -+ _ 907 ™
41 Rp3 R®

m=10".BR®

=107 x 0.4 x 107 x (6400 x 10%?
= 1.05 X 10 Am?

Q. 7. A bar magnet of magnetic moment 6 J/T is aligned at 60° with a uniform external magnetic
field of 0-44 T. Calculate (a) the work done in turning the magnet to align its magnetic moment
(7) normal to the magnetic field, (i7) opposite to the magnetic field, and (b) the torque on the
magnet in the final orientation in case (ii). [CBSE Examination Paper 2018]

Ans. (a) Work done = mB(cos 8, — cos 05)
(i) 8, =60°,0,=90°
. Work done = mB(cos 60°— cos 90°)

= mB(é—0)=%mB
- %x6x0.44]=1.32j

(ii) 6, =60°6,=180°
.. Work done = mB(cos 60°— cos 180°)

= mB (L—(—1)> = imB

2 2
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Q. 8.

Ans.

Q.9.

Ans.

(b) Torque = |ﬁ><§|=mBsin9
For 6=180° and B = 0.44 T we have
Torque = 6 X 0.44 sin 180°=0
(@) An iron ring of relative permeability i, has windings of insulated copper wire of n turns

per metre. When the current in the windings is 7, find the expression for the magnetic
field in the ring.

(b) The susceptibility of a magnetic material is 0.9853. Identify the type of magnetic material.
Draw the modification of the field pattern on keeping a piece of this material in a uniform
magnetic field. [CBSE Examination Paper 2019]

(@) From Ampere’s circuital law, we have,

{B.dl = Bol L ociosed (1)
For the field inside the ring, we can write
fﬁd_[ = {Bdl= B.2mr (r = radius of the ring)

AlSO Ienclosed (2 7[771) 1
o B2mr=pwp . (n.21r) 1 [Using equation (z)]
SoB=pgn ol

(b) The material is paramagnetic.
The field pattern gets modified as shown in the figure below.

\_//
\L\//

—
—

(a) Show that the time period (T) of oscillations of a freely suspended magnetic dipole of

magnetic moment (m) in a uniform magnetic field (B) is given by T =27,/ #, where I is
a moment of inertia of the magnetic dipole.

(b) Identify the following magnetic materials:
(i) A material having susceptibility (%m) = - 0.00015
(i) A material having susceptibility (x,,,) 107 [CBSE 2019 (55/3/1)]
(@) Let us consider a uniform magnetic field B exists in the region, in which a magnet of dipole
moment m is placed. The dlpole is making small angle 0with the magnetic field. The
torque acts on the magnet is given by
T = _mB sin0 (Restoring torque)
=-mBo0 (" @ in small) 0]

Also the torque on dipole try to restore its initial position i.e., along the direction of magnetic
field. (I = moment of inertia)

In equilibrium

2
I ﬂ = -mBsin 0
..(1)
Negative sign implies that restoring torque is in opposition to deflecting torque.
d*0 _ —mB
P 0 ..(i1)
Comparing with equation of angular SHM
d*0 0 .
— =-n0 (v
e ()

We have
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o _ [wB _ T _ [T
= T T mB
_ /1
T=2n mB

(b) (¢) Diamagnetic substance. (1) Paramagnetic substance.
Q. 10. Write three points of differences between para-, dia- and ferro- magnetic materials, giving one
example for each. [CBSE 2019 (55/1/1)]
Ans.
Diamagnetic Paramagnetic Ferromagnetic
-1<x<0 0<yx<ce x> 1
2 0<p <1 1<p <(l+eg) po>1
n<p, o> o>
Where ¢ is any positive constant.
Examples:
Diamagnetic materials: Bi, Cu, Pb, Si, water, NaCl, Nitrogen (at STP)
Paramagnetic materials: Al, Na, Ca, Oxygen (at STP), Copper chloride
Ferromagnetic materials: Fe, Ni, Co, Alnico. (Any one)
Q. 11. (a) State Gauss’s law for magnetism. Explain its significance. [CBSE 2019 (55/1/1)]

(b) Write the four important properties of the magnetic field lines due to a bar magnet.

Ans. (a) Gauss’s law for magnetism states that “The total flux of the magnetic field, through any
closed surface, is always zero.”

Alternatively
={B.ds=0
This law implies that magnetic monopoles do not exist. Also magnetic field lines form closed
loops.
(b) Four properties of magnetic field lines
(1) Magnetic field lines always form continuous closed loops.

(i) The tangent to the magnetic field line at a given point represents the direction of the net
magnetic field at that point.

(¢7) The larger the number of field lines crossing per unit area, the stronger is the magnitude
of the magnetic field.

(7v) Magnetic field lines do not intersect.

Long Answer Questions [5 marks]

Q. 1. Derive an expression for magnetic field intensity due to a magnetic dipole at a point on its
axial line.

Ans. Consider a magnetic dipole (or a bar magnet) SN of length 2/ having south pole at § and north
pole at N. The strength of south and north poles are — ¢,, and + ¢, respectively.
Magnetic moment of magnetic dipole m = ¢,, 2/, its direction is from S to N.

Consider a point P on the axis of magnetic

= (r+ 1) >
dipole at a distance 7 from mid point O of o e r=(r-)—»
dipole. : : 5
. ‘ O R >
The distance of point P from N-pole, S Gm 0 qu B, P B,
= (r-1) < r >
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Q.2.

Ans.

The distance of point P from S-pole, ro= (r + 1)

Let B and B, be the magnetic field intensities at point P due to north and south poles respectively.
The directions of magnetic field due to north pole is away from N-pole and due to south pole is
towards the S-pole. Therefore,

_ ) D ) D

=— fi NtoP and B, = ——
iorpe Y rom N to P and B, = 7 T+

from Pto S

Clearly, the directions of magnetic field strengths Biand Byare along the same line but opposite
to each other and B, >B,.

Therefore, the resultant magnetic field intensity due to bar magnet has magnitude equal to the
difference of B| and B, and direction from N to P.

ie. B=p-p=rv I _to fn
' TR A o) AT (4 )2

T 1 1 Lo o+ -@-02
Tantn| g2 g+ 02| 4nn W]

) 4l o 2(q,,20)r

_@ﬂmw4¥y7mat52

But ¢,, 20 =m (magnetic dipole moment)
o 2m.r

If the bar magnet is very short and point P is far away from the magnet, the r >> [, therefore,
equation (1) takes the form
_ Mo 2mr
4 4
R0 2m
or B= s SE)

This is the expression for magnetic field intensity at axial position due to a short bar magnet.
Derive an expression for magnetic field intensity due to a magnetic dipole at a point lies on
its equatorial line.

Consider a point P on equatorial position (or broad side on position) of short bar magnet of
length 2/, having north pole (N) and south pole (S) of strength +¢,, and - ¢,, respectively. The
distance of point P from the mid point (O) of magnet is r. Let B, and B, be the magnetic field

intensities due to north and south poles respectively. NP=SP= yr* + [* . B,

_ L, Bqsin®
1= ——malong N to P
4m 2 4 2
B=B,cos6+B,cosb .-
- |-’~0 G e P
2= S o o along P to S .
4m 2 4+ : .
Clearly, magnitudes of B1 and By are equal N B,sinG _.
R =g =g RSN
ie., |Bi|=|Bs| or B =B, »4@\
Lox
LR

To find the resultant of Biand B, we resolve
them along and perpendicular to magnetic axis

SN. Components of B along and perpendicular .S/
to magnetic axis are B; cos® and B, sin® | m T O R Y
respectively. D e >

=g . . . . .
Componentsof B9 along and perpendicular to magnetic axis are B, cos 0 and B, sin 6 respectively.

Clearly, components of Biand B perpendicular to axis SN. B, sin 0 and B, sin 0 are equal in
magnitude and opposite in direction and hence, cancel each other; while the components of B



and B along the axis are in the same direction and hence, add up to give to resultant magnetic
field parallel to the direction NS.
Resultant magnetic field intensity at P
B = B, cos 0+ B, cos 0
Ho  tn and cos 6 _ON _ ! = !
PN TQ + 12 (72 + 12)1/2

Bue B =By=g

% ’J'O qm % { _ uO qul
47 (72 + l2) (72 +12)1/2 T 41 (TQ + [2)32

B = QBlcose =2

But ¢,,.2l=m, magnetic moment of magnet
R m
T4 (2 4 1232 (1)
AT (0 + 17
If the magnet is very short and point P is far away, we have [<<7; so [* may be neglected as
compared to ? and so equation (1) takes the form

_Hom
= e

This is expression for magnetic field intensity at equatorial position of the magnet.

Q. 3. (a) Asmall compass needle of magnetic moment ‘m’ is free to turn about an axis perpendicular
to the direction of uniform magnetic field ‘B’. The moment of inertia of the needle about
the axis is ‘. The needle is slightly disturbed from its stable position and then released. Prove
that it executes simple harmonic motion. Hence deduce the expression for its time period.

(b) A compass needle, free to turn in a vertical plane orients itself with its axis vertical at
a certain place on the earth. Find out the values of (i) horizontal component of earth’s
magnetic field and (i7) angle of dip at the place. [CBSE Delhi 2013]

Ans. (a) If magnetic compass of dipole moment m is placed at angle 6 in uniform magnetic field, and

released it experiences a restoring torque.

A A
N +Gm B
N 0
B
-—
—Am g S
Restoring torque, T = — magnetic force X perpendicular distance
=-¢,B . (2asin 0),
T = —mB.sin 0, where ¢,, = pole strength, m = ¢,,.2¢ (magnetic moment)

Negative sign shows that restoring torque acts in the opposite direction to that of defecting
torque.

In equilibrium, the equation of motion,

d*0

= IF=—mBe (For small angle sin 6 =~ 0)
t

- a0 _ mBy 40 _ (ﬁ)e
at 1 i’ 1
2 2

Since ﬂaﬂ = Q=—w29

di* di?
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It represents the simple harmonic motion with angular frequency

o _mB _om ., [T
0) 7 = T co 21 mB

(b) If compass needle orients itself with its axis vertical at a place, then
(i) B;; = 0 because B, = |B|
By,
(®) tand = — = o
By
Angle of dip 6 = 90°,

Concept: It is possible only on magnetic north or south poles.

Self-Assessment Test

Time allowed: 1 hour Max. marks: 30

1. Choose and write the correct option in the following questions. B3 x1=3)

(1) A permanent magnet
(a) attracts all substances
(b) attracts only ferromagnetic substances
(¢) attracts ferromagnetic substances and repels all others
(d) attracts some substances and repels others
() If a diamagnetic substance is brought near the north or the south pole of a bar magnet, it is
(a) repelled by the north pole and attracted by the south pole
(b) attracted by the north pole and repelled by the south pole
(¢) attracted by both the poles
(d) repelled by both the poles

(i) Abar magnet having a magnetic moment of 2 X 10* ] T is free to rotate in a horizontal plane.
A horizontal magnetic field B = 6 x 10~ T exists in the space. The work done in taking the
magnet slowly from a direction parallel to the field to a direction 60° from the field is

(@) 12] ®)6] ©2] ) 0.6]
2. Fill in the blanks. 2x1=2)
(1) Thetemperature oftransition from ferromagnetic to paramagnetism s called the

(#7) Substances which at room temperature retain their ferromagnetic property for a long period
of time are called

3. (1) Name the three elements of the earth’s magnetic field.
() Where on the surface of the earth is the vertical component of the earth’s magnetic field zero? 1
4. The susceptibility of a magnetic material is 1.9 x 10°. Name the type of magnetic materials it

represents. 1
5. Depict the behaviour of magnetic field lines in the presence of a diamagnetic material. 1
6. The given graph shows the variation of intensity of magnetisation / with strength of applied

magnetic field H for two magnetic materials P and Q.

T '
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(2) Identify the materials P and Q.

() For material P, plot the variation of intensity of magnetisation with temperature. Justify your
answer.
7. Explain the following:
(2) Why do magnetic lines of force form continuous closed loops?
(u) Why are the field lines repelled (expelled) when a diamagnetic material is placed in an
external uniform magnetic field? 2
8. The relative magnetic permeability of a magnetic material is 800. Identify the nature of magnetic
material and state its two properties. 2
9. A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian has its
north tip down at 60° with the horizontal. The horizontal component of the earth’s magnetic
field at the place is known at to be 0.4 G. Determine the magnitude of the earth’s magnetic field
at the place. 2
10. A closely wound solenoid of 2000 turns and cross sectional area 1.6 X 10~ m* carrying a current
of 4.0 A is suspended through its centre allowing it to turn in a horizontal plane. Find (¢) the
magnetic moment associated with the solenoid, (zz) magnitude and direction of the torque on the
solenoid if a horizontal magnetic field of 7.5 x 107 T is set up at an angle of 30° with the axis of
the solenoid. 3
11. A uniform conducting wire of length 12¢ and resistance R is wound up as a current carrying
coil in the shape of (i) an equilateral triangle of side a; (i) a square of sides a and, (i) a regular
hexagon of sides a. The coil is connected to a voltage source V. Find the magnetic moment of
the coils in each case. 3
12. (i) How does angle of dip change as one goes from magnetic pole to magnetic equator of the Earth?
(7) A uniform magnetic field gets modified as shown below when two specimens X and Y
are placed in it. Identify whether specimens X and Y are diamagnetic, paramagnetic or
ferromagnetic.

y/ﬂ

(iz) How is the magnetic permeability of specimen X different from that of specimen Y? 3

13. (a) Draw the magnetic field lines due to a circular loop of area A carrying current /. Show that
it acts as a b